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I I 

NOTICE: The project that is the subject of this report was approved by 
the Governing Board of the National Research Council, whose members are 
drawn from the Councils of the National Academy of Sciences, the 
National Academy of Engineering, and the Institute of Medicine. The 
members of the committee responsible for the report were chosen for 
their special competences and with regard to appropriate balance. 

This report has been reviewed by a group other than the authors, 
according to procedures approved by a Report Review Committee 
consisting of members of the National Academy of Sciences, the National 
Academy of Engineering, and the Institute of Medicine. 

The National Research Council was established by the National Academy 
of Sciences in 1916 to associate the broad community of science and 
technology with t�e AcademY '• purposes of furtheri�'*riowledge and of 
advising the feduai , gdvftDilent. The Council. operatei·: in accordance 
with general pellet•• djtir.iined by the Academy u� fhe•authority of 
its congressional charter o( 1863, which establishie!tbirAcademy as a 
private, nonprof � 1;.' .. -�-��<?:4ferning membership co�-��tion. The Council 
bas become the p·r"incipal operating &C)ency of both the 'National Academy 
of Sciences and the National Academy of Engineering in ehe conduct of 
their services to the government, the public, and the scientific and 
enginHrinq cCIIIIunities. It is administered jointly by both Academies 
and the Institute of Medicine. The National Academy of Engineering and 
the Institute of Medicine were established in 1964 and 1970 , 
respectively, under the charter of the National Academy of Sciences. 

• . ..j -
This is a report of work supported by contract No. P 4 9620 so coosa 
between the United States Air Force and the National Academy of 
S ciences. 

Available from: 

Board on Telecommunications-computer Applications 
Ass.ably of Engineering 
National Research Council 
2101 Constitution Avenue, N.w. 
Washington, D.C. 2 0418 
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PREPACB 

'l"hia report;,��}:�; product of a committee convened in May 1980 by 
the National ,_..a�be�ncil, at the request of th• Secretary of the 
Air FOrce, to review Air lOree plans for.modernizinq .ita Base Level 
Automation Syst... At the time of the s.Cretary's request, a plan for 
modernhinq· •.i!8ti119-r.CCJ�N"Jter ayst��,.lled the Phase IV Program-was 
being reviewed-py Oo��ess, the Gener•l Accounting Of�ice (GAO) , and 
the General Services.Adainistration (GSA). Appendix A of this report 
is a brief historical review of protracted Air lOree efforts to 
modernize ita base level automation system. 

In response to the Secretary's request, the National Research 
council established the Committee on Modernization of the u. s. Air 
lOree Base Level Auta.ation System. Wbile the ca.aittee was being 
organized, the Air rorce reached agreement with the federal review 
agencies on a redirection of the Phase IV Program, the plan that is now 
being implemented. Accordingly, the ca.aittee shifted its emphasis to 
the longer range aspects of Air FOrce base level automation planning. 

The committee comprised members with expertise in a va��e�y of 
complementary areas related to the planning, development, and operation 
of large, complex information systems. The members' backgrQUnds 
embraced such fields aa information system planning and development, 
software technology, computer network design, information system 
management and operation, and ays�m ·�� ..... C)' and sacurit� ·- . The committee's review involved extensive briefings at Air rorce 
headquarters in Washington, D . C . , aa well as during visits to 
representative Air Porce bases. These included the Tactical Air Command 
headquarters at Langley Air FOrce Base, Virginia J the Air Training 
Command headquarters at Randolph Air rorce Base, San Antonio, Texas 
(where ca.aittee members were briefed on the San Antonio Data Services 
Center and the Air FOrce Manpower and Personnel Center)J and the Air 
Force Data Systems Design Center at Montgomery, Alaballa. 

The committee met as a group seven times for briefings and 
discussion. Between meetings, members reviewed materials, conducted 
interviews, and prepared report drafts aa their full time 
responsibilities permitted. The combination of presentations, field 
visits, discussions, and background material gave the committee an 
insight into the Air Force planning effort and an understanding of the 
role of automated data processing in support of Air rorce activities. 

v 
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From this insight and understanding, the committee developed the 
judgments that are the subject of this report. 

Several members requested assistance in the study from colleagues 
in their professional or business organizations. The committee is 
grateful, therefore, for the strong support that it received from John 
B. Campbell of the MITRE Corporation and William J. Hawkins of United 
Information Systems, Inc. 

We have enjoyed the fullest cooperation and support, from then Air 
Force Secretary Mark in 1980 and from other Air fOrce officials, from 
the secretary's office to those at the Headquarters and in the field. 
In particular we appreciate the strong support that we received from 
Brigadier General Avon c. James, Director of Computer Resources, 
Headquarters, USAF, and his staff. 

This committee, like others in the NRC whose members serve part 
time and without compensation, must .4epend heavily on ita professional 
staff. In this regard, we are particuiarly gratef�l:to.'a • .  v. Mrozinski 
and R. B. Marsten for their sustained support ot pur:wor�! 

· · 

A major committee effort like this �m�·�·.;� -��·!Y··b�!c1�n on ita 
secretary. It is a pleasure to ackDC?Wl�9' ctb!.(�'.�iatanQe .9f Linda B. 
Jones, who cheerfully typed wbat must have seemed endlesa·report drafts 
and carried out other essential administrative activities. 

Finally, as the committee's chairman, I want to express my sincere 
thanks to ita members for their dedicated efforts. 

.;; . ' '•• 

) ! ' . - ;� � . . . . .  

vi 

Brockway McMillan 
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Chapter 1 

I:tr.r.BODOCTION, CONCLUSIONS, AND RECOMMENDATIONS 

I :tr.r.BODOCTION 

Tbe Aic lOree today operates a system of 26 7 med ium-size compu�ers, 
collectively known as �be Base Level Autaaation Systa, at 115 air 
baHs througbout the world. At 110st bases, these ccmputers operate 2 0  
o r  21 shifts pee week. Tbe bulk of the processing is done in the batch 
IIOde. Tbis syst• evolved in �he 1960s from earliec systas developed 
within individual Air Perce commands to support manag ... nt at each 
base. Tbey processed data for such off ices as Supply, Main�enance, 
Personnel, Accounting ,  and l'inance. Today, the Base Level Autaaation 

Syst.. (as it will be referred to here) also provides data processing 
services for many other offices and users at these baHs. 

The ccaputers in the Base Level Au�oma�ion System caae from two 
different manufacturers. They represent hardware designs nearly 20 
years old. Tbe Air lOree has embarked on a prograa to replace �hem 
with llaChines of modern design. The replacement progr•, for 

his=r ical reasons, is known as Phase IV. Phase IV has �he following 
important featuresa 

• Replacement of the present compu�ers from one vendor, yet to 
be cbosen. 

• 

- Some 105 bases will have their own installa�ionSJ the 

�en o�hers will be served re110tely. 
- Different bases will have installations of different 

sizes bu� with a s�n4ard archi�ecture, depending on 
the expected load. All ins�allations will be 
expandable with compatible equipment. 

Immediate transfer of major elements of the presen� 
software to the new machines. 
- The transferred software, as seen by the user, will 

emulate the opera�ion of the presen� sys� ... 
- Over the longer term, the services of the Base Level 

Au�aaation System will be expanded and modernized, and 
new software will be written as required. 

1 
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• 

• 

• 

2 

Installation of the new equipment and rewritten software 
from 1983 to 1985 • 
A competitive procurement (now in progress) • 
- Two vendors have been selected to propose spec ific 

equipment configurations. 
Bach vendor and subcontractor team will write software 
for a representative sample, chosen by the Air Force, 
of functions now carried out by the BaH Level 
Automation System. 
The two vendors will run their software, on a standard 
configuration of their proposed equipment, with a 
series of tasks designed by the Air Force. Based on 
specified performance cd.taria and cost, a winning 

vendor will.be selected. 
A 20-year-planning botizon based o� d�l�ation of 
procurement auth�rity from tbe o�. General Services 

Administration (G$A) �or the r•sulting system, with 
specific decision points, agreed to between the Air Force 
and the GSA , at which hardware compatible with the system 
then in being can be procured. 

The ca.ittee bas focused its attention on the following: 

• 

• 

• 

• 

Phase IV as a basis for modernizing and expanding 
services provided by the Base Level Automation System 

over the long run. 
Shorter term problems the Air Force may enc::ounter in the 
transition to Phase IV and in later modernization. 

Basic technical and economic factors that bear on th e 
future evolution of computer-based systems. 
Problems that the Air Force may encounter in taking 
advantage of modern computers and automation. 

GBHBRAL CONCLUSIONS 

Four principal themes run through the committee's conclusions and 
recommendations. These themes are so fundamental tha t they merit 
independent statements as separate conclusions. 

Change Is Inevitable 

Computer and communications hardware and techniques are evolving 
rap idly. Even since the present base level automation program was 

adopted, dramatic changes have occurred in the economic factors that 
affect the design and architecture of data processing and computer/ 
communications systems. They also affect the extent to which these 
systems can economically replace labor and improve management. This 
rapid evolution will continue in the future. 
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3 

Phase IV Is a Good Beginning 

In Phase IV's capital replacaent progru and in the overall plan 
(of which Phase IV is a part) for mc!ernizing the Base Level Automation 
Syst .. , the Air Force is establishing a sound basis for taking 
advantage of the improved econcmies and services that technical 
evolution will continue to make possible. 

Progress Is Not Automatic 

Even given Phase IV, full advantage of new techniques and new 
technology will�not accrue.autamatically to the Base Level Automation 
Syst... New equipment wiU� J.Olf!lt"�os�� �per:&te faster, and iJaprove 
uintenance£•o uteats�tbat:by;.��l�s,would justify the progru. 
However.-,· at:ta.r aj"or .• piu· .. •re�· pof4.1�_le: . .  To. enjoy th .. , the Air Force 
auat be alert.-· to: -.r·""•11U�,#.'-itie41r plan for their evolutionary 
attaia.ent, � exer���t �eadership and manage�ial control to bring 
tb .. about. Without a cogent plan and clear leadership, data 
autaaation at the base level can fail to realize the capabilities and 
econaaies potentially available, and could become a hodgepodge of 
isolated functions. 

It Is Later Than You Thint 

Minicaaputers and microcomputers of impressive power are 
ca.e�cially available. Potential users in the Air Force see, clearly 
and correctly, that such equi�nt will improve the effectiveness and 
ecoftOIIY of Air ·Force operations. If Pha.. IV takes too long to achieve 
its potential effectiveness and economy, a now-latent potential for 
service to base level offices will be -t by miniccmputer- and 
aicroprocessor-based aystas and therefore will be lost to the Base 
Level Automation Systa. The cost to the Air Force will be in the 
proliferation of isolate4·in•�������ns, individually useful but 
collectively less efficient than a well-planned and integrated systa. 

SPECIFIC CONCLUSIONS 

1. Modernizing the computers of the present Base Level Automation 
System is essential. 

• 

• 

Maintaining the current obsolete hardware is already 
burdensome and will becoae more so. 
More tmportantly, the current computers can neither 
support the needed increase in capacity nor provide the 
improved service and economy that is possible with more 
modern equipment. 
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2. The Air Force has made a sound decision in treating the Phase IV 
procurement as a capital replacement program. 

• 

• 

• 

This approach will hasten a much-needed modernization • 
Risks are reduced, since the complexities of procedural 
changes and of modifications to software are mint.ized 
dur ing conversion to new hardware . 
Conversion will be speeded up and the costs of operating 
two systems dur ing the transition will be reduced. 

3 .  Phase IV allows the Air FOrce the flexibility to take advantage of 
future opportunities for improved service and econoiiY. Phase IV should 
be regarded as a vehicle for maintaining the information syst• at the 
leading edge of technology an4 for offering greatly improved and better 
integrated services to Air !'otce manage.ent at :each base. � -· ' . . . 

• 

• 

After three decades , data processing hardware continues 
to evelve rapidly in capabilicy and ecoftomy. 
The architecture of computer syst .. s and .the resulting 
service to users are evolving to take advantage of 
advances in hardware and software. 

4. The hardware (computers and peripheral gear) that will be available 
in Phase IV, from either potential vendor, can _.t the Air Force's 
forecasts of future demand. It can also provide a basis for new, 
improved , and more efficient services to present and potential users. 
It can even permit expansion , if needed, to meet much greater demand 
than is now forecast by the Air Force (see below. ) 

s. 'l'he. ?base IV capital replacement will, in itself, modernize only 
equipment, not services. 

... 

c ·  
• 

The present base level system uses manpower inefficiently, 
places unnecessary demands on users, and lacks the 
capacity to meet latent demands from new users. 
Adapting the present software to new hardware will provide 
more reliable service and more capacity, but may not 
improve the use of manpower or the system's simplicity 
as seen by its users. 

6. Modern hardware provides opportunities for expanded services to 
users of the Base Level Automation System in ways that will improve the 
efficiency of their own manpower. Improvements will not come 
autamaticaily, but will depend on the development of the necessary 
software. Planning will be required both for that development and for 
the necessary terminals and communications. 

• Savings in manpower and increased overall productivity 
can result, for example, from eliminating punched cards 
as a medium for input, output, and transfer of data. 
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• 

5 

•Intelligent terminals• available today, when supported 
by appropriate software, make it easy for an alJDost 
untrained operator to enter data in the proper �ormat or 
to frame a query and understand a computer's respon ... 

7 .  'rhe Air Force has undereatiJDated the �uture demand �or services 
from the Base Level Automation System by undereatiJDating the degree to 
which modern hardware, software, and syat .. a architecture will make new 
applications econcmically attractive. Portunately, under the Pha .. IV 
program , the Air Force has the �lexibility to increase the capacity and 
the range of �unctions of its CCIIIPUters, if needed, and to acquire new 
equipment to _.t;: rising dema�d .. (conclusions 3 and 4) • 

. .:; .. . ... . .. . .. - . . . 

. _} .. , :";e�n� :  qa.�s ·'!tti:l���,� ·-�'= ��ical to increase the 
scope of the data processing opetationa they assign to 

· . . . -the Base ..X.vel Aut�tion System • 

. � �· , se. u .. rii ... yl�i turn. to tbe Base Level Automation Syst• 
· .for functiOns ·not previously automated beCause of greater 

efficiency or improvements in their own operations that 
will result. 

a. 'rhe key to new, expanded, and improved services is software. 'l'he 
planning, developaent, and acquisition of new software will probably 
ltmit the rate at which the Base Level Automation Syst .. can be 
modernized to accommodate new users. 

• 

• 

• 

• 

'rhia has been the experience in alJDost all automated data 
processing systems. 
The quality of system-design and programming personnel 
will become critical, as will the productivity of 
programmers. 

· 

Industry broadly has developed techniques, supporting 
facilities, ancl. software to improve programer 
productivity. 'rhe Air Force should take advantage of 
these aida. , � , 7 � • •  ,. . . • · 
Onder approp� ia_t_e: guidan�e. and _a.tandarda, and with good 
tools and assistance, users o� the Base Level Automation 
System can share the burden of expanding and modernizing 
its services. 

9 .  'l'he technical boundaries between data processing and communications 
are becoming blurred, and thus CC��Parative costa are changing. 

• 

• 

• 

Now, with microprocessor applications and other 
developments, data processing costa are decreasing �aster 
than thos�of data transmission. 
The amount o� data processing at sources, nodes, and 
terminals can be economically increased to reduce the 
bandwidths of, or the loads on, communications links. 
These considerations af�ect both the structure of the 
automatic data processing system within an air base and 
communications among bases. 
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10 . Communications requirements should be identified and planned for 
now. Economy, service, and flexibility will require economically sound 
communications, both within and among bases, when each new equipment, 
service, or feature goes on line. The Air Porce should pay considerably 
more attention to communications within its Base Level Automation 
System. 

11 .  The Committee considers it possible that, when the final quotations 
are available from the vendors competing for Phase IV, the Air Porce may 
find that even the limited extent to which the current Phase IV plan 
centralizes computation and serves some bases remotely c•regionaliza­
tion•) is too great. 

• 

• 

• 

Economies can-result fro. dia,eraed�operationa because 
computers are now available in a range of sizes and can 
be selected to serve the specific needs of a base 
economically·. · · ., · 
When coats of centralizeu and .,�.-distributed aystema 
are nearly equal, the ability of"i-diatributed ayst• to 
operate at each base autonomously, if necessary, offers 
significant flexibility against natural disaster, 
sabotage, or military action. 
Before a final decision is made to operate Phase IV 
regional centers, the Air Porce should examine its pros 
and cons carefully, including coats. Thus, if 
regionalization ia not economically justified, the 
implementation plan should be modified accordingly. 

12 . Large, central data processors or coaplexes of specialized 
proceaaora, linked to many and varied terminals at a base, will remai n 
important in providing economical data processing. However, not all 
data processing needs are necessarily beat served in this way. The Air 
Fo�ce will likely find it econb8ical·to serve some users or functions 
with remote· or dedicated procanoi'a tied only loosely, if at all, to 
the main network. · - ·-: · : � 

• 

• 

� f. -

Autcli&ted cfata proeesalng seeks to help users do their 
jobs economically and effectively. T.he task of the data 
automation community ia to see that this in fact takes 
place. 
The overall economy and effectiveness of the Air Force is 
the matter at issue, not the integrity or uniqueness of a 
particular network of computers. 

13 . The Air Force may want to implement certain functional capabilities 
at particular bases on small, stand-alone computer systems. For such 
capabilities, infocaation flow must be analyzed to identify all 
interfaces to be accommodated. 

• Technology itself is not the paramount problem, even 
though there are technical aspects of data exchange among 
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computer subaystema. 'l'be paramount problem is 
understanding how information is used at different 
hierarchical levels in the systea and the details of the 
information flows among tho .. levels. 
Information flow for stand-alone applications common to a 
number of bases should be handled llniforaly at all such 
bases. 'l'be Air Force should maintain 11e11e level of 
overall control to prevent proliferation of stand-alone 
systems and different versions of ca..on applications. 

14. To control the proliferation of ... 11 systems, the Air Porce Data 
Systems Design Center (APDSDC) could design prototypes, for widespread 
use at all.apptfiP.Iiiate. ba��' f�� ... 11-systema designs developed by 
local uaeta ... . -. : � ,. .. · � _ � _- . , . . 

• 

• 

• 

-· ., _ . ... ... .. 
'l'bia technique will.require leadership from the APDSDC • 

. . A particular. ba�. co�d be, designated as a •prototype 
.enviroament• base to illustrate how such prototype 
designa could be applied in noraal base operations. 
'l'be •prototype environment• base could also illustrate 
bow e.olutionary changes to Phase IV systems are applied 
in normal base operations. 

1 5 .  Tb e  Air Force should regard the BaH Level Automation System, 
coupled with ita supporting agencies, as a single entity that includes 
the Air Force Data Systems Design Center, other software development 
activities, and the data processing installations at air bases. 
Together, they should supply_ broader services than are now typical. 

• 

• 

• 

Tbeae include services now being supplied · C i. e. , ��&Chines, 
including their. operation and maintenance, and the 
writing of aoftware. for Air Force standard data syst-) • 
The primary_ .er���� however, is to aaa�at users in 
acquiring the data processing support that best meets 
their needs and those of the Air Porce. Sale, or even 
110st, of this da,:ta pr�uil\9:. may be done moat 
efficiently on specialized or dedicated equipment. In 
addition, the Base Level Automation Syst .. •s users should 
contribute to ita planning. 
The Air Porce Data Systems Design Center and the data 
processing installations can provide the following 
services a 

- Help users define their needs, evaluate alternatives, 
develop specific requirements for facilities and 
software, and deal with vendors. 

- Promulgate standards for hardware, software, an d 
interfaces. Without such standards confusion will 
reign and the Air FOrce's needs will not be served 
economically. 
Train users in the use of tools for application 
software development. 
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- Make such tools available to users. Good, easily 
available tools will improve efficiency and economy, 
and promote compliance with standards. 
Direct assistance in developing needed software. Such 
assistance will attract users with only small 
professional staffs. 

16. '!he Air Force needs to continue ita broad and basic technical 
planning for the evolution of the Base Level Automation System and ita 
supporting communications. 

• 

• 

• 

• 

T.he Air Force is already committed to defining the future 
functions of the Base Level Automation System. 
As data processing and communications merge, in both 
tecbnology and requir .. enta, th• Air Force will ha� to 
consider the communications needs of the Base Level 
Automation System jointly with its �ther aspects. Such 
considerations cut across organizational linea at local 
levels, but fortunately not at the level of the Air Porce 
Communications Command to which the Air Porce Data 
Systems Design Center reports. 
Many users of the Base Level Automation System are linked 
by interests in caa.on seta of data. Techniques and 

· syst•• for bandling large data bases are evolving. T.he 
planning of data base requirements must begin from these 
technical facts and from a functional analysis of user 
needs. 
Standards of software languages and interfaces will 
significantly affect future decisions. Such standards 
should derive from adequate planning for the system's 
growth. 

1 7 .  The Air Porce should reexamine functions assigned to the 
base-level systems in peacetime to determine bow critical they will be 
during wartime. From the hundreds of functions performed, it is 
essential to identify those that are.vital to the Air Porce'a wartime 
mission. 

• 

• 

The Phase IV system is primarily a peacetime system • 

Most material presented to the Committee concerned 
peacetime operations. It was clear to the Committee that 
the Air Force has not yet devoted as much attention to 
how the system would or should operate in the event of a 
war as to the peacetime aspects of Phase IV. 
Vital wartime functions must be strengthened or given 

backup equipment to ensure that they can continue to 
operate after an attack. 

18 . With forethought and continued good planning, the Air Porce can 

avoid the trauma of another major capital replacement program like 
Phase IV. The Base Level Automation System can grow by evolution. 
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Hardware ia increasing in modularity and in the range of 
sizes and capacities available in software-compatible 
linea. 
Specialized systems for basic functions (e. g. , data base 
handling) are becoming available. 'l'hese can relieve 
general equipment of certain specialized tasks, making it 
possible to increase capacity and tmprove performance 
without major changes in software, in procedures, or in 
other parts of the system. 

19� 'l'he Air FOrce needs to become better prepared to compete for 
trained data processing personnel. 

•
. .. �ce .ar•· no real..iat.ic ,1·a�eptec!, and unifoml.y applied 

·· .-..power standards.,-. for ·Air Force data processing 

• 

• 

• 

• 

• 

• 

· ·  .... . personnel. · . . · · 
eo-pared to the current situation in private industry 
(wbich ia by no means ideal) the Air Porce is 

dramatically short of experienced people, especially in 
software development. 
'l'he re-enlistment rate of military peraonnel trained in 
data processing specialties ia below that in moat other 
specialties. 

· 

Re-enlistment incentives are not adequate in the 
Electronic Computer and Crypto Equipment Systems 
Specialist career field. Incentives in other enlisted 
data processing fields need a specific review relative to 
ca.peting requirements for selective re-enlistment 
bonu••· 
T.be experience level of officers in data processing is 
critically low and dropping. In fiscal year 1980 , 48 
percent of the data processing officers were lieutenants, 
ca.pared to 28 percent of Air FOrce officers as a whole. 
Junior officer retention in data processing is critical • 
Tbe loaa rate of captains in data processing is 50 percent 
higher than the Air FOrce average. 
Key civilian positions experience a greater vacancy rate 
than siailar military positions. Lack of a centralized 
recruiting, training, and assignment function may be a 
contributor to this , along with the great need for 
experienced civilian data processing personnel in othe r 
federal agencies. 

SUMMARY OF RECOMMENDATIONS 

Moat of the committee' s recommendations are general in nature and 
are already almost explicit in the conclusions as they have been 

••Manpower standard• is the Air Force term for fitting the size of an 
organization to the job to be done. 
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stated. They are repeated here for emphasis. Since they generally 
depend on arguments scattered throughout the text, several are not 
repeated in the text itself. 

1 .  Expedite Phase IV--get the equipment on line and providing service 
as aoon as possible. 

2. Plan and build for the future. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Plan for growth in load that may well exceed present 
estillates. 
Modernize present services and their software where 
economically justified. 
Encourage automation of processes presently carried out 
manually. - " 
PlJD for new functional applications and for services not 
now in the syst•, wherever econCII.!cally justifiable. 
Keep abreast of new developments in hardware and 
software, in machines and techniques for data base 
manag ... nt, and in networking technology. 
Address modernized and new services as part of an 
integrated plan of growth. 
Provide facilities and techniques for tmproving the 
productivity of programaers. 
Enlist the aid of users in developing the services they 
need. 
At all times, keep in mind the final objective: service 
that tmproves the Air Porce' a effectiveness and econoaay. 
Be alert to the proliferation of microprocessors that may 
t.pose additional load on or interfaces with the 
presently planned Phase IV equipment. 

3 .  Grow and keep modem by evel.Utionary processes to avoid another· 
major capital replac ... nt. !n addition to maintaining technical and 
managerial modernity, the Air·Porce should adjust its procurement and 
decision making processes to :accCIIIIiodate the rapid evolution of data 
processing and computer/communications technologies. GSA cooperation 
is essential to the success of such adjustment. 

4. Provide aggressive leadership from the Air Porce Data Systems 
Design Center, as the designated manager of the Base Level Automation 
Program, for the coordination of all base level computing activities. 
The Center, the data processing installations at each base, and the 
Base Level Automation Program itself should provide users with a full 
range of data processing services, including the following: 

• 

• 

• 

Data services and programming • 
Guidance to users in determining the best way to meet 
their needs. 
Guidance to users who elect to meet their needs with 
microprocessor systems that stand alone. 
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Standards • 

Facilities and tools �or program development, and 
training in their use. 
Prototype designs �or widespread use at all appropriate 
bases. 

5. Evolve toward a 8YStem in which users can operate te�inals on 
their own pr .. iaes without being specially trained in their operation. 

6. Blt.inate manual transcription and entry o� data wherever automated 
data recording (e. g. , of engine hours and temperatures) can be made 
available. 

1. Bquip the Air -JOcce Data Systems Design Center with modern tools 
and �acilities �or software ·development. · 

c.. • �· , ' 
• . : �;;he <;enter should prepare guidance and training materials 

• 

· · for users, so. �hat they can avail thaaelves of st.ilar 
aida. 
In the end, users should have access to the saae kinds of 
facilities as those used by the Center. 

8 .  Initiate a coapr•henaive program to build quality and experience 
into the Air Porce data automation community • 

• 

• 

• 

• 

• 

Develop and tmpl ... nt quantitative manpower standards 
(aee footnote, p. 9 ) . 

Batahlish standards o� quality for data processing 
personnel. 
Establish as an objective some reasonable limit on the 
nUilber of enlisted personnel with less than four years of 
data auto.ation experience. 
Place priority on retaining experienced junior o�ficers 
and enlisted �rsonnel� 
Centralize the directi�n of recruiting and training o f  
civilian data p.z:Ocessi�g.pe���el. 

9 .  Address more aggressively the probla· of data processing needs 
during wartime • 

• 

• 

• 

Dete�ne the essential needs of units deployed in combat • 

Examine the changes in load that will be placed on the 
Phase IV systa in wartt.e • 
Deteraine the need �or backup equipment and data ba .. s to 
maintain continuity of essential �unctions. 
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Cbapter 2 

'1'BB PHASE IV CAPITAL REPLACEMENT PROGRAM 

Tbe Air FOrce bas decided to treat Phase IV procurement as a 
capital replacement progra•· The Committee supports that decision 
CCIIIPletely. Tbe prograa properly empbaahes tbe mucb-needed 
modernization of the data processing equipment used to provide base 
level services. Tbe Air FOrce's current equipment is aging, 
obsolescent ,  and more than a decade behind tbat used to·provide 
comparable services to industry. Its continued use would increase tbe 
already bigh coats for programaing, operation , and maintenance , and 
would not permit tbe expansion of capacity and capabilities needed for 
improved services. 

· 

Tbe caa.ittee•a support of tbe Air fOrce's present emphasis on 
hardware replacement , taplying a corresponding postponement of 
software redesign, is an expression of realism rather than enthuaiaaa. 
Tbe complexities and delays inherent in the procurement of data 
processing equipment by the tJ. s. government are well known. In a 
project the size of Pbaae IV , adding the complication of software 
change would bave tbrown additional obstacles in the path of the long 
overdue modernization effort. 

However , .  as will become clear , the full potential of tbe new 
equipment lies in ita ability to provide information services in ways 
very different from tbe present a�ftware-hardware combination. Once 
tbe Air POrce baa adapted ita current software to tbe new equipment ,  
it can use tbe latter to provide many new services that are not now 
econcmic. 

An important conclusion of tbe committee abould be recorded: 
because of trends in technology, tbe Air Force will probably be able 
to make future capital improvements by incremental rather than 
wholesale investments. Tbe equipment proposed by either of tbe 
current Phase IV contractors will be compatible witb evolutionary 
growth and cbange. By following such an evolutionary pattern, the Air 
FOrce's infocaation services at the base level can benefit from 
continuing decreases in hardware coats, as have information services 
in industry. 

Tbua, tbe economic forces that bave in the past dictated high-coat , 
centralized approaches to computing will no longer exist. Processors 
with the capacity and power of tbe medium-sized systems now in use at 
Air FOrce bases can even now be built on just a few silicon chips. 

12 
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Wben this revolution bas finally run its course, it will be possible 
to create functionally distributed processing systems of great power 
and low cost. Because of their modular character , the Phase IV 
syst ... will probably never need to be totally replaced. Tbe Air 
Perce sbould aim to avoid another complete capital replace .. nt , 
especially in view of the difficulties of the past decade (see 
Appendix A) • 

ADEQUACY OP 'rBB PBOPOSBD BQUIPMBNT CONPIGORATIONS ' 
Tbe family of computing equi�nt proposed by each of the 

potential contractors. in Phase .IV. iiee�s the Air Porce•s needs. Bach 
offers substantial modula.r�t;y of .:funct·i�n_ and a range of options for 
processing, input;�utput coatroic and storage. It should be possible 
to select with aucb gr•ater precision than before. the exact amount of 
processing power required at a given installation. It sbould also be 
possible to expand tbe syst .. s into substantial aggregations of 
processing and filing power capable of handling many times the 
presently anticipated load. Data communications interfaces appear 
reasonably straightforward. Tbis is an important prerequisite to 
developing an effective network or system of distributed functions. 
Many issues involving standardization of communications protocols 
will, of course , have to be addressed as the system develops. 

It is fortunate that modern computer systeas have a wide range of 
processing options because the Air Porce may have underestimated the 
potential future need for computer services. Tbe forecasts shown to 
the coa.itt .. seem to project a computing load growing roughly linearly 
with ti... Industry , however, bas experienced more nearly exponential 
growth, tbougb witbout the artificial constraints characteristic of 
the Air rorce•s older base level systems. When Phase IV1s·more 
flexible , capable , and economical systems are introduced, new 
applications will become not only possible but also economically 
justified through superior service to users. Tberefore, the committee 
believes tbat demand will be substantially heavier than forecast by 
straight-line .. tbods. 

Phase IV will share resources wherever justified to cut costs. 
Some bases will use computing services provided by data processing 
installations located at regional centers, thus reducing duplication 

· of equipment, facilities, and personnel. These savings will be offset 
by added coaaunications costa. Whether regionalization can reduce 
overall costs will depend on the specific coats of people, computers, 
and communications. However, the economics that have justified 
regionalization in the past are becoming less valid with time. In 
earlier generation computers, the high coats of central processors and 
high-speed memories dictated centralizing of computing resources. 
With new technology, processors and high-speed memories coat much 
less. This allows processing to be performed where data files are 
logically maintained. Lower cost of high-speed memories allows more 
sophisticated operating systems to be used, even by smaller processors. 
Software systems that rely less on batch processing techniques will 
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reduce manpower requirements. The Air FOrce should analyze costa and 
their trends to determine how much regionalization to adopt under 
Phase IV. 

THE PHASE IV PBOGRAM BEYOND TRANSITION 

The Phase IV program management should be able to deliver 
operational sets of the transition software on both competing systems. 
It sbould also be able to convert the remaining software expeditiously, 
using a variety of automated tools. Wben the transition is complete, 
the Air FOrce will have acquired contemporary equipment. 

However , except for some software modernization achieved by the 
Phase IV vendors, the Air lbrce will be using programs originally 
designed for outdated hardware. Longer term use of th•se old programs 
will prevent the new equipment from being operated as efficiently as 
possible , as well aa probably requiring more manPower. ·ror example, 
in the desire to miniaize aoftware changes in the transition syst ... , 
operations that still depend on punched cards and magne�ic tape or 
other sequential file structures may be retained even though on-line 
access and data base management systems would offer better service at 
lower costa. Tbe transition systems will probably continue to rely 
significantly on batch processing. Thus, they may continue to require 
more manpower than would be needed if the applications were 
reprogrammed to serve users interactively directly from remote 
terminals. 

The Phase IV system's technological capabilities should not be the 
reason, however, for redesigning all the software. Many existing 
applications , �bicb produce periodic reports , should probably be kept. 
Unless it would either lower costs (e. g. , by reducing paper handling 
or personnel) or improve services to users (e. g. , by giving supply and 
maintenance personnel access to e.ommon computer files) , software 
redesign should not be undertaken. Programmers are a costly resource 
in abort supply. 

Phase IV software will be cov.ered later in this report. It ia 
important to recognize, however , that the Phase IV systems, once 
installed , can and will provide the basis for greater efficiency and 
management responsiveness. The new systems can connect to and 
co .. unicate with other information systems, both on the base and at 
other locations , with low additional investments in equipment. Tbe 
new Phase IV computers will lend themselves to distribution of 
computing functions and local area networking--both important 
evolutionary steps to prevent the need for another capital replacement. 

Tbe Promise and Challenge of New Technology 

Information processing is changing more rapidly than almost any 
otber technical endeavor. Because of continual innovations in hardware 
and software design, computer systems put into service as recently as 
five years ago may be functionally obsolete today. FOr example, the 
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band calculator--a radical innovation in the early 1970 ' s--could 
perform many computer funct ions for leas than S30 0 .  It made ita 
mechan ical predecessor s obsolete . Today ' a  band calculator of 
equivalent power coats leas than S30 , moat of that for the display and 
keyboard. Next year , the same S30 might buy a combined digital watcb 
and programmable calculator . 

Tbua , technological trends need to be considered in planning for 
future information aya te.. . Manufactur ing processes using very large 
scale integration (VLSI ) techniques can produce the same logic on 
three small silicon cbips that now exists in a medium-sized •mainframe • 
CCIIPUter . The Sl , OOO ••inframe • computer i a  now in aigbt and will 
probably shr ink to a SlOO mainframe later in the l980a . VLSI 
techn iques bave also �adically d,creaaed tbe costa of main computer 
...or ies . In earlier generation ayatema , the bigb coat of memory 
tended to liait. tbe nwaber of apPlica�iona or of ailiiUltaneoua users a 
processor could bandle� �' even ineXpens ive coaaputer ayat .. can 
implement sophisticated operating software for multi-user applications . 
Tbougb the mainframe coats alone do not def ine total aya tea coats , this 
drastic rewr iting of tbe coat/per formance rules will revolutionize 
information ayst... . Tbe current practice of centralizing ca.puting 
hardware in one rooa can bardly be j ustified wben the same power can 
be distr ibuted in quantity at very low coat to locations wbere the 
processing ia needed ( e . g• , tbe finance office , maintenance abop ,  
fligbt line , o r  supply room) . 

It  may be difficult to understand tbe relevance of the • nwaber of 
computer s at a base • wben they are counted in dozens and pr iced in the 
bundreda of dollars eacb . Wben processors can be obtained tbat have 
tbe coat and size of today ' a  band calculators , but the power of a 
current mainframe , tben functions can be added to a ayat .. by procuring 
addi tional specialized aubayate .. each baving Low coat and higb 
capability .  

Planning for ayatema o f  tbia �ype i a  underway in tbe business 
community .  Local area data netwOrk s  (e . g . ,  Etb�rnet , Nang Net , or 
Byperchannel) pro.iae effective and econoaical integration of 
diaaiailar specialized processor s ·t:nto ·a ·flexible acJgregate . 

Moreover , tbia revolution is not conf ined to hardware . Software 
aysteaa will evolve to include functions sucb aa data management and 
retr ieval aa parts of tbeir own processors .  They will also perform 
these function s for other processor s commun icating with the same data 
bases . Pinally , the processors need not all be made by tbe same 
manufacturer or be located in the same room . Tbus , tbey will bave a 
potential for evolutionary growth toward highly flexible base level 
systems whose components can be ta ilored to service tbe needs of a 
g iven base . 

The Air POrce must recogn ize these trends as inevitable and 
des irable , and sbould meet them head on . Witbout a coherent plan , 
information processing at tbe base level might dr ift into an 
uncontrolled and uncoordinated prol iferation of independen t  
min iprocessor s and microprocessor s in the personal computer class . 
Because of their low coat , these appear highly effective for 
satisfying user needs , but they must be regarded as par t of an 

/ 
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integrated base-level system and added within the framewor k of a 
coherent plan . 

Por example , word processing systems containing shared log ic and 
terminals will undoubtedly acquire more powerful computational 
capability .  Once capital r eplacement is  complete , Phase IV computers 
could serve as hosts for integrated base level systems . The emerging 
technology of distr ibuted processing , coupled wi th high-performance 
local data networks , could connect functionally spec ialized systems at 
low coat into cooperating base networks . I f  this opportunity is 
missed , Phase IV ayatema could become splendid relics unable to adapt 
to chang ing times . Phase IV should be regarded as a vehicle to 
maintain the information systems at the leading edge of technology and 
to offer greatly improved and better integrated services to base level 
managemen t .  

Th e  n eed  for closer coupling between data automation and 
commun ications deserves special attent ion . In a distr ibuted system , 
commun ications is part of the system rather than a necessary but 
separate function , as it is now . 

It will be diff icult to connect separate processing elements into 
a local , base level distr ibution network unless the data automation 
and commun ications communities jointly define the system 
character istics . There will , of course , continue to be a need for 
centralized host computers r  these will continue to communicate wi th 
higher echelons or with remote centers , such as the Air FOrce ' s 
Manpower and Personnel Center or the Accounting and Pinance Center . 

Intra-base networks can be created to distribute data by combining 
conventional and advanced techn iques . Today ' a  point-to-point wir ing 
may give way to more flexible switched connections using digital 
pr ivate automatic branch exchanges ( PABX) . Os ing coaxial or fiber 
optic cables , processor s will be connected with terminals on a common 
data bus at h igh speed and relatively low coat . 

The Air FOrce may have to cons ider new organizational approaches 
to defin ing composite requirements for local systems that integrate 
boat processing (Phase IV equipment) , word processor s and electronic 
mail services , and a pervasive local data networ k .  At present ,  these 
are the domains of three relatively independen t communities , but the 
interests of these commun ities will tend to merge as an outgrowth of 
the new technology . 

Per sonnel 

Without exception , both the system users and the data automation 
commun ity within the Air FOrce have many dedicated and knowledgeable 
profess ionals . They are producing workable software systems despite 
cumbersome batch operations , too few terminals , and the absence of 
modern software development tools . Oaer s in all functional areas seem 
well aware of the limitations of the present systems , but have adapted 
to them and are enthusiastic at the prospects of a modern ized system . 
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However , contemporary equipment and tmproved capability will 
h ighlight the Air Porce ' a critical problem of too few h ighly trained 
personnel.  'l'hia gap would prevent the Air Force fr011 realiz iftCJ the 
full potential of the Phase IV system . !'or the ir definition , 
development ,  and effective use , new services and applications will 
require a cadre of software specialists , fully tra ined in modern 
information ayatema . 

'l'he Air Force abould examine ita tra ining programs , reenlistment 
incentives , and recruiting practices to tmprove the retention rates 
for data automation specialists at all levels . The emphas is should 
shif t  from filling slots to building quality and exper ience . Obtaining 
h igh-quality graduates , particularly in computer science , sbould 
rece ive 110re emphasis ' in officer recruitin9 . Croaaflov from othe r 
specialties into data automation sbould be viewed aa leas des irable 
than retention of exper ienced · enl'iated personne l .  

I n  su..ary ,  because software rather than hardware will determine 
the success with Which Phase IV and ita successor ayat- provide 
efficient , veraatile · aervices to users , and s ince quality software can 
be produced only by highly trained and exper ienced spec ialists , it  ia 
nov 110re i.Jiportant than ever that standards of quality and trainiftCJ be 
carefully exaained and improved by all possible means . 

In addition to ensur ing continued availability of h ighly qualified 
ca.puter professionals , the Air Force also needs to plan for a gradual 
change in how these people support base level automat ion . At present , 
data automator a assume total responsibility for meeting the computing 
needs of the users located on an air base . Osers are regarded as 
conau.rs , not creators , of services . 

'l'he evolutionary change that must be planned for will ccae about 
when users beg in to acquire more independence in their own computing 
affa irs . If the Air Porce adopts an approach involving more autonomous , 
functionally distributed processing at base level , and - if users can do 
scm. of their low-level programming on d istr ibuted small computers ,  
data automators can beg in acting as advisor s and disae•inator s of 
prograa.ing techniques and useful software to help the users get the 
110st out of their new autonaay . 

Software : 'l'he Key to IJBProved Services 

Current software systems that operate at base-level installation s 
r epresent a substantial investment of human resources . After this 
software ia adapted to the new equipment , �Y additional ayste .. will 
be developed to meet expanded user needs . 

'l'he ability to tmpl ... nt new services will depend on th e 
p roductivity of the data automation spec ialists . Like its counterparts 
in industry , the Air Porce should emphasize programming productivity 
aa the key to the successful creation of new and modern software 
ayst ... capable of exploiting the new equipment . Because hardware 
coats will diminish over the life cycle of the Phase IV program , 
attention will increasingly focus on programming productivity and the 
ma intainability of software systems . Personne l coats , not hardware 
coats , dominate today and will probably continue to do so . 
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Several aspects of software technology should be fully studied and 
exploited to contain the coat of developing and maintaining new 
systems . Some permi t programmer s  to be more product ive , some lowe r 
maintenance costa , and still other s reduce software coats by enhancing 
interchange and shar ing of softwar e among commands . Base-level 
software systems should be produced with the a id of special ized 
software development facili ties at the Air Porce Da ta Systems Des ig n 
Center and at major commands . Tbeae facilities should be linked in a 
network to permit software shar ing . Also , structured programaing 
techniques should be aggressively adhered to and data base software 
systems should be used for efficien t  file management .  Pinally , query 
and report generation languages should be improved to increase their 
use and thus reduce or eliminate the need for ·programmer s  in many of 
the stapler , user-specific apPlications . · · 

Maintaining a Pocus on Evolut ionarY Gr�th 

Even without the problema imposed by the cumbersome and time 
consuming Pederal procurement process , the Air Porce baa many reason s 
to avoid ��ajor capi tal replacement programs . Rep lac inc) large numbers 
of common co.puter systems worldwide can be prohibitively expensive , 
t ime consuming , and disruptive . Still , obsolete equipment no longer 
in production needs to be co.pletely r eplaced . Because thi s  equipment 
supports ��any data processing programs for different users at many 
locations , all are affected by the replacement . 

With the new generation of computing equipment now be ing 
introduced , however , it will be possible to avoid such expensive 
traps . Tbe key will be found in the drastic r eduction of coats of 
processors , __,r ies , and other electron ic c011ponenta . Entire 
collections of programs and services no longer need to be combined in 

the s ... central processor . Info�t;ion processing is  180Ving toward 
d istr ibution of funct ions into Reparate , small pieces each performing 
a function for which it baa been des igned . 

Por example , c01111unicationa are being handled now by specialized 
front-end processors .  I f  commun icat ions networ k s  should s ign if icantly 
improve , front-end processors might be exchanged for more capable 
models wi thout affecting central processor s or application programs . 
A wholesale capi tal improvement program might not be necessary to 
improve communication s .  

S imilarly ,  recently introduced •back-end processors •  or •data 
managemen t eng ines • ( specialized processor s )  can retr ieve and 
man ipulate data . Tbey can thus relieve ma inframe processor s of that 

duty . Improved data structures or retr ieval speed can be brought 
about by exchang ing back -end processors ,  aga in wi thout s igni ficantly 
alter ing other elemen ts of the system. 

Another opportun i ty for evolutionary growth will ar ise from a 
different k ind of distr ibuted process ing . In addition to providing 
d istr ibuted computing processors ( e . g . , commun ication or data base ) , 
spec ialized processing can be distr ibuted by user functions . Por 

example , a speciali zed base level subsystem could be designed to 
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support civil engineera .  Sucb a system coul4 be locate4 close to and 
configured for their software . Because tbe subsystem would bave local 
commun ications , it could be cons i4ered part of tbe base-level sys tea . 
Sucb aystems need not be expena ive a a c ivil engineer ing syatea migbt 
coat sso , ooo , wbereaa a aystem to support tbe base pbaraacy migbt be 
only S20 , 000 ( bypotbetical but possible f igures ) . Neither of tbese 
bypotbetical ayate• woul4 requir e  unpower per ae . Eacb would be 
operated entirely by tboae wbo use ita services on tbeir j obs . �e 
important issues are tbe overall coat of tbe system, including 
software , and ita ability to support tbe users a4equately . 

Tbua , tbe 4ays of monolithic ·systems are , fortunately , numbered . 
Compatible procesao(a froa tbe Pbase IV family will range froa very 
small to very large . Piocesaor s from otber vendor s uy be a44e4 to a 
base-level local network to support - funct ions wbile communicating witb 
otbera in tbe network , inclu4ing tbe central boat systems . Tbe 
advantage to tbe Air rorce ia tbat tbis concept will permit or4erly , 
nontrauaatic growtb and cbange , evolution will be possible by ad4ing 
or cbang ing functional processors in a leas 4isruptive way . 

Control over tbe base-level network s  is a concern for unagera . 
Preaently, 4ata automation and communications organ izations are 
separate entities at eacb base . If distr ibuted processing network s 
are introduced to replace tbe current cen tralized syste• , 4ata 
commun ication becomes par t of tbe ayatea ratber tban merely a service 
function . 'l'be 4ata autCII&tion community will need to take tbe 
initiative for 4irecting tbe or4erly a4option of auch network-baae4 
syst ... , wbile permitting users tbe flexibility tbat the aystea 
prOIIises . Centralization of all applications on a big uinframe in a 
s ingle c011puter r0011, once pr ized as offer ing econ011ies of scale , 
abould be regar4ed as contrary to evolutionary growth and not 
coa t-effective . 
It sboul4 be avoi4ed in favor of 4 istr ibuted functions , local 
com.un icationa , and 4iasimila r but compatible small processing units . 
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Chapter 3 

TRENDS AF!'EC'riNG '1'BE BASE LEVEL AtJ'l'OMATION PROGRAM 

Tbe conclus ions presented in tbe earlier par ts of this report 
der ive from the committee ' s review of the Phase IV �rogram and from 
ita j udgments abou t  some impor tant technological trends and their 
applications to automated data processing . Thi s chapter desc r ibes 
some of these trends and the ir implications more fully . 

A central trend i s  the continuing rapid decrease in the physical 
s ize and coat of a machine to deliver a given amount of ca.put ing 
power . Not only are computers '  direct coats dropping � but also with 
decreasing physical s ize come dramtic savings in other costa : apace , 
power , cooling , and phys ical secur ity . Examples , SOllie forecasts , and 
further �lications are g iven in section 1 of this chapter . 

Changes in the pattern of coats have brought about the developmen t 
of spec ialized computers and their suppor ting software . Examples are 
• intelligent •  terminals that permi t relatively untrained users  to 
enter data or fr_.. quer ies , and • front end , • or communications , 
processors that facilitate the operation of ayateaa having multiple 
terminals or processors .  These are noted elsewhere in this repor t .  A 
further impottant example , that of the specialized data-base 
management system , is discussed in section 2 .  

Given 110r e COIIPUting power and speed , ayst•a can be designed to 
r espond more flexibly to users ' needs and to maintain contact with 
multiple user s simultaneously . Por these reasons , a des ign philosophy 
embodied in so-called transaction-or iented systems , diacua-.4 in 
section 3 ,  has developed . 

Out of tbe trends descr ibed above baa come a philosophy of design 
for automated data processing systems that can support administrative 
a nd management functions in large organizations . Computers , user 
terminals , and speciali zed processor s such as data-base machines can 
commun icate interactively under control of the ir own programs and 
according to instructions from the terminals .  Tbe fac ili ties 
themselves are located wherever economy or convenience of operation 
dictates . Pacillties ar e shared by users wben shar ing is economical , 
or for such specif ic functions as are moat economically shared . Where 
economy or operational factor s dictate , some users or function s may be 
served by dedicated machines . Software is wr itten so that the user 
need not be concerned abou t the phys ical location of the computing 
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�ae ilities . A br ief discuss ion of e�unicat ions �aeili ties for sueh 
a system appears in section 4 .  An illustrative system is sketched in 
section s, baaed on typical practices in business organi zations . 
Parallels with the Air Porce are noted . 

With tbe decreasing coats and increasing capabilities o� compute r 
hardware bas come strong pressure to reduce the labor costa and ti .. 
delays involved in wr iting programs . Tbe art of program design bas 
utured . I'Urthermore , a �aily of specialized cQ��PUter syatema and 
�aeilities baa ... rged to support progru design and development and 
to improve tbe productivity of progr .... rs . Tbose matters are 
discussed in section & .  

s .. ll computers baaed on microprocessors are beComing available in 
a wide var iety of sizes ; pr ices , and capal:!ilitiea . It is inevitable 
tbat these will offer subatit�tes for or additions to the services 
that the present base level system provides . Some implications are 
discussed in section 7 .  

Pinally, section 8 comments on the di��ereneea between wartime and 
peac:etiae operations , and on their i.Jiplieationa �or the evolution of 
the base level ADP syst .. beyond Phase IV. 

1 . SMALL BIGB-PBRJOIUWICB SYST.BMS 

Techniques �or �abr icating the selliconduetor devices tbat s tand at 
the heart of every computer are expected to continue to evolve dur ing 
tbe 1980 ' s . Speed of operation will increase , and the number of 
active elements or logic devices that can be put on a single silicon 
ebip will grow dramatically . By the late 1 980 ' s , it sbould be 
poss ible to put a million or .ore active elements on a single chip a 
�ew millimeters square , as ca.pared , say , to a �ew tens of thousands 
in today ' •  commercial practice , or to a few hundred ten year s ago . 
Pabr ieation at these high densities is known ,  somewhat loosely , as 
very large seale integration (VLSI ) . 

At sueh high densities , a complete central process ing un it of 
250 , 000 gates , complete with memory , power , and input/output lines , 
could be sealed down to a few chips . Further , if  the chipe used 
gallium arsen ide as their pr iury semiconducting mater ial , they could 
operate at a speed approximately an order of magni tude faster than 
those constructed by present techniques . Alternatively , if VLSI wer e 
used to implement tbe so-called Josephson j unction technology , a 
co.Plete central processor and expanded main memory , which now occupy 
several full s ize cabinets , could be reduced to 40 cubic inches . Tbe 
resulting package , wh ich would not be much larger than a band-held 
calculator , could execute some 250 million instructions per second . 

It seems unli kely that current des igns of the large mainframe 
computers will continue to be made in  smaller and smaller physical 
sizes . In the near term , advances in VLSI technology will probably 
provide another generation or two of more powerful , smaller , and more 
cost-ef�eetive processors . Over the longer term , however , large 
systems will undoubtedly evolve in a different direction , probably 
toward arrays of specialized devices functioning in parallel . Many 
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curren t l imitations on information formats and o n  address ing will then 
v i rtually disappear . 

One of the continuing beneficiar ies of the r eduction in coat per 
uni t  of operation will be the growing line of personal computers . 
Present systems use microprocessors and are available with pr inters , 
k eyboards , and full linea of software . They sell for leas than 
ss, o o o .  Of this , only about Sl , OOO is for the central processing 
unit 1 the rest is for the per ipheral equipmen t .  With ita software , 
such a system can handle the needs of a small bus iness . Significantly 
more powerful systems , wh ich should sell for pr ices only a few times 
g reater , have been studied exper imentally for commercial development . 
Tbese systems have the power of processor s currently defined as small 
or medium in scale . ( Small systems execute instructions at up to 
200 , 00 0  per aecond J medium systems , at up to 1 million per second . ) 

Aa these small high-per formance systems reach the market , they 
should develop much as band calculator s did dur ing the 1970 ' s .  Aa 
their usefulness becomes apparent , cos t  becomes cons iderably less 
important in dec iding whether to buy them . For many base level 
applicat ions , the economies · of scale that once led to a single , 
central computer system will be gone . A great deal of flexibility 
w ill be possible in matching equ ipment to its intended use . Freed 
froa the constraints of hardware ,  planning is likely to focus on user 
needs . 

Otber benefits may also flow from the use of multiple , 
inexpensive , high-performance systems and subsystems . An Air fOrce 
base that can process its own cr itical applications is  leas vulnerable 
to attack than one tbat depends on a reg ional connection . Even within 
a s ingle base , several syate .. deployed over a wide area would be less 
vulnerable than a s ingle centralized system. Because coats are low 
enough , reduftdancy can be built into survivability and backup 
plann ing . Secur ity and pr ivacy are uau•lly eas ier to handle on 
dedicated systems or subsystems than on those shared with many general 
users . Also , -emall systems are moved eas ily and can be powered by 
small generators ,  batter ies , or even solar cella . 

2 .  DATA BASE MANAGEMENT SYSTEMS 

Over the last few years , the data process ing industry baa 
developed systems that use specialized data base management techn iques 
a nd software . The results are clear : data base management systems 
(DBMS ) can sign if icantly benef i t  user s , programmers , and maintainera . 
DBMS software that is  cur rently ava ilable for all large mainframes and 
for many min icomputer s often includes software for manag ing data 
commun ications , for inqu iry and retr ieval ,  and for assist ing software 
development .  Already such DBMS softwa r e  is  proving to be stable , 
effic ient ,  and economical of resources , some form of it  will probably 
become standard in futur e large systems . 

S ince i ta beg innings in  the early 1970 ' s ,  data base technology baa 
grown rapidly . Its developmen t has been encouraged by declin ing coats 
for random-access storage devices and by a recognition that 
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integrating all data be ing handled by individual prog raas into one 
ca..on pool can often improve e fficiency . 

�y , data files at each Air FOrce base are associated with 
specific programs that process thea in accordance with the 
organi zation of tbe recorda in tbe files . A g iven data elemen t ( e . g . , 
a supply stock number , a ircraft tail number , or Air FOrce specialty 
cede ) may exist in many files 7 it must be altered in eacb separate 
f ile whenever a change is made . Any format cbanqe ( e . g . , switching 
fro. a numer ic to an alphanumer ic des ignation , or cbanging fra. a 
f ive- to a six-digit identif ier ) requires cbang inq every program code 
that uses the data element and rewr iting all files with tbe new record 
s tructure .  Were tbe data in a common f ile , accessed by all programs 
that use i t ,  tbe overbead i n  maintaining the common file could be 
s ignificantly leas than that in carrying separate f iles for each 
prograa. 

Contemporary data base management systems are character i zed by ( 1 )  
integrated collections o f  data available to wide var ieties o f  users 7 
( 2 ) data definition in tbe form of centrali zed and accessible 

descr iptions of the names of all data elements , their properties ( sucb 
aa character or numer ical type) , and tbeir relationsbipe to other 
elementa--relationabips that can involve coaplex groups and 
h ierarcbiea 7 ( 3 ) centralized control over data deacr iptiona by data 
administrators ' and ( 4 )  caapatible inquiry and retr ieval languages 
that can spec ify a var iety of log ical operations and output formats , 
tbereby permitting nonspecialists to wr ite a �le retr ieval and 
r eporting programs for tbeir particular requirements . 

Data defin ition i s  tbe cornerstone of DBMS. By controlling 
definition , data admin istrators can successfully adopt a family of 
programs using abared data . The data adadniatrator can publish a data · 
d ictionary , available to all progr .... rs , tbat con tains tbe names , 
formats , definitions , and relationabipa of �11 data el..-nts . In moa t 

ayst ... , progr .... rs or ad hoc user s  can have access to aucb 
dictionar ies to determine correct data names . 

In a well-designed DBMS , nei ther progr .... ra nor ad boc users of 
query syst ... can alte r tbe pbys ica l or log ical relationships among 
data elements . Programmer s  are prevented fro. defining new elements 
to be included in the data base , and all programs use common data 
definitions . Any new program can tben retr ieve or update data eas ily , 
formats can be cbanged witbout affecting multiple f iles or progr ams , 
and storage and retr ieval mechani ... , bidden froa programmer s ,  can be 
made more efficien t .  

A well-designed DBMS also serves to maintain data quali ty . 
Pailure or inadverten t misuse of a processing program may result i n  
incorrect values being wr itten i n to the data base . Th is error must be 
corrected or ita effects undone , lest otber programs use tbe incorrect 
values . Back -out facilities for doing this are usually provided by 
modern DBMS packages , along with ca.plete facilities for producing and 
r eloading safe copies of backup f iles . 

COns iderat ions of pr ivacy and secur i ty are somewhat mor e impor tan t 
i n  data base management systems than in those in wbicb f iles are 
maintained by individual prog r ams . Because all user s know tha t  shared 
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data exi s ts , a DBMS mus t  be able to protect the data from unauthor ized 
access or disclosure . Pr ivacy i s  usually achieved through a secur i ty 
mechanism ,  typically a password . Data admin istrator s determine wbicb 
users have access to what data . Audit trails are maintained to 
identify wbo gained acces s  to wbat data under wbat conditione . Saae 
of these techniques are a t  present only partially developed , but they 
are certain to receive a great deal more attention in the future 
development of DBMS software . 

!'or tbe pur�ea of tbe Base Level AutCIIat ion Progra11,  data base 
manag ... nt systems can greatly reduce programming and maintenance 
coats . Much of the source code of a typical COBOL program consists of 
definitions of data elements being read· ·and produc.S by the program . 
Wben a data base is  used , the DBMS software conveys data def initions 
to the prograa tbrougb a var iety of linkages . Wben data descr iption s . 
c hange , all using progra .. can accommodate the change with li ttle 
effort .  

Ad boc query languages supplied with moat contemporary DBMS 
packages can contr ibute signif icantly to a systea • s utility . In th e 
current Phase IV system, wben a user requires a new report to be 
produced fro. existing files , a programming effort is  frequently 
required . Onder a DBMS, s imple requests may frequently be 
accommodated without programmer s , since the query language i s  usually 
an English-l ike representation of log ical relationships , a �le 
ar ithmetical operations , and repor t format descr iptions . Osers may be 
able to train low-level programmers to meet many of the ad boC 
process ing requir ... nts that today go unfilled due to the shortage of 
exper ienced progr .... rs needed for the • �lest of programs . 

3. noM BA'l'CB '1'0 '!RAHSAC'liON PROC!:SSING 

Managers have always used per iodic • anapabot• reports on ,  for 
example , tbe states of inventor ies or cash balances . Such reports 
have generally been the bea t  available , g iven tbe accounting and 
repor.ting procedures with wbicb unagera have bad to operate . 'l'bus , 
current base level computer s  are ao configured that many of tbe 
important operations are done by batcb process ing . Consequently , 
f iles and reports drawn froa them are current only at intervals . 

Modern ADP systems , like tbose the Base Level Automation System 
hardware with appropr iate terminals and software can create , have 
suff icien t  flexibili ty and power so that files can be continuously 
updated . Bacb transaction can be taken care of as it occurs ( hence 
tbe term • transaction-or iented • ) . Moreover , the cur rent status of any 
part icular balance or inventory can be reported on demand . With large 
memor ies and rapidly accessible mass storage (on-line discs and 
so-called •v irtual memory •  techn iques ) ,  and with well-designed data 
base software , the computer can immediately evaluate and respond to a 
new entry and update the data base accordingly . Indeed , if data are 
captured at the source by a mon itor ing or sens ing device connected to 
the computer , the status of that par ticular application can be kept 
cur rent in essentially • real time . •  
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�anaaction-or iented ayst... have cbanged tbe ways many businesses 
operate , for example ,  by reducing requirements on inventor ies and cash 
balances , by conserving manager s ' time , and by increasing the 
efficiency and productivity of wor kers wbose output depends on 
information der ived from tbe data systea . The Air Porce could reali ze 
these advantages by moving toward a transaction-or iented syat... At 
tbe same tt.e , i t  could reduce cler ical and otber labor costa now 
r equired for batcb processing . The Co1111ittee understands tbat tbe Air 
Porce bas been moving from batcb to on-line operations for such 
functions as accounting , maintenance , and personnel . Tbe transition 
will mak e transaction processing possible for aucb functions when the 
Phase IV syst• beqina operation·. 

4 •. · LOCAL COMMOHICATIONS SYST.BMS 

A var iety of developing tecbnoloq iea can provide flexible 
commun ications links witbin an air base . Perbapa tbe most readily 
available , tak ing into consideration exist ing facilities , is a 
co.puter-controlled telephone switching sytem . Tbeae pr ivate 
autc.atic brancb exchanges ( PABX) transmit botb voice and data over 
tbe same wires . Regardless of whether tbe information is  conver ted to 
an all-digital or an all-analoq format , tbe computer tbat controls tbe 
switching function provides a flexible commun ications medium. Vbice 
and data equipment are easily connected and accessed froa any point in 
tbe ayst .. , and are readily linked to external telephone networks .  
Altbougb l iaited to data transfer rates typical of terminal devices , a 
modern PABX is easily implemented and can share its investmen t  cost a  
witb a voice aystea. 

Local tran .. iaaion syate .. that -handle data at rates mucb h igber 
than tbose accommodated by telephone lines are now commercially 
available . Botb point-to-point and netted systems are possible . 

Pr ivate industry is  developing interface and protocol standards to 
control data tran .. iasions in aucb local systems . As these standards 
becolae more widely accepted , more product and software suppor t will 
become available for connections to conforming systems . Location , 
function , and speed will not be difficult problema in establishing 
ca.aunications between machines . Tbese developments will considerably 
expand the definition of data process ing systems , because access to 
the systems can be made available almost anywhere tbat it is required . 

Communications can effectively serve data entry devices . In many 
pre .. nt base-level systems , information is transferred in a aer ies of 
steps froa ita sources to puncbed cards tbat are eventually entered 
into a computer . Tbe process ia  slow ,  subj ect to handling errors , and 
rig id in format . Por less tban tbe lifetime coats of a keypunch , 
terminal devices for entering data can be located whereever needed and 
connected by a local communications system directly to the computer . 
And beCause of the low cost of microprocessors , the terminals can 
process data locally aa it is entered , for example ,  check ing for 
format conformity or data value ranges . 
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While most log ic and memory devices continue to drop in pr ice , 
t hose that connect operators to computer systems are not decreasing in 
coa t as quick ly . Higb-speed pr inter s or plotters , for example , are 
built out of parts from tecbnolog ies that are developing at d ifferent 
rates . Por these , equipment costs remain b igb . However , easy 
connection to local communication s  systems provides a means of sbar ing 
coats and capabil ities . 

Advances in local commun ications allow for a broadened concept of 
computer syste .. and a larger commun ity of user s . The benefits of 
a utomation can now be extended to whole processes ratber than being 
restr icted to individual intermediate steps . 

5 .  'rBB DISPEBSAL OP PROCESS ING POWER 

With computers available in a wide range of sizes and speeds , witb 
a var iety of convenient terainal devices , and with facilities for 
commun icating among these under computer control , organi zations can 
fash ion automated data processing systems to fit  thei r  operational and 
organ i zational requirements . Many companies have developed the i r  own 
approaches , but certain general character i stics can be obaerved z 

• 

• 

• 

• 

• 

There ia strong interest in  captur ing data at its source , 
automatically if poss ible , or as an automatic feature of 
other operations that must be performed in any case . 
Data terainala reduce the processing and commun ications load 
on the reat of the system by cbeck ing and editing data and 
putting i t  into a standard format before tranaaiaaion , and 
by stor ing and tranaitting it when the boat COIDputer is 
ready . 

· 

Sometimes there i s  no s ingle , large boat computer . Even 
when there is , i t  uaually is  a complex of special-purpose 
.. chines (communiationa proces sors , data base •eng ines • ,  
vector proces sors , etc . ) • These can provide functional 
dispersal of the processing load . 
Organi zations that are widely dispersed geograpbically save 
communications coats by d istr ibuting or d ispersing their 
process ing capac ity to centers of major activity or to 
geograpbically concentrated clusters of terminals . A 
lateral dispersal of tbis k ind is effective wben each center 
or cluster deals largely with data needed pr imar ily in that 
center or cluster . This k ind of lateral dispersal may often 
be accompan ied by a b igber level of functional dispersal a s  
we l l  (e . g . , t o  supply and accounting ) , since eacb function 
tends to be housed together . 
Another k ind of functional dispersal or distr ibution tends 
to follow the manager ial h ierarcby .  At h igber levels of the 
organ ization , the data of interest tend to be of a strateg ic 
or global na ture . At lower levels , detailed data concern ing 
local operation s ( suc b  as the location of an i.tem in a 
warehouse ) may be requ ired . Ye t the fact that tbe item is 
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there may be of global in terest an4 the sum of tbe it ... in 
all warebouaea may be of s trateg ic interest . Because the 
4ata require4 at bigber levels are 4ifferent i n  k in4 an4 
typically a :lJDpler in 4etail ,  but may be procease4 or 
aum.arize4 in complex ways, i t  is convenient an4 often 
econo.ical to treat tbia hierarchical 4 i apersal as one woul4 
treat a functional or geograph ic one, with boat computer s 
chosen or configure4 to serve a par ticular organi zational 
level ef ficiently . 
Aa processing capability beComes cheaper an4 available in a 
wi4er r ange of mcdular sizes, it becomes economical to 
4iaperae or 4istribute processing more wi4ely . S imila r 
cona i4erationa apply to functional an4 h ierarchical 
4iaperaal . Dispersed or 4iatributed processors •Y be 
l inke4 by any or all of a variety of means, inclu4ing 
coaxial or f iber-optic cables, microwave links, or Ntellite 
ca-unicationa. In fact, tbe Air :rorce baa alrea4y aettle4 
on a structure for the Base Level Automation Syatea that is 
wi4ely 4isperae4 geographically. In tbe future , greater 
4iaperaal even at a single air base aay prove econo.ical an4 
operationally 4eairable. 

Pigure 1 illustrates a model autoaate4 4ata processing syatea 
embodying these principles of 4iaperaal or 4istribut ion, keye4 to the 
hierarchical structure of a aanufacturing orga n i zation or, in a 
parallel 4iaplay, to operations at an air base. 

&o.e furtber properties an4 requirements of such a system are : 

• 

• 

• 

• 

• 

• 

• 

There aay be multiple computers at each level , especially at 
upper levels. 
Co.aunicationa between offices aay be by telecomaunicationa, 
aagnetic tape, or other lle4iua. 'l'bey sboul4, however, be in 
machine-readable fora. 
'l'be 4ata bases on 4 ifferent coaputera aaay be relate4 . Con­
sequently, maintaining 4ata integ rity over 4is tribute4 4a ta 
bases is ea .. ntial. 
In 4ivi4ual components of tbe i nformation sys tem a re 4istrib­
ute4 to where they a re neede4 . They sboul4 be able to cope 
with communication s link s  that ar e teaporar i ly cut . Bnoug b 
buffering aboul4 exist in each local ayatea to aaintain 
essential abort-te rm operations an4 restore 4ata bases . 
S :lJDplici ty an4 reliability are acbieve4 by allocating func­
tions to spec i f i c  an4 perhaps specialize4 bar4ware .  In 
a44it ion, where reliab i l i ty an4 ava i labi l i ty are essential , 
4ual an4/or fail-safe equ ipment can be installe4 . 
Sen4ing only the in formation nee4e4 a t  a given leve l min i ­
mi zes communications requirements . 
Wben lower-level organ i zations on 4 i fferent branches nee4 to 
communicate , this can be 4one by go ing 4own the organ i za­
tional tree an4 tben up . In hierarch ical structures , th i s  
i s  r a rely nee4e4 . 
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In addition to techn ical considerations already touched upon , 
factors of personality and management style are important .  POr 
example , managers may not want the next higher levels of management to 
control or have acceaa to their entire data bases , prefer ring to 
retain control of their total resources . Such nontechnical factor s 
tend also to favor distr ibuted systems . 

Moat of the above reasoning appear s  to apply to Air lOree 
information systems . Because of the Air lOree ' s  mission , the final 
ayat .. aay be more distr ibuted tban that planned for the initial 
implementation of Pba .. IV. 

However , i t  ia certainly not true of operational units , sucb aa 
combat units tbat may be moved almoat anywbere in tbe world on very 
a bort notice . Moat locations , for example , lack tbe base support 
ayste .. available at major air baaea in . tbe Onited Statea . In 
addition , remote locations may lack commun ication& and computing 
facilities , or such fac ilities may be damaged or deatroyed in war . 
Onder aucb c ircumstances , eacb potentially mobile unit could 
prof itably bave tbe hardware , software , and data baaea to support ita 
operation& . Tbe technical .. ana to do tbis ia  e i tber here or j uat 
around tbe corner . In tbe future ,  eacb aircraft wing , for example , 
will probably be able to take ita own information ayat .. along when it 
deploys t o  another baae . Tbe boat computers at eacb major baae in 
Pbaae IV sbould be able to support sucb mobile information ayat ... . 

Aa tbe Baae Level Automation Syatem evolves , intelligent aut�ted 
data gather ing , intelligent terainala , and microcomputers will 
probably reacb mucb fartber down in tbe baae aupport/tenant 
bierarcby . POr example , recording fligbt and eng ine histories in 
aacbine-readable form ia presently feasible at a coat in weigbt and 
power tbat will undoubtedly decreaae in tbe future . Voice input aay 
be used to capture tbe details of maintenance function& , and voice 
output to coacb a technician .  in a specialized taak . Tbe uae of 
coaputer terainala by maintenance personnel could give tbem ready 
acceaa to current techn ical data and guidance . Tbeae few suggeationa 
illustrate the aany ways in wbicb tbe Baae Level Automation System may 
well extend ita services . 

Revertbeleaa , tbe system ' s  structure will continue to need 
centrali zed boat data process ing , even where many computing elements 
already function . Tbese needa include : 

• 

• 

• 

• 

• 

Tbe consolidation of common and/or global data • 
General-purpose batch , t ime-shar ing , and transaction 
proceaaing . 
Tbe provision of a centralized software eng ineering 
environment and the establishment and control of interface , 
data base , and development standards . 
Tbe integration of maintenance activi ties throughout the 
hierarchy . 
Specialized software and hardware • 
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6 .  SOrJ.WARE '!'RENDS 

While current software systems can be adapted for the transi t ion 
into the Phase IV Base Level Automation System , new programs will 
surely be needed as applications are modified , replaced , or upgraded 
dur ing the program ' s later stages . In tbia regard , tbe software used 
in the middle to late 1980 ' s  should not be constrained by whatever 
temporary expedients may have been necessary for the transition 
phase . Pailure to match software to hardware for beat prograa results 
will hamper development and increase maintenance costa . It is 
precisely these costa that dominate in all large data processing 
ayat- . 

' 

'l'be programs for tbe current base level system , including tboae 
tbat are un ique to specific Air lOree commands , have been developed 
over a long time .  'l'bey represent about 5 million to 6 million lines 
of code . 'l'be significance of the software problem can be put into 
perspective by perforaing the a r i thmetic implied by the following 
camaonly recogni 3ed rules of tbwab a 

• 

• 

• 

Producing a new program costa more than $ 20 per line of 
source code . 
Ma intaining a program over ita lifetime can coat four t t.ea 
tbe or iginal development coats . 
CUrrent programmer productivity is about 10-20 lines pee day • 

Wh ile computer hardware costa have dropped ahacply , there baa not been 
a corresponding sharp decrease in tbe cost of producing computer 
programa . Programming coats bave r i sen more rapidly than tbe rate of 
general inflation and in many systems are several times more than the 
hardware costa . 'l'be implications of this fact are not confined to the 
Air lOree ' s. Base Level Automation System . Oaers and developers of 
data processing syat... throughout the world face escalating software 
costs coupled with a very slow r ise in programmer productivity .  

In an effort to improve programme� productivity ,  a number of 
techn iques have evolved . In general , one attempts to br ing more 
d iscipline into the management aspects of software development teama 
and to frame the computer program itself in some very orderly 
s tructure .  Recent developments include : 

• 

• 

• 

Structured programming (a  categor ic term for any approach 
that imposes an orderly process on tbe management of 
development teams or on the details of the program itself) • 
�p-down design ( building a computer program by starting at 
tbe moat general level and gradually extending the program 
downward into more deta il ) , with provision for the next step 
in the design at each level of progress ion into detail . 
'l'he use of cbief programme r teams that attempt to d ivide 
each large program into a number of smaller modules , each 
s i 3ed to be manageable by a small team of three to five 
members beaded by a very expe r i enced and competen t chief 
programmer .  'l'he not ion i s  to k eep tbe teams small enough to 
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ease commun ication among their members and , at the same 
t ime ,  keep their  programming tasks  modest enough that the 
basic structure of each tas k  can readily be kept in the 
minds of the appropriate team members . 
Hierarchy plus input-processing-output (HIPO) , an aspect of 
top-down design in a s tructured sytem. Or iginally a 
�ntation tool , it  baa become a technique foe descr ibing 
each function or module of a large prograa in terms of ita 
inputs and outputs . 

Bach of tbe techniques above is described fully in the literature 
and is , therefore , not described_ in �eptb her e . Tbe tmportant point 
is tbat techniques �or structuring � organizing complex computer 
prograJIS and approaches for •nag ing the teams and organizations to 
develop them have progressed s igni f icantly throughout the 1970s . 
Organi zations that bave been in program developmen t for longer than a 
decade or so tend to reMIIlber the old ways of doing things and may not 
actively exploit the moat productive new ways to conceptualize and 
structure complex programs . 

Users as Programmer s  

The f irst users o f  digital computers were scientists wbo could 
translate mathematical concepts into detailed sequences of 
instructions for computers to follow. As time baa progressed , a class 
of professional programmer s  baa gradually merged who build complex 
computer programs in response to i!et;ailed statements of requirements 
froa end user a .  .. . . · 

'l'Oday , programming involves an intricate set of repeated 
interactions among progr�ng organizations , end-user organizations , 
testing organ izations , and sometimes still others . Typically , 
ultimate users cannot descr ibe their requirements precisely enough to 
enable a program, when f irst completed , to meet their needs . 
Therefore , the var ious player s  in the process interac t  repeatedly as  
the program moves toward completion , consuming the time of both 
programmer s  and user s .  

With the emergence of programming as a professional sk ill baa come 
a progress ion of so-called bigber order languages .  Such languages 
permit users to state needs at a more abstract and general level . 
�ng such languages are !'OR':RAN , COBOL , PL-1 , PASCAL , and ADA, eac h 
of wbicb is  intended to improve programming productivi ty by rais ing 
the level of abstraction at wh ich programmer s could function . 
Concurrently , computer costa have dropped dramatically . Today , then , 
there is leas emphas i s  on producing programs that are extremely 
e fficient and make beat use of computer resources . 

As a consequence of these trends ,  it  has been poss ible in aany 
commercial applications of ADP to wr ite the basic software so that 
user s themselves can program spec ific applications to meet their  
needs . Th i s  practice i s  particular ly effective when users are also 
g iven access to program libraries and to good software developmen t 
tools , such as discussed below . 
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Programming Coat Problema in Large Systems 

In the Base Level Automation System , l ike many of i ta c ivil 
counterparts , personnel coats greatly exceed those for equ ipment .  In 
addition to a corps of 610 in a centralized facility that develops 
moat software ( the Air POrce Data Systems Design Center ) ,  the Air 
POrce baa approximately 40 people at every base ass igned to computer 
operations , support ,  and .. nagement .  Th i s  total cadre of 4555 people 
operates the base computer syatea at shift levels exceeding 15--at 
many bases at levels of 20 or 21--per week . In addition to the 
management and program structur ing techn iques that are intended to 
increase the productivity of programmer:• and "users , there ia al.a the 
question of the work environment .  I_n the past , programs were wr itten 
out labor iously on paper and tben tr·anscr ibed onto punched cards tbat 
were read into a computer for execution . 

· 

In the beat of today ' s  program development environments , the 
programmer--professional or not--work s  at a terainal coupled directly 
to a computer . Be keys instructions directly into the computer . ·The 
beat environments also include features for ver i fying the work and 
remedying the more common or obvious mistakes . Pinally , when a 
program i s  ready for tr ial execution , i t  can be submitted d irectly to 
the computer through tbe terminal . When the j ob is completed , the 
r esults can also be ver ified through the terainal . 

The on-line development of COIIPUter programs i s  an enormous boon 
to a programmer ' s  productivi ty .  I t  not only allows h im to communicate 
more directly with the aachine , but it also suppor ts him with a wide 
var iety of aida that take care of some programming details 
auta.atically , cbeck for aistakea , and . facilitate searches for othe r 
errors  that are latent in the pro9rU.. � .  Thus , the Air :rorce Data 
Systems Design Center , a large ,  profeie �on•l , systems developmetn 
organization , needs tbe moat modern' soltware development facilities 
available for ita per.annel . Mo•t . vendo�a of contemporary compute r 
systems include such capabili t ies in their product linea . I t  is even 
possible to get a program developmen t facility from one vendor tha t· 
can be used to produce programs for computers of other vendors .  

The payoff that an organization expects from a n  appropr iate 
program development environment includes faster interaction of 
programmer and computer , automatic scanning for some errors , automatic 
debugging and testing , automatic handling of some programming details , 
and (perhaps more important than anything else ) an environment in 
which the programmer can accomplish his complex , h ighly detailed j ob 
more effeciently . 

The characteristics normally demanded of a h igh-performance 
software developmen t configuration include : 

• 

• 

• 

• 

The ability to support s imultaneously multiple CRT 
terminals , operat ing with full-screen editing . 
Subsecond response times for mos t c0111111ands • 
Powerful text editors capable of str ing man ipulation • 
Bard copy production of source listings • 
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Directory and file man ipulation , including file shar ing and 
commun ications among users . 
Job submission capabilities to another production systems , 
i f  different from the development system .  
Source code control commands that permit successive versions 
of source program IIIOdules to be controlled , mainta ined , and 
retr ieved , so that every cbange can be accounted for and 
l inked to version numbers of released systems . 

Computers that handle the normal day-to-day operational workload 
frequently lack featur•s that a�e 

'
esaential to 

·a high-quality program 
development environment • .  To �lve th i s  ��oblem , one option is to add 
a so-called overht�tad :computer , .n. a_dditional machine equipped with an 
appropr iate terminal-or iented envl:ron•nt and used only for program 
development . However , features can also be implemented very 
efficiently on min icomputers to support dozen s of s imultaneous user s 
a nd produce end programs for a Pbase IV mach ine . 

7 .  EVOLVING USES 0!' MICROCOMPO'rERS AND MINICOMPOTERS 

There is a number of r easons for tbe growing use of small systems 
utilizing aicrocomputers . ror example ,  there are data processing 
tasks small enougb to be car ried out by a microsystem. The advantages 
of doing so include : 

• 

• 

• 

• 

• 

• 

!'avorable cost (perhap. ) . ·  · 
Users having their  own ··coiiiPUting capab ilities • 
No dependence on commuhi�ations · ·  
Avoidance of the ovefh�aa lftvolv8d · i n  runn ing a large 
central system . · · · ·. � - · : · 

Avoidance of large-seal• bteakdowns • 

Encouragement of users to be innovative in exploiting 
computer technology for better efficiency and effectiveness .  

The one disadvantage--potential loss of d iscipline through 
proliferation of small systems--can be controlled by the Air Porce 
through prototype designs from the Air Porce Data Systems Design 
Center ( p .  35 ) . 

Whatever the reasons why small computers will have growing 
importance at Air !'orce bases , i t  i s  likely that any such application s 
will have information interfaces with the Phase IV base-level 
installations , rais ing both hardware and software questions . ror 
example , a Base Level Automation Program s ite might need the ability 
to e i ther read or wr ite 5-inch or a-inch floppy discs , or the ability 
to produce a subset of a master file for the use only of the per sonnel 
of a deploying aircraft wing . Qui te as ide from the hardware and 
software questions there are impor tant. system-level questions . 

Suppose , for example , tht the Air !'orca wanted to automate the 
h andling of travel vouchers on a small , stand-alone system . Offhand , 
i t  would appear to be a self-contained appl ication , but ther e ar e many 
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interconnection s  that mus t  be made . Por example , there is the matter 
o f  overall budget control . Further , a local travel voucher system 
might share j us t  a portion of some large r data base dealing with the 
same issue . Thus , there is a system-level question involving the 
information interface between a satellite , a stand-alone computer and 
a central one . What might , should , or must be k ept in the small 
computer to accomplish the local obj ectives ? What must be kept 
centrally to satisfy such requirements as audit tra ils , overall f i scal 
accountability ,  and reporting to h igher headquar ters ? Ther e might be 
some data that should or could be kept in both places , but , i f  so , the 
master file might have to be updated from the local file , and the Air 
Porce would have to deteraine how frequently that must be done . What 
information must be passed to higher echelons or laterallY to 
corresponding users at other bases? 

Thus , an information flow analys is should be conducted for any 
f unctional capabili ty proposed for a small s tand-alone computer , to 
identify all the interfaces that need be accommodated . The 
organ ization proposing a local capability probably could not do such 
an analysis , s imply because it might not be aware of the overall Air 
Porce context in wh ich ita  particular activity i s  embedded . Technology 
i tself is not the paramount problem , even though there are techn ical 
aspects of data exchange among computer systems ( e . g . , data formats , 
disc details ) . Rather , it  is an understanding of bow information is 
used at local , central , and higher echelons , together with all of the 
deta ils of such flows . 

A related issu• is  that of software life-cycle support .  Continu ing 
the travel voucher example , the Ai r Porce would wan t to ensure that i t  
would be done uniformly at all bases . Even if one base were t o  take 
the lead in designing and developing such a system , that same base 
should not necessar ily be forever respons ible for supporting the 
software .  Tbe sen ior authority for the functional area in question 
aight undertaken such support ( e . g . , the Air Porce Accounting and 
Finance Center for anything involving financial transactions ) .  But 
there may not be an appropr iate sen ior author ity for some stand-alone 
appl ications that might be des irable , or the appropr iate author ity may 
not des ire the additional burden . Thus , there are aspects of 
proliferating small stand-alone computer systems that could create 
problems for the Air Porce unless some level of overall control i s  
ma intained . 

A possible techn ique for thi s , and for leadership from the Air 
Force Data Systems Des ign Center , is to have the Center make prototype 
designs , for widespread use at all appropr iate bases , from 
small-system des igns developed by local user s . Alternatively , some 
particular base could be selected to be a •prototype environment •  
base , to illustrate the ways in which evolutionary changes to Phase IV 
systems are applied in normal base operations . 
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Office Automation as Related to Base Systems 

An important use for small computers at base level is bound up in 
the ubiquitous word processor , which can grow into a more �ully 
capable of�ice support system that bas interfaces with other base 
Hrvices .  

Almost �rom the beginning , on-l ine computer systems included text 
editors used to develop programs . These editors were soon enhanced by 
the addition of routines that standardized output . Thus , computers 
could process text as readily as numbers . Somewhat in paralle l ,  
typewr iters were connected to s imple memory devices l ike magnetic 
cards . With the adven.t .of lli�ropr�esaors ,  these memory typewr i ters 
quickly evolved into word proce�sors tbat could not only handle text , 
but could also proeess or compute number a . HOw ,  commun ications lin k 
computers and word processors . 

Th is marr iage of computing , word processing , and commun ications 
bas g iven rise to the concept of the automated off ice . Information of 
all k inds can easily be transaitted locally or globally , and it can be 
processed •thematically or editor ially . Tb i s  bas led to such 
services as • electron ic mail• and •paperless procesaes , • which are 
beginning to appear in the commercial ��arketplace . 

Blectronic mail ' s  s ignificance does not COlle �rom tranaitting 
information by electr ical s ignals . That basic capability bad been 
available �or a long t ime .  Rather , ita significance i s  that 
information can be both tranaaitted and processed by a var iety of 
equipment . Prescribed formats no longer binder inforation �low or 
arbitrarily ltait ita content . A bigh degree of local autonomy i s  
possible because necessary data can · easily b e  extracted , recombined , 
��anipulated , and displayed as required ·by each user . 

Typically , off ice autoaat ion " beg iris �ith a word processor . Even 
for skilled typists , word processors �n tmprove productivity , 
particularly in prepar ing a lengtby · 4ocumerit to wh ich a number of 
people make contributions , and in which var ious sections must be 
revised and re-revised . As a second step , the word processor can be 
connected to other word processor s or computers through the telephone 
ayst .. or other communications network . 

Prom this point on , the benefits of office automation accrue in 
proportion to the degree of management planning and user �eedback .  
Step-by-step implementation is  a practical approach ,  but i t must be 
developed in the context o� an overall plan . Tbe advantage is  that 
data once entered into the sys tem need never be entered again . I t  is  
�rae to be moved and transformed to serve the needs of manag ... nt  
where and as required . Tbis can led t o  integrated , end-to-end 

processes tbat cons iderably improve tbe per �ormances of the �unctions 
tbey con trol . 

Tbus ,  off ice automation is not a s ingle system or even t 1  it  is  tbe 
long-term application of computing , commun ications , and office machine 
technology to business processes . Just as computers r elieved people 
�rom the drudgery and limitat ions of manual ar itbmetic , so too can 
o�fice automation relieve the drudgery and limi tat ions of many 
cler ical task s .  I t  not only improves the productivity of cler ica l 
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workers , but it  should mater ially improve the quali ty of the process 
a s  well . 

The Air Porce Data Systems Des ign Center might well have a 
sign ificant role in  the growth of office automation in the Air FOrce , 
especially s ince the Center is part of the Ai r rorce Commun ications 
Command . Among its functions , the Center supplies all the on-base 
communications to support office automation networks ,  in addition to 
commun ications in support of the Phase IV installation and network ing 
of microprocessors .  

8 .  BASE LEVEL SYSTEMS IN WARTIME 

In peacetime , the Air Porce empbas i3es efficiency and minimum 
coats . In wartime , the emphasis switches to such criter ia aa combat 
readiness , maxiDwa availability of aircraft , and prompt maintenance . 

Tbe base information infrastructure will have to accommodate two 
directions of change . Firat , the information-handling demand on base 
is likely to change dramatically by the 1990 ' s . Second , the base must 
be ready to move whenever necessary from a peacetime status to one of 
ailitary action promptly and smoothly . In this context , military 
action can mean anything froa full-scale nuclear war fare ,  through 
theater operations ( e . g . , in Burope ) , to potential cr isis involvement 
in any country of the world . 

Thus , in planning i ts future base level information handling , the 
Air rorce must ensure enough flexibility in i ta information systems to 
accommodate the var iety of bases from which i t  operates . Ita plana 
also have to accommodate the transition of some or all bases into 
ailitary-action status at any t ime .  

While there i s  an awareness of wartime plann ing and there are 
exercises for practicing contingencies , the fact is  that peacet ime 
operation tends to dominate attitudes , think ing , and plann ing . In 
peacetime , motivations are those of effic iency ,  min imum cos t ,  budget 
consc iousness , and federal governmen t fundi ng cycles . Dur ing a 
military action , motivations will be reor iented toward such things aa 
overall effectiveness , quick tur naround of sorties , maximum 
availability of a ircraft , and prompt maintenance . 

Information flows----who transmits what data to whom ,  and why--ar e 
very likely to change correspondingly .  The pattern of information 
exchange that character i zes  a base during peacetime will be differen t  
dur ing military action . Hew data may have to b e  collected , 
maintained , or man ipulated J new uses for data may appear , or new use r s  
of data may mater ialize . The quantity o f  data flowing among 
established user s may surge or , in some cases , van ish . 

Por example , to offset an impaired flow of spare parts , some 
a ircraft may be cannibali zed to keep others fly ing . Hew data handling 
demands could arise from such c ircumstances . S imilarly , i t  might 
prove desirable in a wartime emergency to exchange spare par ts among 
bases , if so , a substantial lateral flow of data could develop . 

The Air FOrce , of course , does its best to estimate what data 
systems will be needed in war time . Presumably , i t  also will seek to 
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estimate bOw wartime informat ion needs will d i ffer from those of 
peace . However , there i s  something of an unspoken assumption that war 
or other ail itary act ions will be like peace insofar as data 
requir ... nts are concerned . And , to the exten t that i t  i s  not , the 
prevailing pbiloeopby seems to be , �e will ma k e  it wor k . • 

Wben information was handled manually at each base , i t  was 
possible to innovate with alacr ity and to create new recordkeeping 
proce .. es with reaeonable speed . At a time , however , wben aucb of 
record handling bas been computer ized ,  innovative actions to 
aecx»N�t• deficienc ies that appear only dur ing wartime will at best 
be �ifficult and may be iapossible . Air Force bases migbt Und 
tbaselves in a ma j or admin isuat:J.n- p.:oblem. · 

In addition , tbe data process ing installat ions at most Air Force 
bases in Europe and the Pacific bavt · not .�en adequately protected 
aqa inst wartime tbritats . 'l'hey are vulner.able to damage , disruption , 
or destruction by a ir a ttack , electromagnetic pulse , sabotage , or 
ground assul t .  Tb e  likelihood of continuity o f  normal processing in 
tbe face of these threats is quite low . 

Tbe Colllittee bas been made aware of Air !'ore• plans to mak e the 
Base Level Autcmation System combat-ready and encouraqes the Air Force 
to give thi s  plann ing a higb pr ior ity . 'l'be Colllittee was told of 
plans to develop a combat supply system that would assume many of tbe 
supply functions performed by the Base Level Autcmation Systea , but 
would operate on small scale computers that could be deployed with 
figbting to satisfy all wart ime support respons ibilities . One 
particular concern to the COmmi ttee , for example , is the eng ine 
track ing systea ,  wb ich is vital for . combat readiness of squadron 
a ircraft . Tbat systea depends on a 9omputer system that may not 
survive an attack or redeployment . ·  P. . wartime equivalen t or substitute 
for that system, impl ... nted , oa an .appropr iate system that is 
transportable and survivable , would probably be j ustif ied because o f  
i ts value to the operational read iness . of a deployed combat wing . 

Otber war time contingency measures being undertaken by the Air 
Force include the following : 

• 

• 

• 

A coaprehens ive analysis , managed by the Air Porce Data 
Systems Des ign Cen ter , to examine con tingency planning 
requirements in Europe , the Pac i f ic , and the Tact ical Ai r 
COmmand ( for rapid deployment force r equirements ) .  
Developmen t of improved methods for r educing the 
vulnerability of base-level computer systems to enemy 
attack . Tb i s  effort bas included a MITRE study tha t 
r ecommended spec ific plants to develop • transportable • and 
survivable compute r systems tha t ar e packaged in small 
enough con ta iners to be moved read ily by air for long-term 
support requiremen ts ( 60-90 days after deployment) . 
Acqu i s i t ion of a small computer system to support combat 
supply requirements that can be eas ily moved with deploying 
forces in the very early stages of confl ict . Add itional 
systems may be acqu i r ed to support other functional u ser s . 
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These actions a r e  all neces sary to tbe development o f  a n  adequate 
wartime ADP system for supporting essential admin istrative and 
operational functions . Tbe Committee bas not , however , seen enoug h 
detail to assure it  tbat a comprehens ive approach is  being taken to 
tbe planning of a system adequate for wartime operations . Altbougb 
tbe Committee bas not pursued this matter further , i t  aust strongly 
recommend tbat tbe Air lOree conduct comprehens ive plann ing to assur e 
the adequacy of tbe base-level system to wartime as well as peacetime 
operation s . 
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Append ix A 

AIR !'OBCE: PLARNING LEADING '1'0 PHASE IV 

The Air Force launch� several independent studies , bec) inninq in 
the early 1970 ' s ,  to determine · ita future base level deta automation 
requir�ta . 'rbeae included STALOG (Study of the AutCIIIIation of the 
Log istic Syatem at Base Level) , SADPR-85 (Support of Air Force Automatic 
Data Procesaing Requir ... nta through the 1980 ' s ) , and BASB-'l'OP (Base 
AutCIIIIated Syat•a for 'l'otal Operations ProgrD) • 

In CCIIIIiaaioning thea• stud ies , the Air Pore• was concerned with 
the growin9 obsolescence of the cc.putera it used to support 
administrative operations on 115 air ba .. a worldwide . The computer• 
included the Univac Ul050-II , ·a second-generation computer uaed by the 

Air Pore• since 1965 , and the Burroughs B3500 , in use since 1969 . The 

Air POre• was concerned that as the computers bee ... older ,  their 
failure rates would increase and adversely affect Air Porce operational 
effectivenesa . PUrther , the government-owned components of the Univac 
cc.putera could not be replac� by the supplier . Even wbere parts were 
replaceable ,  replacement prolonged the cc.puters • ori9inal capabilitie s 
without taking advantage of rapid advances in data processing 
technology . 

STALOG 

The STALOG study , publish� in •id-1973 , aou9ht to determine how 
beat to satisfy data autCIIIIation requir ... nta for log istics at each a ir 
baae at •inimua coat . The study analyzed .five hardware alternatives 
for an integrat� ayat .. concept that entail� large-scale development 
of functional software . 'rbe study recCIIIIended replacinCJ the Univac and 

Burroughs computers with a s ingle computer ayat• at each air base as 
the 110at econ011ical courae ,  since it consolidated two separate cOJDpute r 
ayat ... into one . 

SADPR-85 

'rbe SADPR-8 5 study was initiated in October 1973 . 'l'he Ass i stan t 
S ecretary of the Air Porce ( Financial Manag ... nt ) stressed the need to 
determine total ADP support at base level , beyond that ex .. ined in 
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S'rALOG .  'rhe two major alternat ives consider-' in this study were : ( 1 )  
a n  on-base computer system a t  each installation , and ( 2 ) 
reg ionalization . 'rhe study found that reg ionalization was the more 
economical plan , but also the one with the greater technical r isk . In 
May 1974 , the SADPR-85 steering committee at Air Porce Headquarters 
adopt-' the on-base computer syat .. strategy . 

BASE-'l'OP 

Meanwhile , the Off ice of the Secretarf of Defense restr icted futur e  
f unding of STALOG development in December 1973 to the then cur rent 
level until the Air Porco developed a comprehensive plan to satisfy 
total base level ADP requir .. ents . In response , the Air Porce 
established BASE-�P to prepare this plan and .anage the acquisition of 
new base level syat .. a to sat isfy all requirements , including STALOG . 

Dur ing the fall of 1974 , Air FOrce Headquarters recognized the ris k 
of a illultaneoualy implaenting .ajor changes to hardware , software , and 
information syat... . A8 an alternative , a modular ,  incr ... ntal 
developant plan was begun . 'rhia approach , however , raised significant 
hardware integration probl... . 'rhus , this plan required significant 
amounts of new ADP equipant for abort-te� t.provementa before the 
ag ing Univac and Burroughs equipment& were replaced . In addition , the 
plan posed serious technical problema in interfac ing a second-generation 
computer with more modern equipment . 

DIDCTIO!I noM 'rBB OP!'ICE OP 'l'BB SBCRBTARY OP OEI'BNSB 

In its October 1975 internal budget review , the Department of 
Defense (DOD) detemined that the evolutionary approach be ing developed 
under BASB-�P/STALOG raised significant problema related to hardware 
acquisition ,  software development ,  and system tmpl .. entat ion . The 
department felt that these probl .. a were not solvable pr ior to the 
start of f iscal year 1977 . DOD also noted that the Air Porce had not 
fully complied with the Oec.mber 1973 directive to submit a plan 
satisfying total base level ADP requir .. enta . As a result , the 
department lillited fiscal year 1977 funds for computer hardware to the 
level of the previous year . 'rhe department also directed the Air Porce 
to submit a plan sat isfying all base operating functions through 
competitive selection of computer ayatema from a single manufacturer 
with modular , add-on capability to accommodate different workloads and 
mobil! ty requir .. enta . 

· 

REDIRECTION OF 'rBB BASE-�P /STALOG PROGRAMS 

In December 1975 , the Air Porce log ist ics community reevaluated the 
automat ion requirements of the STALOG program, with the result that a 
large portion of the log istic automation requirements ware removed . 
Functional raquir .. ents were also reviewed and s ignif icantly reduc-' · 
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INITIATION OF THE PBASB IV PROGRAM 

I n  the spring of 197 6 , the Air FOrce ' s  Director of Data Automation 
won acceptance of the idea of discontinuing the BASB-TOP/STALOG prograas 
in fa'VOr of a base-level program for capital replac•ent of the univac 
and Burrouqhs equipment . !his separated the development of application 
ayatema from acquisition of hardware to replace existing equipment . 
�s waa bequn the planning for the cap ital replac ... nt progru known 
aa Phaae IV. 

A ser ious concern waa the ability of the Univac equipment to 
support supply requiraents . until . Phase IV could be impl .. ntad . An 
ADP acquisition teua · wu ' ••tabliah� to datemi� how to implement 
Phase IV in the . shortest time , at. the lowest risk . Tbe tau concluded 
that the • ayatem contractor • approach was best . �t approach in'VOlved z 

• 

• 

• 

• 

Contractinq the transition of high-risk software to two 
competing contractors .  
ConductiDCJ a full range �f testing , including a 
Qualification Operational Test and Evaluation conducted 
by the Air Force Test and Evaluation Canter .  
Awarding a production contract to a single vendor • 

Implementing the computer systems in a phased conversion , 
replacing the Univac Ul05 0  first and then the Burrouqhs 
83500 . 

REVIEW OF 'l'RE PBASB IV PROGRAM 

� Phase IV PrO;raa underwent an extensive ser ies of reviews bot h 
w ithin the Air Porce ana in. the D!fioa of �e Secretary of Defenae . 
Other reviews were conductled by ·the Office of Manag .. nt and Budqet 
( OMB ) , the Office of Pederal Procurement Policy ,  the Senate Coa.ittee 

on Appropr iations , and the House Committees on Appropr iations and on 
Government Operations . 

In March 1979 , the chairman of the House Committee on Government 
Operations requested a General Accounting Office (GAO) review of the 
Phase IV program. On October 10-11 , 1979 , congressional hear ings on 
the Phase IV program were held , with testimony by the GAO ,  the Ai r 
Force , the Department of Defense , and the General �ervicaa 
Adainistrat ion (GSA) . On October 26 , 1979 ,  the GAO released ita forma l 
report , recommending cancellation of the Phase IV prog ram. On November 
28 , 1979 , the Secretary of the Air FOrce replied to the GAO report , 
indicating that the recommendat ion was too drastic . 

On November 2 ,  1979 , the General Services Administration suspended 
the Delegat ion of Procure•ent Author ity for Phase IV pend ing its review 
of the progr am. Extensive discussions were held between Air Force and 
GSA off ic ials , and senior •.-bera of the GSA staff vis ited several 
bases to review Air Force requirements and to assess the effect of 
cancel ing the Phase IV prog ram. 

On March 2 8 ,  1980 , the Secretary of the Air FOrce not ified the 
Chair .. n of the House Committee on Government Operations that , afte r  
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coord inat ion with the GSA , the Phase I V  prograa had been redirected t o  
r esolve the concerns ra ised by GAO a nd  the Bouse Committee on 
Government Operat ions . GSA reinstated the Delegation of Procuremen t 
Author ity for Phase IV on Apr il 3 ,  1980 . Contracts were awarded on 
Dec.mber 1 ,  1980 , to the Bur roughs Corporation and to Sperry Univac fo r 
the init ial software transition port ion of the Phase IV prograa. 

Software transition and testing activity is under way as of 
a id-1981 . Tbe Air Perce plans to select the final Phase IV vendor and 
to begin installation of new computers in February 198 3 . 
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Appendix B 

GLOSSARY 

ARCBI�taRB : Tbe design of the components of a computer ayat ... 
AD'l'OMATBD DATA PROCBSS ING a Tbe proces s  by wh ich data is  aasatlbled , 

proceaaed , stored , rac:CIIbined , and retr ieved by automatic Mans 
using a computer system . 

BA'l'Cih A group of j obs to be run on a ccmputer at one tt. with the 
saae progru . 

BOG a A mistake or ulfunction . 
CBARHBL: A path along which data passes or along which data uy be 

stored aer ially in a computer .  
COAXIAL CABLE: A transsiaaion l ine that cons ists of a tube of 

electr ically conducting uter ial surrounding a central conductor 
held in place by insulators r used to tran .. it telegraph , telephone , 
and television s ignals of high frequency . 

COMMAND LANGUAGE: A source language cons isting pr imar ily of procedures 
capable of invok ing a function to be executed . 

DATA BANK: A collection of data organized for rapid search and 
retr ieval by computer . 

DATA BASE: A sat or collection of information that is suffic ient for a 
given purpose or g iven data process ing system. 

DATA PROCESSING : Tbe converting by computer of crude information into 
useable or storable form . 

P ILB a  A c9llection of related recorda treated as a un i t .  
PLONCBART : A graphical representat ion for the def inition , analys is , o r  

solution o f  a problem. 
BARDWARB : Tbe phys ical equ ipment of a ccmputer system. 
MAIHPRAME : Tbe computer itsel f and its cabinet , as distinguished from 

per ipheral devices connected with i t .  
MICRON: A un it of length equal to one-millionth of a meter . 
MODBM : A device that processes signals transmitted over commun ications 

facilities . 
OPP-LIHB : Not under the c Urac:t control of a ccmputer . 
ON-LINE : Controlled directly by or in direct commun ication with a 

computer . 
PROGRAM LIBRARY : A collection of computer programs and routines . 
REAL TIMB : The actual time dur ing which a phys ical process controlled 

by a computer occurs . 
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SO!"l'WARE : The entire set of programs , procedures , and related 
documentation associated with a computer system . 

S'l'RING MANIPULATION a Characters in a computer prog raa to be cha119ed . 
TERMINAL : A point or device in a computer systems at which data can 

either enter or leave . 
WORKBENCH : A spec ialized high-performance computer system that allows 

prog rammer s  to edit and control modif ications • 

•. ·· '" :  · �  C · ·  
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ADP a 

A!'DSDC : 

CPO :  

DBMS : 

DOD :  

DPI : 

GAO :  

GSA: 

RIPO : 

LSI : 

MIPS : 

NRC :  

OMB a  

PABX: 

PPL : 

RJB :  

VRSIC : 

VLSI : 

Appendix c 

ACBON!MS 

Automatic data processing 

Air lOree Data Systems Des ign Center 

Central process ing un it 

Data base management system 

Department of Defense 

Data processing installation 

General Accounting Off ice 

General Services Admin istrat ion 

Hierarchy plus input-processing output 

Large scale integration 

Million instructions per second 

National Research Counc il 

Office of Managemen t and Budget 

Pr ivate automatic branch exchange 

Programming production librar y 

Re1110te job entry 

Very b igb speed integr ated circuits 

Very large scale integration 
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