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Figure 2-6 is a plot of the probability, es given by equation (2-1k)
with p = 0.015, that all hiorurchal aircraft are in a single cloud as a
function of the number of uctive hierarcnal aircraft. The figure clearly
shows a sharp threshold with respect to the efficlency of hierarchal chain-
ing. According to this graph, wien more than 750 hierarchal aircraft are
active, complete communication linking of these craft is very likely. As
the number decreases from 750, the likelihood of this condition fades rapidly.
Figurce 2-T7 Jiramatically illustrates this phenomena. The situuticns illus-
trated are two of the 68 pample points referred to in connection with
Figure ?-5, »

If we chose for a reference the case when all aircarrier aircraft
greater than 40,000 1bs./gross weight are hierarrial equipped, then the peuk
value in Figure 2-5, represents 1330 aircrvaft. Thus, more than 750 aircraft
are uctive from 0722 to 2135 Central Time, and during this period we expect
virtually all of these asircraft to be in a single communicating cloud.

(Sec, for example, Figure 2.8, which is another in the series of sample
points mentioned.)

Since the ordinate in Figure 2-5 is number of hierarchal aircreft end
the abscissa is measured in hours, integrz.‘on under the illustrated curve
gives hierarchal aircraft hours. Therefore, we can obtain an ectimate of
the total fraction of hierarchal aircraft hours which would be synchronized
by a single ground station by determining the area under the curve between
0722 and 2135, and dividing it by the total area under the curve. The num-
ber so obtained is 86%. Much more refined calculation based on computer nodei-.
ing of alr traffic activity, described in Section 2.2 and Appendix A (Figure
A-23), ylelds 85% for thiu onme percentage. Presumably the single station muy .
miza a trew alrcraft hourn during the high densityiperiods, bgt it also pick:

up o few in the off hours, ond these effects are nearly compensating.
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stubion: ree regaired vy Uaildy atillize bicrarchul chuaining, Ity purjose i

Lo provide the needcd reddndsncy.

Fortunastely, tue $lve master swutions wuicn we feel we cun Justifinbly

recommend, provids a very nign, and pocsibly adequate, level of service,

wnile we have recommended that wircarrier sircruft greater thun forty
tuousund pounds grocs welgnt be hierurcuny equipped, «qual performance could
te obtained from any collection of aircraft which exiiibit equivalent or
superior nuabers of airborne aircratt und CONUS wide distrivution. However,
iv is difficwlt to see how uny slternate collection of aircruft cun compete
with airiiners for this purpose. The recommcndati?n requires that 2300 alr-
Sitee uireratt bte nlerarchul equipped. Because of the high utilizaticn of
sirlirers, more than hulf of these are active in CONUS during most of the
day. The alrline nission insures a consistently wide distribution across
v.dUl. Tuey can, for the most part, be counted on to repeat this perfor-

mance daily without significent variations.

siven thay airiine uireraft are the most logical choice to provide
ulvrurcuul service, there ctill remeins the question of the optimum equipasge
suvel., Tne recommended level of ecquipage é:ovides nearly the full potential
of ulerwrchal chaining; increasing the level does not yield significant re-
turns in performance. A fifteen percent lower level of equipage also can
provide nearly all the benefits of hierarchal chaining (a loss of about 2%),

but this margin ls needed when an airline goes out of service.

We have based our recommendation mainly on a trode-off between the num-
ber of ground stations required to obtaln setisfactory coverage and the
level of hierarchal equipage. By rvreviewing the various levels that have been
analyéed in the_course of this study, and the associﬁted number of master
stations required to furnish greater than 90% aireraft hour coverage, we
can estimate “he slope of the equi-performance curve, Figure 3~1, in

the neighborhood of the recommended level. These estimates indicate that
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AMY SITE IN THIS AREA IS
AT LEAST 99% AS EFFECTIVE
AS BEST SITE
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FIGURE A-7. SENSITIVITY TO CHOICE OF 15T SITE
A" HIERARCHAL EQUIPPING
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FIGURE A-8. SENSITIVITY TO CHONCE OF 13T SITE
“B" KERARCHAL EOUIPRING
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CONCURRENT

NOTE: ALL VALUES ARE PERCENTAGE
REDUCTION IN EFFECTIVENESS UNDER

STATED CONDITIONS
N OUTAGE
8 3.40
Cc 2.18 3.58
D 2.52 3.66 2.44
D E 3.57 2.95 1.74 2.07
F 1.61 2.75 1.53 1.87 1.16
(1 1.53 2.66 1.45 1.78 1.08 0.87
H 2.67 2.62 1.40 1.74 1.03 0.89 0.74
. 1 1.45 2.58 1.86 " 1.00 0.80 0.72 0.67
J 1.45 2.58 1.37 1.70 1.00 0.82 on 0.66 0.63
NONE | 1.13 2.7 1.05 1.39 0.68 0.48 0.39 0.35 0.32 0.31
A 8 C ) 3 F [ H ! )
INITIAL OUTAGE
(STATION) .
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FIGURE A-28. EFFECTS OF OUTAGES OF PRIORITY STATIONS
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NOTE: ALL VALUES ARE PERCENTAGE
CONCURRENT REDUCTION IN EFFECTIVENESS UNDER
OUTAGE STATED CONDITIONS
8 0.54 .
C 1.81 .79
D 0.67 0.65 1.52
E 0.79 0.53 1.80 0.66
F 0.49 0.45 .72 0.58 0.46
G 0.50 0.47 1.74 0.60 0.4 0.41
H 0.52 0.49 1.76 0.62 0.51 0.43 0.48
t 0.48 0.55 .72 0.59 0.47 0.40 0.41 0.4
J 0.47 1.32 .72 0.58 0.46 0.38 0.40 0.42 0.39
NONE | 0.728 0.26 1.53 0.29 0.27 0.19 0.1 0.23 0.20 0.19
A 8 C D [ 3 F [ H [} J
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FIGUREA-29. EFFECTS OF OUTAGES OF HUB STATIONS
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are nearly maximally effective. This demonstrates tnat nuszter station: can be
selected whicn will efficiently serve the aircraft population whatever (witnin
reason) its distribution might turn out to bte. 'The only requirement is tnat
hierarchal aircraft be distributed as liberally as in the JAT model we have
utilized.

A.6 Sensitivity to Hierarchal Eguipping

An aircraft hierarchal unit at altitude possesses a significant advantuge,
in area coverage, compared to a ground-based master station. However, to make
optimum use of this advantage requires support from some minimum number of
master stations. The objective of this portion of the study was to evaluate

the interaction of the performance of airborne units vs. master stations.

An effectiveness trade-off at various levels of hierarchal equipping, Cec-
tion A.3, vs. number of master stations was performed on the basis of total
aircraft hours synchronized; worth Rule III. The recsults, Figure A-31 and
A-32 exhibit the threshold effects of hierarchy density. Above this thresh-
old, at the A and B leveis, initial effectiveness per master station is very
high. Below this threshold, levels C and Zero, hierarchy support is critical-
ly reduced and effectiveness per master station is very low. A continuntion
of this threshold effect, in aucceeding master stations as exhitited by the
di fference in A or B vs. C or Zero performance is shown in Figure A-32. These

observations are complementtd by the independent analytical studies reported
in Section 2.1.k.

It aircarrier aircraft are utilized for air-to-air time relay the level
of hierarchal support could be significantly changed due to outage, such as a
strike. To test this possibility, "A" level system performance, with five
master stations was evaluated under the conditions of a 15% reduction in hier-
archal alrcraft. This was achieved by modeling an outage of United Air Lines.
Reduction in effectiveness was less than 3% in both the five priority sites
and the five air traffic Hub sites.
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