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The Honorable WIlllam Lehman 
Chairman, Subcommittee on 

Transoortatlon 
Committee on Appropriations 
House of Representatives 

Dear Mr. Chairman: 

The Federal Aviation Administration (FAA) plans to spend 
approximately $725 million to develop, acquire, and operate new 
computers for its 20 air traffic control centers. These so-called 
"Host" computers are intended to provide needed computer capacity 
to handle, without delay, air traffic anticipated in the late 1980s 
and the 1990s. The computers will also provide the needed capacity 
for software additions that are intended to improve air safety and 
efficiency. As such, it 1s important that the decision to acquire 
these capabilities be made on a sound basis. This report responds 
to your May 10, 1984, request that we determine whether FAA's test- 
lnq of two vendors' prooosed Hoc;t computer systems will provide 
adequate lnformatlon uDon which to base a oroductlon decision 
scheduled to be made in June 1985. Specif icallv, you asked us to 

'examine the soundness of FAA's pro]ections that capacity 
shortaqes in exlstlnq commuters will siqnlflcantly delay 
air traffic; 

'evaluate the adequacy and completeness of the performance 
testlnq conducted on the proposed Most computers; and 

"determine the status of FAA plans to install "functional 
enhancements" (new software) on the Host computers. 

The House Committee on ApproDriations has stressed the impor- 
tance of testlnq systems under reallstlc condltlons. In reports on 
the 1984 and 1985 apDroprlatlons,l the Committee directed FAA to 
fully test the Host computer's performance, before maklnq a produc- 
tion decision, to ensure that operational reuulrements could be met 
or exceeded. 

IReports on Deoartment of Transportation and Related Aqencies 
Appropriation Bills, 1984, H.R. 98-246 and 1985, H.R. 98-859. 
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In February 19852 FAA responded to your concerns about Host 
computer issues. We have reviewed this response and have lncorpo- 
rated FAA’s position in our evaluation. 

Our flndlngs are summarized below and are discussed In more 
detail in appendix I. Appendix II describes our ob]ectives, scope, 
and methodology. 

FAA HAS NOT ADEQUATELY SUPPORTED 
THE URGENCY OF MAKING ITS PRODUCTION 
AND VENDOR SELECTION DECISIONS 

FAA has not adequately substantiated prelections of air traf- 
flc delays due to computer capacity shortages--its primary reason 
for planning to make a production declslon In June 1985 and a ven- 
dor selection declslon In July 1985. FAA’s pro]ectLons of these 
delays are based on a computer model whose rellablllty and accuracy 
are uncertain. 

FAA’s model uses unverlfled assumptions about, for example, 
(1) air traffic dlstrlbutlon among air traffic control centers and 
(2) the point at which the current computers become overloaded and 
delay air traffic. While the model may be sufficiently accurate 
and reliable to support assertions that certain air traffic centers 
will eventually encounter computer capacity problems, it does not 
provide the precision and confidence to adequately support FAA’s 
claimed urgency that it must make production and vendor selection 
declslons by July 1985. In discussions with FAA offlclals re- 
garding the use of these unverlfled assumptions, we were told that 
FAA’s proJections can be viewed as accurate within plus or minus 2 
years. 

FAA’s latest prolectlons indicate that air traffic delays may 
not be as great as FAA originally reported to the Congress in 1982. 
At that time, FAA prolected that up to eight centers could experi- 
ence significant traffic delays by 1989. FAA now prolects that 
four centers will experience delays by 1989. Of these centers, 
only two are proJected to experience significant delays. Our dls- 
cussions with automation officials at the two centers indicate that 
neither 1s actually experiencing the significant delays proJected 
by the model. In its February 1985 response to the Congress, FAA 
prolected that, by the end of 1987, 253 occurrences of air traffic 
delays could be Incurred nationwide. ProJectlons based on more re- 
cent aviation forecasts show 135 occurrences by the end of 1987, or 
about a 47-percent reduction. Prolectlons through 1989 show about 
a 28-percent decrease--from 716 to 519. 

2Response to Congressional Concerns Regarding the FAA’s Advanced 
Automation Program for Air Traffic Control, DOD/FAA/AAP-85-1, 
Feb. 1985. 

2 
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FAA TESTING DOES NOT CONVINCINGLY 
SHOW THAT PROPOSED SYSTEMS CAN 
PROVIDE NEEDED CAPABILITY 

FAA's performance testing during the design competition phase 
was not in accordance with guidance establlshed by the Office of 
Management and Budget and the Department of Transportation (DOT). 
Both the system performance test and the environment in which the 
test was conducted were slgnlflcantly less demanding than the oper- 
ational capabllltles the Host computer must provide. According to 
rAA, the unavallablllty of an adequate workload test and limita- 
tions at its test center, among other reasons, prevented it from 
performing realistic system performance tests. Because of testing 
shortfalls, convincing evidence 1s lacking on whether either 
vendor's system can adequately provide the performance needed. 

Office of Management and Budget Circular A-109 and DOT Order 
4200.14B state that, before a production decision is made, realls- 
tic system performance tests should be conducted in the operational 
environment or in an environment which realistically represents the 
operational condltlons in which the system 1s expected to perform. 
This guidance 1s key to ensuring that the selected system meets the 
government's needs. In addition, the House Committee on Approprla- 
tions has directed FAA to fully test system performance, before 
making a production declslon, to ensure that operational requlre- 
ments can be meL or exceeded. 

We found, however, that FAA used a performance test that 
represented the 1970s air traffic environment. For example, per- 
formance test results showed a peak aircraft tracking workload of 
about 450 aircraft per air traffic control center. However, FAA 
expects the Hcst computer to track as many as 600 aircraft at cer- 
tain centers in the 1990s. Also, key automated operational func- 
tions, such as those which aid the controller in detecting poten- 
tial aircraft collisions, were not used during the system perfor- 
mance test. FAA officials said that, because of its complexity, a 
representative test was not available during the design competltlon 
phase. 

In addition, due to limited capabilities, FAA's Technical 
Center was unable to simulate an operationally realistic air traf- 
flc control center environment during design competltlon phase 
testing. While tests at the technlcal center were limited to 12 
controller positions, the actual controller workload at some 
centers can include as many as 60 posltlons. FAA officials said 
that, in their view, the expense in time and money to create a more 
realistic test environment was not worth the perceived benefits. 

Proceeding to production witnout sufficient information on 
system performance could lead to additional time and money being 
spent in order co provide a system that performs as required. 
Similar acqulsltlons of malor computer systems that were based on 
Inadequate system performance testing demonstrate these effects. 
The Air Force may have to spend an additional $200 million to 
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upgrade its Phase IV Base Level Computer System so that it will 
meet requirements. And the Army is experiencing difficulty meeting 
mission needs because its base operations system must use its con- 
tingency capacity to meet day-to-day requirements. In both cases, 
production declslons were made without sufflclent lnformatlon on 
system performance. 

FAA recognizes that it did not perform operationally realistic 
system performance tests. However, program offlclals explained 
they have taken actions which will provide sufficient confidence 
that the chosen system can meet its operational needs. For exam- 
ple, FAA estimated the minimum computer processor speed required in 
mllllons of lnstructlons per second and required vendors to demon- 
strate the capability to upgrade to the next size processor if this 
estimate is low. FAA also plans to conduct a more realistic system 
performance test after the production vendor 1s selected to ensure 
that the system fielded can handle the heavier workload anticipated 
in the 1990s. This performance test will be conducted as part of a 
planned 4-month software testing effort. 

In addition, FAA may receive addltlonal evidence of system 
performance when lt evaluates vendor proposals in response to the 
acqulsltlon phase request for proposals. However, this lnformatlon 
will not be used to support the production decision. 

Regarding FAA's actions, we have serious concerns about using 
computer processor speed as the basis for estlmatlng the mlnlmum 
performance needed in its Host computers. Computer processor speed 
1s a measure of the capability of one central component of a com- 
puter system. We believe that response time is a better indicator 
of system performance. Response time --the elapsed time between the 
end of an inquiry or demand on a data processing system and the be- 
ginning of the response-- 1s dependent on how well processors, perl- 
pheral devices, communlcatlons, and software work together as a 
system. We therefore question whether an upgrade In the speed of 
the computer processor 1s an adequate way to solve all potential 
system performance problems. 

According to Office of Management and Budget and DOT gulde- 
lines, operationally reallstlc system performance testing should be 
conducted before the production decision. Such tests are an ef- 
fective means of ensuring that the system selected will satisfy 
FAA's needs. It would appear that testing both vendors' systems 
before production would have provided better performance lnfor- 
matlon for the production declslon without greatly extending the 
program's overall schedule. This 1s particularly true in light of 
the potential plus or minus 2-year variation in FAA's traffic delay 
pro-Jections. 

TESTING DOCUMENTATION AND TECHNICAL OVERSIGHT 
OF PERFORMANCE TESTING WERE INADEOUATE 

Although required to do so, FAA has not adequately documented 
Its actions In planning, monltorlng, and appralslng the testing of 
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vendor systems during the design competition phase. Technical 
oversight of performance testing for the Host computer was also 
inadequate. Consequently, the usefulness of test results was 
reduced. 

Offlce of Management and Budget and DOT criteria emphasize 
management controls, such as documentation and program monltorlng. 
Specifically, agencies should formally document their system test- 
ing and evaluation actlvltles. DOT guidelines further state that 
the Deputy Secretary of Transportation and DOT's Transportation 
Systems Acquisition Review Council (TSARC) should monitor the Host 
computer acqulsltlon to ensure that system performance risk 1s 
being adequately reduced. In addltlon, FAA orders require the 
Operational Test and Evaluation Staff to evaluate Host computer 
operational readiness before the production decision and report 
their results to the FAA Deputy Administrator. 

We found that FAA (1) did not prepare a plan describing test 
oblectlves, scope, timing, and crlterla; (2) did not document its 
plan for evaluating vendor tests reports; and (3) will not document 
its analysis of vendor tests until after the production vendor has 
been selected. 

The Director of the Advanced Automation Program Office recog- 
nizes that formal documentation for some Host computer program 
actlvltles does not exist. He explained that formal documentation, 
although importapt, would have placed a heavy burden on his staff 
given the ambltlous acquisition schedule of the Host computer. 
Rather, he established procedures which he believed provided in- 
sight Into the vendors' progress. For example, he required FAA to 
use the quarterly program review process to provide comments to the 
vendor, such as lndlcatlng whether vendor system design and correc- 
tive actions were responsive to the agency's engineering requlre- 
ments. However, we believe that without documentation of the 
agreements reached between FAA and the two vendors, the effectlve- 
ness of FAA's management control cannot be fully evaluated. 

We also found that independent technical oversight of system 
performance issues was inadequate. TSARC has provided limited 
monitoring of the program's technical aspects. FAA's Operational 
Test and Evaluation staff was limited by the Advanced Automation 
Program office's untimely release of technical lnformatlon and 
test data used by the vendors to prepare their test reports. DOT 
officials told us that they believe TSARC has provided adequate 
overall management oversight and that all information pertaining to 
the Host computer program will be considered before determining if 
the computer IS ready for production. 

STATUS OF FAA PLANS TO INSTALL 
NEW SOFTWARE ON THE HOST COMPUTER 

You asked us to determine the status of air traffic control 
software additions, or enhancements, 
air safety and efficiency. 

whicn are intended to improve 
We concentrated on the Mode C Intruder, 
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En Route Metering II, and Conflict Resolution Advisory functions 
because they are scheduled to be the first three enhancements to be 
installed on the Host computers. (See app. I, p. 12.) According 
to FAA Advanced Automation Program officials, these three enhance- 
ments were not ready when the design competition phase testing took 
place. 

We found that the Mode C Intruder enhancement, contrary to 
FAA's February 1985 report, is scheduled for implementation on cer- 
tain existing computers before, rather than after, the Host 
computer 1s installed. The status of En Route Metering II is 
uncertain. This software, described as a critical improvement with 
large benefits, may not be implemented because modlflcatlons to the 
current En Route Metering function on FAA's exlstlng computer may 
make it more effective than the proposed features of En Route 
Metering II. 

We verified that the implementation schedule of the Conflict 
Resolution Advisory enhancement is the same as the one provided in 
FAA's February 1985 response. However, FAA did not describe 
problems with the generatlon of false alerts produced by an ex- 
isting function critical to the proper operation of Conflict Reso- 
lution Advisory-- referred to by FAA as "conflict alert." These 
problems still exist. 

CONCLUSIONS 

In our opinion, a decision to acquire a system as complex and 
important to the Nation's air traffic control system as the Host 
computer must be made on the soundest possible basis to assure that 
the system will meet FAA's operational needs. 

Our review did not disclose persuasive reasons why realistic 
performance testing should occur only after the production and 
selection decisions have been made. FAA's fundamental reason for 
the need to meet the July 1985 vendor selection milestone is to in- 
stall the Host computers in time to avoid air traffic delays caused 
by the limited capacity or its current computers. However, impor- 
tant assumptions used by the model to forecast delays caused by 
computer capacity shortages have not been verified. Further, FAA's 
recent pro]ections of significant aircraft delays caused by compu- 
ter capacity shortfalls have shown that estimated delays have de- 
creased-- from a prolectlon that they would occur at up to eight 
centers by 1989 down to two centers for that same year. 

FAA's testing of proposed systems has not provided convincing 
evidence that either vendor's proposed system can meet operatlon- 
ally realistic workloads. Further, its actions to compensate for 
this less-than-realistic performance testing do not provide ade- 
quate assurance that the system to be selected will perform as 
needed. DOT's and FAA's technical oversight of the testing program 
has been limited by incomplete and untimely documentation and 
untimely release of technical lnformatlon and test data to its test 
and evaluation staff. 

6 
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It appears that completing the performance testing on both 
vendors' systems before production and providing technical over- 
sight would yield better system performance lnformatlon for the 
production declslon without greatly extending the overall program 
schedule, particularly In light of the lack of preclslon ln FAA's 
air traffic delay-prolectlons and the avallablllty of a more 
reallstlc workload tape in June 1985. 

The House Committee on Appropriations directed FAA to fully 
test Host computer system performance before the production decl- 
slon was made. FAA assured the Committee that sufficient testing 
would be performed. On the basis of our review of the performance 
testing in the design competltlon phase, we believe that FAA has 
not provided such assurance. 

While the Congress expected FAA to conduct realistic perfor- 
mance testing of the proposed Host computers before the production 
declslon, in our opinion, the FAA design competition testing did 
not satisfy this expectation. However, other factors may be rele- 
vant in determlnlng whether to defer the production declslon, ex- 
tend the design competition phase, and perform more reallstlc per- 
formance testing on the proposed Host computer systems. Principal 
among these other factors 1s evidence offered in the vendors' re- 
sponses to the acquisition phase request for proposals on how their 
systems would meet FAA's future operational needs. These factors 
were not included in the scope of our review because they are not 
currently considered as part of the basis for the production decl- 
slon. 

RECOMMENDATIONS TO THE 
SECRETARY OF TRANSPORTATION 

TO ensure that FAA's operational requirements for the Host 
computers are met, we recommend that the Secretary consider the 
merits of deferring the production and vendor selection declslons 
for the Host computers, extending the design competition phase, and 
performing more reallstlc performance tests on both vendor systems. 
The Secretary should consider (1) the uncertainties associated with 
the proposed Host computers' ablllty to support operationally 
reallstlc workloads, (2) the questionable preclslon and reliability 
of FAA's computer model to pro]ect near-term air traffic delays 
caused by current computer capacity shortages, and (3) the apparent 
lack of significant near-term air traffic delays associated with 
FAA's current computers. Our review did not disclose persuasive 
reasons why realistic performance testing should occur only after 
the productlon and selection decisions have been made. We belleve 
that the Secretary may have to weigh other evidence together with 
our review flndlngs, In arrlvlng at the declslon to proceed with or 
defer the productlon and selectlon declslons. 

If the Secretary decides to proceed with these declslons with- 
out realistic performance testing, notwlthstandlng the above-men- 
tioned uncertainties, then we recommend that the Secretary, in ad- 
vance of proceeding, provide the appropriate congressional 
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committees with the Department's views and the support for these 
views, particularly on the performance uncertainties. 

MATTERS FOR CONSIDERATION 
BY THE CONGRESS 

We believe that if the Secretary decides to proceed without 
reallstlc performance testing and without adequate explanation of 
the urgency of proceeding, the Congress should consider dlrectlng 
the Secretary to defer the contract award. 

As requested by your office, unless you publicly announce its 
contents earlier, we plan no further dlstrlbutlon of this report 
until 30 days from Its date of issuance. We will then send copies 
to the Secretary of Transportation, the FAA Admlnlstrator, and 
other interested parties, and will make copies available to others 
upon request. 

Sincerely yours, 

of the Ullted States ' 
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RESULTS OF OUR REVIEW 

E4CRGROUND 

Today, air traffic controllers use two types of computers made 
by the International Business Machines (IBM) Corporation--9020A and 
902OD--to process radar surveillance and flight plan data and to 
help them manage air tratflc at FAA's 20 air traffic control cen- 
ters. IBM 9020A computers are located at 10 sltesl and IBM 902OD 
computers are at the other 10 sites. 

FAA has stated that these computers, acquired in the 197Os, 
will not be able to handle increased air traffic and planned soft- 
ware addltlons without delaying traffic. Thus, FAA is developing 
and acqulrlng Host computers to replace all IBM 9020s. FAA envl- 
slons that, compared with the IBM 9020, the Host computer will be 
larger and more reliable and will be able to carry out new air 
traffic control functions deslgned to enhance safety and effl- 
ciency. 

FAA plans to modify IBM 9020 software to operate on the Host 
computer-- a procedure known as 'rehostlng." Software redesign will 
take place In the 1990s when the Advanced Automation System 1s im- 
plemented. The Advanced Automation System will introduce new con- 
troller workstations, processors, and local communications net- 
works. In addltlon, It will provide the vehicle for lmplementlng 
new automated air traffic control functions. 

FAA 1s introducing the Host computer In two phases: the de- 
sign competition phase and the acquisition phase. During the first 
phasep two vendors-- IBM Corporation and Sperry Corporation--acre 
required to submit designs for rehostlng the IBM 9020 software and 
essential support software. They then attempted to confirm perfor- 
mance claims by running the rehosted software on their respective 
computer systems at the FAA Technical Center in New Jersey. One of 
these two vendors ~111 be selected for the production contract in 
July 1985 and will enter the acqulsltlon phase. During thns phase, 
the remaining IBM 9020 non-essential support software will be re- 
hosted, and the new Host computer systems will be Installed at the 
20 centers, as well as 4 other locations. Each vendor is required 
to propose a system from a family of software-compatible products 
so that, should the need arise, the system can be upgraded without 
having to change the software. 

DOT has designated the Host computer program as a mayor system 
acquisition. As such, the program progresses through several key 
milestones. At each milestone, the Deputy Secretary and TSARCI 
review FAA's basis for proceeding to the next stage. In June 1985, 
---- ---- --- 

'TSARC Includes the Deputy Secretary, the Assistant Secretarles, 
and the General Counsel. 
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the Deputy Secretary and TSARC will determine If FAA nas adequately 
]ustlfied the need for the Host computer and nas sutflciently 
dddressed system pertormarlce issues. If the Deputy Secretary 
believes FAA has addressed these issues satisfactorLly, he will 
approve the Host computer for production. Then, In mid-July 1985, 
DOT's designated Source Selection OfElcial (in this case the Deputy 
Secretary) can select the prcductlon vendor for the Host computer. 

FAA'S PERFORMANCE TESTING OF HOST 
COKPUTERS WAS CONDUCTED UNDER 
UNREALISTIC CONDITIONS-- 

FAA's testing of IBM's and Sperry's proposed systems was not 
done in accordance with established criteria for acquiring major 
systems. Both the system performance test and the environment in 
which the test was conducted were slynificantly less demanding than 
the operational capabilities which the Host computer must provide. 
Consequently, neither vendor's system may provide the performance 
needed. Experience has shown that proceeding to production without 
such assurance could lead to the lnstallatlon of systems tnat do 
not provide the needed operational capablllty and to costly 
upgrades to achieve such capability. 

gfflce of Management and Budget and 
DOT guidelines provide-crlterla for 
reduclnq performance risk 

Office of Management and Budget Circular A-109 and DOT Order 
4200.14B provide guidelines for acquiring malor sysLems. These 
guldellnes state that full production may be approved when an 
agency has (1) reaiflrmed mission needs and program ObJectlves and 
(2) addressed system performance issues adequately. Regardlny 
system performance issues, the DOT order states that, before a 
production decision is made, realistic system performance tests 
should be conducted In the operational environment or in an 
environment which reallstlcally represents the operational 
corldltions in which the system is expected to perform. The 
guidance 1s intended to ensure that the decision ofticial, ln this 
case the Deputy Secretary, will have sound and ObJectlve 
lnformatlon to determine whether to proceed to the production 
phase. 

The importance of conducting realistic tests was reinforced 
during 1984 and 1985 appropriations process. The House Committee 
on Appropriations directed FAA to fully test Host computer system 
performance, before maklng a production decision, to ensure that 
operational requirements could be met or exceeded. In particular, 
the Committee was concerned (1) about whether FAA's tests would 
sufflclently explore potential software performance problems and 
(2) about the tests’ impact on overall system performance, In- 
cluding rellablllty, especially under peak air traffic control 
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condltlons of the 1990s. The Committee stated that It would con- 
sider deferrlng the Host production contract If its concerns were 
not addressed. A Transportatlon Systems Center study prepared for 
TSARC also pointed out the need for performance testing which would 
be representative of future heavy workloads. 

FAA did not conduct a realistic 
prformance test of the Host system -- 

FM used a system performance test which represented the air 
traffic environment in the early 1970s. The test did not represent 
the mix of controlled and uncontrolled aircraft, types of aircraft, 
or routing patterns in whicn the Host computer would operate today 
or in the future. For example, the performance test had a peak 
aircraft tracking workload of approximately 450 aircraft per air 
traffic center. FAA expects the Host computer to track as many as 
600 aircraft at certain centers in the 1990s. The 600-track esti- 
mate was derived from FAA's annual aviation forecast. Key auto- 
mated operational functions, such as those which aid the controller 
in detecting potential mid-air and ground collisions, were not 
active during the system performance test. 

Because of limited capabilities, FAA's Technical Center could 
not simulate a realistic air traffic control center environment. 
For example, while tests at the technical center were limited to 
12 controller positions, the actual controller workload at some 
centers can include as many as 60 positions. In addition, the 
technical center could not simulate a communications and input/out- 
put workload that included a realistic number of radar input chan- 
nels and radar processing and a realistic amount of communlcatlon 
with other air traffic control centers. FAA officials explained 
that time constraints and costs prevented them from testing in a 
more realistic air traffic control environment. Advanced Automa- 
tion Program officials believe this realism 1s not needed to ade- 
quately evaluate vendors' proposed systems before production. They 
said that, in their view, the expense In time and money to create a 
more realistic test environment was not worth the perceived bene- 
fits. 

Consequences of inadequate 
information on system performance 

Proceeding to production without complete and accurate infor- 
mation on system performance signlflcantly increases risk. If FAA 
and DOT proceed to production without accurate information on sys- 
tem performance, FAA could acquire a system which may not handle 
the 1990s workload, and it would have to spend more time and money 
to field such a system. 

3 
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We have seen the effects of Inaccurate system oerformance data 
at other aqencles. In 1984, we reported2 that the Air Force made 
Its productlon and selectlon decJs1ons reqardlnq the Phase IV Base 
Level Computer Replacement Proqram without adequately testlnq the 
workload. The Air Force IS now assessinq how much it ~111 cost to 
upqrade this system to meet operatlonal requirements. Accordinq to 
the Air Forcer Phase IV upqrades may cost almost S200 million. 

Similarly, the Army Audit lqency reported3 that the Army did 
not conduct reoresentative workload testinq before awardlnq a con- 
tract to automate Its base operations. Current computer usaqe 1s 
over twice that which was portrayed durlnq testlnq. The Army indi- 
cated that this overslqht has affected its ab;lity to meet mlsslon 
needs; computer capacl ty planned for mobilization continqencies 
must now be used to meet day-to-day requirements. 

FAA'S PERSPECTIVE ON ITS 
~FORMANCE TESTS ANB OUR EVALUATION -- 

FAA recoqnizes that it conducted its system performance in an 
unrealistic environment. Advanced AutomatIon Proqram officials 
explal nedy however, that they have taken actions which will show 
that the chosen system can meet its operational needs. For exam- 
ple I FAA estimated the minlmum computer processor speed required in 
millions of instructions per second and required vendors to demon- 
strate the capability to upqrade to the next size processor If this 
estimate IS low. These requirements for minimum processor speed 
and processor upqrade were included In both requests for proposals 
for the deslqn competition and acquisition phases. We found that 
FAA's approach does not adequatelv address response time, a primary 
Indicator of system performance. FAA acknowledqed that it cannot 
be certain that response time --the elapsed time between the end of 
an Inquiry or demand on a data proceaslnq 
of the response4 

system and the best nninq 
--at hrqher traffic loads can be determined with- 

out additional tests. FAA plans to conduct a more realistic per- 
formance test after tne oroduction vendor 15 selected to ensure 
that the system fielded can handle the 1990s workload. 

2Air Force Proqress In Implementlnq the Phase IV Base Level 
Computer Replacement Proqram (GAO/IMTEC-84-7, Jan. 18, 1984). 

9Army Audit 4qency Reports- HQ 80-204, Feb. 6, 1980; and SW 
84-200, Feb. 10, 1984. 

4Processor speed IS a measclre of the capabl lity of one central 
component of a computer system. Response time IS dependent on all 
hardware and software components worklnq concurrently. 
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Durinq the desiqn competition phase, FAA required the vendors 
to perform their demonstrations on a computer havinq a minimum pro- 
cessor speed of 4.3 mIllIons of Instructions per second. FAA 
arrived at this estimate by analyzlnq comouter processor use at Its 
centers durlnq 1980 and 1981. FAA concluded that the relationship 
between computer use and air traffic workload was linear, i.e., an 
increase In the number of aircraft tracked would be accompanied by 
a proportionate Increase In such utilization. FAA used this linear 
relationship to pro-ject the processor speed needed to track a work- 
load of 600 aircraft. It then adlusted th:s speed to account for 
olanned functional enhancements and supoort functions. Finally, 
FAA doubled the total because It believes that real-time systems 
should not ooerate at qreater than SO-percent processor utiliza- 
tion. 

Durinq the performance test, processor utilization on each 
proposed system was recorded at various aircraft trackinq levels up 
to about 450 aircraft. The recorded processor utilization and 
other forms of analyses will form the basis of vendor responses to 
the acqulsitlon phase's requests for oroposals. The vendors' pro- 
posals must address how their processor can track 600 aircraft 
wlthout exceedlnq a specified level of processor utilization. 
Thus, while FAA may receive additional evidence of system per- 
formance as part of Its prooosal evaluation process, such evidence 
will not be used to support tne production decision. An official 
from the Advanced Automation Proqram Office acknowledqed the dlffl- 
culty of extrapolatlnq response time to oredict system performance 
at the 600-track level, because of the smaller workload used in the 
performance test. The results of this test cannot be disclosed be- 
cause FAA considers the release of this information as compromisinq 
the vendor selection process. 

In evaluatinq FAA's actions, we have serious concerns about 
usinq computer processor speed as the orincipal basis for estl- 
matinq the minimum performance needed by Host computers. Computer 
processor speed IS only one measure of a computer system's per- 
formance capabilities. In our opinion, response time IS a more 
important measure of how the entire computer system--processors, 
peripheral devices, communications, and software--works to meet the 
demands placed upon It. Therefore, we question whether an upqrade 
in the speed of the computer processor can fully solve all poten- 
tial system performance problems. 

The Federal Computer Performance Evaluation and Simulation 
Center reported to FAA in 1981 that response time IS one of the 
best measures of system performance. In Its report, the center 
pointed out that when system performance problems, especially those 
involvinq response time, occur in actual heavy workload situations, 
resolution may require upqradinq of more than the processor, e.q., 
Input/output channels, memory, and software. 

Slmllar concerns were expressed by contractor staff suoportinq 
FAA's Operational Test and Evaluation staff in its review of deslqn 
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competltlon phase testing. In Its study oblectlves, the contractor 
proposed to address the valldlty of using processor speed as an in- 
dicator of system performance. Specifically, the contractor stated 
that complex functional software interactions and software perfor- 
mance problems are more likely to occur under workload condltlons 
of the 1990s and that correcting such problems could require more 
tnan increasIng the processor speed. As a result, the contractor 
was concerned whether FAA’s strategy of planning to upgrade to a 
faster processor was appropriate to solve potential performance 
problems. 

In addition to our concern that response time at heavy loads 
was not determined, we question FAA’s use of extrapolation to 
determine mlnlmum processor speed. Extrapolating results from 
linear regressior analysis to estimate computer performance based 
on pcocessor utilization 1s risky. Knowledgeable sources also 
have reservations about using extrapolation to pro;ect computer 
utlllzatlon at higher tracking levels. For example, a technlcal 
assessment of FAA’s Advanced Automation Program performed by the 
Transportation Systems Center for TSARC,5 stated that, at higher 
aircraft tracking levels, computer processor utlllzatlon would 
most likely be nonlinear, i.e., processor utlllzatlon would rise 
dlsproportlonately faster than the number of aircraft being 
tracked. In addition, an FAA study of computer utlllzatlon at air 
traffic control centers cautioned extending extrapolated results 
for a specific IBM 9020 computer to another computer. As discussed 
earlier, derivation of the minimum Host computer speed was per- 
formed by extrapolating IBM 9020 results. 

FAA plans to conduct a realistic system performance test 
after the production vendor is selected. FAA stated that this 
test was not performed earlier because of the lack of a workload 
tape capable of representing the 1990s air traffic scenario. This 
new test will be conducted as part of a final software test per- 
formed at FAA’s Technlcal Center from January to April 1986. An 
Advanced Automation Program offlclal agrees with us that running 
this test before the production declslon would have made it more 
useful, but that the Host computer’s ambltlous acqulsltlon schedule 
did not permit it during the design competition phase. A workload 
tape needed to run this more realistic system performance test will 
be ready by June 1985 and will be used In the acquisition phase. 
This offlclal also said that delaying the design competition phase 
to perform more realistic testing would affect other modernization 
activltlEs, such as the Advanced Automation System. However, he 
could not provide documentation of this effect. 

5Technical Assessment of the Federal Aviation Admlnlstratlon's 
Advanced Automation Program, Transportation Systems Center, 
Dec. 1982. 
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DOCUMENTATION OF TEST PLANS AND 
RESULTS AND TECHNICAL OVERSIGHT OF ---- 
EST PERFORMANCE TESTING WERE INADEQUATE -- 

Althouqh required to do so, FAA has not adequately documented 
its actlons 3n planninq, monltorlnq, and appralslnq the testinq of 
vendor systems. In addltlon, we found some limitations in techni- 
cal overslqht of performance testlnq. Consequently, the usefulness 
and confidence In test results are reduced. 

Office of Manaqement and Budqet and DOT criteria state that 
manaqement controls, such as documentation and proqram monitorlnq, 
should oe provided. Specifically, aqencles should formally docu- 
ment their system testinq and evaluation actlvitles. DOT quldance 
further states that the Deputy Secretary of Transportation and 
TSARC should monitor the Host computer acquisition to ensure that 
system performance risk IS belnq adequately reduced. In addition, 
FAA Order 1810.1 and 1810.2 require FAA's Operational Test and 
Evaluation staff to evaluate the operational readiness of the Host 
computer before tne production decision and reoort their results to 
FAA's Deputy Administrator. 

We found that FAA did not prepare a plan that describes the 
obJectives, scope, timinq, and criteria for tests to be conducted 
durlnq the deslqn competition phase. The Dlrector of the Advanced 
Automation Proqram Office recoqnlyed that formal documentation for 
some Host computer oroqram activities did not exist. He explained 
that sucn formal documentation, althouqh important, would have 
placed a heavy burden on his staff, qiven the Host computer's ambi- 
tlous acquisition schedule. Rather, he establlshed procedures 
which he believed provided insiqht into the vendors' proqress. For 
example, he required FAA to use the quarterly proqram review pro- 
cess to provide comments to the vendor, such as indlcatinq whether 
vendor system desiqn and corrective actions were responsive to the 
aqency's enqineerlnq requirements. However, we belleve that wlth- 
out documentation of the aqreements reached between FAA and the two 
vendors, the effectiveness of FAA's manaqement control cannot be 
fully evaluated. 

Similarly, FAA did not document its elan for evaluatinq vendor 
test reports oroduced durlnq the deslqn cornpetItion phase. Nor 
does It olan to document its analysis of the vendor tests until 
after the oroductlon vendor has been selected. This analysis 
should have been available to both TSARC and the Source SelectIon 
Official before vendor selection. The Director of the Advanced 
Automation Proqram Office explained that these actions were not 
taken because of time constraints and the possioility of compromis- 
lnq the vendor selection orocess by disclosinq FAA's analysis of 
the vendor tests. 

We also found deficiencies ID FAA's technical overslqht of the 
performance testi nq. On the basis of discussions with staff sup- 
portinq the TSARC and the Operational Test and Evaluation staff, we 
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are concerned that the depth and scope of their overslqht were 
limIted reqardlnq evaluatlnq technical system performance 1 ssues. 
For example p althouqh TSARC had expressed concern IQ tne past over 
FAA’s testlnq plans, we found that TSARC was not monltorlnq whetner 
the operatlonal workload used In system performance tests was 
reallstlc and was not analyzlnq test results. 

An independent assessment of system performance ISSUIS IS 
Important to the ob]ectlvlty of TSARC’s declslon concernlnq FAA’s 
request to proceed to the productIon phase. WI thout sucn an 1 ride- 
pendent assessment, TSARC ~111 depend prlmarlly on FAA’s documenta- 
tlon and analysis of system performance ISSUCS. Offlclals from the 
OffIce of the Secretary told us that they belleve TSARC has pro- 
vlded adequate overslqht and that all InformatIon pertaznlnq to the 
the Host proqram ~111 be considered before maklnq a prodlrctlon 
decision. 

We also found the revlek performed by the Operatlonal Test and 
Evaluation staff to be lImIted In depth and scope. Technl cal re- 
view of issues was limited by FAA’s (1) untimely release of tech- 
nlcal InformatIon to the Operational Test and Evaluation staff, in- 
cludlnq software modlflcatlons made by each vendor to the exlstlnq 
IBM 9020 software to operate on the vendor’s proposed Host computer 
system and (2) restrlctinq the test data made available to the 
Operational Test and Evaluation staff to vendor-prepared test 
reports. 

Operational Test and Evaluation staff told us that these re- 
strictIons hampered their efforts to do an In-depth technical re- 
view of system performance. FAA officials believe that the pro- 
prletary nature of the vendor equipment and software ]ustifled 
their denlai of access. On the basis of procedures Implemented by 
the Advanced Automation Proqram Offlce, we belleve that the vendor 
selection process would not have been compromised oy provldinq con- 
trolled access to the InformatIon requested. 

FAA'S SCHEDULE URGENCY IS 
NOT ADEOUATELY SUPPORTED 

In 1982, FAA proJected that up to eiqht IBM 9020A computer 
centers may experience substantial capacl ty problems durjnq the mid 
and late 1980s. FAA based these pro]ectlons on its operational 
delay day model. On the basis of these pro]ectlons, FAA said the 
Host computer productlon decision should be made in the summer of 
1985 so that the computer could be operatlnq at all 20 centers by 
November i987. This would avold potentId computer capacity p,rob- 
lems In existlnq IBM 9020As. In February 1985, FAA provided to the 
Conqress an update of Its prolectlons and stated that the prolec- 
tions continued to support the urqency of the Host computer sched- 
ule and the need to make production and vendor selectIon declslons 
by July 1985. 

We found that the model’s results do not adequately support 
the urqency of this schedule. As a result, FAA may not have tne 
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proper lnformatlon on how soon lt needs to make production and 
selection decisions. First, the model’s accuracy and reliability 
are questionable. Second, the most recent results show that the 
proJected aircraft flight delays-- FAA's primary ]ustification for 
the urgency in making production and vendor selection decisions by 
July 1985-- are not as great as those proJected In 1982. In its 
February 1985 response to the Congress, FAA proJected that, by the 
end of 1987, 253 occurrences of air traffic delays could be in- 
curred nationwide. Pro]ectlons based on more recent aviation fore- 
casts show 135 occurrences by the end of 1987, or about a 47-per- 
cent reduction. ProJections through 1989 show about a 28-percent 
decrease-- from 716 to 519. 

Accuracy and rellablllty of assumptions in 
operational delay day model are uncertain 

FAA's proJections of operational delays days are based on a 
model whose reliability and accuracy are uncertain. Certain key 
assumptions Ln the model, which could affect the computer satura- 
tion levels, have not been verified. For example, the model 
assumes that air traffic delays will occur when computer processor 
utlllzatlon exceeds 80 percent for more than 1 hour after turning 
off all non-essential functions, such as data recording and con- 
troller training. However, the 80-percent utilization assumption 
has never been verified. Furthermore, in our review of the Houston 
Center and of analyses done by the staff responsible for the model, 
we found that several IBM 9020A centers had experienced utilization 
rates above 80 percent without a delay in air traffic. 

The model also uses an assumed dlstributlon of air traffic 
among traffic control centers which has not been verified. The 
assumed traffic distribution is based upon the estimated percent- 
ages of traffic in each center during a busy day. The percentages 
were based on 1980 traffic distribution. FAA's most recent fore- 
casts still rely on the percentages used in 1980. Contractor staff 
responsible for preparing the proJections stated that there may 
have been significant changes in daily traffic patterns which would 
change the delay day forecasts for those centers. 

In dlscusslons with FAA officials regarding the use of these 
unverified assumptions, we were told that FAA's proJections can be 
viewed as accurate within plus or minus 2 years. Consequently, 
while the model does continue to support the assumption that cer- 
tain IBM 9020A centers will eventually encounter capacity problems, 
it lacks the precision to adequately support FAA's position that it 
does not have the time to conduct further testing in the design 
competition phase. 

Air traffic delays may not be as 
great as FAA pro-jections lndlcate 

Although we have concerns about the accuracy and reliability 
oi FAA's model, we did examine FAA's February 1985 proJections 
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provided to the Conqress. xe tried to determl ne the slqnl flcance 
of potential air traffic delays due to computer capacity short- 
aqes ‘ FAA’s 1985 pro]ectlons show that four centers ~111 expert- 
ence operational delay days by 1989. FAA also noted, that on the 
avcraqe, an air traffic control center will suffer adverse 
Impacts --called operatlonal impact days6 --for a 5-year period be- 
fore the onset of operational delay days.’ On the basis of its 
analysjs of such proJected delays, FAA believes that the IBM 9020 
computers must be replaced in the 1986-87 timeframe. 

FAA’s February 1985 response qave no evidence of the 5-year 
adverse impacts but referred to FAA’s 1982 report to the Conqress 
reqardinq FAA’s air traffic control computer system. The 1982 
report did define both operational impact days and operational 
delay days. However, the 1982 reoort did not treat the effects of 
operatlonal impact days as adversely as did the 1985 response. 
FAA’s 1982 report also did not emphasize the importance of the 
5-year onset of operatlonal Impact days as claimed in the February 
1985 report. Rather, the 1982 report cited operational delay days 
as the most serious adverse effect and tne primary ]ustiflcatlon 
for the urgency of the Host computer acquisition. It is on opera- 
tional delay days that slower response time may occur and the dls- 
tance oetween alrcraft may have to be increased to assrlre safety. 
In cases of sustained periods of computer overload beyond an hour, 
FAA would finally delay air traffic to assure safety. Each air 
traff 1c control center I s responsible for determini nq when to delay 
alrcraft traffic. 

The followinq table summarizes FAA’s pro]ection of operational 
delay days based on Its model. The data represents en route delays 
caused by shortaqes 1 n computer capacl ty. 

6An operational Impact day IS a day when the computer orocessor 
utlllzatlon exceeds 80 percent for a period qreater than 7 
mi nutes. At this point, computer recordlnq and tralnlnq slmu- 
latlon functions may be dropped to ensure that safety and con- 
troller response times are ma1 ntal ned. 

7An operatlonal delay day IS defined as a day durlnq which the 
processor utilization exceeds 80 percent for a period qreater than 
1 hour after dropplnq support processlnq functions not crltlcal to 
safety. 
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Comparlng FAA's January 1982 pro]ections with pro]ectlons made 
using the most recent avlatlon forecast (lines 1 and 4) for all 
centers shows that, through 1989, the number of centers with slgnl- 
flcant delay days (greater than 4, according to FAA's 1982 report 
to the Congress) has dropped from 8 to 2 --Boston Center and Houston 
Center. In contrast, FAA's February 1985 response to the Congress 
assumed that any operational delay day 1s slgnlflcant and thus 
stated that four centers (Boston, Houston, Oakland, and Minne- 
apolls) would experience operational delay days by 1989. 

Contractor staff responsible for preparing the delay day pro- 
]ections told us they do not place much confidence in the Boston 
data. According to FAA's January 1982 pro-jections (line 2), the 
Boston Center will not experience any delay days before 1995. The 
most recent pro]ectlon (line 4) shows that this center will begln 
incurring operatlonal delay days In 1985. Contractor and FAA staff 
responsible for the pro]ections told us the difference In these 
prolectlons was unexplainable. We discussed potential computer 
capacity problems with an official responsible for automation at 
the Boston Center. Although the most recent proJection lndlcated 
that the center should be experiencing operational delay days, this 
official told us that computer capacity was not yet a problem and 
did not cause air traffic delays. 

FAA's operational delay day model shows that the Houston 
Center should be experlenclng slgnlflcant operational delay days. 
Therefore, we lnqulred at this center to ascertain (1) the Impact, 
If any, these operatlonal delay days have had on flight delays and 
(2) the urgency of lncreaslng center computer capacity. We found 
that the Houston Center is experiencing periods when processor utl- 
llzatlon exceeds 80 percent. An official responsible for auto- 
mation at the Houston Center told us that several actions are taken 
when these periods of high computer utlllzatlon occur. For ex- 
ample, the center can curtall low-priority computer functions, re- 
route traffic, and use a processor which 1s normally in a stand-by 
mode. In contrast to FAA's most recent proJection, the Houston 
Center official told us that the center 1s not experlenclng serious 
traffic delays because of computer capacity problems. 

PLANS FOR FUNCTIONAL ENHANCEMENTS 
HAVE CHANGED SINCE FAA'S FEBRUARY 
CONGRESSIONAL RESPONSE 

1985 

In response to the Chairman's request, we also determined the 
status of FAA's plans to install air traffic control "functional 
enhancements" (new software). We found that current lmplementatlon 
plans differ from those described In FAA's February 1985 response. 
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Mode C Intruder, En Route Metering II, and Conflict Resolution 
Advisory are the first three functional enhancements to be in- 
stalled on the Host computer. Mode C Intruder and Conflict 
Resolution Advisory both enhance the existing conflict alert func- 
tlon. Mode C Intruder ~111 enable controllers to detect potential 
conflicts between aircraft flying under visual flight rules, if 
equipped with a Mode C transponder, and controlled aircraft flying 
under instrument flight rules. Wlthout Mode C Intruder, only con- 
flicts between aircraft using instrument flight rules can be de- 
tected. Conflict Resolution Advisory will generate and display 
possible resolution advice for detected potential conflicts between 
aircraft. The controller currently performs the function with no 
computer assistance. En Route Metering II will aid controllers in 
managing the traffic flow Into congested terminals and lncreaslng 
fuel efficiency. 

According to FAA's February 1985 response, Mode C Intruder 
and En Route Metering II will be Implemented after the Host com- 
puter is installed. FAA staff responsible for these functions pro- 
vlded a different status. Mode C Intruder will be installed In the 
spring of 1986 on those IBM 9020s which have sufficient capacity. 
According to the staff, the Mode C lntruder feature is too lmpor- 
tant to postpone until after the Host is installed. En Route 
Metering II, on the other hand, may not be implemented because 
modlfLcatlons to En Route Metering I, already In place on the 
existing IBM 902Os, may have surpassed the proposed features of En 
Route Metering II. En Route Metering II was described ln FAA's 
February 1985 response as a crltlcal tool with large benefits. 

In its response, FAA said the schedule for implementing the 
Conflict Resolution Advisory enhancement has not changed. However, 
FAA's response does not accurately reflect the status of problems 
associated with the conflict alert function. According to FAA's 
response, Conflict Resolution Advisory development has improved the 
conflict alert function by mlnimlzing false alerts. FAA recognizes 
that the exlstlng conflict alert function needs modlflcatlons to 
reduce false alerts. However, FAA staff responsible for Conflict 
Resolution Advisory said that this problem has not yet been re- 
solved. 
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OBJECTIVES, SCOPE, AND METHODOLOGY 

APPENDIX II 

Our primary ob]ective was to respond to the Chairman's request 
that we determine if FAA's Host computer test and evaluation effort 
will provide the basis necessary tor making a production decision 
in June 1985. Specifically, the Chairman asked us to 

--examine the soundness of FAA's pro]ections that capacity 
shortages in existing computers will significantly delay air 
traffic; 

--evaluate the adequacy and completeness of the performance 
testing conducted on the proposed Host computers: and 

--determine the status of FAA plans to install "functional 
enhancements" (new software) on the Host computer. 

We conducted our work primarily at DOT and FAA Headquarters in 
Washington, D.C., and the FAA Technical Center in Pomona, New 
Jersey. We reviewed DOT and FAA documents on planning, management, 
and operation of the Host computer program. We interviewed DOT and 
FAA officials and technically qualified persons from private indus- 
try. We also interviewed staff from the Office of the Secretary 
knowledgeable about TSARC's role and concerns. We evaluated 
testing efforts at FAA's Technical Center where vendor demonstra- 
tion tests were being conducted. We were not permitted to witness 
any of these tests because of FAA concerns about vendor proprietary 
information. 

We did not evaluate all sources of delays currently experi- 
enced oy the air travelers. To respond to Committee concerns, we 
only analyzed FAA's pro]ections of delays caused by computer capa- 
city shortages. To determine the accuracy of FAA's latest prolec- 
tions of operational delay days, we analyzed FAA's operational de- 
lay day model. We reviewed the model's assumptions and data base 
and discussed their validity and accuracy with contractor staff 
responsible for monitoring and updating the model. 

We did not solicit official air traffic control center views 
on delays caused by computer shortages. However, we interviewed 
center automation officials knowledgeable of their center's com- 
puter capacity shortages and their impact on operations. We inter- 
viewed staff from FAA Headquarters and the technical center to as- 
certain the status of the functional enhancements. We limited our 
analysis of existing computers to IBM 9020A centers because these 
centers are proJected to incur computer capacity shortages much 
sooner than those centers equipped with IBM 9020Ds. 

Due to time constraints, we were unable to independently 
corroborate some of the information provided by FAA officials. 
In those instances, we used this information with appropriate 
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attribution. We also were not given timely access to FAA's technl- 
cal evaluation plan, which describes how vendor test results will 
be incorporated Into the evaluation of responses to the acqulsltion 
phase's requests for proposals. Therefore, our ablllty to assess 
the impact of design competition phase testing on this evaluation 
plan was llmlted. We performed our work In accordance with gener- 
ally accepted government auditing standards. During the course of 
our review, we sought the views of responsible officials and in- 
corporated their comments in the report where appropriate. As the 
Subcommittee Chairman requested, we did not ask DOT or FAA to re- 
view and to comment officially on a draft of this report. 

(510027) 
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