






















































































































































































































































































































































































































































































































































































































The North Warning System was declared operational in the 
early 1990s, scanning the sky ceaselessly for a threat that in 
many people's view no longer existed. But system proponents 
put the best possible spin on the situation: "Just because there 
are fewer burglaries in the neighborhood doesn't mean you 
throwaway the burglar alarms,"ll one NWS operator remarked. 

Communications Initiatives 

The second leg of Donald Latham's C3I Triad involved the 
upgrade or deployment of a series of communications systems 
to permit the leadership to remain in contact with the strategic 
forces on a continuing basis under all conditions, up to and 
including a strategic nuclear exchange. A number of ground-, 
air-, and space-based communications initiatives were pur­
sued under the aegis of the Strategic Modernization Program, 
many of them elements of WWMCCS's Minimum Essential 
Emergency Communications Network (MEECN). For commu­
nicating with the ballistic missile submarine force, plans 
called for upgrading the Navy's fleet of TACAMO planes, and 
for deploying a ground-based extremely low frequency (ELF) 
communications system. Also called for was the development 
of the Air Force's Ground Wave Emergency Network (GWEN). 
Finally, attention was given to the deployment of the third­
generation Defense Satellite Communications System and to 
the development of the exceedingly ambitious Military Strate­
gic and Tactical Relay Satellite. Several of these systems are 
discussed below. 

Extremely Low Frequency Communications 

A number of independent, redundant systems have long ex­
isted to provide communications to the strategiC submarine 
force, but all imposed substantial limitations in operational 
flexibility. What was needed, in the Navy's judgment, was a 
system that was not only survivable and secure, but one that 
was jam resistant and whose signals could be received even in 
a wartime environment of multiple nuclear bursts, thus guar­
anteeing the submarines' usefulness as a deterrent force. 
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Since the late 1950s, the Navy had been examining the feasi­
bility of a communications system utilizing the portion of the 
electromagnetic spectrum between 10 and 100 Hertz, known as 
the extremely low frequency or ELF band. On the theoretical 
level, ELF offered many benefits. ELF signals are characterized 
by low-propagation attenuation, meaning that they can be re­
ceived over great distances, indeed worldwide. The signals have 
low attenuation in seawater, such that they can penetrate to 
depths some 20 times deeper than very low frequency signals. 12 

With ELF, submarines could operate well below the 200-foot 
maximum detection depth for ocean surveillance satellites and 
below noise-reducing thermal layers in the ocean, making them 
less susceptible to antisubmarine warfare activity. Additionally, 
the way ELF signals are transmitted makes them highly resis­
tant to jamming and other forms of interference, including nu­
clear detonations. 13 Finally, it was felt that an ELF system could 
be survivable, since its transmitters and antenna arrays could 
be geographically dispersed and hardened. 14 

The original system design advanced by the Navy, known as 
Sanguine, was exceedingly ambitious, covering approximately 
41 percent of the state of Wisconsin. Over six thousand miles 
of antenna wires would be buried six feet deep, checkerboard 
fashion, on state and federal property and along public rights­
of-way. The wires would be grounded at each end by an elabo­
rate grounding configuration that, depending upon local con­
ductivity conditions, could extend for distances of up to two 
miles. Two hundred and forty underground transmitters, each 
installed apprOximately at the center of an antenna cable, 
would power the system. To ensure their survivability, the 
transmitters would themselves be buried about 35 feet below 
ground in reinforced concrete capsules. 15 The Navy estimated 
that some 800 million watts of power would have to continu­
ally flow through Sanguine's wires to maintain operational 
readiness. 

In the years that followed, unremitting criticism of the pro­
posed system by various state and federal officials, concerned 
citizens, and environmental groups resulted in an ongoing 
search for alternative host sites and a progressive scaling-back 
of the system's dimensions. To increase the system's accept­
ability among cost -conscious members of Congress, during the 
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mid-1970s the Navy shifted its preferred ELF system from a 
downsized, survivable Sanguine to a new nonsurvivable sys­
tem called Seafarer. Despite many changes and adjustments, 
however, the criticism continued unabated. The Navy's re­
sponse was to keep searching for new ELF designs that would 
prove more publicly palatable, resulting in even further reduc­
tions in the proposed system's size. The most promising alter­
native settled upon by the Navy involved linking its small Wis­
consin ELF test facility to another small facility to be 
constructed at Sawyer Air Force Base in Michigan. The Navy 
called this far more restrictive system Austere ELF, and Presi­
dent Carter approved the plan in January 1979. 

But congressional resistance to the cost of even an "austere" 
ELF necessitated a further reduction in the size of the Wiscon­
sin-Michigan system, halving the amount of antenna wire to 
be used. As part of the Strategic Modernization Program, the 
Reagan administration gave the go-ahead for this downsized 
Austere ELF, which was renamed simply Project ELF. Work 
proceeded throughout the decade, and in May 1989 the two 
linked facilities went to full power. Full operational capability 
was achieved the following October.16 So even as the cold war 
ended and the 1990s dawned, the Navy had at last assured 
itself of a real-time submarine communications capability. 

Military Strategic and Tactical Relay Satellite 

Given the substantial and increasing US reliance upon 
space-based assets for communications, a major concern of 
defense planners during the 1980s was satellite vulnerability. 
The problem seemed particularly pressing, because in many 
families of defense satellites, toughness had been deliberately 
sacrificed to pack on board the maximum mission capability. 
The result was highly capable but inherently fragile spacecraft 
that were vulnerable, given the active pursuit of antisatellite 
technologies by both superpowers. Consequently, much 
thought was given to enhancing satellite survivability through 
such means as hardening, maneuverability, the use of decep­
tive technologies, and proliferation. 17 

These concerns found expression in the Military StrategiC, 
Tactical, and Relay (MILSTAR) satellite communications system. 
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Representing the most ambitious and technically difficult 
communications program ever undertaken by the Pentagon. 
MILSTAR also represented the highest-priority command and 
control element of the Strategic Modernization Program. In­
tended to employ an internetted constellation of satellites both 
in synchronous equatorial orbits and elliptical polar orbits. 
MILSTAR was intended to link the National Command 
Authorities to surface ships. submarines. aircraft. ICBM 
forces. Army ground mobile forces. and theater nuclear forces 
around the globe. 

Plans called for MILSTAR to incorporate a number of fea­
tures to ensure its continued availability during crises up to 
and including general nuclear war. The satellites would be 
hardened against radiation from nuclear detonations and laser 
attack. They would be maneuverable and incorporate on-board 
decoys to enhance their survival against physical attack. The 
satellites would offer enhanced resistance to jamming. with 
much of the improvement arising from their use of the ex­
tremely high frequency (EHF) band. EHF signals travel in ex­
tremely straight lines and are relatively unaffected by passage 
through the atmosphere. This means they can focus more 
power on ground receivers. allowing for the use of smaller 
antennas and avoiding jammers and interception. 18 In addi­
tion. the use of rapid frequency-changing burst transmissions 
and antenna-hopping techniques would make the transmis­
sions even less vulnerable. Finally. the spacecraft would be 
outfitted with satellite-to-satellite cross-links (hence the term 
relay in MILSTAR). eliminating dependence on ground stations 
for communications relay and minimizing the risk of eaves­
dropping by hostile terrestrial terminals. 

When fully operational. MILSTAR was intended to enhance 
or assume the functions of a number of existing satellite sys­
tems. Critical emergency action message services provided by 
UHF systems like AFSATCOM would be shifted to MILSTAR. 
MILSTAR would augment and possibly replace the Satellite 
Data System. serve as a relay for data from intelligence satel­
lites such as the KH-12. and assume at least some of the 
broadband communications functions performed by the De­
fense Satellite Communications System. 19 
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That, anyway, was the plan. But it was at the moment when 
MILSTAR's requirements had to be translated into reality that 
the problems began. The ambitious and technically complex 
nature of the undertaking was immediately apparent, and 
within a very short time the program began running into a 
series of technological roadblocks. These included the need for 
reliable traveling wave tube amplifiers, fault-tolerant space­
borne computers, advanced adaptive antennas, nulling anten­
nas, hardened electronics and high-speed data processors, 
and low-cost EHF terminals.20 The Air Force assured critics 
that the problems were not insuperable, but their large 
number virtually guaranteed cost overruns that would in turn 
force the program's timetable to be stretched out. Complicat­
ing matters further was the catastrophic loss of the space 
shuttle Challenger in January 1986, freezing shuttle launches 
until the cause of the Challenger mishap could be ascertained 
and corrected. 

On top of all this, almost continuous interservice skirmishing 
over technical requirements and bureaucratic prerogatives beset 
the MILSTAR program. On the one hand, this led to one of the 
most heavily gold-plated programs the defense establishment 
had ever seen. The ability to satisfy everyone by adding capabili­
ties was not unlimited, however-given the irreducible fact that 
only so much weight could be lifted into space by existing launch 
vehicles, and any decision to enhance one capability (such as 
hardening) meant that sacrifices had to be made in other areas. 
As the tradeoffs were made, it quickly became apparent that 
MILSTAR would likely have a low data rate, and might have to 
limit simultaneous access to as few as 15 users.21 Such low 
capacity and flexibility strongly suggested that MILSTAR would 
never achieve its promise as a war-fighting "switchboard in the 
sky," nor would it be able to assume the functions of such 
satellite communications programs as the Defense Satellite 
Communications System or Fleet Satellite or meet intelligence 
relay requirements. By the mid-1980s program officials were 
confirming these limitations to Congress, even as projections of 
program costs were ballooning.22 

Perennially over budget, in 1988 the plans for MILSTAR 
were pushed back. Additional stretch-outs appeared inevitable 
as the new Bush administration's defense secretary, Dick 
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Cheney, tried to meet near-term budgetary targets by cutting 
$1 billion from the defense budget submitted by the outgoing 
Reagan administration.23 In 1989 the House Appropriations 
Committee called for termination of MILSTAR. Recognizing a 
sinking ship when they saw one, the services began abandon­
ing MILSTAR. The axe finally fell in July 1990, when Demo­
crats on the Senate Armed Services Committee overrode the 
unanimous objections of committee Republicans and voted to 
kill MILSTAR. The reasons were clear enough: MILSTAR's 
sticker price had tripled, but for a less capable system that 
would serve far fewer users than had been originally envi­
sioned.24 But perhaps most important of all was the increasing 
inappropriateness of the system. As congressional critics were 
quick to point out, MILSTAR had been conceived in a period of 
resource munificence and intense Soviet-American hostility, 
when great emphasis was placed on fighting and winning a 
nuclear war. But in the altered national security landscape of 
the 1990s, it was said, neither of these concerns applied any 
longer. 

Ground Wave Emergency Network 

The prevailing logic during the 1980s was that satellites 
were inherently fragile, and hence a nuclear war might quickly 
prove fatal to many key space-based communications sys­
tems, including MILSTAR itself, and protecting all of the satel­
lites would almost certainly prove prohibitively costly.25 The 
response to this was to put in place additional MEECN sys­
tems utilizing the various frequencies of the electromagnetic 
spectrum, so that the NCA could relay instructions to the 
strategic nuclear forces should satellite communications be 
disrupted. ELF was one such system. Another major system 
was GWEN, which commanded a full two-thirds of the funding 
devoted to MEECN improvements during the Reagan years. 

GWEN was intended to provide assured transmission of 
force direction messages in case of a surprise, "bolt from the 
blue" Soviet nuclear attack and to provide an enduring com­
munications capability thereafter. The characteristics that per­
mitted GWEN to accomplish its mission were several. First, 
there was its use of ground-hugging, low-frequency radiO, 
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which resists disruptions of the ionosphere caused by nuclear 
weapons. Second, there was its use of packet-switching, the 
technique developed during the 1970s for use in the ARPANET 
and later slated for use in several other WWMCCS-related net­
works. Third, there was the system's nodal redundancy, en­
hancing the probability that messages would reach their desti­
nations.26 Plans called for developing GWEN in stages. The 
first phase, called initial communications connectivity, was 
intended simply to demonstrate GWEN's technical viability. 
Phase 2 called for the construction of a thin-line communica­
tions connectivity (TLCC), consisting of 56 GWEN relay sta­
tions arranged in a giant figure eight with SAC headquarters 
in Omaha at its center. Linking together a total of eight com­
mand centers and 30 military bases, the TLCC by design in­
corporated as many of the desired GWEN features as were 
then within the state of the art, and it was intended to serve as 
a foundation for the much larger Phase 3 system to come.27 

Even as the TLCC was moving toward completion, the number 
of relay towers to be included in the Phase 3 GWEN system was 
undergOing a process of incremental diminution. Plans called for 
between 400 to 500 towers at the time the system was an­
nounced in 1982; but well before the TLCC came on line, this 
figure had been reduced to 236 and then to 127. Assistant Sec­
retary of Defense for C3I Donald Latham noted that for the cur­
rent GWEN mission, 127 GWEN nodes were sufficient but that 
"other missions and a more realistic threat could require addi­
tional nodes. "28 The Phase 3 GWEN was thus explicitly viewed as 
an interim system, an unsatisfactory resolution to the dilemma 
that an appropriately redundant system was prohibitively costly, 
while anything less could be easily destroyed, rendering it use­
less for its intended purpose. 

These concerns with cost, coupled with strong public oppo­
sition to the construction of relay towers in some localities, 
had the effect of slowing the construction of the GWEN. It was 
not until the fall of 1987 that RCA, the prime system contrac­
tor, began testing the TLCC.29 By early 1988, 49 of the 56 
TLCC nodes were undergoing initial operational testing and 
evaluation. Work on Phase 3 was simultaneously in progress, 
and in mid-1988 the Air Force approved an expansion of GWEN 
from the TLCC's 56 nodes to 96.30 Despite the substantial 
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reduction, Air Force officials claimed that the much -dimin­
ished GWEN would still constitute a "fmal operational capabil­
ity" that would be operational within a few years. 31 As it turned 
out, those few years brought about not the completion of the 
Ground Wave Emergency Network but rather the end of the 
cold war, raising questions as to whether this element of 
MEECN was simply an expensive anachronism. 

Command Initiatives 

The final leg of Latham's C3I Triad involved improvements in 
the command structure. This included substantial upgrades to 
the capabilities of the ground-based command centers, most 
prominently the Alternate National Military Command Center, 
the National Military Command Center, and NORAD's Chey­
enne Mountain headquarters. Major improvements were also 
planned for various air-based command posts, including 
SAC's "Looking Glass" aircraft, the EC-135 airborne command 
posts used by the nuclear CINCs, the National Emergency 
Airborne Command Post, and the president's personal plane, 
Air Force One. Also falling beneath the rubric of command 
initiatives were various initiatives intended to enhance the na­
tional leadership's ability to direct the forces: programs such 
as the NAVSTAR Global Positioning System (GPS) and the 
WWMCCS Information System and research into such deci­
sion-making aids as artificial intelligence and expert systems. 
One of these command initiatives, NAVSTAR, is examined in 
greater detail below~ The WWMCCS Information System is dis­
cussed in the next chapter. 

NAVSTAR Global Positioning System 
The Navigation Satellite Timing and Ranging (NAVSTAR) 

Global Positioning System is a satellite-based radio navigation 
system designed to provide highly accurate altitude, latitude, 
longitude, velocity, and time data to properly equipped users 
anywhere in the world. The global positioning system was long 
recognized by the Pentagon as a research priority. The fIrst 
major milestone in the evolution of the NAVSTAR GPS came in 
1967 when the Joint Chiefs of Staff conducted a c10mprehensive 
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review of all navigation systems then in use or at the stage of 
advanced development to determine which would be most appro­
priate for meeting the criteria of worldwide coverage, redun­
dancy, instantaneous response, continuous availability, and 
the ability to resist enemy countermeasures. The study con­
cluded that none of the systems then in use could meet all of 
the military's requirements and that of those options then be­
ing considered, a satellite-based system for three-dimensional 
navigation offered the greatest potential to do so. The result of 
the study was a JCS master navigation plan, a general gUid­
ance document directing that a program to orbit such a sys­
tem be established on a priOrity basis.32 

As originally envisioned, the system would serve over 27,000 
individual American and allied users, which included fIxed­
wing aircraft, helicopters, surface ships, submarines, land ve­
hicles, and ground troops. Civilian use was also projected, 
although likely more for the large external constituency it 
would rally behind the program than out of any Pentagon 
desire to improve the navigation systems then in use by the 
maritime and airline industries. A major problem with the JCS 
plan from the outset, however, was that no preliminary studies 
were conducted to identify user needs; thus, there was no way 
to know whether the capabilities proposed for the new system 
would address specific unmet needs or identified defIciencies 
of prospective users. 33 

NAVSTAR contained three distinct elements: a space seg­
ment, a control segment, and a user segment. The space seg­
ment consisted of 24 satellites, of which 21 were active and 
three were on-orbit spares. They were divided into three 
planes of eight satellites each, in circular orbits at an altitude 
of apprOximately 10,900 nautical miles, that provided continu­
ous worldwide coverage. Each satellite was designed to trans­
mit two ultra-high frequency signals that could be captured by 
receiving sets, one for positioning and one for timing. Receiv­
ing the "composite signal" from four satellites was required for 
achieving the expected level of accuracy in navigation, deter­
mination of velocity, and three dimensional positioning, by 
some estimates to within 11 feet laterally and 12 feet in alti­
tude.34 The control segment, consisting of a number of ground 
facilities scattered across the globe, was intended to track the 
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satellites and provide updates to their position and timing in­
formation. The user segment of the system included the vari­
ous terminals and devices that would capture the satellite 
signals and convert them into navigation, time, and position 
information, which in turn could be used for a variety of mili­
tary and civilian purposes-including positioning air, sea, 
land, and space platforms prior to weapons launch.35 

From the perspective of command and control, several sig­
nificant changes in NAVSTAR's mission occurred during the 
1970s. Under the original system concept, NAVSTAR signals 
would be available to ships, aircraft, and some land vehicles. 
Missiles were not considered prospective users because the 
Pentagon was planning a dedicated satellite constellation for 
in-flight missile gUidance. But a series of technological ad­
vances resulted in the dedicated system being scrubbed and 
its functions assigned to NAVSTAR. Most notably, these were 
advances in the area of miniaturization, coupled with energetic 
efforts by the director of defense research and engineering to 
have the new navigation satellite support the missile accuracy 
improvement program. The implications of such a change were 
far reaching. A traditional weakness of submarine-launched 
ballistic missiles had always been their accuracy, a problem 
arising from the fact that the launch platform itself is continu­
ously moving, if only slightly, with deleterious effects on gyro­
scope-based gUidance systems. The possibility for mid course 
flight corrections changes things completely, giving the strate­
gic submarine force unprecedented hard-target capability.36 

Of perhaps greater relevance from the perspective of com­
mand and control was the deCision to put Nuclear Detection 
System sensors on board NAVSTAR satellites. These sensor 
packages were designed to detect the visible light, X-rays, 
gamma rays, and electromagnetic pulse associated with a nu­
clear detonation, allowing for determination of bomb yield and 
type.37 Since the energy from detonations would arrive at dif­
ferent satellites at slightly different times, the locations of these 
satellites could be precisely determined by NAVSTAR's atomic 
clocks, accurate to a few billionths of a second.38 With this 
information, the status of enemy military forces could be as­
certained, allowing for the redirection of forces, the rendezvous 
of nuclear-equipped aircraft with tankers without breaking 
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radio silence, the reconstitution of command and control as­
sets, and a variety of other adjustments during the trans- and 
post -attack stages of conflict. To ensure their usefulness in a 
protracted war situation, the satellites would be hardened 
against jamming, laser and nuclear weapons effects, and other 
types of electronic interference. 39 

Operational testing of NAVSTAR began in 1985. Acquisition 
commenced in 1986, and NORAD's Consolidated Space Opera­
tions Center took over operational control of the system that 
same year. But a series of production difficulties, coupled with 
the problems afflicting the space shuttle program follOwing the 
Challenger disaster, resulted in major program delays. It was 
not until February 1989 that the launch of the first production 
NAVSTAR satellite took place, and the cold war drew to its 
close with the fielding of a fully operational global positioning 
system still somewhere in the indeterminate future. When it 
finally came on line, NAVSTAR would serve a somewhat differ­
ent set of constituencies than had been enVisioned. SAC de­
cided not to install GPS receivers on board its aircraft, cutting 
the total number of Air Force planes slated for receivers by 
more than half. Additionally, it turned out that a whole class 
of small, instrument-stuffed aircraft like the F-16 had insuffi­
cient space for the receivers. In total, some 3,600 GPS receiv­
ing units were slated for platforms that could not accommo­
date them.4o The most visible benefits of NAVSTAR were, 
rather, in the civilian sector. For example, when France and 
Great Britain were constructing the so-called Chunnel be­
neath the English Channel to connect the two countries, they 
turned to NAVSTAR. Construction of the tunnel's three tubes 
proceeded simultaneously from the French and English 
coasts; without NAVSTAR to correct errors in the measuring 
instruments used, the tubes would not have been able to meet 
at the channel's mid-point at the same altitude.41 

These were some of the major command and control initia­
tives advanced by the Reagan administration under the rubric 
of the Strategic Modernization Program. The importance and 
centrality to the program of one additional command initiative, 
the WWMCCS Information System, is such that it is given a 
more detailed treatment in the next chapter. 
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Chapter 16 

WWMCCS Information System 

By the middle of the 1970s the initial 35 WWMCCS stan­
dard computer systems had been successfully installed in 26 
centers around the world. l Users could access the computers 
by way of local terminals in the immediate vicinity of the host 
computer or by using remote terminals located hundreds, 
even thousands, of miles away. The growth of the remote ter­
minals had been extremely rapid, such that by the beginning 
of the 1980s almost every major American installation in the 
continental United States, Korea, and Europe was connected 
to WWMCCS. It was the culmination of years of effort to link 
the major command centers into a coordinated and responsive 
whole. 'While the underlying concept was sound, the practical 
deficiencies ofWWMCCS automatic data processing were myr­
iad, many of them directly attributable to the Honeywell 6000-
series computers. Additions of various sorts were made as 
users endeavored to enhance their performance, decrease re­
sponse time, provide backup capability, and improve compati­
bility with the new peripheral equipment that continued to 
appear.2 

Software problems also abounded. The Honeywell-provided 
hardware architecture and database management system soft­
ware could not provide a full range of user support services, 
especially in crisis situations. And since the software was 
owned by Honeywell rather than the government, the Penta­
gon was constrained in the modifications it could undertake to 
correct deficiencies and tailor the software to specific defense 
needs.3 The result was a proliferation of software applications 
as users tried to find ways to make the system perform more 
effectively. 

The Prototype WWMCCS Intercomputer Network-sub­
sequently transitioned to operational status as WIN, the 
WWMCCS Intercomputer Network-had been a significant ef­
fort to address these concerns. Additional experience with net­
working had been gained, to be sure, but again a major im­
pediment turned out to be the WWMCCS computers, which 
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were incapable of performing the necessary packet-switching 
functions. Here too, additional hardware and software were 
necessary to work around the shortcomings and make all of 
the equipment play together. Nobody denied that there were 
problems, and the growing consensus was that what was re­
quired was a "total system," an intercomputer network capable 
of addressing all command and control requirements-one in 
which data could be widely shared and one that would de­
grade gracefully under conditions of stress rather than experi­
ence catastrophic failures. The result of these concerns was a 
congressional order to prepare plans for the replacement of the 
faulty computer network. 

Recognizing that any satisfactory solution to the WWMCCS 
ADP problem would take a number of years to implement, 
an interim program was begun in 1980 to enhance the exist­
ing system's reliability and remedy some of its information­
processing shortfalls. As part of this, an additional eight-year 
contract was signed with Honeywell to maintain and support 
the existing WWMCCS standard computers and associated 
software, and more than $100 million would be spent on these 
upgrades during the ensuing years. Nonetheless, the long­
term prospects for such patchwork solutions appeared bleak. 
Advances in automatic data-processing technologies had been 
nothing short of spectacular since the time the Honeywells 
were acquired, and the number of people still using the anti­
quated 1960s-vintage computers was rapidly declining toward 
zero. This, in turn, had predictable effects upon system reli­
ability; for as the number of systems dwindled, there remained 
no incentive for a commercial fIrm such as Honeywell to con­
tinue its investment in the outdated technologies. Resources 
were directed elsewhere, resulting in a lack of spare parts and 
trained personnel.to service the older machines. It was a situ­
ation with serious implications for WWMCCS maintenance, 
the costs for which were rising steeply, and it was apparent to 
practically everyone that a defInitive solution would have to be 
found soon. 4 

The search for that solution became more aggreSSive upon 
the arrival of the Reagan administration in January 198!. 
Immediately upon taking offIce, Assistant Secretary of Defense 
for C3I Latham began pointing out the many defIciencies in 

302 



WWMCCS INFORMATION SYSTEM 

WWMCCS's capabilities, especially its inability to support de­
cision makers in time-sensitive situations and crises. He de­
sCribed how the rapid pace of technological advance had cre­
ated a situation in which the Pentagon was locked into a spiral 
of escalating costs for maintaining obsolete hardware and soft­
ware whose performance was in continual decline relative to 
the state of the art. The system lacked a data management 
capability. There was inadequate computer availability, re­
sponse time was poor, capacity could not be expanded to sup­
port defined applications, and the system did not meet the 
requirement for multilevel security.5 Latham consequently is­
sued a call for a major modernization of WWMCCS ADP, in 
particular the pursuit of a reliable and secure, high-capacity 
intercomputer network. But how this was best accomplished 
was by no means clear. How should computing power be dis­
tributed within the system? Should ADP modernization take 
place at each individual user site, or should it be concentrated 
in fewer locations using a smaller number of more powerful 
central computers? Should identical modernization take place 
at all sites, or should hardware and software be tailored to 
users' specific needs? Should modernization occur simultane­
ously at all sites, or should attention be directed first to those 
elements of the system considered most deficient? For ques­
tions such as these, there was often no obvious or easy answer. 

As in other instances where efforts had been undertaken to 
strengthen multiuser command and control systems, the serv­
ices were less than enthusiastic supporters of Latham's pro­
posal. DCA Director Samuel Gravely pointed out how service 
critics were charging that an upgraded WWMCCS ADP capa­
bility was not in their interests since it contributed mainly to 
support of the unified and specified commanders, not the serv­
ices. "I guess I do not understand service interests," Gravely 
acidly remarked, "if they are not coincident with CINCs' inter­
ests."B But the services' resistance was actually not at all diffi­
cult to understand. Whereas existing vertically oriented sys­
tems were designed for service-specific purposes, an upgraded 
WWMCCS ADP capability of this sort promised greater hori­
zontal integration, and with it the possibility for increased cen­
tralization of control. 7 What this meant for reformers was that 
organizational dynamics and concerns-bureaucratic inertia, 
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organizational loyalties, suboptimization, resistance to change, 
and limited rationality-were issues that had to be dealt with 
on top of the technological issues involved in the construction 
of an upgraded WWMCCS ADP capability. With money and 
bureaucratic turf up for grabs, the perhaps inevitable result 
was contentiousness and confusion over the requirements the 
new system should address, the hardware and software necessary 
to do the job, and precisely who would make these judgments. 

The Reagan administration was committed to command and 
control modernization, however, and the "total system" it had 
in mind was called the WWMCCS Information System (WIS), 
an effort that would implicate to varying degrees the Defense 
Communications Agency, the Joint Chiefs of Staff, the Office 
of the Secretary of Defense, and the three services. What plan­
ners had in mind was something more ambitious than WIN; 
they envisioned an interactive computer network that would 
tie together a series of central computers and local area net­
works, permitting the sharing of databases and workloads be­
tween command centers. It would be easier to use than its 
predecessor and offer improved means for protecting classified 
information.8 The network would be reliable and redundant, 
capable of functioning under a range of peacetime and war­
time conditions, up to and including nuclear war. The develop­
ment of WIS represented the most important aspect of the 
command and control modernization effort, itself hailed as the 
most important element of the administration's vast and ambi­
tious Strategic Modernization Program. 

With respect to the new system's structure, or architecture, 
WIS system engineers opted for modernization of individual 
sites as opposed to concentrating ADP functions in fewer loca­
tions, the operative assumption being that a larger number of 
system nodes offered greater reliability and survivability than 
putting more figurative eggs in fewer nodal baskets. It was 
next deCided that there was no need for similar modernization 
at all sites. While hardware and software standardization was 
considered essential for common functions among WWMCCS 
sites, it was acknowledged that custom-tailored modernization 
could take place where command-Unique ADP functions were 
concerned. This was termed a functional family approach, and 
the hoped-for result would be a flexible, modular system in 
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which smaller computers dedicated to specific functions could 
be tied together into an integrated network, providing the pos­
sibility of graceful rather than wholesale degradation in the 
event of failures. Finally, it was decided that the modern­
ization effort should be phased in gradually, both to prevent 
disruption of operations at the various WWMCCS sites and to 
spread out the costs.9 

As conceived, WIS would have two main emphases, the fIrst 
of which involved hardware. Here, the most important task 
was the replacement of the outdated WWMCCS standard com­
puters with more modern state-of-the-art ADP equipment, as 
well as the upgrade of associated terminals, displays, and 
peripherals. At the time, 83 of the Honeywell 6000-series com­
puters were in operation at 49 locations. Of these, the WIS 
modernization would affect 78 computers at 46 locations. (The 
other fIve computers were operated by the Defense Intelligence 
Agency (DIA) as part of the Intelligence Data Handling System 
and would be upgraded by DIA as part of a different program.) 
Also included under the rubric of hardware was the upgrading 
of a variety of non-Honeywell computers then in use through­
out WWMCCS: for example, the UNIVAC 1100/42s at SAC, 
NORAD, NMCC, and ANMCC. 1o 

The second WIS component involved upgrading existing 
software and developing new software so that WWMCCS could 
more effectively perform its tasks of situation assessment, cri­
sis management, rapid force deployment, and support. The 
need for the upgrade was pressing. First there was the system 
software. Because it was based on the batch-processing con­
cepts of the 1960s, it simply could not provide a full range of 
user support services, including adequate on-line software de­
velopment and data management tools. Moreover, since the 
system software was not owned by the government, the De­
partment of Defense was constrained in the modifIcations it 
could undertake to correct deficiencies and tailor the programs 
to specifIc defense needs. Next was the WWMCCS standard 
applications software, which was limited and in need of rede­
sign and reorganization. Finally, modernization of much of the 
command-unique software was urgently required. Many of the 
difficulties derived from the fact that commercial software had 
slowly begun to replace software written specifically for 
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WWMCCS as users tried to meet their site-unique require­
ments, leading to a proliferation of such applications within 
WWMCCS. 11 To provide the sorts of functions required by 
WWMCCS, it was clear that the operating system software was 
in need of complete replacement, while between one-quarter 
and one-half of all standard applications software and command­
unique software was in need of upgrading. 12 

The movement toward WIS was given additional impetus 
when, in early 1982, Honeywell announced that it had decided 
to phase out maintenance and support for the operating sys­
tem software used on the WWMCCS computers. What this 
meant in practical terms was that by the time the phase-out 
was concluded, in January 1986, the Pentagon itself would 
have to bear the full costs for software maintenance and modi­
fications. A study was promptly initiated to compare the costs 
and benefits of developing entirely new operating system soft­
ware as opposed to maintaining and enhancing the existing 
software, and the conclusion was that pursuing entirely new 
software would be more cost effective. With the need clear for 
both new hardware and software, Secretary of Defense Wein­
berger approved the development ofWIS in July 1982.13 

Perhaps not surprisingly, new procedures and management 
practices were put into effect to implement the new WIS, mak­
ing the program an initiative for organizational as well as tech­
nological change. The Air Force chief of staff was deSignated 
the executive agent for WIS modernization. To raise the visibil­
ity of WIS and provide strong centralized management for all 
associated activities, a WIS joint program manager (JPM) was 
created and would report through the joint chiefs to the assis­
tant secretary of defense for C31. To oversee the acquisition of 
new WIS hardware and software ordered by the JPM, a system 
project office was established at the Electronic Systems Divi­
sion in Massachusetts. Finally, and to facilitate the modern­
ization of the high-priority areas of tactical warning and attack 
assessment, a systems integration office was established at 
the Aerospace Defense Command in Colorado. 14 

In October 1983 the Air Force awarded GTE's Government 
Systems DiviSion the contract to serve as the prime integration 
contractor and systems architect for WIS. GTE's responsibili­
ties included system definition and development, including 
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establishing standards for terminal-to-terminal, terminal-to­
host, and host-to-host communications. The contract also called 
for testing and integrating subsystems supplied by subcon­
tractors and for modernizing WWMCCS's extensive supporting 
software with a high-order programming language. What was 
perhaps most noteworthy about GTE's approach was that, at 
ESD's insistence, hardware selection would take place after 
software development. The point was to select a software ap­
proach that would allow the software to be machine-independent 
and portable across different types of computing hardware, 
rather than locking it into specific types of hardware as had 
been the case in the WWMCCS ADP Upgrade Program. For 
this purpose all old software (written in COBOL) as well as all 
new software would be rewritten in Ada, a language imple­
mented by order of the undersecretary of defense for research 
and engineering and explicitly designed to run on different 
types of computing hardware. 15 

Ada 

The need for a programming language such as Ada goes way 
back. By the middle of the 1970s, approximately five hundred 
programming languages or different versions of languages 
were in use throughout the DOD. A veritable electronic Tower 
of Babel, in practical terms it was a severe limitation for sup­
port maintenance and training, since moving applications pro­
grams among computer systems required different tools and 
expertise for each language. 16 It was hardly a reCipe for effec­
tive performance, not to mention that it was extremely expen­
sive. One obvious way to deal with the problem of software 
proliferation was to use a single data format, or computer 
language, to meet the requirements of the whole range of DOD 
computer systems, including those employed by WWMCCS. 
Nothing like this existed. While such defense organizations as 
ARPA had been interested in computer science research for 
years-in such areas as networking, artificial intelligence, com­
puter image processing, speech recognition, and the like-the 
vast bulk of software produced was emphatically system-specific. 
There was no agreement, either within ARPA or externally, as 
to precisely what elements a common computer language 
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should include, and for good reason: there was no unambigu­
ous way to assess whether any given language was better than 
another. Was ease of programming the criterion? Was it the 
ease with which the program could be modified later? How 
about ease of documentation or transfer? There was no easy 
answer, no obvious way to strike a balance between various 
concerns and criteria. What was clear was that the number of 
languages then in use throughout the Defense Department 
was far too large, making the pursuit of a single high-order 
programming language a reasonable goal to pursue. 17 

And so in mid-1975, the Institute for Defense Analysis es­
tablished a high-order working group whose mission was to 
draft a series of initial requirements for a programming lan­
guage that could be used on computers built by different 
manufacturers and that could be transferred among them. 
These requirements were reviewed by experts from the military 
services, defense agencies, industry, and the academic world, 
and further modifications and revisions were made. This itera­
tive, multistage process was sufficient to convince key offiCials 
that it was in fact possible to develop a single programming 
language to meet defense needs. 

A final set of requirements was approved in January 1976, 
and contracts to develop a prototype standard language were 
competitively awarded to four contractors the following year. 
The contractors' preliminary designs were then widely distrib­
uted within the defense community, and based on the com­
ments received, the requirements for the new language were 
finalized. 1\vo contractors were chosen to continue the design 
work to meet these requirements, and their designs were again 
distributed for comment. In 1979 the Pentagon selected the 
language designed by a team from Cii-Honeywell Bull. The 
language, called Ada, was named for Augusta Ada Byron, the 
daughter of poet Lord Byron and the world's first computer 
programmer, who had worked on Charles Babbage's mechani­
cal computing engine in the early 1800s. The Pentagon ap­
proved Ada as a military standard programming language in 
1980. 18 Standardization was the goal, but unlike in the past 
when it had taken place through the use of standard comput­
ing hardware, it would now be accomplished with Ada. 
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To effect the transition to Ada and support it thereafter, 
three organizations were established, the first of which was 
the Ada Joint Program Office. Housed within the Office of the 
Deputy Director for Defense Research and Engineering (Re­
search and Advanced Technology), it had several responsibili­
ties, the most important of which was to ensure that Ada was 
implemented, maintained, and used throughout the Depart­
ment of Defense. Another task was to support the development 
of further Ada tools to improve productivity, and to that end, 
an Ada Information Clearinghouse was set up to make avail­
able information on all Ada-related projects, tools, conferences, 
seminars, and training activities. 19 Software module libraries 
were also established at a number of locations and training 
films were released for program managers and software 
engineers. 

The other two Ada-related organizations were the Software 
Technology for Adaptable, Reliable Systems (STARS) Joint Pro­
gram Office, and the Software Engineering Institute, both of 
which were managed by DARPA. The goals of STARS, which 
was supported by the military services and defense agencies, 
were to improve the quality and reliability of computer applica­
tions programs, promote the development and reuse of soft­
ware modules, and reduce the time and cost necessary for 
software development. The Software Engineering Institute, a 
federally funded research and development center set up at 
Carnegie-Mellon University in Pittsburgh, would focus on gen­
eral software engineering issues, using Ada as the primary 
programming language. 20 

The use of Ada on a WWMCCS-wide, even defensewide, ba­
sis promised enormous advantages. With Ada, it would be 
possible to capitalize on hardware advances made in the com­
mercial sector while at the same time avoiding problems cre­
ated by the use of multiple-software applications. Ada would 
be portable, meaning that software modules written in the 
language would be reusable in different applications. It would 
reduce the costs of modifying and maintaining software and 
for training personnel. 21 By all indications, Ada would be the 
last new major language to be developed by the DOD prior to 
the advent of automatic programming, and studies conducted 
during the early 1980s indicated that by obviating the need for 
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a large number of individual programming languages, Ada 
would result in substantial cost savings.22 

The Ada writing on the wall was clearly visible to all, and 
with few Ada tools available from commercial sources initially, 
the services initiated their own projects to develop the neces­
sary tools for writing Ada application programs. The Air Force 
was fIrst, in 1979 initiating a project known as the Ada Inte­
grated Environment. The following year the Army made its 
move, initiating its Ada Language System project to support 
software development, improve programming, and improve 
management control over the software life cycle. Last came the 
Navy and its Ada Language System project, the expressed pur­
pose of which was to limit the proliferation of service-unique 
Ada language support systems and reduce the costs associ­
ated with implementing Ada. 

In June 1983 the Defense Department proposed a revision 
to DOD Instruction 5000.31 (originally issued in November 
1976), which had limited the number of DOD-approved com­
puter languages to seven. The proposed revision, Interim List 
of DOD Approved High-Order Programming Languages, went 
even further, stating that Ada would become the single com­
mon computer programming language for critical mission ap­
plications. In a subsequent memorandum, the undersecretary 
of defense for research and engineering directed the services 
and defense agencies to implement the proposed revision im­
mediately, and they did so shortly thereafter.23 The movement 
to Ada was ultimately formalized by DOD Directive 3405.1, 
Computer Programming Language Policy, which deSignated 
Ada as the single defense programming language for general 
purpose ADP systems. At the same time, DOD Directive 
3405.2 established the use of Ada for computer systems that 
were integral to weapons systems. According to the directives, 
Ada would be used for all intelligence, command and control, 
and other general purpose computer applications, except in 
those instances where another approved language was demon­
strably more cost effective. 24 

While in prinCiple the widespread use of Ada represented a 
considerable improvement over the current situation of soft­
ware profligacy, it did not guarantee a complete solution to all 
DOD's automatic data-processing problems. Part of the reason 
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derived from the fact that higher-order languages such as Ada 
themselves depended to an extent upon instruction-set architec­
tures; that is, software programs, usually commercial proprie­
tary ones, associated with a specific family of computers. De­
pending upon the instruction-set architecture used, a high-order 
language might require a substantially greater amount of com­
puter memory, produce different results, or in some instances 
even fail altogether. For this and other reasons, the services 
fought hard and successfully for the right to be granted a waiver 
for Ada use in specific programs, and a number of such requests 
were subsequently granted. But by no means were the exemp­
tions automatic. Criteria for being granted a waiver included 
conducting a developmental risk analysis, which included tech­
nical performance, cost, and schedule impact as well as a com­
plete life-cycle cost analysis. To meet that challenge, each of the 
services designated an Ada executive.25 

There were other potholes in the road to an all or mostly Ada 
programming world, including the "culture shock" resulting 
from the transition to Ada. As one industry writer deSCribed 
things, Ada was not simply a computer programming language 
but rather the fount of a new and entirely different way of 
approaching programming-a whole different software culture. 
Whereas in the past software development had taken place in 
an "artistic culture, "-a context wherein innovative approaches 
were applauded and rigid development standards were the ex­
ception-Ada emphasized the reverse: an "engineering culture" 
in which software development was subject to rigorous con­
trols in much the same way as in any engineering project. One 
consequence of this development was that Ada was an exceed­
ingly difficult language to learn, often requiring well over a 
year for personnel to achieve full proficiency.26 Still another 
area of concern was the use of Ada for command and control 
applications requiring real-time data processing. Earlier pro­
gramming languages such as FORTRAN and JOVIAL had serious 
deficiencies when used for real-time applications; but while 
unfortunate, this was perhaps forgivable since they had not 
been explicitly designed for that purpose. But Ada had been so 
designed, and it did not work well in time-sensitive situations 
either. While some software experts suggested that the prob­
lems were attributable to the compilers that implemented the 
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language, others suggested that they might be inherent in Ada 
itself, and opinion was divided as to whether the problems 
could ultimately be resolved as the language matured.27 

Throughout the remainder of the cold war, a number of issues 
concerning Ada would remain unresolved. But the basic ele­
ments of the WWMCCS Information System were now in place. 
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Chapter 17 

Defense Centralization 

Even while WIS and other C3I Triad programs were advanc­
ing the cause of centralization through new technologies, 
events were taking place that would influence centralization 
on the organizational and managerial fronts. Two incidents 
during the early 1980s underscored in a dramatic and public 
way the disconcerting fact that the existing command struc­
ture was imperfect and that despite a series of efforts over the 
years to improve jointness in military operations, an effective 
command and control capability had yet to be realized. The 
first of these was Operation Eagle Claw, the failed effort to 
rescue the American hostages in Iran. The second and more 
influential incident took place on 25 October 1983, when a 
multinational force led by the United States invaded the Carib­
bean island of Grenada, ousted its leftist government, and 
demonstrated again the difficulties the services had in mount­
ing joint operations. 

Operation Urgent Fury 

Grenada had been a thorn in the side of the United States 
since 1979, when Maurice Bishop ascended to power in a blood­
less coup. When the Reagan administration took office in 1981, 
Grenada was promptly grouped with Nicaragua and Cuba as a 
threat to vital US interests, and the pressure on the Bishop 
regime was turned up. Part of the pressure came by way of a 
series of military exercises, practically dry runs for a Grenada 
invasion. I Other pressures were political. For example, in an­
nouncing his Caribbean Basin Initiative in February 1982, Presi­
dent Reagan tried to exclude Grenada from partiCipation. By 
early 1983 Pentagon officials were publicly declaring that Cuban 
influence in Grenada had reached such a high level that the 
island could now be conSidered a "Cuban protege."2 

On 14 October 1983 Grenada's deputy prime minister, Bernard 
Coard, staged a coup against Bishop, placing him under house 
arrest. But Coard quickly lost the support of the military, and 

315 



THE WORLD WIDE MILITARY COMMAND AND CONTROL SYSTEM 

power was seized by Army commander Gen Hudson Austin, a 
self-described Marxist. 3 On 19 October a crowd of several 
thousand people freed Bishop, who promptly marched to Army 
headquarters to try to persuade the soldiers to rally behind 
him. Austin responded by sending an armored troop carrier to 
the scene. GunfIre broke out, a mob scene ensued, and Bishop 
and three members of his Cabinet were separated from the 
crowd, lined up against a wall, and shot.4With the island in a 
state of political turmoil and a Marxist even more extreme 
than Bishop now in charge of its government, the Reagan 
administration was spurred to action. On 21 October a 10-
ship, fifteen thousand-man Navy task force bound for Lebanon 
was diverted toward Grenada. Operation Urgent Fury, the in­
vasion of Grenada, began four days later. More than a thou­
sand Marines and Army Rangers made the initial landings on 
25 October; the Rangers' objective was the airport at Point 
Salines on the southern part of the island, while the Marines 
concentrated their attention on Pearls AirfIeld north of the 
capital city of St. George's. Accompanying the invasion force, 
known as Joint Task Force 120, was a token 300-man Carib­
bean peace force from seven Caribbean countries.5 

Much has been written about Operation Urgent Fury, its justi­
fIcation, and the extensive press censorship that accompanied it. 
But the relevant point here is how well the joint task force per­
formed, and despite the rapid and complete military victory, that 
performance was conSiderably less than optimal. As with Opera­
tion Eagle Claw earlier, the Pentagon appeared to have subordi­
nated the prinCiple of unity of command, and hence maximum 
effectiveness, to give each seIVice its share of the action.6 The 
Navy was in overall charge of the operation, but coordination 
between the Navy and the Army was essentially nonexistent. 
Control of the air units participating in the operation was divided 
between the Navy and the Air Force. On the ground a similar 
division of responsibilities was made between the Army and the 
Marines. In defense of these arrangements, the commander in 
chief of Atlantic forces, Adm Wesley McDonald, pointed out how 
dividing a command is "not unique."7 But unique or not, the 
lack of joint air and land commanders resulted in delays and 
serious problems of coordination. 
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Communications between the vartous elements of the inva­
sion force were highly problematical, representing perhaps the 
most sertous command and control problem. Army forces fre­
quently found themselves unable to communicate with the 
Martnes because they used different equipment and radio fre­
quencies. Army troops were unable to contact Navy ships for 
fire support because of incompatibilities in the communica­
tions securtty equipment used by each service. In what was 
perhaps the most notortous incident, an exasperated Army 
officer reportedly went to a pay phone and, using his AT&T 
calling card, phoned 82d Airborne headquarters at Fort Bragg, 
North Carolina, to ask them if they could raise the ship. On 
several occasions Army officers flew by helicopter to the USS 
Guam, the flagship for the invasion force, in an unsuccessful 
attempt to coordinate naval gunfire. Even where communica­
tions were possible, Army officers found it difficult to request 
fire support from Navy ships because they could not authenti­
cate these requests using Navy codes.8 

The upshot was that despite all of the high-technology 
equipment available, problems of compatibility and procedure 
produced a sertous lack of communications durtng crttical 
stages of the operation. ''The elite units and pilots sent in to 
provide air cover may as well have been from different coun­
tries and speaking different languages," one observer la­
mented.9 Assistant Secretary of Defense for C31 Latham agreed, 
noting that it was fundamental to "have a good communica­
tions plan before you mount an operation, and that it's an 
adequate plan." 10 Sensitive to the crtticism and to the fact that 
much of it was directed toward their stubborn parochialism, 
the services quickly initiated a number of corrective actions. 
But so sertous had the problems been durtng Operation Ur­
gent Fury that they would soon be cited by Congress as a key 
reason for reorganizing the Department of Defense. 

Defense Centralization in the 19805 

In fact, the bureaucratic movement toward that reorganiza­
tion was already under way. In 1982 Joint Chiefs of Staff 
chairman David C. Jones testified before Congress regarding 
the many shortCOmings of the existing JCS system, setting in 
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motion a series of congressional hearings and reviews that 
were still in progress when the invasion of Grenada took place. 
Because of the many serious interoperability problems high­
lighted by Operation Urgent Fury, several lines of action were 
initiated. The joint chiefs organized a high-level Joint Require­
ments Management Board, composed of the vice chiefs of each 
service, to review joint aspects of service acquisition programs 
and enhance interoperability of service assets. More important 
for the shape of the defense future, however, were two staff 
studies launched by the Armed Services Committees of both 
branches of Congress: in the Senate under the chairmanship 
of Barry Goldwater and in the House under that of Bill 
Nichols. II Of the two, that of the Senate Armed Services Com­
mittee, titled Defense Organization: The Need for Change, was 
especially critical. Made public in October 1985, the report 
laid out the many organizational problems that had plagued 
the DOD and continued to do so. 

The fIrst problem identified was limited mission integration 
at the policy-making level. The three major Pentagon ele­
ments-the OffIce of the Secretary of Defense, the Joint Chiefs 
of Staff organization, and the military departments-tended to 
emphasize functional effIciency rather than substantive goals: 
"In colloquial terms, material inputs, not mission outputs, are 
emphasized." The specific problems issuing from this effI­
ciency orientation included the domination of program deci­
sions by service interests and the neglect of those functions 
not central to the services' missions. They included the inade­
quate development of joint doctrine and the suborning of the 
needs of the unified commanders to service needs. They also 
included defICiencies in interoperability between service assets 
and an inability to make trade-offs between competing service 
programs when both contributed to a specifIc mission. 12 It was 
an old story, of course, dating back at least to the time of the 
1958 defense reorganization. 

The impetus behind this functional emphasis becomes 
clearer when a second and related problem is considered-the 
imbalance between service and joint interests. The committee 
report succinctly summarized the decades-old problem, "Un­
der current arrangements, the Military Departments and Serv­
ices exercise power and influence which are completely out of 

318 



DEFENSE CENTRALIZATION 

proportion to their statutorily assigned duties." They did this 
by dominating the Joint Chiefs of Staff system, exercising a de 
facto veto power over virtually all JCS decisions and actions. 
They did it by dominating the unified command system, such 
that the unified commanders remained dependent upon their 
service components. They did it because the OSD lacked the 
ability to effectively integrate service capabilities and pro­
grams. 13 There could hardly have been a better description of a 
decentralized decision-making structure and the suboptimiza­
tion it fostered. 

The overriding of joint interests by service interests created 
a third problem: excessive emphasis on ongoing modernization 
to meet hypothetical future needs at the expense of present 
operational readiness. The continual upgrading of capabilities 
is, of course, the essence of the evolutionary approach, and 
because it served their interests and enhanced their auton­
omy, the services were its strongest proponents. The services 
adopted the evolutionary approach because they themselves 
operated within a context of formal rationality. That is, they 
were concerned with efficiency and operative goals and viewed 
their modernization efforts as an ongoing process with no 
clearly defined end state. Focusing on process, evolution itself 
was the goal. To the contrary, the proponents of centralization 
were more solution-driven, concerned with discrete end states 
of capability and readiness. The problem was that these effec­
tiveness criteria were often subordinated to service interests. 

If it seems that the major dynamic within the DOD was less 
the frequently mentioned rivalries between the services and 
more the conflict between the services and the proponents of 
centralization, it was precisely this point that constituted the 
fourth problem identified in the staff report; what was charac­
terized as "inter-service logrolling." It is not that competition 
and strife between the services was denied. To the contrary, 
secretiveness, duplication, and lack of understanding between 
the services were acknowledged as continuing problems. But a 
more important problem, one whose origins seem to date 
rather precisely to the centralizing fever of the early 1960s, 
was the services' tendency to provide a united front in their 
dealings with the civilian leadership. The report suggested that 
the intention as well as the effect of this tendency-one is 
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tempted to say of this collusion-was precisely to stay the 
juggernaut of centralization, isolating the OSD and weakening 
civilian control over the military establishment. 14 

A final problem identified in the committee report involved 
the inadequacies of the existing Joint Chiefs of Staff system. 
Dominated by the services, with a bureaucratic structure that 
emphasized committee decision making and consensus views, 
the advice offered by the JCS to the civilian leadership was all 
too often inadequate, irrelevant, untimely, or unclear. A key 
reason underlying this was the conflict of interest that was 
inherent in the "dual-hatting" of officers assigned to the Joint 
Staff. Unable to subordinate the interests of their own services 
to the larger national interest, the JCS was never able to 
evaluate objectively the appropriate missions and division of 
responsibilities among the services. What resulted was tepid 
and cautious advice, reflecting "whatever level of compromise 
is necessary to achieve the four Services' unanimous agree­
ment."15 It was indeed a heavy dose of criticism and an expan­
sive call for reform. 

The Packard Commission Report 

In July 1985, even as the staff of the Senate Armed Services 
Committee was preparing its report. President Reagan estab­
lished a blue ribbon commission on defense management to 
study current defense organization and management. Headed 
by David Packard, perhaps the most energetic proponent of 
enhanced centralization of defense management during the 
years he served as deputy secretary of defense, the Packard 
Commission's findings and recommendations were almost 
equally sweeping. Many of those recommendations were fIrst 
released in an interim report. dated 28 February 1986. On 1 
April President Reagan issued National Security Decision Di­
rective 219, instructing the Department of Defense and other 
relevant executive agenCies to implement all of the commis­
sion's recommendations that did not reqUire congressional ac­
tion. In a special message to the Congress three weeks later, 
the president endorsed the remaining recommendations and 
requested their prompt implementation. By the time the com­
mission's Final Report to the President was released in July, 
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both the House and Senate had already passed some of the 
requested legislation. 16 

The Packard Commission's recommendations for change fell 
into three broad areas: planning and budgeting, defense ac­
quisition, and military organization and command. In the 
planning and budgeting area, the commission took direct aim 
at the prevailing means-oriented rationality, what it desCribed 
as the excessive attention focused on the question of "how 
much," with inadequate attention paid to the more substantive 
questions "what for, why, and how well." To combat this mis­
placed emphasis, planning would have to start with a clear 
statement of defense objectives and priorities. After receiving 
advice and reviewing options, the JCS chairman then would 
frame broad military options, making explicit trade-offs among 
various defense elements in the process. The president would 
then select a specific option with associated spending. Budgets 
would move from annual to biennial, eliminating the current 
situation in which defense programs were in continual flux, 
being constantly adjusted to shifting budgets irrespective of 
the sense that the changes might make in terms of overall 
military strategy. 17 

The second major area was defense acquisition, a process 
deSCribed as "oveIWhelmingly complex," burdened under an im­
mense weight of regulations, and suffocating under myriad un­
productive layers of management. Acquisition was fragmented, 
with no single OSD official responsible for overall supervision of 
the process; in the absence of such an offiCial, policy responsibil­
ity tended to devolve to the services, whose own interests almost 
always predOminated over national-level concerns. AuthOrity 
was diluted and accountability rendered less precise as a result. 
To counter this, it was recommended that a new three-tiered 
acquisition management chain be implemented. 18 

In the area of military organization and command, many of 
the areas of change recommended by the commiSSion involved 
the unified and specified commands and their commanders in 
chief. The commission recommended that the unified com­
manders be released from the service restraints under which 
they had previously been operating, giving them greater lati­
tude to structure subordinate commands and joint task forces 
in ways consistent with their missions. To give the commanders 
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greater flexibility in operations that overlapped the geographic 
boundaries of other commands, it was recommended that the 
Unified Command Plan should be revised. To give the CINCs 
greater voice in JCS decision making, it was recommended 
that the position of vice chairman be created, a sixth JCS 
member whose key function would be to represent the inter­
ests of the CINCs. It was further recommended that the CINCs' 
reports and orders be channeled through the JCS chairman, 
to ensure their better incorporation into defense policy.19 

Some of the most serious problems in the area of military 
organization and command, however, were directly attributed 
to the limited authority of the chairman of the Joint Chiefs of 
Staff. Where the civilian leadership required military advice 
integrating the views of the combatant commanders, no single 
military officer was responsible for providing such integrated 
advice. While in theory the JCS chairman did this, in practice 
under the current system he lacked the authority to do so. To 
give the position greater bureaucratic clout, it was recom­
mended that the chairman be deSignated the principal military 
advisor to the president, the National Security Council, and 
the secretary of defense. And rather than Simply a committee 
head, he should be able to present his own views in addition to 
the corporate views of the joint chiefs. Further, the Joint Staff 
and the JSC organization should be placed under the exclu­
sive direction of the chairman and existing limits on the size of 
the Joint Staff should be removed so the chairman could bet­
ter discharge his responsibilities. Finally, the secretary of de­
fense, following the advice of the JCS chairman, should be 
given greater flexibility to shorten or bypass the established 
chain of command should he see fit-a deliberate move in the 
direction of the "White House to foxhole" model of centralized 
command and control universally derided by the services.20 

Thus did David Packard, our "Mr. WWMCCS" of the early 
1970s, lay the foundation for the most sweeping piece of de­
fense legislation since World War II, the Goldwater-Nichols De­
partment of Defense Reorganization Act of 1986. And if there 
was a single central theme to the vast centralization effort the 
act initiated, it was precisely to eliminate the lack of jointness 
and the problems in command and control interoperability 
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that had plagued military undertakings throughout the course 
of the cold war. 21 

Goldwater-Nichols DOD Reorganization Act 

The Goldwater-Nichols Department of Defense Reorganiza­
tion Act of 1986 (Public Law 99-433) followed the recommen­
dations of the Packard Commission in virtually all of its specif­
ics. In the area of planning, the act required that an explicit 
statement of national strategy and an accompanying state­
ment of military strategy be provided as a means of measuring 
the effectiveness of all defense programs. In this, the JCS 
chairman would be responsible for a number of key functions. 
These included, but were not limited to, preparing strategic 
plans; performing net assessments to determine the military 
capabilities of the United States, its allies, and potential adver­
saries; providing contingency plans that conform to the policy 
guidance of the president and secretary of defense; preparing 
joint logistic and mobility plans to support those contingency 
plans; advising the secretary regarding the priorities and re­
quirements of the unified and specified commands; and for­
mulating doctrine and poliCies for the joint training and em­
ployment of the armed forces. 22 

As the Packard COmmission had recommended, Goldwater­
Nichols completely revamped the functions of the JCS chair­
man, continuing the postwar trend of increasing the authority 
of that position. The act made the chairman a member of the 
National Security Council and deSignated him principal mili­
tary advisor to the secretary of defense and the president. 
Now, rather than military advice coming from the JCS as a 
corporate body, it would come directly from the chairman, who 
would consult with and seek the advice of the other chiefs and 
the unified and specified commanders "as he deems appropri­
ate." No longer would the JCS be constrained as it had in the 
past, a committee striving to achieve a single consensus view­
point. Now it was the chairman's opinion that would weigh 
most heavily, although the other members of the JCS could 
submit dissenting opinions or advice differing from that of the 
chairman. The bureaucratic clout of the chairman was further 
increased by giving him personal authority and control over 
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the Joint Staff, functions that had previously been in the 
hands of the JCS as a whole. To further aid the chairman in 
his work, and as the Packard Commission had recommended, 
the Goldwater-Nichols Act created the position of JCS vice 
chairman and designated the incumbent as the second highest­
ranking military officer after the chairman himself.23 The JCS 
chairman now had the authority to playa dominant role in the 
formulation and implementation of joint doctrine and in the 
resolution of any doctrinal disputes.24 

Goldwater-Nichols also directed the secretary of defense to 
establish specific poliCies and procedures so that members of 
the armed forces could be trained as joint speCialists. It was 
clear to congressional lawmakers that the joint area was not 
working out as efficaciously as hoped: low-quality officers were 
often assigned joint duty; it was used as a terminal assign­
ment for officers prior to retirement; and those high-quality 
officers assigned such duty took few risks and left as soon as 
possible. Promotions came from within one's own service 
branch, after all, and given the traditions and strong cultural 
biases of the services, those assigned joint-service billets had 
little incentive to emphasize "jointness" over the interests of 
the services to which they would shortly return.25 To put an 
end to this situation, Goldwater-Nichols directed that each 
service develop specific career tracks for joint specialty officers 
and promote them at a rate equal to that for officers of the 
same grade and category.26 This would represent "a startling 
change to the historical prerogatives of the military depart­
ments," and in terms of breaking down the decentralized and 
subunit-dominated structure of the Department of Defense, 
the efforts to promote jointness were in the long run likely to 
prove the most potent agent of change. 27 

In the most fundamental of ways, then, the purpose of the 
1986 Defense Reorganization Act was to improve and 
strengthen the command and control of joint forces. But at the 
same time, the passage of the act by no means heralded the 
demise of service influence or of the evolutionary approach 
which in various ways sustained it. In many key respects ves­
tiges of the old power relationships remained, and to an im­
portant degree the defense establishment would continue to be 
bound by the earlier system of negotiation.28 Significant in this 
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regard was the fact that, with the exception of small opera­
tional budgets for the CINCs, budgetary control remained 
firmly with the services. Thus even the newest and most inno­
vative of joint programs would continue to be funded the old 
fashioned way-by defense subunits whose interests were in a 
fundamental sense antithetical to the concept of jOintness. 

Implementing WIS 

As these organizational changes were taking place, progress 
on the technological front for WWMCCS was also in evidence. 
The WIS modernization program was evaluated in May 1984 
by the Defense Systems Acquisition Review Council, which 
determined that the system should be developed in three 
clearly defined phases, or blocks, each of which would require 
council review and approval to move into full-scale develop­
ment. Block A would provide the system's technical founda­
tion. This included an automated message handling system to 
improve controls over message receipt, preparation, and dis­
semination; computer workstations to provide data processing 
in user work areas; and a local area network to connect com­
puter systems, automated message handling systems, and 
work stations at the various WIS sites.29 Collectively, these 
improvements constituted an interim WWMCCS computer up­
grade. Block B, which would begin once software development 
was suffiCiently advanced, would involve competitive procure­
ment of new state-of-the-art computers to replace the 
WWMCCS Honeywells, plus the development of new applica­
tion software, procurement of a database management system, 
and the development of new security controls for data access. 
Block C would focus on improving joint mission planning and 
interfaces between the DOD, non-DOD agencies, and NATO 
systems. Gradually phasing in the new system in this fashion, 
it was believed, would allow the existing ADP capability to 
remain fully operational until the new capability was brought 
on line.30 

In October 1984 the Electronic Systems Division awarded 
IBM's Federal Systems Division the contract to provide some 
thirty-five hundred of its PC-based workstations for the in­
terim computer upgrade.31 In September of the following year, 

325 



TIlE WORLD WIDE MILITARY COMMAND AND CONTROL SYSTEM 

Defense Secretary Weinberger granted approval for the Air 
Force to proceed with system design for all WIS blocks and for 
full development of Block A. The Defense Acquisition Board 
(which had by this time replaced the earlier Defense Systems 
Acquisition Review Council) was expected to approve full-scale 
development of Block B in early 1988. If the acquisition of the 
new WIS computer systems was approved as planned, a con­
tract would be awarded promptly, and the new systems would 
be installed during the 1989-91 time frame. But as decision 
time for Block B approached, it was by no means certain that 
new computer hardware would have to be procured for WIS, 
since the IBM computers involved in the interim WWMCCS 
upgrade had remedied many of the problems that had occa­
sioned the initial decision to purchase new computing equip­
ment. These computers were meeting or exceeding the JCS 
standards for availability during routine operations and simu­
lated crises and were also doing quite well in response time. 
On top of this, they were seen as having substantial expansion 
capabilities, enough to meet most anticipated future needs.32 

The upgraded computers allowed for additional benefits to 
be reaped as well. Where many of the operating system hard­
ware features had once been WWMCCS-unique, especially in 
such areas as security controls, they were now part of the 
commercially available version of the software. That being so, 
DOD would not have to bear the entire cost of future software 
maintenance if, as proved to be the case, it could run the 
commercial version on the upgraded WWMCCS computers. 
For those unique features that remained, Honeywell was 
awarded a contract to incorporate them into future versions of 
the commercial software. Honeywell's contract to support the 
WWMCCS software ran through September 1991, with com­
pany officials indicating that they would be willing to negotiate 
an extension of the contract through the end of the century.33 

Another shortfall that had been identified in the early 1980s 
was the lack of a data management capability that would allow 
users to deftly retrieve and summarize information. One of the 
key reasons for considering entirely new state-of-the-art com­
puters for WIS had been precisely to support such a capabil­
ity, which would also support high-order programming lan­
guages such as Ada. But as it turned out, the database 
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management system for the upgraded WWMCCS computers 
not only could support Ada. but also in all probability it could 
support the Joint Operation Planning and Execution System 
(JOPES). a software application intended to improve all as­
pects of conventional joint operation planning and execution. 
JOPES was the primary application software to be developed 
during WIS Blocks Band C and was itself to be developed in 
two blocks. or increments. In Increment I, several WWMCCS 
applications would be integrated and modernized. including 
the Joint Deployment System. Joint Operation Planning Sys­
tem. and Unit Status and Identity Report System. By 1986 the 
WIS joint program manager concluded that JOPES Increment 
I could be fully supported on the upgraded WWMCCS comput­
ers. Since that increment could not provide automated sup­
port for joint mobilization plans and schedules. JOPES Incre­
ment II was intended to do so; by all indications. it too could 
be supported on the upgraded WWMCCS computers. although 
it was impOSSible to know for certain until the requirements 
for Increment II were defmed-something that would not hap­
pen until the system itself was up and running. 34 

But as critics pOinted out. basing the acquisition of new WIS 
computers on ill-defmed JOPES requirements would also run 
the risk of acquiring computers with excess capacity and 
hence unnecessary costs. or. of acquiring inadequate ma­
chines that would require additional upgrades or replacements 
to meet mission requirements.35 With the interim WWMCCS 
computers appearing increasingly attractive. the only remain­
ing deficiency involved the requirement for multilevel security. 
whereby users with different security clearances could access 
authorized information while being denied an avenue to infor­
mation for which they were not cleared. At the time. all 
WWMCCS sites practiced the "system high" approach to secu­
rity. in which all users were simply cleared to the highest level 
of classified information used on the system. It was a costly 
and ineffiCient approach. and so the joint chiefs had mandated 
that the planned new WIS computer systems provide multi­
level security. But although conceptually simple and emi­
nently desirable. the software technologies necessary for mul­
tilevel security remained beyond the state of the art. meaning 
that neither the upgraded WWMCCS computers nor the 
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planned new computers for WIS would be able to provide it. 
Once again, the upgraded WWMCCS computers appeared 
competitive. 36 

In short, most of the desired WIS capabilities were currently 
supported by the upgraded WWMCCS computers, while others, 
such as JOPES, most likely could be supported. The major 
remaining requirement, for multilevel security, was beyond the 
capabilities of both the upgraded WWMCCS computers or new 
WIS computers. All of this appeared to obviate the need for the 
new WIS computers, and, with potential savings on the order 
of $500 million to be had, the General Accounting Office rec­
ommended in February 1988 that the acquisition of the new 
WIS computers be postponed until later, when the needs of 
users and the need for entirely new computers to meet them 
had been clarified. The Pentagon concurred the following 
month, and for the remainder of the cold war, WIS would rely 
on the upgraded WWMCCS computers.37 

By the end of the 1980s, this patchwork WIS involved more 
than one hundred mainframe computers and 65 remote proc­
essors, linking together hundreds of sites and more than three 
thousand individual workstations around the globe. System 
reliability was estimated to be on the order of 97 percent. It 
had as of that time cost some $800 million to create, with 
annual expenditures running in the range of $160-$200 mil­
lion.38 Things appeared to be working well, except perhaps with 
Ada. Toward the end of the decade, the GAO examined the use 
of that programming language in one hundred projects and 
found that it was not possible to determine whether its use 
was achieving many of its promised ends. How much had been 
spent on the transition to Ada? Were software development 
and maintenance costs being controlled as a result of its use? 
It was in fact impossible to know since the total number of 
projects using Ada was unknown and most of the known user 
organizations had kept inadequate records.39 Moreover, no 
programs to assess Ada's costs and benefits over time had 
been established. While there was optimism that such infor­
mation would gradually become available as the system fur­
ther evolved, anecdotal accounts suggested that such informa­
tion, if and when it fmally came, might be unwelcome. For 
example, the undersecretary of the Army stated at an Ada 
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exposition in Boston that he had yet to see convincing evi­
dence that the new language would in fact realize the Penta­
gon's goal of reducing the ever-increasing costs associated 
with software development and maintenance. 40 Things had im­
proved, certainly, but after three decades of development, the 
World Wide Military Command and Control System still re­
mained part concept, part reality. 
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Chapter 18 

Defense Communications and the 
End of the Cold War 

Throughout the 1980s, the Defense Communications 
Agency's involvement in WWMCCS was heavy and ongoing. In 
addition to the WWMCCS-related common-user systems it man­
aged, the agency's Command and Control Technical Center 
supported the National Military Command System and its ma­
jor command facilities. Its command center improvement pro­
gram was intended to coordinate the application of state-of­
the-art technology for improving the CINC's command centers. 
It provided systems engineering support for the Minimum Essen­
tial Emergency Communications Network. It was involved in the 
development of standard software for the WWMCCS comput­
ers and had major responsibilities for the WWMCCS Informa­
tion System. Implicit or explicit to many of the agency's efforts 
during the decade was the effort to craft the Defense Commu­
nications System along the lines of doctrine-more surviv­
able, enduring, and secure, with far greater connectivity­
thereby eliminating the perception that the DCS was strictly a 
peacetime system. There were a number of implications to this 
movement to a "wartime" DCS, perhaps the most important of 
which was the pursuit of all-digital operations. 

Digitization and Evolution 

The advantages of digital communications were numerous; 
indeed, to the thinking of many, even overwhelming. Digital sys­
tems offered far greater flexibility for the communicator, since 
any signal that could be sampled and quantified could be ac­
commodated. I In the area of communications security, digital 
encryption was both easier-bulk encryption of complete radio 
links would be feasible-and far more effective. Going digital 
meant that a high-quality secure voice capability, long an urgent 
defense requirement, could be achieved at last. Regeneration of 
signals was another digital plus, where at each tenninal or relay 
point distortion in the digital signal could be removed and the 
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signal retimed. The effect of this would be extremely high­
quality transmissions almost independent of distance. With 
digital operations. communications channels could also be 
given substantially greater transfer capacity. a characteristic 
of major importance in computer-to-computer transmissions. 
Then there was the issue of cost. While the actual conversion 
from analog to digital would certainly be quite expensive, DCA 
officials pointed out that the efficiencies to be gained were 
such that the investment would be more than repaid. 2 Indeed, 
DCA was predicting a 50-fold increase in digital communica­
tions during the upcoming years, a veritable nuclear explosion 
of automated computer-based information and management 
systems.3 The expectation was that economies of scale would 
bring down costs in direct proportion. 

The inherent advantages of digital communications had long 
been known to DCA engineers.4 Indeed. one of the agency's goals 
virtually from the moment it was established had been to inte­
grate its general purpose switched networks into a single digital 
network carrying both voice and data and employing some sort 
of universal digital switch. But given the vast scale of the analog 
plant already in place and the huge investment it represented, 
officials also recognized from the outset that their deSired all­
digital system-of-the-future could not be achieved in a single 
step. DCA engineers began considering strategies for transition­
ing the system over a period of years, and they subsequently 
selected an approach to digitization that involved a so-called 
hybrid system during the period of transition. As a first step in 
this strategy. DCA was to begin a phased replacement of existing 
analog voice channels with digital channels. This necessarily 
implied that digital and analog capabilities would have to exist 
side by side during the transitional period, and the key to a 
felicitous hybrid marriage was pulse code modulation. 

The key to pulse code modulation was the wideband modem. 
The AUTODIN network already had a limited capability of this 
sort, but it was based on the use of a single-vOice-channel modem, 
which gave it limited capacity and speed. In contrast, the wide­
band modem operated over a far larger number of voice channels 
and as a result could accept digital data at rates up to one 
thousand times greater.5 DCA officials explained how, using this 
approach, a large number of analog and digital channels could 
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be linked together without any discernible degradation, using 
inexpensive conversion equipment readily available from com­
mercial sources. Digital-analog transparency could thus be 
achieved throughout the DCS even while channels were being 
digitized. During this interim phase of operations, which DCA 
officials estimated would last some 10 to 20 years, the system 
would appear essentially unchanged; that is, users would con­
tinue to experience it as an analog system. And once all of the 
system's analog channels had been converted, it would be 
possible to rapidly complete the move to an all-digital DCS 
simply by replacing the system's analog switches with digital 
ones.6 It was an ambitious effort, which DCA officials com­
pared to the conversion of aircraft from prop-driven to jet en­
gines. For present-day communicators as for pilots during that 
earlier era, what was in store was a costly period of transition 
filled with considerable pain and trauma, but in the end it 
would be worth it. 7 To the thinking of many defense officials, 
an all-digital future was as bright as it was inevitable. 

All of this had the effect of even further blurring the distinc­
tion between tactical and strategic communications systems: 
"No one really can tell where tactical communications and 
strategic communications end or begin," DCA director Winston 
D. Powers noted. In bureaucratic recognition of technological 
reality, the Defense Communications Agency was merged with 
the Joint Tactical C3 Agency (JTC3A) at Fort Monmouth, New 
Jersey. This union, in Powers' words, should have taken place 
"eons ago." After all, DCA and JTC3A had for years cooperated 
in efforts to link tactical and strategic planning on command 
and control, particularly through the provision of interfaces 
between tactical systems and the various DCS components. "It 
will be a working, breathing organization," Powers said. And it 
was quick to adopt both the spirit and the logic of Goldwater­
Nichols, which called for the use of rapid prototyping and staged 
acquisition of assets. 8 

Although DCA officials were talking about how the DCS would 
evolve in the years to come, they had hardly become converts 
to the evolutionary approach to command and control system 
development. Throughout the 1980s, they continued to point 
out the evolutionary approach's many serious limitations: the 
fact that it did not specify the basis for subsequent evolution, 
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that it lacked any notion of how to balance users' require­
ments with budgetary constraints, and that it ignored how the 
process actually worked and where subsystems were devel­
oped separately that then had to be interconnected to play 
together as a coherent whole.9 Implicit in the evolutionary ap­
proach was a sort of flexible baseline, or programmatic moving 
target, such that programs would never be completed. As DCA 
officials were quick to point out, with programs kept in the 
development phase essentially forever, the result would likely 
not be savings but an open-ended, uncontrolled escalation of 
costs. 

In recognition of this, the Packard Commission report and the 
Goldwater-Nichols defense reorganization had sketched out an 
alternative way, a sort of middle ground between the ad hockery 
of the evolutionary approach and the rigid closure of the weap­
ons system approach. Known as a modular bUilding block (MBB) 
architecture, it was developed by a DCA team and strongly sup­
ported by the assistant secretary of defense for C31. The MBB 
had as its underlying philosophy that systems acquisition would 
take place in a series of stages, or blocks. It was evolution but 
with a twist; now, a system would have to achieve specific goals 
in an identified developmental stage before approval would be 
granted to proceed to the next stage, something that had not 
been the case with the evolutionary approach. 1O But neither was 
it the weapons system approach, since the staged nature of 
development permitted, within limits, the modification of re­
quirements to keep pace with advances in technology. With the 
program now conceived as a series of stages, unnecessary re­
quirements could be dropped and new requirements added as 
the system developed. 11 MBB represented a compromise between 
centralization and decentralization and would leave its mark on 
a number of key WWMCCS-related systems developed by DCA 
during the 1980s. And so the cold war saga of WWMCCS ends 
where it began, with the infrastructure known as the Defense 
Communications System. 

Toward the Defense Information System Network 

A major interest of the DCA during this time was to realize 
its long-standing goal of transitioning to a single, integrated 
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Defense Communications System based on digital technolo­
gies. As DCA planned things, new technologies would be ac­
quired incrementally, at fIrst blurring the distinction between 
and then merging completely, the still-separate DCS common­
user networks, all the while serving the voice and data re­
quirements of the systems' users. An integrated DCS implied 
the use of a single integrated high-speed switch, which DCA 
had pursued from its inception. But pressure to rapidly ex­
pand the common-user networks during the early years meant 
that planning was necessarily oriented toward the use of com­
mercially available automatic switches. For DCA, this meant a 
two-track approach: voice communications would use com­
mercially available analog switches, while record transmis­
sions would use commercial digital switches. On repeated oc­
casions, agency offIcials had voiced the view that this was an 
interim strategy only, useful until integration of the common­
user networks could take place. 12 But integration of AUTOVON, 
AUTODIN, and AUTOSEVOCOM required identifIcation of the 
switching technique to be used: circuit switched techniques, 
which had always been used for voice communications, or 
point-to-point circuits, generally used for the transmission of 
data. 13 Once that choice was made, the two-track approach 
could be abandoned and the separate common-user networks 
it had engendered would be history at last. 

DCA's plans, dating back to the end of the 1970s, fIrst called 
for the primarily analog Automatic Voice Network to be phased 
out, replaced by a next-generation Defense Switched Network 
(DSN). The proposed DSN would provide common-user tele­
phone service throughout the Department of Defense, accom­
modate the transmission of data, offer a range of special com­
mand and control features, and do all of this in a cost-effective 
manner. 14 Whereas the majority of AUTOVON users at the time 
were connected to a single backbone switch through a single 
set of access lines, DCA engineers judged that the best ap­
proach for the future network was an entirely different techno­
logical concept-a distributed network of numerous small, 
powerful switches to replace the existing population of fewer, 
larger switches. These new switches, collocated with their users 
at bases, posts, and other military facilities around the world, 
would be dual purpose, providing both local and long-haul 

335 



THE WORLD WIDE MILITARY COMMAND AND CONTROL SYSTEM 

communications services. They would be digital, since only 
digital switches would permit the message control functions to 
be distributed throughout the network in this fashion. 15 Such 
a network would be significantly more survivable and endur­
ing than AUTOVON, it was believed, particularly in terms of its 
resistance to nuclear effects. 16 It would also be more secure, 
and provide a secure teleconferencing capability, the require­
ment for which had been identified by the WWMCCS Architec­
ture. Because this would eliminate the need for an inde­
pendent network for secure voice communications, DCA 
developed a secure voice transition plan to provide the neces­
sary gUidance for integrating AUTOSEVOCOM into the De­
fense Switched Network. 17 As the cold war drew to its close, 
considerable progress had been made toward implementing 
the DSN, with antiquated AUTOVON switches in the continen­
tal United States and overseas replaced by state-of-the-art 
digital-switching equipment. 18 

DCA's plans also called for the replacement of AUTODIN, the 
venerable Automatic Digital Network, with a new network in­
tended as the primary vehicle for creating the total integration 
of the Defense Communications System's common-user sys­
tems that DCA had so long desired. This AUTODIN follow-on 
would also be a distributed network, based on the packet­
Switching technique pioneered in the ARPANET. Specifically, 
what DCA had in mind was taking a series of existing packet­
switched networks-the ARPANET itself, the WWMCCS Inter­
computer Network, the Intelligence Data Handling System, the 
StrategiC Air Command Digital Information Network, the Com­
munity On-line Intelligence Network, and others-expanding 
and upgrading them, and then integrating them all into a 
single Defense Data Network (DDN).19 

The schedule for integrating existing defense packet­
switched networks into a single DDN consisted of several sepa­
rate stages. First, the WWMCCS Intercomputer Network would 
be upgraded to the WWMCCS Information System. WIS would 
then be combined with the Intelligence Data Handling System, 
and the result would be called the Command, Control, and 
Intelligence (C2I) network. Next, the ARPANET would be parti­
tioned into two parts. One of these would be a classified re­
search and development network that would not formally 
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become part of the DDN. The other part of the ARPANET would 
be designated an unclassified military-user network called 
MILNET, a number of unclassified networks would be absorbed 
into it, and all of these would then be fully integrated into the 
DDN. Finally SACDIN (SAC Digital Network), which would in­
itially be served by a dedicated top secret network using DDN 
components, would be fully integrated into the DDN.20 

With the end of the cold war, the planning and development 
phases of DDN were essentially complete, and the network 
consisted of several hundred geographically distributed 
packet-switched nodes. The DCA's principal remaining task, it 
seemed, was to connect additional users to the network. 21 So, 
even as the international tensions that had spawned DCA re­
ceded, the communications infrastructure that it had worked 
on for almost 30 years, and upon which WWMCCS depended, 
was coming to fruition at last. 

Postscript: The End of the Cold War 

At the beginning of the 1980s, John Steinbruner observed 
that if a "constructive stabilization" of the political relationship 
between the United States and the Soviet Union could be 
achieved, then efforts to improve the efficiency and effective­
ness of the United States's communications, command, con­
trol, and intelligence system would contribute substantially to 
overall security. Lacking such a political understanding be­
tween the superpowers, he argued, identical efforts might yield 
opposite results as the Soviets simply allocated additional 
weapons to new targets. In light of the acknowledged vulner­
ability of the US command structure at the time, political sta­
bilization appeared to constitute a necessary precondition for 
any effective program of command and control. 22 

The Reagan administration's strategic modernization pro­
gram was in large measure a consequence of, and response to, 
the Soviet arms buildup that took place during the 1970s 
under Leonid Brezhnev. Yet, that buildup, we now know, 
sapped critical energies from the Soviet economy and polity, 
cycled back to undermine the very military apparatus it was 
ostenSibly created to advance, and contributed to the dramatic 
events of the late 1980s and early 1990s. As the curtain fell on 
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the cold war, Aleksandr Solzhenitsyn pOinted out in Komso­
molskaya Pravda how the Brezhnev years "simply wasted our 
last resources on unlimited and unnecessary armaments . . . 
at a time when our own knees were trembling and we were 
about to fall down exhausted."23 Since the giant has now 
fallen, since a constructive stabilization has been achieved, it 
seems obvious that a number of US defense systems conceived 
before the fall-considered integral to the national defense in 
an international climate in which the Soviet Union stood sur­
realistically tall in its ominous, artificial, and ultimately fatal 
final grasping for world influence and empire-would come in 
for review and reassessment. Such a reassessment obviously 
included those systems that are part of the World Wide Mili­
tary Command and Control System. As a result, the 1990s 
have witnessed the demise (at least in a formal, bureaucratic 
sense) of several of the systems and agenCies that had helped 
define the cold war era. 

The first to go was the Defense Communications Agency. 
For just as the cold war had created the need for DCA, the end 
of that era brought with it the agency's end. On 25 June 1991, 
acting under the authority of Title III of the Goldwater-Nichols 
Defense Reorganization Act of 1986, the secretary of defense 
redeSignated the DCA as the Defense Information Systems 
Agency (DISA). Although the new agency would operate under 
the authority of the assistant secretary of defense for C31, as it 
did before, the change in name was intended to recognize its 
broadened role in information systems management as well as 
communications.24 

The advent of DISA heralded the demise of the Defense 
Communications System. DISA's primary function was speci­
fied to be management and operational control over the De­
fense Information System Network (DISN), the successor to 
DCS, and a formal definition for the new network was estab­
lished by the ASD for C3I in February 1994: "A subset of the 
Defense Information Infrastructure, the DISN is the DOD's 
consolidated worldwide enterprise-level telecomunications in­
frastructure that provides the end-to-end information transfer 
network for supporting military operations." In other words, 
DISN would include all of the assets that previously fell under 
the DCS umbrella, which would serve as the baseline capability 
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from which future progress and programs would be meas­
ured.25 As DISA explained things, the Defense Information 
Systems Network would do it all, constituting a "seamless web 
of communications networks, computers, software, databases, 
applications, and other capabilities that meets the information 
processing and transport needs of DOD users" under all con­
ditions of peace, crisis, and war.26 

So that this could take place, the new network had to meet a 
variety of effectiveness criteria. First, it had to be rapidly re­
configurable, capable of supporting joint task force require­
ments anywhere in the world. It had to provide fully interoper­
able communications between deployed forces and home 
bases, and between the communications assets of all relevant 
constituencies-the services, defense agencies, and America's 
allies. It had to provide the capacity to meet military needs, 
including adequate surge capacity for times of crises. It also 
had to provide a real-time management capability so that re­
sources could be made available to users under all conditions 
of peace and war. As DISA phrased it, the network would 
permit war fighters "to 'plug in' and 'push or pull' information 
in a seamless, interoperable, and global battlespace," the point 
being to "assure dominant battlespace awareness from the 
warfighter's viewpoint. "27 

The DISN Joint Mission Need Statement, approved in early 
1995, called for a smooth and incremental evolution away 
from the current system's reliance on defense-owned networks 
and toward maximum possible reliance on commercial serv­
ices and technologies. It called for the DISN to be structured 
for modular and incremental evolution, allowing new technolo­
gies to be incorporated as they became available.28 It called for 
DISN to provide the majority of communications requirements 
for WWMCCS's post-cold-war successor. 

In 1992 personnel from DISA and the Joint Staff reviewed 
the WWMCCS automatic data-processing modernization pro­
gram then in progress and found it wanting. That September 
they presented a plan for its termination, which was sub­
sequently approved by the undersecretary of defense for acqui­
sition' and funds were made available to effect the transition 
to a follow-on global command and control system (GCCS).29 
Like WWMCCS before it, and like the Defense Information 
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Systems Network with which it overlapped and shared re­
sources, GCCS represented as much a concept as it did a set 
of assets; it was a sort of "umbrella strategy" intended to gUide 
the evolution of defense communications for the decades to 
come. As DISA engineers described things, the GCCS would 
"enable the principles and concepts of the Joint Staffs C4I 
[command, control, communications, computers, and intelli­
gence] for the Warrior strategy" through of a set of evolutionary 
initiatives. Like the DISN, GCCS would emphasize maximum 
use of off-the-shelf technologies, its development structured so 
that new technologies could be incorporated incrementally, as 
they became available. In addition, like WWMCCS before it, 
the new system was intended to be a White House-to-foxhole 
system. 3O Unlike the case of WWMCCS, however, the GCCS 
might just be able to accomplish that goal, owing to the combi­
nation of the centralization effected by Goldwater-Nichols and 
the breathtaking pace of technological advance, especially in 
the area of automatic data processing. By mid-decade, the 
services and defense agencies had established GCCS program 
management offices to implement the new system, and the 
World Wide Military Command and Control System, a product 
of the cold war, had vanished along with the tensions of that 
bygone age. 
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Chapter 19 

Organization, Technology, and Ideology 
in Command and Control 

This work began by noting how three themes-(l) organiza­
tion, (2) technology, and (3) ideology-dominated the develop­
ment of the World Wide Military Command and Control Sys­
tem during the cold war era. This fmal chapter examines the 
influence of each of these themes in greater detail. 

Organization: Subunit Domination 

Of the three themes, organization appears to have been the 
most influential force in the development of WWMCCS, since 
from the very beginning WWMCCS has been an organization 
dominated by subunit concerns, emphasizing services' needs 
and requirements and not infrequently working to the detri­
ment of the larger national interest. The result has been a 
multiplicity of problems and occasional major system failures 
when the system was called upon to function in a joint-service 
context. Not surprisingly, this has led to the widespread per­
ception that WWMCCS is ineffective. 

WWMCCS's subunits are of two general types. On the one 
hand are those WWMCCS entities, preeminently the military 
services, for whom overriding importance was attached to the 
fulfIllment of their own missions. While themselves central to 
WWMCCS, the perception of the system held by the services 
has been that it is less than central to their own concerns and 
at times even antipathetic to them. The performance of these 
subunits and their pursuit and acceptance of command and 
control innovations have thus tended toward an emphasis on 
subunit autonomy and goals over the interests of the larger 
organization of which they are nominally a part. 

On the other hand are WWMCCS subunits, such as the 
Defense Communications Agency and elements of the Office of 
the Secretary of Defense, whose concerns (often whose very 
existence)-were linked to the idea that WWMCCS is a central­
ized organizational entity-or at any rate should be. These 
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subunits also pursue courses of action and accept or reject 
innovations, and their behavior in this is similarly selective. 
For them, however, the emphasis tends to be on those things 
that permit a higher degree of centralized control. Whether for 
the de centralizers or the centralizers, then, success almost 
invariably came at the expense of the other subunits' authority 
and autonomy. The result is that WWMCCS has historically 
been a locus of contentiousness, of goal dissensus, and of 
competing definitions of what constitutes adequate system 
performance. 

In one sense this represents nothing more than a fund a -
mental fact of organizational life: organizations have a division 
of labor. According to the specific nature of its task require­
ments, any organization will be hOrizontally differentiated into 
specialized subunits, and the requirements placed upon each 
will differ. Some subunits will have an internal mission, direct­
ing their attention toward intraorganizational matters, while 
the mission of others will be focused more externally. How well 
the organization functions will depend on the degree of inter­
dependence that exists between the subunits and the extent to 
which they are linked into a cohesive whole.! 

The central argument advanced in this book has been that 
WWMCCS's historical lack of an organizational center of grav­
ity has resulted in a serious lack of coordination between its 
constituent elements. Specifically, the criteria for system effec­
tiveness have been promulgated by two competing organiza­
tional factions, one whose interests and concerns lie with 
greater centralization of the command and control function 
and the other's in reSisting that centralization. This structural 
ambiguity has meant that system elements have frequently 
worked at cross purposes, leading WWMCCS, an ostensibly 
rational system, to irrational outcomes-periodic breakdowns 
of control and even major system failures. 2 With such prob­
lematical performance, little wonder the system has frequently 
been viewed as ineffective. 

The notion that apparently rational behaviors can produce 
irrational outcomes has a lengthy history and a distinguished 
pedigree in social SCientific thought, and those who have wres­
tled with the issue suggest that different types of rationality 
exist, even in a single organization such as WWMCCS. The 
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social theorist Max Weber posited two different types of ra­
tional action. First, there was the type he described as "for­
mal," a means-oriented type focusing on procedure, emphasizing 
pragmatic, short-term calculations, and showing a concern for 
the coordination of means. The concern here is with efficiency, 
an entirely internal performance standard that involves what 
the organization is producing and at what cost. Efficiency is a 
standard that is relatively value-free, begging the larger ques­
tion of whether the organization should actually be engaged in 
doing what it is doing-like a soldier who can rationally carry 
out an entire series of actions with no idea as to their ultimate 
end or of the place of his actions within the larger organiza­
tional framework. 3 Such actions are in fact quite rational in 
the sense that they involve definite goals that are appropriate 
to that level of action and organization. But where formal ra­
tionality dominates, the appropriateness of actions in some 
larger context is simply not considered. Weber contrasted this 
means-oriented formal rationality with what he called "sub­
stantive" rationality, a goal-directed type concerned with val­
ues that appealed to "ultimate concerns." Substantive ration- . 
ality deals with effectiveness, the appropriateness of what is 
produced in light of some larger end. Weber was quite clear 
that however formally rational actions might be, they need not 
correspond to substantive goals. 4 QUite simply, efficiency and 
effectiveness represent independent evaluative standards. 5 

The suggestion is that an organization can be efficient but 
not effective, a place where a means-directed formal rationality 
can exist and predOminate, while failing to serve substantively 
rational ends. For as Weber demonstrated, there is a tendency 
for formal rationality to supplant substantive rationality, with 
the means replacing the ends they were ostensibly designed to 
serve.6 Indeed, the mantle of formal rationality devoid of any 
higher substantive purpose became for Weber an inescapable 
"iron cage."7 It is a view that finds circumstantiation in a 
number of organizational studies, including Herbert Simon's 
discussion of welfare agencies,8 Charles Perrow's examination 
of high-risk systems,9 and Robert Jackall's account of mana­
gerial deCision making.1O In these studies we fmd a way to 
conceptualize WWMCCS's historical problems, its apparently 
endemic inability to perform effectively: much of the system 
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was developed and deployed within organizational parameters 
where a practical "formal" rationality predominated. Specifi­
cally, the system was in large measure developed byorganiza­
tional subunits whose missions and priorities never were per­
fectly aligned with the more substantive concerns of the 
broader WWMCCS macrosystem. 

It is easy enough to understand why this was done. 
Subunits are interest groups that act to enhance their power 
and prestige relative to other organizational constituencies. 
They collect information to enhance their own value and to 
render other elements of the organization dependent upon 
their expertise. The information extracted from the environ­
ment and subsequently made available within the organization 
will be far from neutral, serving political as well as utilitarian 
functions, while other information gets ignored entirely. II Cer­
tain external and internal constituencies will figure more 
prominently in each subunit's evaluative calculus than others, 
and these will be attended to disproportionately. That is, a 
tendency develops for subunits and their members to evaluate 
all actions, by themselves or with others, exclusively in terms 
of their utility for the realization of subgoals, resulting in a 
contentious us/them sort of mind-set wherein the courses of 
action pursued are not at all rational or functional from the 
perspective of the larger organization. This is the phenomenon 
of suboptimization, a reCipe for fractiousness and ultimately 
failure if the subunits' centrifugal impetus is not somehow 
held in check. 

Most organizations employ a variety of devices, both carrots 
and sticks, to promote coordination between subunits, to se­
cure adequate contributions from them on reasonable terms, 
and to see to it that whatever discrepancies exist between the 
subunits' goals and the larger organizational goals do not be­
come overly large. 12 But what happens when these don't work? 
What happens when the organization lacks the ability to es­
tablish viable limits to subunits' natural self-interest? What 
happens when the influence of subunits becomes excessive, 
and when centralized decision makers, the organization's os­
tensible "dominant coalition," cease to be the ultimate arbiters 
of organizational performance? As the case of WWMCCS sug­
gests, what occurs in a world of relentless, uncontrolled 
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suboptimization is that the efficiency concerns of subunits 
prevail. What occurs also is that organizational performance 
can be judged decidedly ineffective when assessed by "sub­
stantive" criteria relevant to the organization as a whole, not 
just the criteria of concern to powerful subunits. 13 An organi­
zation that exhibits these characteristics might best be de­
scribed as a "subunit-dominated organization." 

A subunit-dominated organization is a place where the goal 
orientation of central decision makers does not determine 
subunits' orientation or actions with any preCision or cer­
tainty. It is a place where the center is unable to impose effec­
tive oversight and control over lower-level parts of the organi­
zation. It is also a place where the idea of a centralized 
decision-making apparatus is simply no longer descriptive of 
the organizational reality that exists. Even more than loosely 
coupled systems, which assume a modicum of coordination 
and common purpose flowing from the top, subunit-dominated 
organizations are not fully cooperative systems. This does not 
describe a situation of the rational pursuit of optimal out­
comes. It runs counter to rationalist models of bureaucratic 
functioning, which for military organizations involves centrali­
zation of policy making and strategic planning, as well as decen­
tralization of actual operations. 14 Beset by an internal Balkani­
zation, subunit -dominated organizations are political arenas 
in which subunits compete to advance their interests and where 
resources are distributed according to coalition bargaining power. 

This work suggests that WWMCCS is a subunit-dominated 
organization, a place where not only has operational authority 
been decentralized but ultimate or true authority as well. 
Throughout the cold war era, the military services in many 
important instances remained independent entities with con­
siderable bureaucratic power. Planning and force structure 
were predicated on unilateral service views of priorities and on 
how a future war might be fought. Views on the training and 
equipping and the support of forces logically followed, fre­
quently at the expense of joint missions and overall cOplbat 
readiness. Each service retained separate responsibility for its 
own budget and competed vigorously to increase its share of 
total defense dollars. 15 In other words, key WWMCCS system 
elements have operated in substantial measure beyond the 
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influence of centralized gUidelines or oversight. Their auton­
omy was such that they could often ignore or effectively resist 
central initiatives. Central or hierarchical officials lost the ca­
pacity to exercise effective oversight over these subunits, or 
they never had it to begin with. 16 What this meant was that the 
effort to create a worldwide military command and control 
system truly responsive to centralized control was resisted by 
the services, and when the WWMCCs could not be resisted, it 
was subordinated to the services' unique, mission-specific 
needs. 17 A lack of centralized control guaranteed that from the 
start WWMCCS would be more a locus of competition and 
conflict than a coherent single organizational entity-thus, the 
repeated characterizations over the years of WWMCCS as a 
"confederation," "loosely knit federation," and various other 
similar characterizations. 18 It was a condition guaranteeing 
that the system would have trouble, even experience major 
failures, when called on to operate in a joint service context. 

Technology: Technological Push and User Pull 

The second major theme in WWMCCS's development has 
been technology-specifically, the dramatic technological ad­
vances that began early in the cold war era and that thereafter 
never ceased to exert influence. WWMCCS was born within a 
context of ongoing research and development, an almost ver­
tiginous pace of technological advance both in the military and 
civilian sectors that was continually altering the nature of 
warfare. What was the importance of technology in 
WWMCCS's evolution? Was its development driven primarily 
by a conscious, rational process that has been described as 
"user pUll"? Or was it the result of the imperative of techno­
logical advance, of "technology push"?19 

These questions are rightly seen as part of the larger debate 
about the role of technology in society, a debate that continues 
today and that has been characterized by considerable contro­
versy. On one side are technological determinists who view 
technology as a major social force, arguing that as science 
marches onward, society necessarily follows. 20 In this view, 
research SCientists fuel the fires of technological advance, and 
by extension military requirements, through their desire to 
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pursue and bring to fruition interesting new technological con­
cepts.21 Major technological advances provide the impetus for 
their application to military systems, and military require­
ments issue from the flow of change, rather than from a priori 
assessments of requirements.22 Concluding that social struc­
tures and their associated structures of belief are in part or in 
whole derivative of a technological imperative, these determi­
nists represent one side in a wide-ranging debate about the 
relationship of technology to society-specifically, that the evo­
lution of defense systems and policy are dominated by techno­
logical advances, rather than conscious human design.23 

Critics of this point of view argue that the technological 
determinists have it backwards. Technology is not a social 
force, they say, but rather a social product. From a wide range 
of possible technical solutions to problems, those individuals 
and groups with greater influence will choose the ones that 
best serve their interests.24 Not only that, this perspective 
holds that the range of possible solutions is circumscribed by 
these elites. It is a social determinist view, where the develop­
ment of specific technologies is driven and shaped by power 
relations rather than by an essentially neutral process of sci­
entific advance. Radical critiques from this perspective usually 
focus on the profit and power goals of the military-industrial 
complex.25 More conventional analyses view the selection of 
specific technologies as the result of national strategic choice, 
where rational decision makers select specific technologies on 
the basis of precise calculations about national objectives, per­
ceived threats, and strategic doctrine, all the while cognizant 
of budgetary constraints and other limitations. 26 

Which view is correct? The answer in the case of WWMCCS 
is a qualified "both." After all, revolutionary technological con­
cepts and techniques do appear on the scene from time to 
time, affecting military relations. Witness the advent of atomic 
weapons, the development of the intercontinental ballistic mis­
sile, ballistic missile submarines, computers, and satellites 
during the years following World War II. Arguably, each of 
these new technologies revolutionized warfare, contributing 
thereby to the drive for a mote responsive and centralized 
defense decision-making structure. Moreover, much of the 
thinking in the area of command and control has been highly 
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technical, a hard engineering orientation, which resulted in 
the overwhelming proportion of research attention and finan­
cial investment going toward system designs that were techno­
logically advanced-often magnificently so-yet that ultimately 
failed to meet the requirements of actual users because they 
failed to adequately consider the human and organizational 
context into which they will be introduced.27 

In one way it all makes perfect sense. Given that the great 
watersheds in the history of warfare have always involved the 
application of new technologies, it is hardly surprising that a 
basic military mind-set has evolved that newer, more techno­
logically sophisticated systems are by definition better ones. 
This logic has been validated by a Congress that frequently 
rewards the pursuit of more sophisticated technologies with 
higher funding and underscored by an American cultural em­
phasis on progress and a pervasive belief in technology as its 
guarantor.28 WWMCCS's growth, then, as with the trajectory of 
the arms race more generally, arose from an institutionalized 
belief that a more capable technology is by definition a better 
one. Technology push has thus been a key process in the 
development of defense systems, producing most of the impor­
tant, revolutionary new technologies.29 

If both perspectives contain a measure of truth, it can be 
argued that the concept of revolution probably captures less 
well the dynamic of change in the domain of command and 
control, for few of the key developments in this area-the tran­
sistor, for example, or the laser or automatic data process­
ing-truly revolutionized communications. Certainly each of 
these was an advance, producing improvements in communi­
cations capacity, reliability, and economy, but their impact 
was hardly as dramatic as the term revolution connotes. As 
these and other technologies arrived on the scene, they were 
assimilated into existing media, resulting in gradual, incre­
mental change. Thus, while many new technologies were in­
itially hailed as revolutionary, their integration into the worka­
day world of command and control generally proved to be less 
so, conditioned at every step by preexisting technologies and 
patterns of organizational relations and goals. 3O If there were a 
technological push, it was not necessarily an unqualified one. 
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Throughout the history of WWMCCS during the cold war, 
then, much of the impetus for technological development ap­
pears to have been closer to the "user pull" of the social determi­
nists, "the institutional process by which users (notably the senr­
ices) assess the adequacy of existing [systems] to meet military 
needs, and state the characteristics of the next generation of 
equipment desired to overcome identified inadequacies," as the 
Packard Commission described it.3 \ All new technologies natu­
rally carry within them the seeds of organizational change. But 
some types will be embraced as advantageous, whereas others 
will be rejected, and it is of interest to determine which is which. 
On the one hand, it has been suggested that innovations posing 
no threat to organizational routines, strategies, or "essence" are 
less likely to generate resistance and hence are more likely to be 
adopted.32 Even innovations that challenge existing routines and 
strategies might be embraced when they are seen to promote 
desirable changes: for example, when an organization wishes to 
expand and when the innovation will permit that expansion to 
take place.33 Obversely, technologies that presage unwanted 
changes-such as a reduction in organizational autonomy, or 
undeSirable transformations in routines, customs, or alle­
giances-are likely to encounter resistance, including active hos­
tility, even if in some objective sense they are inherently useful 
or appropriate.34 This selectivity has led to the adoption of a wide 
range of new technologies, many of which have tended to focus 
on the needs and priorities of system subunits.35 It meant that 
technologies were resisted if they were not perceived as being in 
line with the requirements of the senrices' military missions. 

The Office of the Secretary of Defense has had only limited 
success in its efforts to have the services pay for systems 
designed in support of joint-service systems for strategiC com­
mand and control. Funding for such high-priority programs as 
the Defense Satellite Communications System and the Na­
tional Emergency Airborne Command Post were resisted by 
the services, for example, and received funding only under 
heavy pressure from the secretary. lower-priority initiatives 
met with even less success. During the late 1970s the head of 
WWMCCS Engineering recommended the acquiSition of 10 dif­
ferent types of communications equipment to improve national 
officials' ability to respond to urgent contingencies. Although 
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the items included such relatively inexpensive equipment as 
transportable satellite earth terminals, the services declined 
requests to fund them.36 In a subunit-dominated organization 
such as WWMCCS, it appears that social determinism, user 
pull, will be the dominant influence in terms of the acquisition 
of new technologies, although it will not determine outcomes 
with absolute certainty. 

Ideology: The Evolutionary Approach 

A subunit-dominated organization such as WWMCCS sounds 
emphatically ineffective. Its organizational structure, rife with 
fractiousness, appears like nothing so much as a centrifugal 
whirl straining to tear itself to pieces, subject to major system 
failures. A key question is thus how such a discordant assemblage 
of elements manages to hold itself together. It has been argued 
in this work that a major part of the answer in WWMCCS's 
case lies in a shared set of assumptions about the physical 
and social worlds-an ideology, in other words, that has per­
mitted innovations to be pursued, technologies acquired, and 
the system's apparently implacably antagonistic subunits to 
function together more or less amicably over time. The ideology 
that has permitted these remarkable feats to be accomplished, 
one that has gained increased rhetorical and bureaucratic 
support with the passage of the years, is the "evolutionary 
approach" to command and control system development. 

We have seen how the approach first gained a foothold in 
defense thinking in the early 1960s as an alternative to the 
then-dominant approach to system design and acquisition, the 
weapons system approach, whose governing idea was that all 
efforts should be directed toward the development of an identi­
fiable target system that could be turned over to its users on a 
specific target date.37 The problem was that by the early 1960s, 
a number of influential defense constituencies had concluded 
that the weapons system approach simply did not work when 
applied to command and control systems because they pos­
sessed characteristics not found in other complex systems. 
Perhaps most importantly, they were said to be dynamic, "in­
formation rich" systems highly dependent upon the informa­
tion they contain and the demands placed upon them.38 In 
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contrast to more static systems whose very nature dictated 
that certain functions be performed repeatedly in a fixed order, 
command and control systems were viewed as characterized 
by an ever-changing configuration of individuals, functions, 
information requirements, and equipment that was inherently 
resistant to any simple formulaic ordering. Relevant actors 
could not always be identified, nor could operational require­
ments, and even when they could, they often did not remain 
fIXed long enough to permit the development and deployment 
of appropriate system capabilities.39 In developing WWMCCS, 
then, flexibility appeared essential. 

A second general reason advanced for the uniqueness of com­
mand and control systems was that they were considered more 
"threat driven" than other militaIy systems, meaning that they 
had to be uniquely sensitive to both qualitative and quantitative 
changes in enemy militaIy capabilities.40 The problem with the 
old weapons system approach was that by the time a command 
and control system had finally achieved full operational status, 
the militaIy situation had frequently changed so much that the 
system was no longer appropriate to the threat. Making matters 
more difficult still was the rapid and accelerating pace of techno­
logical advance. With new and frequently competing technologies 
constantly being developed, locking in a specific system design 
all too often meant locking its user into a system that was obso­
lete by the time it was fielded.41 Of course, it was possible to try 
to design systems to meet future requirements, but such exer­
cises in prophesy proved to be expensive and were not infre­
quently frustrated by unpredictable international events and 
technological changes.42 In the minds of many in the defense 
establishment, the unique fact that it appeared impossible to 
fully specify a command and control system's requirements at 
the time its development commenced called for an equally 
unique management approach.43 

As we have seen, the alternative to the conventional model 
of management and planning that appeared most attractive 
allowed commanders to defme, develop, and improve their own 
systems "naturally" over time, as circumstances warranted, as 
they were considered necessary to meet the changing require­
ments of their military missions.44 "Changes in the command 
and control systems will be, of necessity, evolutionary," Robert 
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S. McNamara had declared, "and the systems must be flexible 
enough to adapt to changes in the world situation and U.S. 
strategy." Moreover, it was simply too expensive, indeed im­
possible, to develop complete stand-alone systems only to have 
to rip them out and replace them from scratch every time a 
new technology came down the pike or each time modifica­
tions were made to US strategic doctrine.45 By advancing the 
idea that command and control modernization was an incre­
mental, user-oriented process conducted under the broad cog­
nizance of a central authority, the evolutionary approach held 
forth the promise of greater flexibility in a turbulent geo-political 
and technological environment. 46 

Adding new requirements and technologies as an ongoing 
series of modest improvements obviously meant that com­
mand and control systems would take longer to develop and 
thus cost more-but never mind. It was believed that unlike 
systems whose designs had been frozen earlier, those that 
emerged from the evolutionary process would possess greater 
capabilities, better reflect users' needs, and be more closely 
aligned with the requirements of national military policy. The 
result would be a "harmonious conglomerate of elements of 
different size, loosely but effectively federated. "47 Yet this 
phrase surely raises more questions than it answers. Precisely 
which elements should comprise this conglomerate? By what 
criteria should their effectiveness be assessed? Who should 
determine the answers to such questions as these? Far from 
rhetorical questions, they proved to be eminently real-world 
ones with real implications for system deSign, suggesting why 
they have repeatedly surfaced in the lengthy defense debate 
over the best way to develop, operate, and evaluate WWMCCS. 

So the evolutionary approach had its down side, perhaps 
the most serious aspect of which was that it encouraged a lack 
of clear-cut responsibility. It permitted considerable laxity and 
carelessness in system specification. It did not require a full 
accounting of who the system's users would be, since these 
could always be identified later. For users who were identified, 
the approach failed to require a comprehensive specification of 
their requirements, in the belief that whatever deficits might 
exist could simply be addressed in subsequent phases of system 
evolution. It also failed to specify a point from which evolution 
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would proceed, and it failed to demand a clear statement of 
the goals the system was supposed to accomplish, thus coun­
tenancing a lack of clarity as to how the system was supposed 
to function or be evaluated.48 It was also fmancially wasteful, 
keeping programs in the development phase essentially for­
ever, since all systems were to be subject to constant review in 
terms of their relationship to changes in the threat, to develop­
ment of new weapons systems and other technologies, and to 
modifications in command structures or other organizational 
changes.49 

Predicated as it was upon independence rather than inter­
dependence of subunits, the approach ensured that subunits' 
actions would frequently bear little relationship to one an­
other, resulting in unnecessary, costly duplication. 50 It also 
created strong pressures for contractor buy-ins, wherein artifi­
cially low prices would be given up front for a project, the 
contractor understanding full well that prices could be raised 
and raised again as the project "evolved. "51 To many critics this 
was not evolution but rather a profligate and essentially vi­
sionless process of ad hoc incrementalism, one whose end 
products would almost certainly require extensive work to make 
them play together as a coherent whole. 

But if not evolution in fact, a key question is why did the 
evolutionary approach gain such wide currency in the fIrst 
place? This work has suggested that the answer probably lies 
more in the bureaucratic utility of the approach than in its 
ability to create an optimal system for command and control. 
To those individuals and groups interested in advancing the 
cause of greater centralization in command and control, the 
evolutionary approach appears to have been initially attractive 
because it was a means to mollify the opposition to greater 
centralization in defense decision making. The evolutionary 
approach was also attractive to those groups, such as the 
services, whose interests were naturally antipathetic to greater 
centralization since it maintains that the decision-making pro­
cess is situationally contingent and unknowable in advance. 
Centralized deCision makers thus cannot adequately specify 
the sorts of information they require, with whom they might 
need to communicate, or precisely what type of system best 
suits their needs. In light of this ignorance at the center, the 
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logical course of action is to devolve authority toward the 
periphery, providing greater flexibility for system development 
to lower-level system subunits.52 With the evolutionary approach, 
subunits were able in substantial measure to co-opt the devel­
opment of WWMCCS in ways favorable to their agendas and 
their interests. 

Therefore, the evolutionary approach was able to prosper in 
the fmal analysis because of its bureaucratic utility and be­
cause it represented a way to meet the needs of both the 
proponents of centralization and decentralization simultane­
ously. It allowed the centralizers to commence building the 
defensewide command and control infrastructure they desired, 
something that might otherwise have been met with far more 
vigorous opposition. For those whose interests lay in decen­
tralization' the approach offered a great deal of autonomy and 
considerable authority for WWMCCS's development and man­
agement, sweetening considerably the bitter pill of centraliza­
tion. But as this work has shown, the compromise was hardly 
symmetrical, for the price of diminished service resistance ul­
timately proved to be the soul of the centralized WWMCCS 
concept. 

In theoretical terms, the evolutionary approach allowed 
WWMCCS to be redefmed from what we might call a "solution­
driven" organization to one that was more "process driven." 
Solution-driven organizations are oriented toward the resolution 
of specific problems, problems that in turn tend to be closely 

. aligned with an organization's official goals. Such organizations 
generally operate in a context of substantive rationality and are 
oriented toward some specific end or "ultimate value" as enunci­
ated in public statements by their officials and as set forth in 
their public documents.53 In the case ofWWMCCS, the "ultimate 
value" is to provide the National Command Authorities with an 
ability to electrOnically orchestrate military responses to crises 
anywhere around the globe. The weapons system approach of 
command and control systems acquisition is consistent with 
this, involving as it does a rational process of identifying a popu­
lation of system users, specifying their responsibilities, deter­
mining the various types of information they required, and 
developing specific technologies to provide it. 
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Obversely, the key for understanding process-driven organi­
zations is that they are means-oriented, focusing on producing 
an ongoing stream of products or services. They are concerned 
with operative goals, with actual operating policies, and they 
reflect the actual needs of organizational constituencies. Process­
driven organizations engage in activities with no clearly de­
fined "ultimate" end state or specific solution toward which the 
organization is tending. Their goals, such as they are, turn on 
efficiency criteria with regard to the process itself, and thus 
they function within a context of formal rationality. With the 
organization's purpose no longer tied to the attainment of an 
ultimate goal or specific end state, any advancement or 
achievement, however substantial, is seen as simply a mile­
stone on a road the length of which is no longer known with 
precision; indeed, a road whose length has been intentionally 
rendered imprecise. 

It was in this way that the evolutionary approach subtly 
redefined the criteria for WWMCCS effectiveness. For the ap­
proach's proponents, the purpose of WWMCCS was no longer 
to attain a specific goal state by developing and deploying 
some identifiable set of command and control capabilities to 
meet specific performance criteria. Rather, the purpose was 
now modernization, evolution itself, with any technological or 
organizational innovations viewed as simply a part of this on­
going process. Proponents of the evolutionary approach have 
long tolerated a level of WWMCCS performance that others 
have considered marginal or substandard, and it is perhaps 
only in this light that their tolerance is understandable. To 
them, after all, WWMCCS's job was not to exhibit perfect per­
formance, which is impossible in any case, but rather to be 
evolving toward some higher, however imperfectly conceived 
and understood, end state. 

System Failures 

Thus, we arrive at our fmal point of discussion: system fail­
ures. We have seen how WWMCCS's history has been punctu­
ated by a series of serious, often spectacular breakdowns and 
failures. WWMCCS has, in more sense than one, truly been 
a child of crisis. The argument advanced here is that a 
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subunit-dominated organization such as WWMCCS, focusing 
on lower-level interests and driven by concerns of process 
rather than results, could not avoid failure when viewed from 
a more substantive, systemwide perspective. To those process­
oriented types who embraced the evolutionary approach, this 
was viewed as a regrettable but unavoidable part of evolution. 
To them, things were perhaps a bit problematical now, but the 
system was evolving after all, undergoing a process of contin­
ual improvement and enhancement. To them, the glass was 
emphatically (and at least) half full. But to other influential 
individuals and groups with occasion to assess WWMCCS's 
effectiveness, the Congress being perhaps the most conspicu­
ous example, that glass appeared different. Wielding as they 
did a different, solution-driven evaluative yardstick, effective 
performance was viewed as perfect performance, a criterion 
that WWMCCS would fail to meet. From their perspective, the 
World Wide Military Command and Control System was not 
merely a child of crisis. In structural terms it was born to fail. 
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Epilogue 

Editor's Note: The World Wide Military Command and Control 
System (WWMCS) was closed down in August 1996 and was 
replaced by the Global Command Control System (GCCS). To 
find out how the new system is currently working, the author 
interviewed Dr. Frank Perry, technical director of the Space 
and Naval Warfare Systems Command (SPAWAR). Dr. Perry is 
the chief technical authority within that command. 

Interview with Dr. Frank Perry 
20 March 2000 

Pearson: Dr. Perry, please discuss your background and ca­
reer, especially with regard to WWMCCS and its successor, the 
Global Command Control System. 

Perry: I have been at SPAWAR for about a year and a half. For 
the previous three and a half years, I was the technical direc­
tor-something like the chief scientist or chief engineer-at the 
Defense Information Systems Agency. That was the interval 
when Global Command Control System was developed. I had 
more than just a little bit to do with that whole development 
process, beginning in May 1995, when I went to DISA, on 
through August of 1998, when I left. So there was that asso­
ciation. There was also an earlier association with WWMCCS 
as well. In 1975 I spent a year as a programmer on the 
WWMCCS system, as a young lieutenant junior grade in the 
Navy, at what was then CINCLANTFLT, at an organization called 
the Atlantic Command Operational Support Facility. It basi­
cally ran the WWMCCS site there. So I had two encounters 
with WWMCCS, first in the mid-1970s, and then during the 
1995-98 time frame at DISA. 

Pearson: Let's go back a decade or so. In your view, what were 
the major themes, the major issues, which set the stage for the 
transition from WWMCCS to GCCS? 
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Perry: As I'm sure you know, WWMCCS was more than just a 
technology. It was not just ADP, but it was an entire process 
associated with deployment, planning, and execution-deploy­
ment meaning large-scale movement of forces in response to 
contingency operations. There certainly was a WWMCCS sys­
tem, the ADP system, interconnected by a network called WIN 
(WWMCCS Intercomputer Network) that evolved back in the 
1970s and went through the cold war era into the post -cold 
war era, based upon some very early networking technologies 
starting back in the mid-1970s. It started off with something 
called PWIN, the Prototype WWMCCS Intercomputer Network, 
and eventually evolved into WIN, predating a lot of the Internet 
kinds of technology that we have today. So it was ADP, plus 
the whole set of processes and people associated with how one 
plans for and executes large-scale movement of forces. So it's a 
whole bunch of processes, people, computers, and networks 
going all the way back to my earliest involvement with it in the 
mid-1970s. 

The world began to change, especially with respect to tech­
nology. You talked a little bit about the world changing with 
respect to the end of the cold war. Well the world changed in 
perhaps as radical a fashion with respect to technology. As 
intercomputer networking became much more recognized, and 
Internet technology emerged on the scene, there was a very 
fundamental shift for a lot of people dealing with military tech­
nology. You went from the mainframe era, lasting through the 
early 1980s, through the minicomputer era, all the way down 
to the client server and desktop machines kind of architec­
tures that we have today, leading off ultimately toward very 
thin client web-based architectures. Throughout the late 
1980s-early 1990s, as those technological changes were start­
ing to gain a foothold, the technology of WWMCCS with its by 
that time very proprietary and relatively low-performance 
wide-area intercomputer network and the mainframe technol­
ogy base was increasingly nonresponsive. It could not ade­
quately evolve to meet the changing characteristics and needs 
of command and control. 

In the post-Desert Storm time frame as well, there was rec­
ognition within the senior leadership of the Joint Staff that 
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one had to evolve this thing called WWMCCS into more than 
just a deliberate planning tool. There was the realization that 
one had to embrace more real-time execution aspects of com­
mand and control at the Joint Staff level, things like theater­
level situational awareness-who's where, when-with respect 
to friendly forces, US and allied, as well as hostile forces. 
Those were challenges that the mainframe WWMCCS system 
never really had on its plate. And as you looked at the proprie­
tary low-performing network and the mainframe-based hard­
ware architecture, you really could not evolve that into some of 
the expanded missions dealing not just with deliberate plan­
ning for deployment but also with crisis planning and some 
execution-related functional capabilities. 

Pearson: Does that mean that there is less of a "strategic" 
emphasis to the Global Command Control System? In the lat­
ter part of its history WWMCCS seemed to be moving in the 
direction of greater emphasis on the command and control of 
the strategic nuclear forces. Does GeCS continue that empha­
sis, or does it expand that emphasis to include theater and 
tactical operations? 

Perry: I wouldn't say it is less of an emphasis on the strategic, 
I'd say it is more an emphasis on other things in addition to 
that. Certainly that major concern is something still there with 
global command and control. But the scope of global com­
mand and control has broadened to encompass support to 
additional capabilities in additional mission areas in the exe­
cution arena. If you look at warfare as defmed in the joint 
service parlance from the national level down to the theater 
and down to the tactical level, you certainly start getting into 
the operational and tactical levels of warfare. 

Pearson: We've been discussing some of the technological 
changes that gave rise to the Global Command Control System. 
How does GeCS differ organizationally from its predecessor? 

Perry: In terms of the elements of the military departments 
that employ it? 
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Pearson: That, or have new organizational entities been cre­
ated to administer the system? How does it look differently, 
organizationally speaking, from how things were under 
WWMCCS? 

Perry: With respect to the mission of supporting command 
and control in crisis planning, it really has the same sorts of 
functional people in the unified and specified CINC organiza­
tions' who have the responsibility of putting those plans to­
gether. For example, supporting CINC organizations, like the 
US Transportation Command, playa major role in assessing 
transportation feasibility. For example, I want to move this 
brigade from point A to point B in 72 hours, but do I have the 
lift capacity to do that? You still have an awful lot of folks 
within the military departments acting as force providers who 
have to figure out, given a requirement for a light infantry 
brigade with a specific set of characteristics, where across the 
Army ground forces can I find such a brigade that meets the 
appropriate readiness criteria? All these topics were issues 
under WWMCCS; they all had constituencies that dealt with 
them across the unified and specified CINC organizations and 
the military departments, and none of that was substantively 
changed with the evolution to GCCS. The replacement of the 
technology was separated from any substantial re-engineering 
of the business processes. That re-engineering is something 
that is certainly of interest to the CINCs and Joint Staff, and 
there are initiatives underway to deal with it. But there was an 
overt decision not to tie fundamental re-engineering of those 
business processes together with the evolution of the technol­
ogy in global command and control. It was difficult enough 
doing one without trying to do both at the same time. 

With respect to the institutions to run them, you used to 
have, depending upon what point in time you looked at it, 
anywhere from 21 to 26 mainframe computer sites internet­
worked around the world with WWMCCS. Now we have 
shrunk down to a smaller number of GCCS major server loca­
tions internetworked around the world, and the size of the 
staffing pool to administer them dropped fairly dramatically in 
the process of moving forward to the more modern technology. 
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We also have slightly fewer locations, substantially fewer peo­
ple required to keep GCCS running, but not a fundamentally 
new paradigm for how to administer GCCS. So organization­
ally, given that one did not fundamentally change the business 
processes for deployment planning, organizationally there was 
not substantial change. 

Given that GCCS did start picking up missions that it did 
not previously support at the operational and even tactical 

. level of warfare, (for example, maintaining tactical situation 
awareness), then you find evolution of doctrine occurring in 
terms of establishing something like a common operational 
picture. That doctrine addresses assembling a common opera­
tional picture across an area of responsibility such as the US 
Central Command AOR in and around the Arabian Sea for 
their forward-deployed forces, and how that whole picture 
would get relayed back to Central Command headquarters at 
McDill AFB in Tampa and then out to the stateside compo­
nents in their service supporting organizations, like Ninth Air 
Force at Shaw AFB. In the event that something happened, 
everybody could be looking at the same picture and having a 
discussion in context about what's going on, rather than hav­
ing a discussion with multiple independent mental images of 
the situation. 

Pearson: How about DISA? Have there been increased organi­
zation responsibilities for DISA since the time of the creation of 
GCCS? 

Perry: Yes. DISA produced GCCS and continues to evolve it to 
this day, so there is more of an initial development effort and 
an evolutionary development effort there than had been the 
case with WWMCCS, where WWMCCS was largely in cata­
strophic maintenance from a software point of view. 

Pearson: Throughout its history, some people considered 
WWMCCS to be a "bureaucratic fiction," an organizing princi­
ple, more than it was a real system with a hard commitment of 
personnel, equipment, and funds. Give us an idea of why, in 
your view, this is not true for GCCS? 
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Perry: I didn't use the term bureaucratic, and I guess I 
wouldn't: it's not in my own mental picture of it all, neither in 
the earlier days of WWMCCS or in the later days of global 
command and control. My mental picture of it is more a set of 
business processes, a set of people to execute them, and ADP 
support. I think that the major change that has occurred with 
the introduction of GCCS is that the ADP support for the 
previous mission of deliberate planning has improved fairly 
substantially. And the evolved missions of crisis planning: since 
things don't happen on the same timelines any longer, the 
technology support for those new missions has been enabled. 

Pearson: Going back over WWMCCS's history, one of the ma­
jor dynamics shaping the system during the cold war era was 
a tension between the forces of centralization, represented pri­
marily by OSD and such agenCies as DCA, and the forces of 
decentralization, represented in the main by the military de­
partments. Is that sort of tension still apparent in GCCS? 

Perry: To some degree-probably to a slightly lesser degree 
than previously. I think that what you're referring to is in no 
small part a fundamental element of how we're organized within 
the Department of Defense. But as you look at the deployment 
planning mission, there is really not a lot of tension there 
because that really is a war-fighting commander in chief-focused 
job, and it really can't be done effectively in any other fashion. 
I think that if you go back to some of the very early days of 
WWMCCS, I would agree with you that a lot of that tension 
was there, and that a lot of service-specific extensions to 
WWMCCS were built. There are still some service-specific ex­
tensions built on top of Global Command Control System to 
meet some of the service-unique requirements associated with 
the deliberate or crisis planning process. But in myassocia­
tion with it recently, I have not really perceived that to be a 
tension. I perceive that to be more of a fact of life, that one has 
to add some service-unique capabilities on top of the. joint 
capability in order to have it make sense to the independent 
services as force providers. Given the very different charac­
teristiCS of deployment across the services, with the Army and 
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the Air Force being garrison-based forces, and the Navy and 
the Marine Corps being, if you will, perpetually deployed forces, 
there are just some fundamental differences that must be 
acknowledged. 

When you begin to look at some of the new missions that 
have been added to GCCS, and again I focus on things like 
situation awareness, there has been a broad embracing of 
those capabilities across the military departments. You will 
find today a GCCS Maritime within Navy, that takes the joint 
product one hundred percent and extends it where necessary, 
but it's not just a word game. The intent within Navy is to 
embrace the joint system, extend it where necessary to support 
maritime needs, and to deploy it as our mainstream GCCS 
Maritime command and control capability. We will not deploy 
something different and just anoint it, in bureaucratiC faction, 
and call it GCCS Maritime. We actually deploy the same identi­
cal software. To greater or lesser degrees I think many folks 
within the services and service programs have begun to adopt 
this philosophy. 

Pearson: Let's return to ADP for a moment. How have im­
provements in ADP technology over the past decade or two 
impacted upon the need for standardization of both hardware 
and software? 

Perry: Well, the software for GCCS is standard, and with the 
exception of the service-specific extensions to it, it is all pro­
duced by DISA. Standardization of the applications is very 
important today to achieve the level of interoperability and 
interworking that is necessary to support the mission. The 
individual services don't go off and build their own alternative 
GCCS systems from the ground up. The philosophy is for them 
to take the base system from DISA and extend it where neces­
sary. And some other technological constructs come into play, 
such as the Defense Information Infrastructure Common Op­
erating Environment-DIICOE for short. In the early 1990s, 
when the whole push to try and move from WWMCCS ADP to 
GCCS emerged on the Joint Staff, the thinking was that there 
would be a common software baseline for this thing called 
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GCCS and it would be adopted by everybody. One of the things 
that changed in the 1995-96 time frame as we began to 
implement GCCS was a recognition that that common soft­
ware framework, and a common integration approach, wasn't 
unique just to command and control but was applicable in 
other domainS as well-for instance, in combat support and in 
intelligence processing. So DIICOE got constructed to abstract 
that away from the specific mission area of command and 
control into a more generalized integration philosophy, looking 
at where it's important to have identical common software and 
where it's not. But now today, GCCS is built on top of this 
environment called the DII Common Operating Environment, 
and many of the other service command and control systems 
are built on top of that same environment, to begin to achieve 
some of that same level of commonality. 

Now with respect to hardware, you need to begin to differen­
tiate between the commodity environment on the desktop and 
the large-capacity back room data servers or application server 
environment that an awful lot of the application software has 
to reside on. Today, DISA and the services basically provide 
the back end server architecture, but even that is fairly com­
mon at this point, and it has been constructed so that in many 
cases when you get to individual client desktops, commodity 
PCs are adequate to interact and accomplish the mission. 

Pearson: Given those kinds of changes, what is the current 
status of the WWMCCS Intercomputer Network? What hap­
pened to it and where is it now? 

Perry: When WWMCCS was shut down in August of 1996, the 
WIN was shut down as well. 

Pearson: In what other ways has the computer revolution af­
fected the ability of GCCS to serve its users? 

Perry: How well it does off into the future in serving its users 
is going to depend upon how well it evolves. The new capability 
was put into place when WWMCCS was shut down in August 
of 1996. If you go back and look at the development process 
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that got us there, it really started in earnest in November of 
1994. And going pretty much from a standing start through 
worldwide deployment. to the point of being able to shut down 
WWMeeS and the WIN in August of 1996-a period of 21 
months-was no small feat. There were some efforts earlier, 
but they didn't really start coming together as a cohesive and 
integrated development effort until about November of 1994. 

As you look at what has transpired since the initial opera­
tional capability in August of 1996, there have been several 
incremental, and I believe one major, upgrades of the software 
capability. GeeS, like most any command and control system, 
is going to need to continue to evolve over time to meet evolv­
ing and in some cases expanding needs as articulated by the 
user community. The Joint Staff is the major user community 
representative, and that's really centered with the Operations 
Deputy on the Joint Staff, J-3. That's a very good thing, be­
cause the operators are the ones served by the system. The 
fact that the Joint Staff J-3 is engaged in managing and lead­
ing the requirements process, and in working with DISA and 
with the services to prioritize those requirements for imple­
mentation on some evolutionary development scale, is a very 
positive construct for GeeS to be viable. It will have to con­
tinue, and GeeS will have to continue to deliver. 

Pearson: You have referred several times to the "evolutionary 
approach" to command and control system development. This 
approach holds that command and control systems are 
unique, requiring an equally unique management approach in 
which systems evolve "naturally" over time. What is the status 
of evolutionary thinking in GeeS today? 

Perry: Well, inside of GeeS, and inside of DOD overall, there 
is a very recent revision to DOD 5000, which is essentially the 
acquisition policy and regulation for the Department of De­
fense. I think that over the years there has been progressively 
more and more realization that command and control is an 
information technology-based capability, and building that is 
fundamentally different than building a thousand Block 3 
Tomahawk missiles, for example. In a lot of weapons programs 
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the acquisition mind-set has been that you define your re­
quirements, you layout a program, you reach initial opera­
tional capability with the program, you finish it out, you reach 
final operational capability with it, and you're done. With com­
mand and control and information technology as it's evolving 
in today's world, you will never be done. In my view, the day 
you think you're done is the day you're on your way to a 
going-out-of-business plan. 

Because the information technology you and I see on our 
desktops at home or in our office environment is changing so 
dramatically, we must provide capability commensurate with 
that in order to keep the users engaged and to keep it relevant. 
So the whole philosophy of "being done," from an acquisitions 
perspective, is one that does not fit in the information technology­
based capability environment of command and control. I think 
there is progressively more and more recognition of that even 
in the formal acquisitions structures of the department. 
Change is always difficult, and this certainly represents 
change. So every once in a while there are assaults on at­
tempts at change. But GCCS is reflective of the way that a lot 
of command and control and other IT-based acquisitions are 
moving and evolving within the department. As I said, if you 
look at some of the evolutionary and experimental features 
discussed in the most recent revision to DOD 5000, I think 
you will see progressively more and more of that becoming 
formally articulated as the policy of the Department of De­
fense. 

Pearson: Effectiveness has always been considered the ultimate 
dependent variable in any organizational analysis. Throughout 
its history, WWMCCS was frequently characterized as "iIieffec­
tive." I wonder if you could comment on how effectiveness is 
assessed inside GCCS, and, given the assessments, how effec­
tive is the system perceived to be. 

Perry: I think as you look back over history, as WWMCCS first 
began to emerge, the more conventional contingency planning 
for deployments was fairly stationary. The geography of the 
Fulda Gap· in Europe is what it is. The array of forces that 
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were there in the cold war environment was pretty well under­
stood. These days, a lot of the contingency operations that the 
department fmds itself responding to, like a joint task force for 
a noncombatant emergency evacuation or something like that, 
are "come as you are," very short timeline events. The other 
aspect of the overall structure of WWMCCS that was always 
problematiC is that you not only needed to plan for a large­
scale deployment of forces, you also needed the ability to monitor 
the execution of that deployment. And where the WWMCCS 
process and technology had difficulty in the past was that 
there were not closed-loop data feeds to permit monitoring of 
the execution of the deployment. As you went into the first 
several days or weeks of the deployment of 500,000 men and 
women and all their associated materiel in support of some­
thing like a Desert Storm, you didn't have the closed-loop 
feedback mechanisms in place as a matter of course, either 
from the processes or the technology, to support that monitor­
ing. So that issue, plus the evolving nature of deployment 
planning-going from less and less very deliberate planning to 
more and more crisis emergent sorts of deployment planning­
those are certainly issues that affected WWMCCS and at least 
in part led to some of the issues associated with effectiveness 
that you have obviously heard about and are referring to. 

As you begin to look at GCCS, the business processes haven't 
changed, and as a consequence those deployment execution 
monitoring capabilities have not been added to it. So some of 
those issues are in fact still issues, and they are in fact still 
being worked by the Joint Staff in cooperation with the mili­
tary departments. Folks are now beginning to use the capability 
of the technology since the technology has changed in GCCS, 
and folks are starting to use that capability to evolve progres­
sively more and more capability for transportation visibility 
and in-transit visibility of the various pieces of the deploy­
ment. So I guess as the bottom line, I wouldn't attempt to 
convey to anybody that we have achieved Nirvana in the de­
ployment of GCCS, but I think that the evolutionary process 
and the modern technology implementations enable people to 
tackle some of the more fundamental process issues that were 
at the root of many of the effectiveness problems that you 
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referred to in WWMCCS. Folks are starting to tackle those 
issues now, whereas the nature of the mainframe technology 
in WWMCCS made it next to impossible to tackle them in the 
past. 

Pearson: Since the implementation of GCCS, what have been 
its major areas of success, in your view, and what are the 
major challenges that the system faces in the upcoming dec­
ades? 

Perry: I think the major success was in the initial deployment 
and the subsequent evolutionary upgrades, basically taking 
something that had been in place since the early 1970s 
through 1996 and actually replacing it. That was a monumen­
tal task given the fact that over those 25-plus years the old 
system had extended tentacles throughout the military depart­
ments into so many different locations, in so many different 
organizational elements. I think it was a major feat to be able 
to move off of that old, obsolete implementation base into a 
more modern technology that permits addressing the issues 
that we've been discussing here. 

Challenges for the future? As with any transition, change is 
always difficult, and gaining user acceptance has been a bit of 
a challenge because it's not the same old WWMCCS everybody 
was used to. I think most of those challenges are behind the 
department at this point. We've been operating on it for three 
and a half years now, since August of 1996 through today, 
and progressively more and more people are coming to accept 
the change. understand it, and. in many cases. embrace it 
because of the potential empowerment. I think if you went out 
and surveyed a whole bunch of former WWMCCS users you 
could still fmd a little bit of discord given that it is change. but 
I don't think you would fmd a lot of that today. And I think the 
real issues as we move off into the future are going to be the 
evolution of business processes for the deliberate crisis planning, 
deployment, and execution issues that we've talked about, as 
well as extending its combat execution monitoring and aware­
ness kinds of capabilities. I think that the more significant 
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issues are going to be those kinds of changes that are still 
ahead of GCCS and its employment across DOD. 

Pearson: Any fmal thoughts with regard to the changes that 
have taken place, or any fmal concerns we should keep in 
mind? 

Perry: No, none that we haven't already discussed, though as 
an interesting footnote I'll observe that you can now find pieces 
of WWMCCS in the Smithsonian Institution. When it was shut 
down in 1996, the department donated pieces of WWMCCS to 
the Smithsonian as a fairly significant element of at least the 
military side of national history, and they accepted it. Things 
like some of the computer equipment and terminals, or ele­
ments of it. Things like shopping carts that were used to wheel 
large stacks of WWMCCS printouts around the Pentagon were 
also a part of what was donated, and I'm not quite sure what 
they're doing with it right now. But as you indicated in your 
questions, WWMCCS was a lot more than that. 

Pearson: Dr. Perry, thank you very much. 
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