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ACTIVE BCAS PERFORMANCE ANALYSIS

INTRODUCTION

In the design of an active BCAS, there are many parameters
which affect its capability to detect targets., Target
detection is obviously critical to BCAS performance since
without detection, all other considerations such as
tracking accuracy, threat detection and resolution strategy
and evasive maneuver coordination become secondary. This
report presents a method of estimating BCAS ability to
detect targets as a function of aircraft density, closing
speed, RF power and receiver sensitivity, the ability to
degarble overlapping replies, interrogation rate and the
time at which coordination and execution of evasive
maneuvers is to occur. Application of this analysis to the
evaluation of the effectiveness of a Mode A data link for

evasive maneuver coordination is also presented.
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APPROACH

A fairly straight forward analysis based on the use of the
Binomial Theorem coupled with a Monte-Carlo simulation has

been applied to evaluate BCAS performance.

It is best to begin discussing this analysis by reviewing the
active BCAS garble phenomenon. When an active BCAS
interrogates either on Mode A or Mode C, it is assumed for
purposes of this analysis that the interrogation travels
uniformly in space at the speed of light. Aircraft receiving
the BCAS interrogation reply in the appropriate format. Since
this reply is 20.3 us long, when two aircraft are within a
range of 1/2 the reply distance (about 1.69 nautical miles)
their replies will overlap each other when they arrive at the

BCAS aircraft. . (See Figure 1)
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ACTIVE BCAS GARBLE PHENOMENON
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As seen in Figure 1, the replies of AC #1 and #2 and of #1 and
#3 will arrive overlapped at BCAS. Replies of #2 and #3 will
not overlap since their range difference is greater than 1/2

the reply distance (1.69 nm).

In order for these replies to overlap at BCAS, two criteria
must be satisfied. First, the aircraft must be within the

specified range differential from BCAS and second they must
hear the BCAS interrogation, reply to it, and BCAS must hear

the reply.

The probability that an aircraft will be within an annulus of
thickness of 2Ar centered at a distance r from the center of

a circle of radius R (see Figure 2) is giver by:

{r + Ar)2 = (r — Ar)?

Pe RZ
or more simply by:
PE = 4Ar et )
R2

where it is assumed that it is equally likely that the

aircraft is at any point in the circle.
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FIGURE 2
BCAS PROBABILITY MODEL
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The probability that BCAS will "see" an aircraft located at a
distance r from BCAS has been derived in Reference 1 and
basically is a function of range, transmitter power and

receiver sensitivity which are used to compute the link margin.

In Reference 1, the computation of link margin is described as
is the relationship of link margin and link reliability. This

relationship is presented as Figure 3.
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Let the link reliability be denoted by PL . Then, the
probability p that an aircraft lies in the annulus (see

Figure 2) and will be "seen" by BCAS is given by:
P = PE o PL (2)

The probability p is computed as a function of free space
path loss, receiver sensitivity, interrogator power and

cabling losses. This is accomplished first by computing the
normal link margin and then using the appropriate curve from

Figure 3.

With this basic probability, it is now possible to derive the
probability that a threat aircraft located at a distance r
from BCAS in an airspace with N other aircraft uniformly
distributed over the area of a circle of radius R will be
"seen" by the BCAS aircraft located at the center of the

circle.

This probability is directly computed using the Binomial
Theorem which yields the probability that exactly Kk
aircraft will be region i (See Figure 2) and be seen by

BCAS.




This probability is given by:

Py = (:‘) pk (1 — pIN (3

where p is calculated from equation 2 and where:

(N) _ __NI
k k1 (N - k1 (4

Now, to treat the effect of garble, assume that one overlap of

the threat aircraft's reply to BCAS can be degarbled with a

probability g; and that two overlaps of the threat
aircraft's reply to BCAS can be degarbled with a probability
945. Further, assume that it is impossible to degarble more
than 2 overlaps of the threat aircraft's reply to BCAS. This
being the case, the probability that BCAS will successfully

*see" the threat aircraft is given by:

PspL[u—p)"+~p(1—p)N-‘g1+M-"2‘-‘—‘lpZ(1—p)N‘zgz] (6)




In equation 5, note that p is a function of the distance of

the threat aircraft from BCAS.

E Next, consider that the target aircraft is moving toward BCAS ) Q
in relative motion. To compute the probability P in
equation 5 as the target moves toward BCAS, consider the
threat aircraft range from BCAS as a function of time t and
closing speed w. Assuming rectilinear motion, this

relationship is given by:

r=wt

so that for constant closing speed and specified times {;
the probability that BCAS will successfully see the threat

aircraft at time t; is computed from:

i =wit
and
p; =p (r;)
and
Pi =P (p;) (6)

Equation (6) in effect causes the annulus to move with the

target as it approaches the BCAS aircraft thus changing the

probability P; as a function of time.




Thus, given t , closing speed W , number of aircraft

N, radius R, link reliability PL (also a function of
range), degarble capability 9, and 95 and reply
message length it is possible to compute the

probability Pi that BCAS will "see" the threat aircraft

in region i .
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THREAT ACQUISITION PROBABILITY

In general, active BCAS systems acquire ATCRBS targets by
interrogating on Mode C at a regular interval At . This time
interval is called a BCAS epoch. For successful target
acquisition, track initiation and threat detection assume that
it is necessary to successfully "see" a target L out of M
tries. To compute this probability of successful acquisition,
one is tempted to again use the Binomial Theorem but in equation
6 one notes that the probability of "seeing" a target from one
epoch to the next is different since the range is changing. The
brute force approach to solving this problem is to use either a
“"tree"™ analysis (Reference 2) or a Monte Carlo analysis.

Because of the potentially large number of epochs, the "“tree"
analysis was discarded and a Monte Carlo simulation was employed
instead. The program listing for this simulation is presented
as Appendix 1. Briefly speaking, this simulation simply "flies"
the threat aircraft toward BCAS and computes the probabilities.
A fundamental assumption in this analysis is that the position
of aircraft other than BCAS and the threat aircraft are

statistically independent from one epoch to the next. Also,




the BCAS was assumed to have a fairly sophisticated
degarbling capability. This is based on empirical data which
indicates that there exist techniques which will provide
degarbling values of 9; = 80% and g, = 60%. It should be
noted that the systems capability is very sensitive to the
choice of degarbling values, and one should not assume that a
BCAS using less sophisticated techniques will provide

comparable performance.

Using these probabilities, 20,000 trials are then executed
and the successful number of threat acquisition based on the
L out of M rule are recorded. The probability of

successful BCAS threat acquisition is then calculated from:

Ps = Number of successes

Total number of trials
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APPLICATION TO MODE A DATA LINK

Assuming that two aircraft are BCAS equipped, it is possible for
each aircraft to choose a maneuver given that they detect each
other as a threat. A special Mode A code loaded into the
transponder of each BCAS can then be used as the basis for
coordination if each BCAS interrogates the other on Mode A. To
analyze the effectiveness of a Mode A data link utilizing two
separate codes to indicate maneuver intent (e.g., 7100 climb,
7200 dive) again equations 5, 6, and 7 are employed. 1In this
case, however, the method for computing the number of successes
in equation 7 is changed. Fundamentally, the criterion for
success in this case is the successful reception by both BCAS
aircraft in the conflict situation of each other's maneuver
intent twice in a row and that the maneuvers are compatible. A
default mode of posting the last maneuver chosen, even in the
event that no coordination occurs, is included. The detailed
flow chart of this algorithm is presented as Figure 4. 1In any
event, a maneuver is selected and the number of successes is
counted by considering the total number of displayed maneuvers
which are compatible. It should also be noted that in this
simulation the degarble probabilities were chosen to be unity
since that would be the upper limit, if it were possible to
construct a device to perfectly utilize the priori information

concerning the codes of interest.
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This is in contrast to the more standard but yet sophisticated
degarbling techniques used without a priori information as in
threat acquisition in which case values of g9, = 80% and g,

= 60% were used based on empirical data. The listing for this

program is presented as Appendix 2.
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RESULTS

Two svstem approaches have been studied using the above
analysis. Neither of these approaches represents the FAA
active BCAS described in the draft National Aviation Standard
for Active BCAS. The first of these is based on Mode C
acquisition of ATCRBS targets utilizing a 3 second epoch, 600
watt transmitter, -77 dBm receiver sensitivity, and a Mode A
data link for the tie-breaker. Diversity antennas were
assumed on all aircraft. 1In order to post a compatible
collision avoidance command at 25 seconds, the problem starts
at 59 seconds before collision and requires 3 out of 4
successful epochs to acquire the threat, initiate track and
perform conflict detection and prediction. At 47 seconds Mode
A data link coordination is initiated and proceeds for eight
epochs (see Figure 5) requiring at least two consecutive epoch
successes as described above. These acquisition and
coordination parameters have been chosen to achieve the high
reliability required for maneuver coordination given a
collision sjtuation between two BCAS aircraft. The results of

these analyses are presented in Tables 1 and 2.

The second system analyzed differs from the first in that the
epoch time is 1 second, a 500W transmitter is used, and a data

link using the DABS message structure is employed for

coordination (see Reference 3). Using the DABS data link




FIGURE 5

ATCRBS BCAS TIME LINE
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TABLE #1
SYSTEM #1
ACQUISITION PROBABILITY
number of aircraft in 20 nm radius
o 5 10 15 20 % )
30 | 097935 | 0.89570 | 0.750% | 0.57530 | 0330 | 0.0
wo | 0.9%ue5 | 0.81680 | 05670 | 035425 | 0.18100 | 0,08400

~ |50 | 0930 | 077% | 041715 | 018580 | 0,063% |} 0.01%0

g 60 | 0.91660 | 0.61115 { 07175 | 0.0875 | 0.0215 | 0.00480

~ |70 [ 0800 | 04935 | 016140 | O.0Z515 | 0.0065 | 0.0010)

$ |0 | 0800 | 038%0 | 0,005 | 00145 | 0.00%5 | 0.00020

° loo | o7e5 | 029900 | 0.0520 | 0.005%0 | 0.00065 | 0.00005
i' - '
| % Jwoo { o720 | 02005 | 0.027% | 0.0025 | 0.0000 | 0.0005
| T |uo | 06505 | 01620 | 0,150 | 0,00105 | 0,005 | 0.00005
B 2w | oswes | oaze | oo | oo | oo | 0005
B -
[ P
§ .
f
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TABLE #2
SYSTEM #1
MODE A COORDINATION
number of aircraft in 20 nm radius

g [ s 10 5 2 3 %
< |30| 2,000 | 2.0000 | 2.0000 | 1.0000 | 1.0000 | 1.0000
3 |eo| oco | Lo | Lowo | 0.9 | 0970 | 0.9
~ |oo| Lowo | L0000 | 0.9%93.f 0.%63 0.9454 | 0,862
5 Jooo| 2000 | 0998 | 0% | 0510 | 08412 | 0745

- - e nier votTae
L PR P 0, 2 ) Sy P o IR il i
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allows for fast, highly reliable coordination at 26 seconds

before collision thus allowing more time for threat ]
acquisition. The 1 second update rate permits more attempts at

threat acquisition and does not require the same high epoch

success ratio (3/4) to establish track and perform the conflict

detection and prediction functions.

For purposes of this analysis, the problem was started at 40
seconds before collision. Fifteen epochs were then allowed for
threat acquisition with only 5 epoch successes required for
track initiation, conflict detection and conflict prediction.

One second was left for coordination of the evasive maneuver,

ample time for the DABS link to perform its required function.
The reliability of this link, (DABS to DABS) is about 99.5% for
a single attempt at closure rates of 1200 knots, and 30 seconds
before collision (Reference 1). About 5000 coordination

attempts are possible with the DABS link in one second thus the

probability of successful DABS coordination closely

approximates unity. The results of the target acquisition

probability analysis are presented as Table 3.

JL_ RO dheitin, Wil TS 25 - it — -n--u-u-ll-ili




TABLE #3

SYSTEM #2

ACQUISITION PROBABILITY

number of aircraft in 20 nm. radius

5 10 15 i) ~ D ~ 30 |
1.00000 | 1.00000 | 1.00000 | 1.00000 | 0,99385 | 0,938%0
1.00000 | 1.00000 | 1.00000 | 0.993%0 | 0,99720 | 0.983%
1.00000 | 1.00000 | 0.99%85 | 0.997455 | 0.97745 | 0.89465
1,00000 | 1.00000 | 0.99930 | 0.385/5 | 0.897%0 | 0.63705
1,00000 | 0.999%0 | 0.9940 | 0.9%4510 | 0.734%5 | 0.41020
1.00000 | 0.99385 | 0.98735 | 0.85065 | 0,50610 | 0,19100
1.00000 | 093955 | 0.9%435 | 0.70105 | 0,2205 | 0,070%5
1.00000 | 0,985 | 0.913%0 | 0.513%0 | 0.143% - | 0.02065
1.00000 | 0.99575 | 0.83200 | 0.34105 § 0,0555 | 0.00540
1.00000 | 099040 | 0.720 | 0.20405 | 0,02200 | 0,00140

closing speed (knots)

BEEsz3gysy

- remoewpa
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CONCLUSION

It is obvious from the results presented that the system
approach using a DABS data link for coordination is far
superior in performance to that achievable in the ATCRBS only
BCAS approach analyzed. 1In terminal areas, at densities of up
to 0.02 aircraft/nm2 threat acquisition probability are on
the order of 97.75% at 25 seconds for head-on encounters (500
knots) and improve significantly for crossing or overtake
encounters. At 20 seconds (i.e., a 5 second late alarm), the
probability of acquisition improves to 99.98%. Coordination
probabilities in all cases approach unity. 1In lower density
en route airspace, say on the order of 0.008 aircraft/nmz, a
99% probability of detection for 1200 knot closure rates is

achievable at 25 seconds improving to 99.99% at 20 seconds.

In contrast to this approach, the ATCRBS only BCAS using Mode
A data link has a 6% probability of acquisition at closure

rates of 500 knots in a density of 0.02, a 42% probability at
500 knot closures in a density of 0.12 and a 12% probability




1200 knot closures in a density of 0.008. Further, the

i coordination probability in densities of 0.02 at terminal
speeds is on the order of 99.7% for head-on encounters, but
approaches DABS reliability in lesser densities even for
1200 knot closures. For example, at 1200 knot closures in a
density of 0.008 a 99.98% reliability can be achieved.

This, however, is of little help since the target cannot be

acquired. 1
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SUMMARY

A basic analysis tool has been developed which includes the
principal BCAS design parameters, namely, transmitter power,
receiver sensitivity, aircraft density, closure rate,
degarble capability, and interrogation rate. This tool can
be directly applied to the evaluation of alternative BCAS
design concepts as well as for parametric design studies.
Results of a comparison between a BCAS using a DABS data link

and an ATCRBS only BCAS are presented leaving little doubt

concerning the performance advantage offered by the inclusion
of the DABS link for evasive maneuver coordination. Neither

F of the systems analyzed represents the Active BCAS described

in the Draft National Aviation Standard for BCAS.

Bk =t B NP N o i - W R T -
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APPENDIX 1

Program Listing for Threat Acquisition Simulation
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APPENDIX 2

Program Listing for Mode A Data Link Simulation




o

-~ Ty -

*@Q9E/(S1)LW¥01d = S
QOE‘Q021°00E = SI @2 0d
-- (@33dS 3nI1u134 T0A4LNOD --

S‘0E‘S = N Se od
-- 1393031v 40 23GWNN T0¥INOD --
y=9d1
-- ALITIgudYd 3188Y930 TO¥LNOD --
(LIWIT‘0L) 2dNi3dsS 11¥D

(001°1)3L1dN
7°1°88°‘S5° ‘*9/ d9Q vivd

COLOL VO 0O

(¥)d90°(6)d rx1u3d
AIGWNN‘(E‘EIXINIUW PXHIDILNI
TINIdd 23000773000 2x¥3D3LNI
LIWIT°2dSIQ TdSIA 2%¥3DILINI
OHLOd ‘DHLO 2X¥3DILNI

ONMOd ‘ONNO  SXYIDILINI

HLOd ‘¥3HLI0 2x¥3D3LNI

NMOd ‘N0 2X¥393LNI
HI0dI‘AT‘XI 2x3393LINI

0861 ‘22 NYl NOIS¥3N TYNIJ
INSMONIZI08 AUNYS

002-W3V -- S¥3HLIY3IMN 130

d3d4dIN03 Svdd 34y Hi08

NMOG Al4° 002l

dn Ald4°° 00l

SHO0d3 6 ¥0 B8°°°L1J4vdd¥IV ONAL
NOILYINWIS 07¥YI 3ILNOMW

)
|
[}
:
COLOO

COLOOO




— o g T s o

5
2NNI1IN0D o1
9
13000 = NFOe
(2dS1Q°HI043 + o]
“ONMOJ ONMO ‘NMOd* 1300 ‘¥IHLO0) ZANINA 119I(T *03° TININe) 4l 9 “
i (LIWIT‘2dSIQ‘AIX] +
. *d*HI0d3 * INMOC *ONMO ‘NMOd ‘ $3000“¥3HL0) 91¥ 11v)
w NMO = 13000 s m
(AL‘X1°¥3HL0)#dNL35 119<
S 0L09(% *3IN° HO0dI) 4l w
R ,
-~ W3LSAS ¥3IHIO -- 9
; J
) 23000 = Hl0d
“ (1dSIQ‘HI04d3 + 5
‘OHLOd ‘OHLO ‘HLO0d 230D 'NMO) TLNI¥d 119(T *03° TININd)3I 9 ;
(LIWIT TdSIQ’AL ‘X1 + ;
‘d°HI0d3‘SHLOdOHLO ‘HL0d 23002 *NMO)Y DIY¥ 119D -
¥3H10223000(T °*3N° HI043) 4l :
o] s
-~ W3L5AS NMO -- 2
5
LIWIT‘T = HO043 o1 od
9
-- d007 T0NLNOD HI0d3 -- 9
9
(AI“XI°2dS10°TdSIA*INNOG‘ INMO +
*23009° 13009 OHLOd ‘DHLO ‘HLOJ ‘¥IHLO ‘NMODNMO) TdNLIS 119D
¥3EWNN‘T = II ST od &
2
d ;
-= SIYINL 40 ¥3EWAN 10¥LNOD -- 5 :
(XINLYUW AL ‘XI ‘¥38WNN)IOdNLIS 11YD
(d'S'N°OQT‘LINIT‘0L)EO0Nd 114D
)




((BI‘XPIE’, == ,)iUWNOJ

(777, NOILYINWIS WO¥4 LNdALINO ) lukd0d

N3Nl 3y

OILYVN(¥IT‘T)IILINA

4N3J¥3d 0L L¥3INNOI OIivd x 001 = OILlUY

(T-¥38WNN)LY0TS 7 O1ILVY = OlIlVY
(2EIXIVLUU+(E‘2)XINLIVW = OILVY

(E‘EIXIYLYU  (2°EIXTALYN (T EIXINLYN (2TT°T)ILINA
(E‘2)XINLYU’ (2°2)XINLVU (T2)XINIVW (2TT°T)3L14A
(E‘TIXINLUU (2°T)XINLAGW (T TIXINIYW (2TT7T)3LTHN

(0T1°1)311uN

OIlvd X103
¥IGUWNN (E‘EIXINLUW PXY3DOILNI
(Y3GUNN°XIYLYVW) LNDLNO 3INILNONENS

aN3

(§°64°., 3143vY93Q .‘91’, G33dS .‘¥I°.Ju JO °ON .)LYL¥04
((PI’X2)E’, (-- 2dS1QA°1dS1G‘% .)LUUYOI

(/,== NOILYINWIS NOILUNIQNO00D ¥3NNINVW -- ,/)iVidd04

doi$

d001 ALINIEV4YD 31834YD3Q i 3NNILNOD
d001 L4Y¥O¥IV 340 °‘ONi 3NNILNOD
d001 @33dS 3INILYIIYi 3NNILNOD

(Y3GWNN‘XI¥LYM) LNdINO0 TTIWD
(9G1)d9A°SI‘N(OST T)ILINN

d001 SIVIdli INNILNGD

(XIYLYW2dSIA‘ TdSIAIIIGVL 1TV
2dSIA°1dSIA II(SST T)ILIANMN(T 03" TINI¥dIJI

et
o1l

PLOLOOLO

091
SS1
001

LTy

R RS

Lot adidionss

e




((002L °D3° 2Qd) OGNV (002L °03° 10))41

T+(2°2)XI8LVUW = (2°2)XIyL0U +
((001s °D3° 2d) "ANY° (Q0TZ °03° 10))41
T+(TTIXINLVUW=C( T I)IXINLVUW((O *03° 2d) °“ANY° (0 °03° 10))Jdl1

(E'E)XINLUN PEUIDILNI &
20°10 2543931N1
(XIN¥LYM‘20°TA)3180L 3INILNONENS

an3 J
(81)LYW¥04 611
(#1)19UN¥04 211
(/,C-- (2=N/T=A) SLNOLNI¥d ONE3Q $.)LlUNNO0J 94
(,C-- SIYINL 40 ¥3IEWNAN $.)LYWA0J o1t
NaNL3d

0=Al
d335 ¥3GWNN WOANYY 3IZITYILINI 0=XI

00002-¥38UNN
YIENNN (61T T)IAYIY
(et1°1)3L14N

3NNILNOD 0
0 = (r’‘INXI¥LVM
€E‘ter 01 0OQ
€E‘t=1I 01 OQ

mwn::z..n.nvx~¢h¢:vnuwothn _
TININA“LIMITALI‘X] 2333934NI :
(XIYLUN ‘AT ‘XI‘N3EUNN) 0dNL3IS INILNONENS

=LOO0OL O

aN3
(772°013°,C¢-- SU3INNINYW 11dWOD ANV LUdWOD 40 LNIO¥3d ¢ YAVHYO 4 ’it

X




4 XV

AL‘X1°23003°13G00 2%¥393LNI

2dSIA‘TdSIA ONNOJ‘ONMNC 23¥3IDILNI

OHL0d ‘OHLO ‘HLOd ‘NIHLO ‘NAOD‘NAO  25U3IDILNI
(AI’XI1°2dSIQ°1dSIQ‘ONAOd ‘ INMO +

‘23009 °13009 ‘9HL0d ‘OHLO ‘HLOd ‘¥3HLO ‘NROd ‘NAO) TdNL3IS INILNOYENS

v A s b A e e~ —— e

T+(2°E)XINLYU =
((eets °03°
T+(T'EIXINLYU =
(o °03°
T+(E°2)XINLYU =
((ee2L °03°
T+#(T°2)XINLVM =
(o °03°
T+(ETIXINULIUMN =

002L=¥3HL0(5°06 °3Y°

aN3
NYN43Y
)41

CAI‘XI)INGd=Y
001L=¥3HLO

¥ X903
AL‘XI‘H83HL0 2x¥3DILNI
(AI’‘XI‘¥3HL0)PdNLIS INILNONENS

(2°C)XIYlvN
2d) °aNv° (eeeL
(T°EIXINLYN
2d) °GNvY° (002L
(E°2)XI¥LYM
2d) °"aNv° (001
(1°2)X1al9N
2d) °aANv° (001L
(ETIXINLYW

(002, °03° 20) °“dNY° (@

T+4(2°T)XINLYU =

(2°T)XINLYM

((00TL °03° 2d) °ANV* (@

TH(EEIXIYLOM »
X

(E’EIXTULYM

.8.
03"
03"
03"
‘03°
‘03°

aN3
NN 3Y
1q)) 41
10))41
10)) 41
10)) 41
18)) 41
1)) 41

0O




001L = 8
e02L = ¥ oS
09 04109
eecL = 4
00TL = ¥
0S 0109(0022 °03° 1300J)41 5
(001°1)3113M w
¥(8)d 290kt
LINIT‘ASIA’AI‘XI‘HIOHI 2%¥3IDILINI
g°'v’9d ‘903009423009 °13007 23¥3IVILINI h
(LINITdSIA AL ‘X1 + |
‘d°HI0d3*9d’90°3609d°23G02°1300I) DTI¥V 3INILNONENS 5
bo oo
aN3 Z
(r===TdNL3S 3INILNOY--- .)LVWNO0I 001 8
N3NLIN o3
288+2dS14 T
188-1dS1Q 4
0021-23009
SNLYLS 3783Y9 SNOIN3dNd S NMOi 0=9NNMO0d
SNLYLS 3703UD LN3ININD S, NMOi 0=9NM0
SNLYLS 31439 SNOIN3dNd S, ¥3HLOI 0=9H.L0d
(0=N/T=A) SNLYLS ITGUYD LNINAND S V¥3HLO 0=9H10
3000 TYILINI SNOIN3Nd S, ¥3HLIOI 0021=HL0d 3
3000 WYILINI S, ¥3HLO0i 0021-33H10 4
3000 NMO SNOIN3Ndi 0021=NAOd 4
NAO=13d020
002L4°NN0(S°0 °11° W Il b |
00TL=NNO
ATWOANYY 33093 NMO M1di (AI’XIINVE=Y w
(00T°T)3L1INN d




== N¥NL3¥ 2 3dAl -- o

J
3 N3N 3y
3 v s dSIA (LIWIT °O3° HIO0dI) 4l 106
-- N¥NL3¥ T 3dALl -- 2
3 )
186 0109
d3793Y9 N38d NO d007: €06 0409(T °D3° 9d)JI
-- HO0d3 SNOIN3dd 3IHL NI (3783vD SuM 23000 4I MIO3IHD -- )
o)
314399 LON NO d007: 106 0409(0 °©3° 90)41
-- (3718399 ATLNINND SI 23003 41 MO3IHI -- 9
J
h 106 0109(8 °03° 3Q03d) 4l
: | €06 0109(y °*03° 300Jd) 4l 0SS
% -- (d00T ¥3ILN3ID) 300D SNOIN3d¥d S.2300J NIIHI -- )
! J
ce6 0109
3003 HJILIMS) 8 = 13009
206 0409 (¥ °*3N* 3Q003d) 4l 00s
-- (40071 LH9IdN) 3000 SNOIN3d3d $.2300J XI3HI -- J ‘n
J N
106 0109
0SS 0109(8 °*3IN° 2300J) 41
00S 0.109(¥ °03° 2300J)41 ooF
; e
i 3300 LN3Y¥¥NIO S.23000 AI3HID -- w
23000 dn S5S3ui SISt = 234009
SNivisS (319499 13S: T = 9
0374399 LON NO d0071: 0¥ 0109 ((HO0dI)d 31" ¥4l
378399 LN3INAND LNO 0¥3Zi e = 90
HO0d3 SIHL 3783U9 40 80dd: (AI‘XIINVY = ¥
90 = 9d 09
o)

SNLYLS 37q¥YD S, ¥IHLO AIIHD -~ 9




(d’S'N‘OQI‘LIWIT QL) §0¥d INILNONENS

e —————————————— - B T L L T ettt |
6L7L1/21 INSMON3ZJ08 °S AS N3LLINN J
9
SHJ0d3 3NILNJ3ISNOD 6 ¥0 8B 04 9
NOILUNIQN00D U 3Q0W 40 ALITIGUEQdd 3LU¥3N3ID 0L 3INILNONENS 9
9
lllll l||llI‘lll'll‘.llll"l-l||'|l'll-‘ll'l-lllllll"l.lllllll.l'""o
aN3
(Z(PI'XTIL*,C(~= dSIA‘HI0E3‘Dd‘D‘N3Ud‘NNO‘¥IHLO .)LUKNOI ol
NaNnL 3N
2dSI1Q‘HI0dI ‘' ONMOd ‘ONMO ‘NMOd ‘NMO ‘¥3HLO(OTT T)ILINN
2dSIA‘HO0dI ‘ONMNOd ‘ONMO ‘NMOd ‘NMO ‘d3HLO 2%3393LINI
(2dSIA‘HI0dI‘ONMOd ‘ONNO‘NMOd ‘NNO‘d3HL0) 2LNI¥d INILNONENS
9
9
anN3
((PIXTIL’ (== dSIA'HI0d3‘Od’D°‘NI¥d ¥IHLONMO /) LUUNO0S o1l
NanL3y
1dSIQ°‘HO0dI‘OHLO0d ‘OHLO ‘HLOd ‘¥IHLO ‘NMOCOTT “T)3L1UN
1dSIQ‘HI0d3‘DHLOd ‘OHLO ‘HLOd ‘dIHLO ‘N0 2X¥3D3LNI
(TdSIQ°HI0dI‘OHIOd ‘OHLO‘HLOd ‘¥IHLO‘NMO) TLINI¥d 3INILAONEANS
J
° 4
GN3 ]
(,---97¥ 3INILNOY¥--- .)lVWHOI ool 1
9
N3NL3Y 3
13000 = dSIQ (LIWIT °03° HI0dI)4I €o6
-- N3¥NL3IY¥ € 3dAL -- 9
9
NYN4L 38
§ = dS1d
€ = 13003 216
NaNL 3y
216 0109 (LIWIT *03° HI0d4I)JI 206

s M e mem v m ma v men - b & - -

il ¥ s




Jhlnuuuuﬂﬂuuumllllllllllllilixﬂ

((S-ONIXXC(NIY=-T) ) X(2XX(XN)IVIX(T-IN)XONX@S 0+(N)d=(M)d
((9QI)dOAXCT-INIXX((N)Y = "TIXK(AIUXIN + (M)d) = (N)d
ONXX( ()Y - °*T) = (J)d

41 X (2X33/(1Lx30%SX%°¥)) = ()Y

(P°0149°,<C-- ¥1 ,)LoWd0d €ee
LW 10 1dSI ‘dL ‘W HTEEE ‘T)H3LTNN 9
INO OL LIWIT: 0T = ¥1 (0°1T °19° ¥4I
(EXXW])X8292000° +(2XXWIXTTIBHE00° ~WIkP2OTHFTIT O +p1290FPS° « ¥
T - 10 - 1dSd - dl = W1
0°Ll- = 1iM
8°9= 10
8L°LS = dl
(EQ6°0 7 ST1°9409% ILXSX]dX¥0°¥)01ID007Y x 0°02 = 1dSd
S926SI¥1°E = 1d ]
LIWIT‘T = X 11T OQ .
J 3
SHO0d3 3HL 40 HOVY3 ¥04 S3ILITIGUEOd¥d 3LNdWOD -----3
J
J
o + -a
JY310(866°TH3LIAN (T *03° OdINAI 3 N
L4941V L3049l LNNOJ LON 04 (T- N) 49014 = ON
NYL TYILINI eL = Il 5
JONYTTIINANS 40 SNIAVY, ‘o2 = ¥
S°x 80°9 s £°02 = ¥
J
HLON3T 39USS3W 2/1 3NTYN LNYLSNOD ----- M
9
(001 °1)3L114M J ]
4

72E0. /739310 Yivd

7°1°S8°°SS° °°0/d90 vivd

4Y310 Tx1WII901

Id‘WT°8T°1LW 10°1dSd°dl vXTVIN
ON‘(6)Y°($)dOG°(6)d XTIV




o

(/. <==(¥) °*SiX NI 033dS 3INILvl3ds.)lvWa0d 06

(p°214)L0UWA04 €ob6

(. <¢=-(d) 3IOINVUITI3NANS 40 SNIQLAS.)LVWNOS coe6

(SI)1ivuy0d 106

(, <==(]) L40¥J¥IV 50 °ON ¥3ILN3S.)LVWYOS 006

(,=-=-2dNL3S 3INILNOY¥--- ,)LIVWHOS ool

- s S o T S - - S e - """-"'--l"-""‘l----"-‘-‘ll-"""l""o

SLYWH04 0/1 3IT0SNOD )

- A W G D R G - G E ED G D G D R G AR ST D D DD SR G DD - - ——— ’-""'-"'l"-'-'-"O
N3NL3y

6 = LIWIT (6 °19° LIWITYJI
LINITC(TO6°T)QY3Y
SHO0d3 40 °*ON: (916°1)3L14N
oL (€E06°T)QV
JWIL TYILINIG (806°¥I3L1aM

(201°1)3L14N
(LIWIT‘OL) 2dNi3S 3NILNONENS

6LsLilrsel INSMON3ZI08°S A8 N3ILLINM

SHO0d3 40 °*ON ‘Nui TWILINI NOILYINWIS 40
SNOILIANOD 318vIduUn ¥04 SLNANI 1S3N03N

aN3
(TY°X)LYWN04 866
(,---808d 3INILNO¥--- ,)LVWAOA (1) 4

N3NL3Y

3NNILNOD 198

(1 x "E) - 6L = 1L
(P°63°, *80¥d -‘0°64°, NUL ,‘¥1°‘., HIOAI .)LlYWNOS 006
(N IL N(OO6°T)ILINN 2

31 X (Md=(N)d




aN3

(TYX)1lYWN04

(, ¢==(2)9NITT0¥IS ¥0 (T)INdLNO 3VVdS.)LYWNOS
(. ¢-= (6 ¥0 B8) SHIOd3 40 °"ONS.)LYWNOIS

(. C== (¥) ALITIEGYEO0dd LINYIS,)LIYWNOS

(. <-=(¥) ALITIGYE0Nd 318¥YD30S.)LYWIOS

(., C(==(¥:SANODIS NI NUL) 3JWIL TYILINIS.)IVWYOI
(, ¢==(¥) SANOJI3S NI TYNYILNI HI0d3S.)LlYWIOJ

T ————

B U

866
886
916
#16
216
806
906







