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1. INTRODUCTION

This report is the fourth Semi-Annual Statﬁs Report on the
research project "Models and Techniques for Evaluaﬁing £he'
Effectiveness of Aircraft Computing Systems"'beiﬁd cooducted for
the NASA Langley Research Center under NASA Grant 1306:_ The
subject grant was initiated 1 May 1976 for a one year'period.and
extended 1 May 1977 for a second one year period. | fﬁislkeporf

concerns work accomplished durlng the second half of the second

'.,---T ;.,,,v.

year (which 1ncluded a one monUzno cost extensmon at the end of the

year), ‘that 1s, the perlod from 1 November 1977 to 31 May 1978,
hereafter referred to as the reporting perlod ‘

The purpose of this research projeot is to develop models,

measures, and techniques for evaluating the effectiveness of air-

u_craft computing systems. By "effectiveness" in this'context we

mean the extent to which the user, i.e., a commercial air carrier,
may expect to benefit from the computational tasks accomplished
by a compuEing system in the environment of an advanced commercial

aircraft. Thus, the concept of effectiveness involves aspects of

system performance,' relaibility, and worth (value, benefit).which

must be appropriately integrated in the process of evalueting

system effectiveness. Specifically, the primary objectives cf
this project are:

(1) The development of system models that can
provide a basis for the formulation and
evaluation of aircraft computer system
effectiveness, ~

(2) The formulation of quantitative measures
of system effectiveness, and

(3) The development of analytic and simulation
techniques for evaluating the effectiveness
of a proposed or existing aircraft computer..
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Effort during the reporting perlod has also been devoted

to the documentation of research results for dlssemlnatlon at
technical conferences and in the open literature. . In particular,
some definitive results of the first year's activity were sub-

mitted for presentation at the 8th International Symposium on

Fault-Tolerant Computing (Toulouse, France; June 21-23, 1978). -

This paper.was accepted and willqappear in the Proceedings of

- FTCs- 8 [4]. Another paper, based on the same work bLt stre*51ng

o e

the unlflcatlon of performance and rellablllty. has been accepted

T T e e .-
PE TRk

for presentatlon at the Symp051um on Modelllng and Slmulatlon

~ R B -t
..... .

AMethodology (Rehovot, Israel August 13 18 1978). More recent:;
’results concernlng "functlonal dependence"k(R—dependence) and

" its 1mpllcatlons (see [3] and Section 3. 1 of thls report) have

..

_been presented at the 1978 Johns HOpklnS Conference on Informa~'

tlon Sc1ences and Systems (Baltimore, Maryland March l~3, 1978)

and W111 be publlshed 1n the Proceedlngs of that conference [5].L

.....

.In addltlon, a papexr focu31ng on the "performablllty evaluatlon

of rault—tolerant multiprocessors” in a commercial airceraft -
environment has been accepted- for presentation at théri978‘
Government Microcircuit Appllcatlons Conference (Monterey,
Callfornla, November 14-16, 1978). F;nal}y, a sllghtly expanded
versdon of the‘FTCS—B paper [4] has been‘submitted.forvpublicaf

tion in the IEEE Transactions on Computers.

Section 2 of this report describes the manpower effort
proposed for the current yvear, the personnel 1nvolved in conduct-
ing the 1nvest1gatlon, and their levels of effort during the

reporting period. Section 3, the body of the report, describes

-



the technical status of the research performed during'the

reporting period.
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1nvestlgatlon include some - ba31c theorems character121ng

practlcal 51gn1flgance, however, is the use of these ba51c the sf.'

e N . . B ..

3. TECHNICAL STATUS

The follow1n9 is a comprehen51ve descrlptlon of the research

fom e Tt e el ve e

performed durlng the reportlng perlod The report is’ lelded
1nto three major sectlons under the headlngs-
3.1 Functlonal Dependence’ . R e R

- (e . .

3 2 Evaluatlon Algorlthms and Programs (METAPHOR),.
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IJSectlon 3Vl'descr1bes our further 1nvestlgatlon of the
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concept of "functlonal dependence" (R—dependence) and its. relatlon
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to “structure—based" capablllty functlons.i -The . results of thls
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R—dependence and R—dependent sets when the 1ndex set D is oount;
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ably 1nf1n1te. (Slmllar results obtained durlng the prev1ous -
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reportlng perlod [3] assumed a flnlte 1ndex set ) Of‘more R

v . .
B “ - . - . B =

to establlsh the fundamental llmltatlons of reliablllty hodellng

that is based on Fstructure functlons or, eq_;valently, thelr )

represehtation by "fault—trees" In partlcular, it is shown

2 e . P S

(Theorem 6) that any: phased system nodel whereln the capablllty

functlon can be described by a sequence of structure functlons

(fault—trees), is characterized by a total absence of R—dependence

among the phases (where R is the set of all state trajectorles

corresponding to system "success). One of the features of

performablllty modeling, on the other hand, is‘its ability to

AP QA ———— i piponiacdiid Pied LA R BLRIEL TS L4 XA [ AN

accomodate 1nterphase dependenc1es, as 111ustrated in the con-

S it o R el o e S o i

clusion of Section 3.1.
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Section 3.2 reviews:our progrese,in the development of
METAPHOR, a prototype software package toraid the evaluation of
performability. 'This includes a discussion of the objectives
and abilities of METAPHOR as well as a description of how thevl
current implementation of the package is used. ’Effort;has also
heen davoted to producing more detailed documentation of how
METAPHOR is implemented. This documentation.effort.is'still
in progress, however; and will be completed duringvthe.nekt}reportu
ing period. A full report of this act1v1ty w1ll be 1ncluded 1n

the next Seml-Annual Status Report

xw D s

Section 3.3 concerns the major part of our act1v1ty durlng

3

the reportlng perlod, a relatlvely comprehen51ve performablllty
modeling and evaluation exercise involving the SIFT computer [8].

The computational environment is assumed to be a transoceanlc

flight of a commercial aircraft and the accompllshment set A

is naturally defined in terms of attributes used by Ratner, et.

..

al. [7] to distinguish the "criticalities" of varioue aircraft
fnnctions. The capability function Yg of the "total system"
(SIFT plus its environment) is described in terms of a é—level
model hierarchy, where each step of the modeling process is ex-
plained in considerable detail. Performability is then evaluated
using the basic two-step computational procedure described pre-

viously (see [3], [4], for example), that is,

1) For each accomplishment level in A, determine
the set of all state trajectories that result
in a, that is, determine the inverse image

= "1
U, = vg-(al),

2) Using the base model XS’ for each . a in A,
compute the probability of the trajectory
set U (which is egual to the performablllty
value ps(a))
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Implementation of step 1) is described in more detail than
it has been in the reports of previous evaluatlon exer01ses. In
both steps, computations were alded by the current version of h
METAPHOR but many of the calculations, particularly in step l),i

remain to be automated. This necessitated a great deal of tedlous

manual computatlon and resulted in computatlonal errors that
P

IS T

wereq{? ficult to locate. ‘However, the results flnally obtalned

k5

appear to be correct since they satlsfy several con51stancy

checksa‘ More 1mportantly, we belleve that the work descrlbed

«-..7

in Sectlon 3.3 comprlses a 51gn1f1cant step toward establlshlng

the practlcallty of performablllty evaluatlon, partlcularly as'.

it applies to aircraft computing systems.




3.1 Functional Dependence

During the reporting period, our investigation of the concept
of "functional dependence" has continued with an emphasis on i)
extending the theory to (countably) infinite coordinate sets and
ii) using the theory to characterize the iimitationsAof traditional
structure-based reliability analysis. Although specific results
of this effort have already been documented in a paper presented
at the 1978 Johns Hopklns Conference (see [5]),' the discuss-;_
ion that follows links the work of the current period to ‘that de-

scribed in ptev1ous reports and, thereby, serves to clarlfy the

progress during the current reporting period

3.1.1 Extension of the Definition of R-~dependence-

Prior to the reporting period, the investigation of functional
dependence or, more formally, "R—dependence"‘has presumed that the
unoerlying index set D (see [3],) p. 28, Def. 1) is finite. Al-
though not stated explicitly in Def. 1, the finlteness assumption
becqmes apparent in Def. 2 ([31, p.29) and is used in the proof
of theorem 4 ([3], p.41l). 1In our current applications of func-
tional dependence, the index sets D are indeed finite 'since the
indicies correspond to the decomposition of the state snace into a
finite number of component spaces and/or the decomposition ¢f the
utilization period into a finite number of phases. However, we
anticipate applications where the user will be interested in long-
run performability, in which case the utilization period may be
unhounded. In such cases, assuming that each phase has finite dura~
tion, the number of phases will be countably infinite. To accommo-

date such situations, we have extended the definition of R-dependence



to include infinite index sets and have réexamined the tﬁeory
of R-dependence in the light of this extension.

To begin, the system coordinates (whether distinguished in
time, space, or both) are represented by 1 cduntable set D, called
the index set, where, as earlier, we assume that b ié totally ord-
ered relative to some underlying ordering relation. For.example,

if § is a system with n subsystem Sl’ Sz, . Sn énd the long-run

.

behavior of the system is observed at discrete times_tl, thr t3sens

then e

D ={{(i,3)|i€{1,2,...,n},5€{1,2,3,...}}

where (i,j) represents subsystem S, observed at time tj. D is then totally

ordered in some convenient way, e.g., by the relation = where

if a < ¢

-
(a,b) ad (C,d) or a = ¢ and b < d'

Relative td-D and some family of sets

2= {051 aen}

indexed by D, the cohcept of R-dependence is based on the following

types of sets.

Definition l: A structured set (relative to D andﬁ?) is a subset

of the Cartesian product of the sets in.gl that is,

where the product is taken according to the ordering of D.
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In the context of Definition 1, deD is a coordinate and de

is the range of coordinate d. A set CQD is called -a coordinate

set; the coordinates in C are subject to the ordering relation im-

posed on D.

When dealing with structured sets it is convenient to refer

to the values taken on by a particular coordinate or set of coor-

dinates. If deD, let Ea:R -+ Qd denote the projection of R on d,
that is, |

”
4

Ed(rl, e ey rd'-o.) =rdo

Extending such projections to coordinate sets:

Definition 2: If CcD is a coordinate set wheré C = {cl,cz,bé,...}

(cl is- the first element of C according to the ordering of D, c,

is the second element, etc.) the projection of R on C is the function

E:R-+ X O
c ceC c

where £,(r) = (gcl(r), €Cz(r), Ec3Cr),-.o)- If C = ¢(the empty

set), £¢:R_+ {l¢} where 1¢ is an arbitrary constant.

For example, suppose D = {1,2,3} with the natural ordering;

and 0, = {0,1}, ieD. Then £ ,,((0,1,1)) = (0,1), and £7,3((1,1,0)),

= (0). When C is a singleton set{d}, E{d} will usually be denoted

as gd

With the above preliminaries and with a slight notational change
to eliminate some confusion that arose in the previous status report,

R~-Dependence is defined as follows.

Definition 3: If R is a structured set (relative to D andé?) and

A,B € D then A R-depends on B (denoted A Ap B) if BVEEA(R),3W€€B(R)

: e e R
S—

R 7 S oS 2 S e, B A
hosors
x
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monda
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such that VreR [£5(r) = w implies E,(r) # v]. A is R-independent

of 8 (A KR B) if A does not R-depend on B.

The implications of the above definition, when so extended to
sermit a countably infinite index set D, are examined in the sub-

sections .that follow.

3.1.2 Basic Properties

Regarding A ("R~ depends on") as a relatlon on the set of all
subsets of the index set D (i. e., the "power set" of D), we note,,,g

-

first of all, that the global propertles of A are presefved‘when

D becomes countably infinite. In partlcﬁle;,.as establlshed earller
for finite D, we find thet A is symmetrlc but generally neither
'reflexive'nor transitive. The symmetry of AR (i.e{, A ARfB implies

vﬁ ﬁR A) follows immediately frem Definition- 3 for if v and w are
such that [EB(r) = w implies EA(r) # v] then [EA(r) = ﬁlimplies

Sglr) # w]. Regarding reflexivity, if Cgb it follows that C R-depends
on C if(and only'if IgC(R) | > 1. (zf IEC(R)I > 1 any two distinct

elements of £,(R) can serve as the v and w of Def. 3; ifv[gé(R)l = 1,

distinct elements u and v:do not exist and, hence, C’'can not R-depend

‘on C.)
Accordingly, AR is generally not reflexive since there may exist
a coordinate set C for which IEC(R)l = 1l,i.e., its projection is a

constant. On the other hand, in the special case where no such coor-
dinate sets exist, it follows that AR is a reflexive relation. Fin-
ally, as demonstrated in the previous report using‘the structured
s2t R = {(0,0,0), (0,0,1), (1,0,0), (1,1,1)} (see [31,p.35),

LR is generally not a transitive relation. (This finite example
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suffices 51hce the generallzatlon to countable index sets D 1ncludes
the spec1al case where D is finite. )

The alternative characterizations of R-dependence (see [3],
p. 34, theorem 1) also hold when D is countable, where we have found
that the "partition characterization" (part i1ii) of Theorem 1) is
especially useful. In the interest of clarity, this characterizatlon
will be restated using the notation of Def. 3, and then proved dir-
ectly (as opposed to the earlier proof whlch 1nvolved two character~
izations). The partltlon characterlzatlon is motlvated by the fact
that the "knowledge" or "1nformatlon" conveyed by a coordlnate ‘set

C can be regarded as claSSLflcatlon of sequences in. R, where two

seqﬁences are in the same class if they have the same projection on

C. More precisely, if CcD let EC denote the "equivalence kernel" of
EC’ i.e., for all r, seR, r £ S iff Ec(r) =.£é(s)f and let "C de-
note the partition of R induced by EC' that is, “C is the set of all

equlvalence classes of =0 Finally, if VSE (R), let.B (v) denote
the "block" of ﬂC (equlvalence class of = ) determlned by v, that 1s,
B C(v)’*—- {raR[&C(r) = v}. Then, in terms of these partltlons, the

concept of R-dependence can be characterized as follows.

Theorem l: Let R be a structured set indexed by D, and let A,BgD;
Then A R-depends on B if and only if HVEEA(R),V3ws§B(R).Such that

B, (vIN Bo(w) = ¢.

Proof: Suppose A AR B, and let v,w be as in DefinitionIB, i.e.,
VreR[EB(r) = w > EA(r) # v]. But gB(r) = W & rEEIB(w), and‘EA(r) #
v & rfm A(v) .  Hence, VreR[reB'B(w) = rf BA(V)] which, in turn, im-

plies‘that EsA(v)ﬂ BB(W) = ¢. Conversely, suppose 3ve€A(R), HWQEB(R)

eV
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such that B , (V)N B (w) = ¢. Then VYreR, wheneve# #s-B_B(w), it
must be the case that r{ B ,(v). Therefore, VEeR[EL(X) = w = &, (x) :
£ o L e 4
Theorem 1 thus provides a convenient algebraic characterization
of'R~dependence which, given partitions WA and NB('says'that A R- ' i

depends on B if and only if there is a block in Ta and a block in

. . i i
s which have no elements in common. o R ijw ) j

Using Theorem 1, we can derive additional propertles of R—depend~

ence which are useful when searchlng for R—dependenc1es.u As was the

case for finite D (see[B], . 36, Lemmal) we observe.‘flrst of

-y

all, that if A A B then supersets of A must R-depend on supersets

of B, that is:

. .

\Theorem 2: Let A,BSD. If A A, B then, VA'2A and YB'2B such that
A',B'QD,H-A'~AR~B'. - - : R

-

Proof: Suppose A A B and let A'2A, B'2B. Then EVsEA(R), BngB(R) :
such that‘ﬁyA(v)ﬂ BaB(w).= ¢$. For any A'2A, it follows immediately

- that n refines w i.e., each block in «

A’ A’ Al

block in Mo Hence 3v'sEA.(R)such that B’A!(v')gmié(v),‘and 3W'E€B'£R).

such that HsB.(w')gBBB(w). As BzA(v)ﬂﬂaB(w)f= ¢5>we have‘m‘A}(V)ﬂ

is a subset of some

338,(w') ¢ and therefore A' Ag B'. : , )
Theorem 2, which says that dependence is preserved by supersets,
has the following "dual" statement which says that independence is

preserved by subsets, that is:
Theorem 3: Let A,BSD. If A £, B then, VA'cA, VB'CB, A'sz~B-_ | :

Proof: Suppose to the contrary, i.e., there is a subset A' of A
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and a subset B' of B such that A’ Ag B'. Then, by Theorem 2, A Ap B-

contradicting the assumption that A KR B.

The utility of Theorems 2 and 3 is that additional‘dependencies '

and independencies can be inferred from thosa-already known. Finally,

as observed earlier for finite index sets (see |3}, p. 39, Theo-

rem 3), the notion of R—independencé, that is, the complement of

the relation AR' is'closely related'toithe notion of a Cartesian

L

product. More.precisely,

e -t e
DS i

Theorem 4: Let A, B:D be dlSjOlnt c001d1nate sets, and let Y&
+ £, (R) x & (R) be a mapping such that VrsR[W(EAUB(r)) (EA(r),

EB(r))]. (Such a map ¥ always ex1sts and 1s unique. ) Then A Aé

if and only if W(EAUB(R)) = EA(R) X €B(R).

.,
-~

- Proof: Suppose A A_ B. It suffices to show that W is-onto. Let

R
veE, (R), weZ;(R). By the definition of R—iﬁdgpendence, BreR[EB(r
and £, (r) = vl. Accordingly v(EAUB(r))= (g,(r), £g(x))= (v,w).
Conversely; suppose ¥ is onto. Then.VVSgA(R) and VWEEB(R), JreR[Y
(E AUB(r)) = (v,w)]. Hence, HrsR[EB(r) = W and‘gA(r) =v], i.e.,

A KR B.

An even stronger link between functional independence and Car-—

tesian products is developed in the following subsection.

3.1.3 R-dependent Coordinate Sets

When examining the nature of a structured set R, it is often

convenient to identify coordinate sets C (CcD) ‘for which R-~depend-

encies exist among the subsets of C. In the terminology of general-.

ized dependence relations (see[Naylor]), such a set C is referred

to as being "dependent" (in itself). When C is finite, this concept

AUB( )

B

) = w

. et N IS IR, TR PN e d A R L YT o e i s hedin
ek A ) e g AN e AU IRl E e s it XA N1 B B 0 e W 3 R Y S S N 00 TR T AR it Wit maiom, S0 o it A A6t e A
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can be defined rather naturally, as was done duriné‘tﬁé previous
reporting period (see [31, p. 37, Def. 5). However, wheﬁ_J

C is infinite (which is now a possibility since D may be infinite)
the choice of an appropriate definition of "self-dependence” is
less clear. On examining the alternatives, our choice was dictated
by the desire to have a constructive fest‘for R?depenﬁence; even

when C is infinite. Accordingly, the notion of Self—depenaence

.t s

is formally defined as follows.

ER 4 ro
T A L.

«
[

Definition 4: If R is a structured set indexed by D and CSD then

C is R~dependen£wif there exist finite sets A,B;Cﬁﬁith;AhB = ¢ such

that A Bp B. C is R-independent if C is not;R—dépendent.

The requirement that the subsets A and B be finite provides

-

.the Eind of constructive test referred to above. fh;s ié—énalégous
to wﬁat is done in linear algebra where a dépendent set oﬁvvectors
must cpptain a finite subset for which Some linear qombihation yields
the zero\§ECtor of the space. The requirement that ANB = ¢ insures
that C_is“hbt regarded as R-dependent simply because some subset of
c depends on itself. ‘ |

Applying Theorem 4, an R-independent se£ C can be characterized™
in terms of the algebraic structure of EC(R) as fol}ows. ('This

characteriéation reduces to Theorem 4, p.41 in [3] when D is

assumed to be finite.)

Theorem 5: If R is a structured set indexed by D and Cc¢D, then C
is R~independent if and only if £ _,(R) = X £ (R).
C d
deD
Proof: Suppose that EC(R) = X gd(R). ILet A and B be finite dis-
o - deC

joint subsets of C. Then &,(R) = X £4(R),EL(R) =‘dX £4(R) and
: deA ‘de B

T e e - i
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Eaug(R) = déAUB E4(R). Let ¥ be the unique coordinate mapping
described in Theorem 4. Then W(EAUB(R)) =y( X gd(R)) =
) deAUB
( X Ed(R)) x (X Ed(R)) = E (R) X‘ZB(R) Thus by Theorem 4,
deA deB

A KR B. Since this is true for arbitrary, finite, disjoint sets
A,BcC, this implies that C is R—ﬁndependent. Conversely, suppose C
is R-independent, that is, for all finite sets A,BgC such that

ANB = ¢, A AR B. Relabel the elements c

ceer My oie Then, in particular, {l} Ap {2}, Applying Theorem

17 ..7; c ... of C as'l,

m'r

4 with A = {l} and B = {2}, W(g{l 2}(R)) gl(R) X 52(R) ecauset

1 is the flrst coordlnate in C, ¥ is just the 1dent1ty functlon,
that lS,W(E{llz}(R)) E{l 2}(R) = gl(R) x EZ(R) ’ Now take A=
{1,2} and B = {3}. Then {1,2} bp {3} so w(g{l 5 35 (R)) -

£(1,2,33 (R} = &5 5y (R) x £ 4y (R) by Theorem 4.. Once again v is%

~just the identity, so g{l 5 3}(R) = E{l 2}(R) X 53(R),wand, by sub-
r’ I 4 4 .
stitution, £{1,2,3}(R) = al(R) X QZ(R) X 53(R) Coqtlnuing in this

fashion, we can conclude that gC(R) = X Eg (R)
' deC

~

Corollary: lIf R is indexed by D then D is R—independent if and

only if R is a Cartesian product, that is, R .= X Ed(R)
deD

The "if" part of the corollary saye that, whenever R is Cart-
esian, the index set D must be completely fxee of R—dependenc1es

(in the sense of Definition 4), as one would expect given the orig-

inal definition of R—dependence (Definition 3). The "only if" part

is a little more surprising in that the absence of R-dependencies
among finite subsets of D (even when D is infinite) guarantees that

D will have the simple structure of a Cartesian product.

T S S MU SRR L JE0 T ST,V TEg
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3.1.4 Characterization of Structure-based Capability'

In addition to the above extens1on of the theory of R-
dependence, we have explored the role that R~ dependence plays in
performablllty evaluation and, particularly, how thlS concept mlght

be used to dlstlngulsh basic dlfferences between performablllty

modeling (as developed under the subject grant) and tradltlonal

rellablllty modellng. Durlng the prev1ous reportlng perlod, u51ng
an example whereln success was 1dent1f1ed w1th a mlnlmum allowable
average throughput(l e., the capablllty functlon de51gnated Y3 in E

Tr
‘.l.. .

example 1, pp. 18 20 of [3]), it I was arguea that capablllty

functions are more general than the "structure functions" - -, :u?* -

of phased-mission reliability modeling [9j.;'(A somewhat'more de-

tailed version of this argument appears in \[ 4 If)'? During' i

‘the reporting perlod however, we have found that the 1nherent

limitations of structure functions can be much more clearly and

preaet sely characterlzed via the concept of R~dependence.

To establish thls characterization, suppose Xs is a base—model

wizi. state space Q and one is more interested only in the reliability -
\

B ey

of ti system, that is, the accomplishment set is A = {0,1} (where

1 denctes " success” and 0 "failure"). Then, extending the notion i

o <.
of a "structure-based" capability function (see (31, . p.17) to f
include "phased missions" (see [91), a capability . function §

Yg is structure-based if there exists a decomposition of T into k ' 1

consecutive time periods T T ..+, T, and there exist functions

17 -2 k
Oyr Qg1 -vey @kwith mi:Q+{O,l} such that, fo; all u;Uf:

Ys(u) = 1 if wi(u(t)) =1,

for all i={1, 2, .... k} and for all teT. 1In the context of phased

e e el i i T B
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‘lation by choosing each N such that @i(q)‘é 1 iff qag;?ﬁ). Appeal-

~and oﬁly if the set of all phases D = {1, 2, et k} 1s R—lndependent,

-18-~

mission analysis, T, is referred to as:the'ith phase (of the
mission) andim. is the structure function of the ith phase. Assum-
ing further (as does phased mission analy51s) that ¢ (u(t)) = l

for all tsT.,whenever ¢y (u(t )) = 1 where t is the end of T , the

trajectory space U can be represented by the Carte51an product U =

Qk. Accordingly, if u = (ql, Aor se=s qk), then Ys(u) = 1 1ff

9;(qy) =1, for all ie{l, 2, }.., k}. Hence ueyg (1) 1ff e (u)sw “tay

for all ie{l, '2,- '..., k} and we conclude that the set R (1)
of "success trajectorles“ is also Carte51an, i. e.,

. yotem B re T oo . wers '
Sk : K Ve : -

. .
- ayon

L e k o =L B :f&?flfvw
R - X oThy.

Conversely, whenever a capability function Tgt ) +{O l} 1s such

that R = YS (l) is Carte51an, it admits to a structure-based formu-

ing to the corollary of Theorem 5, we have proved:e

-~

Theorem 6: "Let S be a phased system with trajectory'space U = Qk

and capability function YS:Ua{O,l}. Then Yg is structure-based if

-1 : ' - A
where R = yq ~ (1), f‘ o ) : , |

"

In other words, the absence of R-dependence between phases char-

acterizes structure-based capability functions and, accordingly, ;
: i
reveals the inherent limitations of structure-based reliability analysis)

3

Performability analysis, on the other hand, can accommodate inter-

phase dependencies, as demonstrated by the following example.

Rt

Suppose S is a multiprocessor system with three proeessors

where the performance in question is the average throughput (Thav)

PR )

of the system. Suppose further that the proceSSors~are7identical,

L Le s e e



so that the processing rate of the system is determined only by the
number of fault-free processors. More precisely, let us suppose
that the state set of the base model is Q = {0,1,2} where the states

in Q have the following interpretation:

0: all processors fault- free
1: one processor faulty
2

two or more processcrs faulty

Suppose further that, relative to a max1mum throughput (proce551ng
rate) T, the throughput associated w1th each state is as follows.

State Throughput -
: "r’

/2

N - o

0 o S

If the utilization period is divided into phases of equal duration
and we make the pessimistic assumption that the loss of a processor
during a .phase willvaffect the throughput to the same degree as the
loss of a processor at the beginning of that phase, then the traject-
ory space of the baee model is represented by the set

U = {(dq;,9,5,95) |q;eQ} ‘
where q; is the etate of the system at the end of phase i.‘ For
the user oriented model, suppose that the accomplishmentiset is
A = {ao,al,az} where a, corresponds to Thav > 5¢/6, a corresponds

to 5t/6 > Th__ 2 t/2, and a, corresponds to Th, < t/2. Then the

capability function Yg is given by:
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u Yg ()
(0,0,0) ag
(0,0,1) a,
(0,0,2) al
(0,1,0) a4
(0,1,1) a,
(0,1,2) a,
;}z,;f2)  | a,. i h

'
R TR

To illustrate interphase depéndence, suppose (we know that the

o and let R = Y—l(ao) {(0,0,0), (0,0,1),

(0,1,0), (1,0,0)}. If ucR and we know that q, = 1, then we can

accompiishment level is a

" infer that q # 1. Thus, knowledge of the state of the system at

the end of the second phase has increased our anwlédge about the
state of the system at the end of the pxevious‘phase. More formally,
in terms-of Def. 3, if A = {1}, B = {2} then v = 1 and w = l,guarantee
that {l} AR {2}, i.e., phase 1 R-depends on phase 2.’-

In general, we have found that such temporal functional depend=

‘encies arise quite naturally when accomplishment levels are associated

with user-visible performance. Of particular importance is the fact
that suéh aependencies arise in the context of aircraft computer per-
formability evaluation, as was observed during the prototype model-
ing and évaluation exercise conducted during the previous period

(see [3], pp. 169-170). Further evidence of this fact has been
revealed by the work of the current reporting péfiod where, in eval-

vating the performability of the SIFT computer (See section 3.3 of

o e e R E? « e



this report), we have
interphase dependency

anticipated.
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found that there is an extensive émount of

and, indeed, more than we had originally
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3.2 Evaluation Algorithms and Programs (METAPHOR)

~Concurrent with the development of performability models,
concepts, measures, and measure ermulations, we have proceeded
with the development of evaluation algorithms and prototype

evaluation tools for the purpose of investigating the

feasibility of our overall approach. 1In partiéular, we are

referring here to the software package called METAPHOR (Michigan
gyaluagion Aid for Perphormability), whose development was

initiated during the previous reportiﬁg period (see [3], Section

3.5.8,1). The following sections discuss this package and the

tools it contains. Detailed documentation of METAPHOR is

&

currently in progress and will be included in the next Semi-

Annual Status Report. Section 3.2.1 expands upon the objectives

and abilities of METAPHOR, while Section 3.2.2 describegﬂzts

use, Finally, Section 3,2.3 examines the internal structure of

METAPHOR.. _

3.2.1 'Objectives and Abilities

We envision METAPHOR as ultimately containing all the
programmed tools necessary to realize a complete performabi;ity
evgluation. These include aids for a) constructing the model
hieraréhy, b) determining the interlevel translations énd their
inverses, c¢) determiﬁing the base model trajectory sets
associated with accomplishment levels , and d) evaluating the
probabilities of these trajectory sets (i.e., the sets,y—l(a}'
for each aedA). In addition, because of METAPHOR'S ability to

provide instruction via devices such as the HELP command, we

view METAPHOR as a performability evaluation tutor;ﬂ

Of the above tools, METAPHOR currently contains substantial

xitte St S f;_-‘a',ya)-YWJ
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elements of the last two, i.e.,, routines to calculate the
probabilities of trajectory sets in addition to some tutorial
capabilities., That is, once the analyst has derived the
interphase and intraphase transition (P and H) matrices along
with the corresponding trajectory sets of each accomplishment
level, METAPHOR can then be used to calculate the probablllty of

each accompllshment level, Presently, METAPHOR also has the

R .t
s

ablllty to compute certaln classes of trans1t10n matrlces glven

e By R

P T

such 1nformat10n as the structure of the components (e. g.,',t
.” ay o - vf'.

whether computer ‘modules’ are connected in a Trlple Modular f"'
Redundant (TMR) fashion),'and the failure rates of those o
components and thekduration of the phase. ' -
METAPHOR's tutorial facilities are based on an’ extensive
nepertoire of replies’to HELP requests, along’With‘preErogrammed
series of questions relating to specific topics, This last o
feature\fs”intended to aid a person who is learning to use the

evaluation programs .

3.2,2, Use of METAPHOR

This section contains a summary of the commands and options.
currently implemented in METAPHOR, These are HELP, BRIEF, ECHO,
EXIT, DATA, ALTER, -GIVEN, DEDFAIL, NFAIL, IDENTITY, COM, anab
CALC. More detailed documentation of these items is currently-
in progress and will be reported in the next Semi-Annual Status'
Report.,

When METAPHOR is first run, an initial heading is printed,

followed by a prompt sign:
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METAPHOR
MICHIGAN EVALUATION AID FOR PERPHORMABILITY

VERSION 2
5/78

TYPE HELP FOR ASSISTANCE
.

The quad followed by a colon is the prompt symbol

indicating that METAPHOR is ready for some form of input. Three

types of input may be entered, In response to most questlons,v B

numerical data is requlred whlle a few questlons need a yes/no )

. ..J--

type answer. The thlrd type of 1nput encompasses. the command
language of METAPHOR. Commands may be entered at any tlme, even.
in response to queqtlons. (The present version does not

recognize commands in answer to a yes/no question.) After ‘the.

command is executed, the initial question is repeated-—(if

appropriate) .

If the user needs further assistonce at some point in the
program, mé‘can enter HELP. This prints an explanation of what
to do next~or a brief discussion of the idea or concept | |
currently being utilized. Also, if the user desires, a iist of
references concerning that idea or concept is printed, For
oxample, if METAPHOR asks what type of interphase transition
matrix is required} the user may type HELP to learn that four
options are available: GIVEN, DEDFAIL, NFAIL, and IDENTITY.
Further information, if requested, describes each option in
detail.

Two commands a}e useful when supplying input from a source

other than the user terminal (e.g., input from a disk file or

from cards in batch mode). These are BRIEF and ECHO. BRIEF is

s .~ . ¥
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used to 'su,press all output except the final results, whiie ECHO
is employed to repeat the user supplied input, The conditions‘
are activated by entering ECHO ON, ECHO OFF, ERIEF ON, oh BRIEF
OFF. The default is BRIEF OFF, ECHO OFF,

At any time, the program can be halted by entering EXIT..
This causes an immediate termination of the program; it cannot
be restarted. N | |

Evaluation of trajectory set ptobabllltles is accempllshed
using the EVAL command Th1s command 1n1t1ates a sequence of

queries by whlch METAPHOR receives a descrlptlon of the c

trajectory sets and related items describing y_l. METAPHOR

asks the following questions:

N 1) How many phases? ) J—
2) How many states in each phase?’
3) Wwhat are the intraphase transition matrices (P)
for each phase? v
4) Wwhat are the interphase transition matrices (H)
" - . for each phase?
5) How many time-invariant variables?
6) What is the probability distribution of each time—
invariant basic variable? ’
7) For each accomplishment level:
a) How many Cartesian trajectory sets?
b) For each Cartesian trajectory set:
i) wWhat is the initial state vector
(1)?
ii) Wwhat are the main diagonals of the
characteristic matrices (G)?
iii) What is the characteristic vector
(F)?
iv) what are the values of the time-
invariant basic variables?

METAPHQR calculates the probability of each trajectory set
"on the fly," i.e., as each Cartesian component is entered, its
contribution to the overall probability is determined; the
trajectory set is then discarded. (This method reduces the

smount of storege n- “mory to perform the calculations.) The
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result in the form of a list (performability spectrum) is then
printed, Also, if the result does not sum to 1, an error
message is printed.

Currently, foﬁr types (or classes) of iﬁtraphase matrices
(P) and two types of interphase matrices (H) can beientered"
For the P matrices, these are GIVEN, IDENTITY, NFAIL; and

DEDFAIL, while for the H matrices, either GIVEN or IDENTITY can

be specified,

[

GIVEN allows the user to 1nput a matrlx oW by row.
IDENTITY automatlcally generates an 1dent1ty mdtrlx of the'

h s B . . PO A O
3 LU, + E R .

properA51ze.';;‘ o - - : j,am;". l
DEDFAIL and NFAIL compute transition matrices for an
special types of systems. Each assumes that the structure bf‘
the system is described in terms of "compoqents" ;hegg,the state

of each component is either "operational" or "failed." .Both
DEDFAIL and NFAIL assume that all components are alike and fail
1ndependently with the same constant failure rate. Finally,
componenté are assumed to fail permanently, i.e., once a
component has failed, it remains failed for ?hé duration of.the
phase. The difference between the two lies in how the states of
the system are defined in terms of component status. ‘DEDFAIL
keeps track of each component in the systém, i.e., whether a
given component is operational or failed can be deduced from the
state of the system. In METAPHOR, the most important use of
DEDFAIL is in modeling a system wherein each component (e.g.,
processor) is dedicated to a different task (hence the néme

DEDFAIL). 1In such situations, the processing capability

generally depeﬁds on the state of each component and hence the

B L
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system state must convey the state of each component.
NFAIL, on the other hand, assumes that the components of

the system are lumped into groups. NFAIL then keeps track dnly

of the number of components which are operational within each of -

these groups. For instance, if two tasks and four processors
are configured such that two processors are executing each task,
then failure of either processor assigned to a given task will
have the same effect on system performance.S'Accordinglf,
processors sharing the same task cén be lumpéd, resuiting in 2
groups with 2 précessors per group; 7NFAIL is'eQGivafeht’ﬁb
DEDFAIL when NFAIL has n groups of 1 element each. “: o i

~If at any time the user wishes to know what vaiue METAPHOR
has assigned to some variable, or if the user wishes to change
the value of some variable, then the commands DATA or ALTER may
be employed. DATA causés two lines of abbreviations to be
printed’ as below:

~

IBH .
_ DATA

PUT AN X BELOW FACH ITEM-TO BE DISPLAYED. HELP AVAILABLE.

NUM.PHASES NUM.STATES P H NUM.CONST.BAS.VAES PROB.CONST.BAS.VARS

b e X : -
NUM.ACC .LEVELS NUM.TRAJ.SETS I G F V PERF
X X

The user places an X below the items he wishes to display. Each
item is printed so long as it has been defined, otherwise a
warning is given stating that the item has not been defined,
The above abbreviations should be straightforward; note that
time~invariant basic variables are referred to as "constant"
besic variables (CONST.BAS.VARS), "NUM" stands for "number of,"
wvhile "ACC" for "accomplishment,"” and "TRAJ" for "trajectory."

V is the vector characterizing the time-invariant basic

s
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variables,
ALTER operates in a manner similar to DATA. One line of

abbreviations is presented:

0:
ALTER
PUT AN X BELOW FACH ITEM TO BE CHANGED. HELP AVAILABLE.
P H CONST.BAS.VARS ALL.ACC.LEVELS PRESENT.ACC.LEVEL I G F V NUM. TRAJ SETS
X X

Again the user places an X below each item to be changed, fThis
command is particularly useful if an error is made while
enteriﬁg data;t : L T e

Two other.éommands are available. COM allows the user to
entef lines of text as comments, METAPHOR wili prompt each.iine‘
with "***" —after which any characters may be typed. Giving a
carriage return with no characters (a null line) ends the
"comment section, CALC allows the user to utlllze the~£;L

calculator mode. Each line will be prompted by a question mark,

a gquad -and then a colon as follows:

O:

.CALC
?

The ﬁser is advised not to employ assignment statements (such as
A € 6), since the‘names of variables chosen may interfere with
names of variables internal to METAPHOR. When in CALC mode,
typing EXIT returns the user to his previous status, i.e., the
state of the program before CALC mode was entered.

Figures 1-2 give sample METAPHOR sessions,
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MICHIGAN EVALUATION AID FOR PERPHORMABILITY
VERSION 2 .
5/78

TYPE HELP FOR ASSISTANCE
ECHO ECHO ON '
O: EVAL

NUMBER OF PHASES?
g: 2

NUMBER OF STATES PER PHASE? (SPACE BETWEEN EACH NUMBER) - .~ "
g: 3 2 : . e ; : R R R

SPECIFY THE P MATRICES FOR EACH PHASE, 1 PHASE AT A TIME -+ % %

PHASE 1: : _ : : 7 T
WHAT TYPE OF P MATRIX? B X

O: NFAIL o . o

-ENTER PHASE LENGTH L

J: 10 '

ENTER COMPONENT FAILURE RATE

d: 0.0001

ENTER NUM@ER OF GROUPS

0: 1 B

ENTER NUMBER OF COMPONENTS PER GROUP (SPACE BETWEEN EACH NUMBER):
0: 2 Eal - '

PHASE 2:

WHAT TYPE OF P MATRIX?

(0: DEDFAIL

ENTER PHASE LENGTH

O: s

ENTER COMPONENT FAILURE RATE
0: 0.00012

SPECIFY THE H MATRICES FOR EACH PHASE, 1 PHASE AT A TIME
PHASE 1-2:
WHAT TYPE OF H MATRIX?

[0: GIVEN
ENTER THE MATRIX, 1 ROW AT A TIME

FIGURE 1 . S
Sample METAPHOR Session ‘
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ROW 1: : s BAGE.
g gm(,iwi’é.. i

géw 2: . OF POOR QUALITY.

O 1 0 : ' '

ROW 3:

0: 0 1

NUMBER OF CONSTANT BASIC VARIABLES?
0: 1 ‘

PROBABILITIES OF EACH CONSTANT VARIABLE? (SPACE BETWEEN FACH NUMBER)
O: o0.001

NUMBER OF ACCOMPLISHMENT LEVELS? S 'VT;TT 7f;,
d: 3 .

ACCOMPLISHME’NT LEVEL 0 o L
NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL? . .
g. 1 o P
TRAJECTORY SET 1 : '
ENTER THE I VECTOR (SPACE BETWEEN EACH EMRY) S g
O: 1 0 O o i
PHASE 1: ‘

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY)
O: 1.0 0

ENTER THE F VECTOR (SPACE EBETWEEN EACH ENTRY):
O 1 0

b3

Jp———

ENTER THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOR (SPACE BETWEEN EACH ENTRY):

O: o

ACCOMPLISHMENT LEVEL 1 ,
NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL? .

D: 2 . . R -
TRAJECTORY SET 1

ENTER THE I VECTOR (SPACE BETWEEN Ji4CH ENTRY):

O: 1 0 0

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
O0: o 1 0

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):
O: 12 0

)

ENTER THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOR (SPACE BETWEEN EACH ENTRY):

J. 2
TRAJECTORY SET 2
ENTER THE I VECTOR (SPACE BETWEEN EACH ENTRY):

s 12 0 0

PHASE 1:

ENTER THE G DIAGONAL (SPMCE BETWEEN EACH ENTRY):
O0: 12 0 0

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):
0: 1 0

G: 1

FIGURE 1 (Continued)
+1lc METAPHOR Session

ENTER THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOR (SPACE BETWEEN EACH ENTRY):

ﬁ\\l
<o
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ACCOMPLISHMENT LEVEL 2

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
0: 1 '

TRAJECTORY SET 1

ENTER THE I VECTOR (SPAC’E BETWEEN EACH ENTRY):

O: 12 0 o

PHASE 1:

ENTER THE G DIAGONAZ} (SPACE BETWEEN EACH ENTRY):.

O: 1 1 1

ENTER THC F VECTOR (SPACE’ BETWEEN EACH ENTRY): o ) |
O: o0 1 ' ,

ENTER THE 1 E'LEME'IVT CONSTANT BASIC VARIABLE VE'C'TOR (SPACE’ BETWEEN EACH E’NTRY):‘

0. 2 S o

I R S

PERFORMABILITY FOR THIS MISSION + 0.0009975031224 0.998501623% 0.000500873522

AL vAGE 1S
%‘:‘G;‘;QR QUALITY,

FiGURE 1 (Continued)
-.ple METAPHOR Session
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METAPHOR

MICHIGAN EVALUATION AID FOR PERPHOEMABILITY
VERSION 2
5/78

TYPE HELP FOR ASSISTANCE
0a: . CL
coM
Kokk
*%% FIGURE 2 DEMONSIT'RATES SOME OF THE UTILITY
k%% FUNCTIONS AVAILABLE IN METAPHOR
KKk Pra A e - Ce
0: )
HELP . .
METAPHOR IS AN INTERACTIVE SOFTWARE PACKAGE AIDING THE MODELING
AND ANALYSIS OF PERFORMABILITY. AT PRESENT, METAPHQR IS CAPABLE
ONLY OF EVALUATING CERTAIN PERFORMABILITY MODELS.
THE COMMANDS PRESENTLY AVAILABLE ARE: EVAL,HELP, DATA, ALTER, CALC,
.. COM, BRIEF [ON|OFF], ECHO LON|OFF1, AND EXIT. y
DO YOU WANT MORE FELP? :
R
NO
.
EVAL

NUMBER OF PHASES?
a: _
, e

NUMBER OF STATES PER PHASE? (SPACE BETWEEN EACH NUMBER)
0: B e
12

SPECIFY THE P MATRICES FOR EACH PHASE, 1 PHASE AT A TIME
PHASE 1:

WHAT TYPE OF P MATRIX?
:
HELP
TYPE ONE OF: GIVEN, DEDFAIL, NFAIL, IDENTITY
DO YOU WANT MORE HELP? .
0d:
NO
WHAT TYPE OF P MATRIX?
O:
NFAITL

FIGURE 2
sple METAPHOR Session RO

enseriei N

i ks
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0.

EWTERZWASEZEWGTH

0:

. 2

ENTER COMPONENT FAILURE RATE

0:
1

1 IS LARGE FOR A FATLURE RATE DO YOU WANT THIS VALUE?
0:
NOPE -
ENTER COMPONENT FAIEURE' RATE
0.
001
ENTER NUMBER OF GROUPRS

DATA : : T

PUT AN X BELOW EACH ITEM TO BE DISPLAYED HELP AVAILABLE. :

NUM. PWASES NUM.STATES P H NUM.CONST.BAS. VARS PROB CONST BAS VARS
X X X . X

NUM.ACC .LEVELS NUM.TRAJ.SETS I G F V PERF

X X

NUMBER OF PHASES IS 2 | LT

- NUMBER OF STATES PER PHASE IS 1 2

P MATRICES HAVE NOT BEEN DEFINED
THE CONSTANT BASIC VARIABLES HAVE NOT BEEN DEFINED
THE NUMBER OF ACCOMPLISHMENT LEVELS IV01 DEFINED.
PERFORMABILITY NOT DEFINED ' L
ENTER NUMBER OF GROUPS R A
0: .

ALTER
PUT.- AN X BELOW EACH ITEM TO BE CHANGED. HELP AVAILABLE. .
P H CONST.BAS.VARS ALL.ACC.LEVELS PRESENT.ACC.LEVEL I G F V NUM.TRAJ.SETS
X X
P MATRIC’ES ARE NOT DEFINED AT THIS TIME.
THE - ACCOMPLISHMENT LEVELS ARE NOT DEFINED AT THIS TIME.
THE NUMBER OF TRAJECTORY SETS IS NOT DEFINED AT THIS TIME.

A

: .
EXIT

FPIGURE 2 (Continued)

Sample Metaphor Session
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3.2.3 Internal Structure

This section presents a brief overview of the way METAPHOR
operates internally. Currently, METAPHOR is in its second major
version, It is written in APL and contains appruzimately 2000
lines of code. The package is highly modular, with about 60 APL
functions (somewhat analogous to FORTRAN subroutines). Figure 3
lists the currently available functions. .

Although APL does not lend itself readily towards -
structured programming,ﬂé substantial effort wgé‘made ﬁot%éke
‘the package eésily readable and maintainable., Thus, for
example, speéific con;éhtions regarding the names of fﬁng;ions,
variables, and 1ébels have been established, I
Various methods of control and information egﬁhange.among.
“the various functions are employed. For instance, theré is.a
versatile input function which determines whether the itém (or
items)"entgred by the user is a command or data. If a command
is given,utﬁe proper corresponding functions are then célled.

If data is given, a check is made to insure that it is of the
correct size. Other functions check to see if.the data is
consistent, e.g., if a probability distribution is to be‘input,
then it must sum to one, Some of the user assistance commands,
namely HELP, ALTER, and DATA, have somewhat involved control‘
mechanisms, For example, METAPHOR must be aware of wﬁich
function it is executing in order to correctly respond to HELP
requests,

More complete documentation of METAPHOR's internal
structure is currently underway and will be included in the next

Semi-Annual Status- Report.



Main Functions

METAPHOR -
DECLAREMETAPHOR
METINFO

Cemmand Functions

COMMANDALTER
COMMANDBRIEF
COMMANDCALC -
COMMANDCOM
COMMANDDATA ..
COMMANDECHO
COMMANDEVAL- . - -
COMMANDHELP

BRIEF
ECHO .
GETALTERVECTOR
GAVINFO . -
GETDATAVECTOR
GDVINFC

"

CRa

et /' . "’ ol
Command Support Functions -

Command EVAL Implementation

Functions

CETNUMPHASES
GNPINFO -
“ETSTATES
GSINFO
GETPMATRICES
GETHMATRICES

SETNUMBASICVARIABLES

INBVINFO
ETBASICVARIABLES
LBVINFG

¢ ETNUMACCLEV
GNAINFO
GETPERF"
FUTPERFORMABILITY

Matrix Generator Functions

GENERATEHMATRIX
GHMINFO
GENERATEPMATRIX
GPMINFO
GDEDFAIL

GDINFO

GGIVEN

Currer -

‘zvailable M
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GGINFO
GIDENTITY
GNFAIL
GNINFO

Trajectory Set Evaluatlon
Functions . :

I/0 and Checklng Functlons

GETACCLEVPROB
GETNUMTRAJSETS -

GNTSINFO

GETIVECTOR
GIVINFO
GETGMATRICES :
GGMINFO St
GETFVECTOR

GFVINFO * . =™ fa. . - ..

GETVVALUES .
GVVINFO - R e
CALCTRAJPROB i T

INPUT
INYES
CHECKBIN
CHECKPOSI
CHECKPROB
CHECKTRI
PRINT
PRINTQUAD

e e

APL Support Function

FIGURE 3

ENCODE

ETAPHOR functions
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3.3 Performability Evaluation of the SIFT Computer in an Air
Transport Mission

puring the reporting period, we have completed a relatively
comprehensive performability modeling and evaluation exercise
involving the SIFT computer'[S] as it might operate in the
environment of a transoceanic air transport mission. In
carrying out this exercise, we have attempted to strlke a
balance between 51mp11c1ty and reality that permits all aspects

of the methodology to be demonstrated in the context of a
meaningful evaluatlon problem. 1In partlcular, reallty was‘«
stressed in the oonstructlon of higher level models,'where our
assumptions are based on the study oflcomputatiooal requirements
made by R, S. Ratner, et al, [7]. Simplicity was stressed in
our choice.of & bottom level Markov model of the SIET oopputer
(similar to "Model I" used by SRI; see [8], p. 151) in order to
reduce the complexity of the performability calculations
However, more realistic bottom models (e.g., SRI "Model IV") are
compatible'With the remainder of the hierarchy and could replace
the simpler bottom model.

The description of this effort is organized as followa.
Ffrst, the performance model (accomplishment set), two uppet
level modelsl(mission level and aircraft functional task level),
as well as the interconnections between them, are presented in
Section 3.3.1. Section 3.3.2 then introduces the bottom model
of the SIFT computer and describes the interlevel translation
between it and the functional task level, Both the algorithm by
which tasks are allocated to the computer as well as a Markov

model describing the hardware are discussed., Derivations of the

base model trajectory -~ets (associated with each level of
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accomplishment) are described in Section 3.3.3, and derivation
of computer model transition matrices is described in Section
3.3.4. Finally, the numerical results of the evaluation

exercise are presented in Section 3.3,5.

3,3.1 Higher Level Models

. ~ .. e L )
’ . A L o Pee

3.3.1.1 Performance Model

The total system S = (C} E) cohsidered ié the SIFT computer
C operated in the environment & of a transoceanic flight of a
comﬁércial aircraft, The mission of the total system can be

characterized as follows: i o

R

"Transport passengers between two pdints (separated by
an ocean) with safety, with no significant change
of mission, with no significant operational

. penalties or stress on crew or Air Traffic
~. Control, and with no significant economic
penalties."”

Examining this statement in more detail, total system
performance can be described in terms of four attributes:
safety, no change in mission profile, no operational penalties,
~and no economic penalties, Attributes similar to these have
been used by Ratner, et al. 171 to distinguish the
"eriticalities" of various aircraft functions. To determine the
accomplishment set A for the performance variable YS' we
assume that safety is the most important attribute, i.e., safe -
flights have the greatest worth, the remaining attributes being
worth successively less in the order they are listed above.

These assumptions agree with the "reliability requirements” (see

["]1, p.7) associzted ~ith corresponding criticality levels. We



assume further that safety is worth considerably more than no

change in mission profile, which in turn is worth considerably

more than no operational penalties, etc, Thus, for example, if

there is a change in mission profile (i.e., loss of the

attribute "no change in mission profile") then the preéence or

absence of lower worth attributes (i.e., "no operational

penalties” and "no economic penalties”) will have a negligible

effect on the warth of the mission outcome."

With the above assumptlons, the followlng set suffices to

5 PRI A

describe the relevant levels of accompllshment~

e
I ¥
Y

{3gr 33s 35, 330 2,1 Co

where each level has the following general definition:

.

ag = 1o economic penalties, no operational penalties, no
change in mission profile, and .no fatalities,

a, = economic penalties, no operational penalties, no
change in mission profile, and no fatalities,

a, = --operational penalties, no change in m1551on profile,

“and no fatalities,
a; = change in mission profile, and no fatalities,
a, = fatalities. s

Thus, by accounting for the relative importance of various
attfibutes, the number of relevant levels of accomplishment is
reduced from 16 (the number of subséts of the set of 4
attributes) to 5. On the other hand, the,information regarding
relative worths is not essential, i.e., the evaluation could be
carried out relative to a 16 level aécomplishment set.

For this accomplishment set, we then developed a

hierarchical model of the total system comprised of three

levels:
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Level 0: Mission Level

Level 1: Aircraft Functional Task Level

Level 2: Computer Level.
Construction of this model proceeded in a eop-down manner (i.e.,
level 0 > level 1 » level 2) as generally discussed in earlier
reports (see [3],.pp.‘ 81-82, for example)i The‘subsectibhs‘
that follow descrlbe thlS hlerarchy,,l e., the models at each

level and the 1nter1evel translatlons between adjacent models.

yo
1 P
LR . e LT 3

3.3.1.2 M1$Slon Level Model e

. Gothet Tt .
’ - . I SRR S D -

The mission level model (level OY describes the total
system performance in terms closely related to the
accomplishment‘seﬁ a,

Formally, this model is a'single variable randdm process

7 = Xg taking values in the state space L —

o® = {0,134

where a state q = (ql, dpr d3v q4) € Q0 is interpreted as
follows: ~.

0 if the mission has no economic penalties

q; = v
1 otherwise,

_ 0 if the mission has no operatiohal'penalties
42 )1 otherwise,
0 if the missien has no change ih mission profile
)l otherwise,

0 if the mission is safe
94 7 1 otherwise.
If &5 is the projection of Q0 onto its ith coordinate, we let

z; denote the random variable siZ,'i.e.,

7 = (zl, Zoy z3, 24).
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As a mnemonic aid, these variables are alternatively referred to

as follows:

z, = ECONOMICS
2z, = OPERATIONS
zy = PROFILE

0

z, = SAFETY. o
Because the level 0 model consists of a single random variable,
L 0 "

the trajectory space U~ (see I3], p. 20) 001nc1des w1th the

. : . - Clme b
ISR [

state space, i.e.,

.' i - . . oy T

00 = 'g% = (o, 134
Table 1 spec1f1es the inverse of the 1nterlevel translat1on
kg OL 4 what is the same, the partial capability fuqctlon Yo
(see {3], p« 26). Because of the 1nab111ty of computer output
to denote subscripts, the accomplishment level indices are
placed.ln parenthesis after the letter "a.," For example, ag is
written éfé); This is similar to the method used in FORTRAN and
other cqmpﬁfer languages to specify array subscripts and ehquld
~cause no confusion., The "*" notation of Table 1 represents a

"don't care" situation and signifies that any valid entry'ise

aeceptable.



-4]1-

Table 1
Page 1 of 1

LEVEL G TG PERFORMANCE LEVEL
INTERLEVEL TRANSLATICN

- (LEVEL O -
INVERSE PARITAL CAPABILITY FUNPTION)

-
i
Pecformance Leval i Level O
‘ {. "Trajectory Sets
}
l r ' . -' .S':':.".. . o
o T ! | 0] ECONOHMICS
a (0) - ) | 9.4 OPERATIONS .} .~
T 1 {1 0 | PROFILE
I Lt 3 3 SAFETY
g 1 - T
| r . o Ll e
s | { 11 ECCHNOMICS
a {1 | | © { OERRATIONS .
| } 0 | PROFILE
(. L0 4 SAFETY >~
' V . it 8
| r 1 .- - =
| { # | ZXRCONOMICS
a(2) 1 } 1} OPERATIONS
. i { C | PROFILE
BN ) L0 J SAFETY
I
o~ | r 1 ‘
| | * | ECONOMICS
(3) | | x| PECATIONS
\ i | 7 | PROFILE
L Lt ¢ 1 SAFETY
[
) r 1
{ | * | ECONOMNICS -
a (4) i | * { OPERATIONS
- - | | * | PROTILE
| L 12 SAFETY
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3.3.1.3 Aircraft Functional Task Level Model

To determine-an éppropriate model at the aircraftl
functional task level, we assume the following'characteristics
regarding the aircraft to be used in the mission. (See [7] fér

more details regarding these specific aircraft functions.)

a) The aircraft has an Aircraft Integrated Data
System (AIDS) which continuously executes in-flight
analyses of various on-board,fdata. This information
is economically useful to the airline for assessing
aircraft performance and for, scheduling maintenance.
Thus, ‘loss of AIDS results in an economic setback to
the air carrier.

b) The aircraft has two means of navigation, The
first involves an inertial guidance system (INERTIAL)
which will operate at any point regardless of
latitude, while the second means involves.an air data
system (AIR DATA) along with two radio beacon systems:
Very-High Frequency Omniranges (VOR) .and Distance
Measuring Eqguipment (DME). We assume that the signals
generated by the VOR/DME systems will not be
receivable by aircraft more than 250 nautical miles
_from a transmitting station, and in particular, more
‘than 250 nazutical miles from land. The AIR DATA
function is required to support the VOR/DME function.

c) If the alrcraft loses its inertial system before
entering a region where it cannot receive VOR/DME
signals, (especially an oceanic region on a
transoceanic mission), the plane will return to its
origin., We make the simplifying assumption that 1f
the plane must make such a diversion, the plane
returns safely to its origin with no further
incidents, This assumption is made because the theory
to support the use of multiple, state-dependent
utilization periods has not yet been developed. Such
a diversion is considered a change in mission
profile.

d) If the aircraft loses its inertial system while
out of range of VOR/DME, then the plane loses all
navigational capability., Likewise, if the aircraft
loses its INERTIAL system and its capability to
analyze VOR/DME-AIR DATA information (i.e., either the
VOR/DME function or the AIR DATA function), then the
aircraft loses all navigational capability. Such a
loss of navigation will be considered a change in
mission profile,
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e) If the alircraft loses either its AIR DATA function
or its VOR/DME function, then the loss is considered
an operational penalty. Of course, if both functions
fail, a change in mission profile may occur. (See d)
above,)

f) The aircraft has an autoland system (AUTOLAND)

which, if working, will land the plane in any weather.
This system-is used only in Category III weather. The
AUTQLAND system requires the results of INERTIAL
computations as well as AUTOLAND computations, If at
the initiation of landing, the destination airport has
Category III weather and the aircraft does not possess

- the AUTOLAND capability, then a diversion is made to
. another . airport. Such a dlver51on is considered a
. change in mission proflle.

. 9) If at the 1n1t1at10n of landlng, the destlnatlon

-

airport has Cateyory III weather, and the aircraft has
the AUTOLAND capability, then loss of- AUTOLAND during
landing will cause the plane to crash, resulting in an
unsafe mission. '

h) The aircraft has-active flutter control (ACTIVE
FLUTTER CONTROL), attitude control (ATTITUDE CONTROL),
and engine control (ENGINE CONTROL) functions, all of
which are critical to the airworthiness of the Pplane.
Loss of any one of these functions entails fatalities
and, hence, an unsafe mission.

i) The onboard computer is involved actively in all

_aifcraft functions mentioned above. Furthermore, the
computer is involved in no other tasks,

Under the above assumptions, we have the following (worst

case) conditions relating functional tasks to the mission

variables Zye Zpr 2

]

37 Z4 discussed in the previous section:

0 4if AIDS works for the entire mission

ECONOMICS. =
1 if AIDS fails at some point in the
mission,
entire mission
OPERATIONS =

1 if VOR/DME or AIR DATA fail at some point

‘0 if VOR/DME and AIR DATA both work for the
( in the mission,



23 = PROFILE =

z2, = SAFETY =

L.
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if i) INERTIAL works through the ,
initiation c¢f landing and AUTOLAND works
at the initiation of landing, or ii)
INERTIAL works until the plane is near
enough to its destination to receive
VOR/DME and the weather at the initiation
of landing is not Category III, or iii)
INERTIAL works through the initiation of
landing and the weather at the initiation
of landing is not Category III,

if i)INERTIAL and either VOR/DME or AIR
DATA fail when the plane is near its
destination, or ii) INERTIAL fails when
the plane is near its source, or 1iii)

" INERTIAL fails when the plane is out of

range of VOR/DME signals, or iv) AUTOLAND
fails at the initiation of landing and
the weather at- the initiation of-landing
is Category III,°

N

if either i) AUTOMATIC FLUTTER CONTROL,
ENGINE CONTROL, and ATTITUDE CONTROL work
during the entire mission; INERTIAL works
while the aircraft is close to-its source
(until the plane is out of range of

"VOR/DME); and at the initiation of

landing and one of the following is true:
a) the weather is not Category III, or
b) the weather is Category ITI but either
AUTOLAND or INERTIAL does not work, or
c) the weather is Category III, and both
AUTOLAND and INERTIAL work through the
conclusion of the landing,
or ii) AUTOMATIC FLUTTER CONTROL, ENGINE
CONTROL, and ATTITUDE CONTROL work while
the aircraft is close to its source
{until the plane is out of range of
VOR/DME) , but INERTIAL does not work at
some point during the same interval,

if either i) AUTOMATIC FLUTTER CONTROL,
ENGINE CONTROL, or ATTITUDE CONTROL do
not work at some point during the
mission, or ii) at the initiation of
landing , the weather is Category III,
and AUTOLAND and INERTIAL work, but then
during landing, either AUTOLAND or
INERTIAL fail.

Hence, the model at the aircraft functional task level

involves the following eight aircraft tasks along with a single
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VOR/DME

AIR DATA

INERTIAL

AUTOLAND

ACTIVE FLUTTER CONTROL
ENGINE CONTRQL
ATTITUDE CONTROL
WEATHER (environment),

Also, because of the considerations regarding the range of the

VOR/DME and the initiation of landing, four phases are

appropriate:

Phase
Phase
Phase
~Phase

W N -

nionn

Tékeoff/cruise until VOR/DME out of ranbei 
Cruise until VOR/DME in range again,
Cruise until landing is to be initiated, and -

Landing,

where their descriptions are

Phase
Phase
Phase
Phase

\

W

Graphically, the utilization

.

abbreviated as fol;ows:

Takeoff/Cruise A
Cruise B
Cruise C
Landing.,

nononon

period is decomposed as follows:
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START OF 'END OF
MISSION, t=0 . t=h, MISSION
I ] - | i |
Phase 1 : Phase 2 Phase 3 Phase 4
Takeoff/ . Cruise B Cruise C Landing

Cruise A

| |
|VOR/DME | VOR/DME out
lin rangel of range

|
VOR/DME in}|
range }

!

Formally, the aircraft level model is a'random'brqcess Y

with four random variables:

where a is the time at which Cruise A ends, b is the time at
which Cruige B ends, ¢ is the time at which Cruise C ends, and h
is the timg\ét which}the landing ends (since the utilization
period is [0,h]). The state space for each phase is
| ol = 10,1)° : [
where a state g = (9y, 9y, 94/ 95, 9gr 9ys 9gr 9g) in Ql is

interpreted as follows:

0 if AIDS works during the entire phase
q = B
1 1 if AIDS fails at some. point during the phase,

0 if VOR/DME works during the entire phase

1 1if VOR/DME fails at some point during the
phase,

1 e N
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during the entire phase

at some pdint during the

during the entire phase

at some point during the

during the entire phase

at some point' during the

CONTROL works during the-

CONTROL fails at some point

-~

works during the entire

fails at some point during

0 if ATTITUDE CONTROL works during the entire

1 1if ATTITUDE CONTROL fails at some point during

0 if non-Category III weather at the initiation

0 1if AIR DATA works
q, = '
3 |1 if AIR DATA fails
phase,
0 if INERTIAL works
q =
4 (1 if INERTIAL fails
phase,
0 if AUTOLAND works
qe = | :
> |1 if AUTOLAND fails
phase, -
0 if ACTIVE FLUTTER
entire phase
qﬁ =
1 if ACTIVE FLUTTER
during the phase,
0 if ENGINE CONTROL
phase
4, =
1 4if ENGINE CONTROL
. the phase,
. phase
dg =
the phase,
of landing
dg "=

1 otherwise.

Using the array representation

discussed in the Third Semi-

Annual Status Report [3], the process Y is written as‘a matrix

of random variables
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vy Y1y Vi) Yvis | RIDS
Y21 Yaz Y3 Yau AIR DATA
Y31 Y32 Y33 Y34 VOR/DHE
Ya1 Ya2 Y43 Yau INERTIAL
Y = Yg1 Y59 Y53 Yoy . AUTOLAND
Yo, Yep» Yg3 Ygq |  ACTIVE FLUTTER CONTROL
Yoy Y9, Y93 You ENGINE CONTROL
Yo1 Yay Yg3 Yaa ATTITUDE CONTROL
L ¥o1 Yoo ¥o3 Yog | ~ WEATHER.
Here yij is the ith coordinate of the jth variablefin Y (e.ga.,

. y23 is the AIR DATA coordinate of Xé)z In thé discussion

of Section 3.3.3, an alternate notation for Y; will sometimes

3
be employed: if I is the name of row i (as indicated given

above), then will be written I(3), €.Ga., Yo3 = AIR DATA (3).

Yij
Accordingly, the trajectory space for the level 1 model is

[
it

{0,1}9 X {011}9 X {0'1}9 X {0'1}9‘
(0,133°

i

whose elements are represented as 9x4 matrices over {0,1}.
Using the above information, the translation between the

mission level (level 0) and the aircraft functional task level

1
1 to level 0 interlevel translation Kl:Ul > UO (see [31],

(level 1) was formulated, i.e., the inverse «x of the level

P.24). Employing the method described in the previous report

({4),pp. 96-103) nIl(z) for some mission outcome z can then
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be expressed as the intersection of the component inverses

(EiKl) ’ i.e.,

€12 = (53 ) THED 0 () THEy) A (Egep) Hzg) A (e Ly

o
(Epconomreg®1) ~ (ECONOMICS)

=1 )
N(EoprraTTONS 1) ~ (OPERATIONS)

-1

Eproprre<y) ~ (PROFILE)
: "

i n(&SAFETYKl) (SAF§$Y)

where

o [z, ECONOMICS
., = |23 OPERATIONS
z PROFILE
zy SAFETY

‘is some mission level trajectory.

Table 2 shows the component inverses (gixif-l

(i=1,2,3,4) of the interlevel translation « The first

l.

column of.tﬁe table names the coordinate being considered, that

~

is, one of ECONOMICS (zl), OPERATIONS (zz), PROFILE (z3), or

SAFETY (z4), while the second column gives the value of that

coordinate (either 0 or 1). The third column presents a level 1

trajectory set that maps iﬁto the given level 0 coordinate
value; .For..coordinate i and:§alue v the union of all'the

indicafed Cartesién trajectory sets is the set (ginl)-l(v).
Thus, for example, the trajectory set'which'corresponds to

SAFETY=0, i.e., the set {fyx;) 1(0), is
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JColaan 2: BPhase Cruise B

'[._,vv.i "5 0 -
, ~ COIEDINATE INVERSES OF - Table 2
, LEVEL 2 TO LEVEL 1 TRANSLATION Page 1 of 10'w
TTTTTTREVEL O LEVEL 1 | NAME
COORDLIXALE_| VALUE _|- TRAJECICRY SE1S: § o
| N S S T 1
- Il 10 0¢COQJ | AIDS i
- | | ¥ % % ¥ | VOR/DHE |
i | ¢ %= % % | ALD DATA [
~ I | * % % * | INERTIAL T
ECUNOHUICS 0 | | ¥ ¢ % * | AUTCLAND { A
] | % % % % | ACTIVE FLUTTER COKTROL |
| | *# * # % | ENGINE CONTECL A
p.l * * % * j ATTITUDE CONTROL »
| 2 ¢ % ¢3 WEATHER !
B ——
RS ) i
b 11 * ¥ % | AIDS |
‘ b f * x* x| VOR/DKE. R
* ") | % * % * | ALR DATA .
ECONOWICS 1 | | ¢ =% % | AUTCLAND ' I b
o {| | * * * *x | ACTIVE FLUTIER CONTROL |
- | | ®= =% x | ENGINE CCNTEOL |
|| * * % % | ATTITUDE CONTROL R
| Ltz e * ¢ 3 WEATHER |
I r =3 : |
- 1 10 1% = | AILCS , > B
) | ¥ % % % |  VOB/DME . | N
Il | % ** % | AJE DATA, !’ R
, ] | * * % % | INERTIAL- |
ECONOMICS 1} | # g% % | AUTOLAKD REEREY B
' L } ) * %% % | ACIIVE FLUTTER CONTROL |
. | | % % % * | ENGINE CCNTROL {
> { | ®= ®* % % | ATTITULE COMNTROL |
- | Le g * ¢gJ WEﬂTHEB~ -
4o ) |
B b 00001 % AIDS R T
: | | * % % % |  VOR/ODME —~ = __ |
‘ ) b o®ox x &) ATE DATA - - | e
S . ! S * o* % % | INERTIAL 0 0 1
ESCNOHMLICS "1 )|} 2 ¢ % ¥ | AUICLAND 44
R : : {| | * =% % |  ACTIVF FLUTTER CONTPOL, |-
}| p ¥ % % % | ENGINE CONTSRCL o B
. I | ®* * x % | ATTITUDE CONIROL R
| Y e* g4 URATHER ol
_ N e : FE
A 1 . T B
b I
S SR _
1 B
; l} S S l‘,.,_:w
TR S i ; : ,. - 8 g .
|COLumu 1 Phage 1 = Iakaoff/cu A
2 = : ~
CofColuun’ 3r Phese 3= (ruLﬂv‘
ST twhr Pnasme-lio= landing




5 . COOKDINATE INVERSES OF Table 2 -
i LEVEL 2 TO LAEVEL 1°IRANSLATION .- Page 2 of 10
A LEVEL 0 . LEVEL 1 | NAME
j gigggﬁgggﬁ L VALUE__| TRAJECTCGRY_ _SETS p o
| I r ) R i
) | 71000 1 { ALDS i
: { | % # % % | VOR/DME | -
. | || ¥ % % % | AIE LATA o i
| : 1§ % % % x| INERTIAL " R
: ECONOMLLS - 1} | 2 # * * | AUTOLAND | = = 1 e
. I 1. % ¢ * % | ACTIVE FLUTTER COhTROL 13 ;
; } -1 % * % * | ENGINE CCNTRGL - 1
| 1 L ¢ % ® * |"ATTITUDE CONTROL o
| | t2 ¢* ¢ WENIUER =
P - - +
boe a i
) b || * * = %] &AIDS pod i
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Flnally, the fourth (rlghtmost) colunn of the table. a551gns a

151ngle letter name to each level l trajectory set, capltal

letters denote trajectory sets correspondlng to coordlnate values

~

of 1, whlle 1owercase letters denote trajectory sets a55001ated

£

~with coordlnate values of 0. Sets are referred to by these names

.above 1s abbrev1ated :wp_f t p'p_'t_ .f s

-1

in a later table (Table 3)._ ?hhs'}sgzl) u;(p)_lllustrated

A \; B \J cuoD U E.~q f‘_&e |

*5Thus, any a1rcraft level trajectory wh1ch appears in the abovei

-set results 1n a- safe m1531on,‘and conversely, 1f a trajectory

| does not appear ln the above set then,the_correspondlng mission

s unsafe.lpfe'ga»a~, - 1a';l FAVEIRP R R

The next step (1n the algorlthm for determlnlng y,,) is to

“1ig:determ1ne the 1nverse yll of the level l based Capablllty

~‘funct10n 71 (See [3]' 0-; 26), where, for each level a 1n the'*’/?}tf’f




‘Suppose that 70

-61_'

-1 - -1
vt = | gt
uevg (a) o
) - . H.....‘A_H.,
(In general, the determination of yil involves "basic

variables" as well as "composite variables"- see [3], p. 26.

However, in the above case,’the only varlables at level 0 are.

i

comp051te, and hence they need not be carried down to level 1, )
In order. to manlpulate sets of trajectorles (and partlcularly:

Carte51an sets), the above formula can be generallzed as follows.

1’*'a) is decomposed 1nto a unlon of Carte51an

Yy

sets Ul’ U2""' U . Then, from the above formula, 1t follows
that

| ?Il(a),f"“ C} k"-l-'l(gk?‘ SR

k=1 ! S
Moreover, 51nce Uk is Cartesian;imembership'of'a°trajectory u in

Uk 1s unlquely determlned by 1ms coordlnate membershlps, that is,

. -
~

. | uely .
if and only 1f for all coordlnates 1, 5 (u)eg (U ) This

1mportant property says that Carte51an sets of trajectorles can

be manlpulated 1n a manner s1m11ar to that of 1nd1v1dual

traJECt°r¥eS-; In partlcular, 1f C is the set of coordlnate
indices of 0%, then | '3Tw?l5 E ("L;fiff
‘Uk) o 1 i o (s (v, )). 32
£ Ak:i o) ’ o I ) : -
L Applylng these formulas to ‘the computatlon in questlon we e

ST

fffnote flrst that each YO (a) 1s already Carte51an.j (See Table

fl ) Thus a decompos:tlon of yo (a) 1nt0 Carte31an sets 1s‘ﬁ?31t77@7'

fhtrlv1al o e., yU (t:f?;Ulrandr‘b*-eouatlon‘(3 3 1), we have i
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v = ;.

Next, we note that C={1,2,3,4} and hence, by equation(3.3.é),
' : [R— ,
Ta = A (e THES UYL (3.3.3)
ST €5 R = :

‘The values of the 1ntersected terms on the rlght are determlned
u51ng Table 2 such that each term 1s expressed as a union of f-

Carte51an sets., (Note that 1f £ (Ul)“- * = g.(U ) (an“

2}

: arbltrary value) or 1f 5 (U ) #~¢ (the"ith coordlnate of U0

is a constant) then the term (5 K ) (; (Ul)) can be .‘f:. .
{

N 1gnored, since 1t is equal to the whole level 1 trajectory space'

.) Flnally, these unions are 1ntersected accordlng to (3.3, 3),*

the result being an express1on of Yl (a) as a union SE“'
‘,level l Cartes1an trajectory sets. These resultlng sets are
dlsplayed in Tablef3.‘ To 111ustrate thlS conputatlon and to ald !
fthe‘intefpretation of Table,3,»conslder,the‘followlng example,sj
. Exém'ie“ , . '  ,,; b
S Subpose a=éo* Then, by xow a(O) of Table 1 i"k{

07 Econourcs e
0 OPERATIONS ' -
0 | 'PROFILE

.0 | SAFETY.

. Thus,
’7g3<U1)f*o°’;ff*'~’“'

fl

;3fwhere the correspondence between coordlnate 1ndlces and




LEVEL 1 BASED ) Tahle 3

~ CAPABILITY FUNCTION EEEE A S Page 1 of 22

3 A»LJHELIJHHLNI
. LEVEL

" RESULTING '
LEVEL 1 TRAJECTORY SETS

o

LEVFL l' FRCDUCT TERNS

" ECONORIZ S l OPERATILN9 {__ _PROPILE_ | SAFETY

‘%;_; 1

AIDS .. g
VOR/DHE o T
AIR DATA
- INERTIAL
AUTOLAND
ACTIVE FLUTTER conraon
ENGINE CONTROL
. ATTITUDE COMTROL
; HEATHER
. (NULL ARKAY) .
(NOLL ARRAY)

-A v "“, c .} e A

P —————n
nooonoooo
nocoROce S

00000060
h————-———d

h I .

{ aIDs

{ vom/DRE

{. AIR DATA
§ INERTIAL
i
[
i
[
4

AUTOLAND
ACTIVE_FLUTTER couraoL
ENGINE CONTROL e
ATTITUDE CONTROL
WEATHER

(NULL ABRAY)

i  ¢(0)

v
!
L
-
I
1
B
N
A
l
|
|
|
{
|
l
|
i
| 28
!
!
l
B
A

P—---b—ﬂ
wnoooneQoO
noocGRNCOO0O
00000000

A

o

Y.
| AIDS.

{ VoRr/DNE N ;

| _AIR DATRA ETu

{ TINERTIAL )

| AUTOLAED | -

|- ACTIVE FLUTTER CONTROL

{ ENGINE CONTROL

| . ATTITUDE CONTROL

4 WUEATHER .

(NULL ARRAY) -
{NULL ARRAY)

{NULL ARBAY)

(RULL ARRAY)

P——i——~——ﬁ
NOOOROOSD
LY R Y- X-X-X-)
Y- -X-X-E RN -Y-¥-

|
et e
Twed
HYam

AIDS!

VOR/DHE

AIR DATA e

INBRTIAL .. | .. .
AUTOLAND T
ACTYVE FLUTTER cournoz )
ENGINE CONTROL '
ATTITUDE CONTROL

WEATHER

|

ROCO##0OO VWURNACCT S #0000 WROOCOOOCOO MUAROTOL 00O

,-o-—‘——.—-—‘-q
nocoonocOSO
wooonOCaCe .
CPOCwooOs |

b o e o o o e o

: i
i

For each row, the: resultant
level 1 trajecctory set is
the intersection of the sets
“named in Coluun 2.

= rakpuff/c |
= Cruise B {
=Cruise €. DA |
é Landan ;5 g

“Naaes are deEinei in
Table 2,

s L

N
I
|
|
|
I
1.
I
i
i
|
i
|
1
i
{
£ s : ; {
i SRR e , S |
‘ Py : S o
I
A
o
. E
1
o
!
|
-
L
o
&
!
1

”.olumn' :

L =g9=



il
R RO PR CE TR S L : R ~ LEVEL: 1 BASED ° o » Table 2
RN G : : , -~ o | CAPABILITY FUNCTIUN o Page 2 of 22
| CACCINPLLISUNENT ) ‘ LEVEL 1 :EECtUCT TERMS . RBSULTING
5 e 1ngL R L : ! | LBVEL jl TRAJBCTOR! sars
E AL FCUNULHLTS_ | OUPERATICNS | PRUFILB,_l SAFETL 1 L
: :,.4(0; ok SE A A € B i - _-(NULL ARRAY)
i coadeys b Al A c : c { g {NULL ARBAY)
i a0y A A o o4 D i ] {NULL: ARBAY)
i af) oA A B SR B A ] (NULL Anﬂl!)
; 1 O 4
L. | S T 1
; b I r 1
; A i i 1® %% arDS T
g cp 1 00 0 0. | voD/DNE ; S
; _ S t 1 0000 | AIR DATA
D U e | 11000+ | INBRTIAL
R ) FER S Y ORI - A A A | | #£¢0* | AUTOLAKD .
i syl o - {f-1 00 00 § ACTIVE FLUTTER CONTROL
I §f L0000 | ENGINE CONTROL
‘ b : , , §f 100 00} ATTITUDE CONTROL |
i . = SEN A Sl J S . i)l ¢ g £ 0 €3 WUBATHER , 1
! PR IRRS T O | S b b oo R s R B | ] {MOLL ARRAY)
| BTN 0 ) | b GRS R v c i I} (NULL ARRAY)
! [ O ‘ i or v . -
i b I 1 1 ¢ 9e¢% | AIDS
e 1 { 10009 ) VOR/DNE
S T g v L. 0D 00§ AIR DATA
S R fo . 1 1.00 00 |  INERTIAL
S A e b A A D | 1 £2 00 | AUTOLAND - t
TR T b 1 01’0000 | ACTIVE FLUTTER CONTROL o
i L §f 1 0000 § ENGINE CONTROL : >
B { £ 0000 | -ATTLTGDE CONTROL !
SR i L e ¢ 1/¢3 VEATHER
: Sa s A b A A 4 { B @ (NULL ARRAY) .
o i N A 1 .
! } - 4 ;I 1+ & ¢ | AXIDS
i 110000 | VOR/DME
‘, { 11 0000 ¢ AIR DATA, .
PR S SOSEa R 5) i 100 1+ | IHNERTIAL B
R O ) R B b A B A -4, 1 £ % & | AUTOLAED
- e e U ) ) . 10 0 00 | ACTIVE PLUYTER COI!'!‘ROL
: B I' 400 0 0 § ENGINKE CONTROL - N
i i Y I : {40000 | ATTITUDE CONTROL :
L o ; S pTH % % 0% | MBATHER , )
SRR € | TR b b A "B B | g (NULL ARRAY)
e B b A B c E i @ . . (NULL ARRAY) !¢ -
PETERR W 8 © E AR O b A D RN . (KULL ARRBAY)
Cagly gf b A i : E : g - (HULL ARBAY)
A SRR L
A i )
i i.
L e (|
= 1
e i O]
“oolumn. 1 Phase 1 = Takeoff/Cruise A |- Names are defxnpd in, 1. Por each rov, the resultant . o
< 3olusn2: phase 2 =-fruise B 0 P Table 2. I “level 1 trajectory set is
Soulusn 3yiviPhase 3 = Cruise C - . of | the intersection of the sets
= i naped in Coluzn 2.

. Column U:: - Phase 4 = Landing R |

. - . E Dsie e - T e o egiebaad e e AR e T g
¥ LR o T G L - Tor DU A+ LU R L A ) "4‘!?,'"



"LEVEL 1 BASED ; Table 3
CAPADILITY FUNCTION . ... _ - page 3 of 22

-- - RESULTING
LEVEL 1 TRAJECTORY SEBTS

ACCOAPLISUNENT | TLEVEL 1 PNCDUCT TERNS
0 LEVEL '

R £

i

ECORONICS | OPERATIONS.]._ PROFILE _1___SAPETY

b
i

Pi_i. i e

h |

I AIDS .

)| .vom/DNE .
| AIR DATA
{ IHERTIAL
|

i

|

1

4

VENWAOCOCO* O

AUTOLAND

- ACTIVE FLUTTER CONTROL
ENGINE CONTROL -

- ATTITUDE CONTROL

o

Lo

P —————
NOCONOOO=
“wNoOOOROOO#
- X-F-POR-F-Y-R

VEATHER =
<> (NULL ARRAY) J
=ikt (NULL ARRAY) G0
' (NULL ARRAY) E

¢.71 (NULL AROAY)
X
4. AIDS

i voR/DnE
|
I

aey
VR Ay
foponr S g (1)

 ¢%;&

's>»- 
coda
moaw

it

AIR DATA
IHERTIAL
i +~ABTOLAND
{ - ACTIVE PLUTTER CORTROL
| ENGINE CONTROL = —
| © ATTITUDE CONTROL -
4 YEATHER
(NULL ARRRY)
(NULL ARRAY)

_f“ﬁ“ 

P o= o e e = o o )

N L - L
NOOOROOD =), ..
ocoooocOo0 R ¢

’ 13(1)“
a(l) o

.
i AIDS
i VOR/DNE
" AIR DATA
1 INERTIAL
| AUTOLAND
| ACTIVE FLUTTER CONTROL
{ ENGINE CONTROL R
{ - RATTITUDE CONTROL :
3 . VEATHER

(NULL ARBAY)

;.5‘1,1'

o o iy
noooncooo
nooconooO=
‘woc0ccOccC e
NOCO# 200 e WROOOCOOCCS WUACCO#40OY -

S . AIDS
‘ YoR/DME ‘ .

b

|

|

| - AIR DATA
| INERTIAL
!

|

|

1

4

AUTOLAND

ACTIVE FLUTTER CONTROL
ENGINE CONTROL e
ATTITUDE COHTROL |
'WEATHER

Ca

o e T = ey
‘nooonopod
NOCOMNOO O
‘docooaooi

For each row, the resultant’
level 1 trajectory set is:
the intersection of the sets
- named in Coluan 2.

I
L
i
i
1
|
1
1
|
{
I
1
|
I
1
f
i
1
}
i
|
i
i
I
b
A
{
|
i
|
I
i
|
1
i
i
i
|
i
i
'A
|
1
[
I
1
3
I
|
i

"Takeoff/Cruise A | Napee are defined in

de i Sroluani ity o Phase {
B RN E}icl‘-uise": B e ! Table 2.
[ A
l

ccolumn 2: Phase iC —
©iwolupni 3 Phase Cruise C b
Svolusa 4:- Puase 4 = Landing !

e

(1]

>

>

(2]
”k,_i-ie-f;:f--}effi"--'--fw---;-.;;-.;u........f..-..-.;-..-;.;-.....;-.:---.-;-;---;-h-f--

T WV S

_gg-

L et e a I L TR




LEVEL 1 BASED - . Table 3 ‘ ,
CAPABILITY FUNCTION Page 4 of 22 . 1
AL(.Jm’LL.ulﬂ }.Nl B LEVEL l FRCCUCT TERYS f - RESULTING
i L.LV LL 1 - _ - t LRVEL 1 TRAJECTOR! SBTS
1 ELUHOH[ 5.1 opFRATlg§§-1 PROFPILE__]__ SAEETY_ _| 3 _ -
LT ,a(l; R ¢ I Y ] il B ] (NULL ARRA!L
ST T At e e . B (A | v TET T+ (NULL ARBAY)
‘ Solane c A B I | - (NULL ARRAY)
sa{n i B fox A B B { a2 ‘(NULL ARRAY)
N 4 S ‘ SR Y o
I o , . 1 101 &« AIDS
e | ; 110000} vor/DAR
| f 1'0000D0 | AIR DATA
i SRR | : 4L 00 0 % “INERTIAL
DAl 1 c A c A 1 £ € 1.% | . AUTOLAND -
R Ll : i . 11 00 0.0} ACTIVE FLUTTER COANTROL
: N I 1 00040 | ENGINE CONTROL -
) i- 1000 0 | ATTITUDE CONTROL .
SR I : - | “ e¢0 ¢ 3 WEATHER
Sagty ' c A C B i Lo (HULL ARRAY)
Coagly s 5 c R c C ! LT (NULL. ARRAY)
ray)y s B c A C D A R {NULL ARBAY)
i) S (o] A c B I o g -(NULL ARRAY)
I v f L Foe o s B -
i 1 100 V& | AIDS |
e { | 00000 | VOR/DNE - i
[} §f 1 000 0| AXIR DATA
S ¢ S I 1 00 0% | INERTIAL 1
agn. o d o . A A A | £ ¢ % % | 'RUTOLAND o
L T ‘ }-1 0000 | ACTIVE PLUTTER CONTROL ?‘
[ {f { 00'0-0-} ENGINE COKTROL o
L 1 , 1 1 0000 | ATTITUDE TONTROL
- P , | Le¢e0e¢s WNEATHER
§ am o d A A B I - @ ' {NULL ARRAY)
! Can) o | d A A c i 9 (NULL ARRAY)
b, L l boe S et e
aE i I 100 1+ ) AIDS
| 1 1 10000} vOR/DNE
il " o i [ 0000 | AIR DATA
. R RS { 10000 | TINERTIAL
ia 1) o d A A D t - £ ¢ 0 0 | AUTOLAND . . .
PRI i s 1 1 0000 | ACTLVE FLUTTER coxTeoL
§o S ,[ { 000 00 | ENGINE CONTROL -
) S > B o . . 1] 0000 { ATTITUDE COHTROL i
R N R R ‘ |t ¢ 1 ¢ 2 UEATHER i )
S NL) i d A A L { C# . (NULL ARRA!)
SR 1 | *
= ': " a
b et -’chﬂv
S 1 N QU LTTv
o o B e
NED t 1
- : ek : - L -
POt Tolumn 1@ Phase 1 = raknaff/Ctuzoe 4 '} . Waues are defined in { . kor each row, the resultant
o lo® 0 Coluan 23 Phase 2-= Cruise B 1. Tablu 2. A o “F -level 1 trajectory set is e
i, po s Coluadl 33 Phgse 3 = Cruise €. ER | the intersection of the sets
; R colusn 4. . Phase 4 = Landing - l ! “onaned in Column 2.
i : ¢s)u.w‘ iane Ciam v":.;-;-ﬁ;éiélii‘,.f»-1.13:'54';.‘4,':3?‘.&‘;;'1‘7«\ e AR, mhi e tih % oSS WP F e D A G R R N R R LA N e e oo Gt e S
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LEVEL 1 BASED ‘ Table 3
CAPABILITY FUMCTION Page 5 of 22

ACCOBPLISANENT

CLEVEL

RESULTING
LEVEL 1 TRAJBCTORY SETS

LEVEL 1 EECLUCT TERAS

a

CS_ | OPERATICNS | PROPILE | SAFETY

a(ln)

(1)
a(1)

Al
a(l) .

ah

‘H”
EN @)
a(l

A

Cay

a(1)

oA

AIDS
VOR/DME
AIR DATA

INERTIAL

AUTOLAND

ACTIVE FPLUTTER CONTROL
ENGINE CONTROL
ATTITUDE CONTROL
WEATHER

. (NULL ABRAY)
* - (NOULL ARBAYj

' (NULL ARRAY)
(NULL ARRAY)

[ - —— < -
LE-E-N-N W-N-N-¥-]
L¥-¥-X-% W-¥-P_ ¥
OO PO
15 o e o amn e e S g o

Mmoo

A A
oo De e
ocmow

AIDS :
VOR/DNE -
AIR DATA
INERTIAL
. AUTOLAND
ACTIVE FLUTTER CONTROL
ENGINE CONTROL
ATTITUDE CONTROL
WEATHER

(NULL ARRAY)
(NULL ARRAY)
_ {NULL ARRAY}
{XULL ARRAY)

P oy Sy <2 e

ROoOOoOCoCRNOoOQOQ

NSO OOoORNOCOO

[~ 3~ W - [ -y — RN

e e o o o v as owm e o
3

NNAOCOOANO T MEANENNOCOR® OO NEERARCOO S eOO &

R 620 & B4

5

e o 0
Aanaan

"AIDS . (2?

VOR/DNEB

AIR DATA Qg) .

INERTIAL ’Qf

AUTOLAND

ACTIVE FLUTTER rONTROL D 4

ENGINE CONTROL - @ q%»

ATTITUDRE COHTROL

MEATHER 433>
(NULL ARRAY)

(NULL ARRAY)

(5 i o o ey
nocorRoDoOQ
RnCoOOASCOO -
cocmoooco®
b w e o o oo o -l

-

@
o
. .
~
.

=

 “Columa 13
Sdolumn 2

Jolunn-38 .
]

roluwg

“Phas

Phase

Phease
“Phs se

BE RS R

For each row, the resultant
level 1 trajectory set is

" the intersection of the sets
named: in Coluan 2.

Takeo ff/Cruise ‘A | Ydames are defined in
Table 2. )

Crulse D i
Cruise C {
Landian -l

oW
" ik e e am ,..—....-—_-—-———-—-—-—-——_—-——no—---—-——————-_.——-—-——-_-—-r,-—--— e =




LEVEL 1 BASED : Table 3
CAPABILITY FUNCTION Page 6 of 22

RESULTING

LEVEL 1 PFOLOCT 1ERMS
: LEVEL 1 TRAJECTORY SETS

ALCONS LLSHUENT
LEVEL

__ECONOMILS | OPERATICHS_| __PROFILE__|___SAPETY

AIDS
VOR/DHE

AIR DATA

INERTIAL

AUTOLAND

ACTIVE FLUTTER CONTROL
. ENGINE-CONTEOL
ATTITUDE CONTROL
VEATHER, | -

(NULL ARRAY)

*

S e A R )

1

e e e e
NCQCOONODDOO
-0 0oooc
L-———--“—J

Caa g
AIDS SN e
YOR/DME °
AIR DATA
INERTIAL
AUTOLAKD

" ACTIVE PLUTTER COSTROL

| BNGINE CONTROL

~ AITITUDE CONTROL
WEATHER
~ (NULL ARRAY)

{NULL ARRAY)
{NULL ABRAY)
(HULL ARRAY) ..

‘d(lj

NOoOOOoONDC OO .
noocowoooco
cocC eavdO .

+

U A,
e o o o

3N
A
a( 1)
a1

0oRe
D Do D Ow
t:t::mc;v .
moOw

AIDS
VOR/DME
AIR DATA
 INRRTIAL
AUTOLAND
ACTIVE. FLUTTER CONTROL
ENRGINE CONTROL
“ ATTITODE CONTROL
WEATHER
(NULL ARRAY)
-+ (NULL ARRAY)
J(HULL ARRAY)
{NULL ARRAY)

a(l

[ o o e 0 s
NOCOSROOOO
nNoOCOROOOO
- - PR 1-1-I-
METWEANOCOOD R #00w MEARNGROCO R #1000 m BRNOOOOOCSHO -
e o s e e et e e o

a(ly
A1)
afl)
SR W I

i

|

1

i

i

i

|

{

|

i

{

|

i

|

!

i

{

; : . |
2 o . : : . i
e N § : B ) A ]
. - t
|

|

|

!

i

§

i

|

{

(

I

1

1

1

{

}

{

i

{

.

om e
“’;>f‘
anna
hch§ 

|
l
{
|
I
|
{
i
i
i
|
I
t
|
|
|
|
i
!
|
i
i
l
|
!
|
|
S

|
i
l
|
1
|
}
|
|
{
l
|
I
|
I
|
i
i
!
!
i
|
1

;:oluﬁnsli”fvhascv 'rakcoff/Lruxse A l Names are definci in

|
!
|
x
|
l
N
&
|
i
z
i
l
|
|
!

1= For each rovw, the resultant
‘colunid 4; Phase 2 = Cruise B ol Table 2. oo o i - level 7 trajectory set is
Dcolurids o Phase 3 = Cruise C© S : : : the intersection of the sets
4= ER | nazed in Celunn 2.

~olusn-Y4: Phase Landing

~

g : Ly : : . e a3 s ek PR gty A . P
D R P L T o g £ e Lo TONISTEPRNIC SRV SV SR Y PRy T b T R 2 3 R g il A *

[3




LEVEL 1 BASED

Table 3

CAPABILITY FUNCTION

~Page 7 of 22

K. CONPLISUMENT |

LEVEL

.. LEVEL 1 PRCDUCT . TERHS -~

RESULTING
“ LEVEL 1 TRAJECTORY SETS

a(2)’

s

;a(2)‘f

Caq@)

g;ar u

a2
e

Coay
a2

* R ®

Tvogw

o o

oW
MO A

L

T ECONOKICS. | OPERATIONS 1. DPROFILE I SAFETY

10 A iy e G o

AIDS
voRr/DHE
AIZ DATA
INERTIAL
AUTOLAND i
ACTIVE FLUTTER CONTROL
‘BRGINE CONTROL
"ATTITUDER CONTROL
VEATNER
- (RYLL-ARRAY) - -
41 (NOLL ARBAY}:

B i hafedatcdatobed |

L MOCOND # . @ |

RoocoRND #s e ‘

OO0 & ww
NANOCOO* 9 ® @2

O R ]

P

b v o e i e |

o

[

"AIDS
voR/DNE

AIR DATA
 INBRTIAL

AUTOLAND

ACTIVE FLUTTER CONTROL
 ENGINE CONTROL'
* ATTITUDE CONTROL
WEATHER
-~ (NULL ARRAY)

et Dok B
MOOORO Saw
RNOOORO #4 @
“ocCCcOoO e

'"“AIDS

: VOR/DME

“"AIR DATA

- INERTIAL

AUTOLARD

- ACTIVE FLUTTER CONTROL

/ ENGINE CONTROL

“ATTITUDE CONTROL

- WEATHER -

: {RULL ARRAY)
(HULL ARRAY;
{NULL ARRAY)
(NOLL ARRAY)- -

‘Noocowotas

NoocOowWosse

- Y-
NRNVEAROCOA S ®@ WROOOCOCO 4 @
’ L o

AIDS I
_VOR/DME
‘AIR DATA
INBRTIAL. .
AUTOLAND. v
ACTIVE PLUTTER CONTROL
ENGINE CONTROL
ATTLTUDE CONTROL
WEATHER

NOCOONS #ui
MOCORO * &
COOC O & 8 #

LMo Ce N st ew
e ——

Joluan 12
Soluun ¢
volumn

1
r
o 32
~Colunn: B3

. Phﬁse
.Phase
phase

Phase

N e

Cruise B

Cruise C
Landiny

Taked ff/Cruise A

s

T s A o

Table 2.

Rages are defined in

Por '‘each row, the resultant
level 1 trajectory set is
the intersecction of the sets
named in Column 2.

-€9-~



LEVEL 1. BASED

- CAPABILITY FUNCTION

Table 3
Page 8 of 22

LEVEL

BE

éFCDUCT - TERYUS

LR

A-LUH&L;SHHENL l § RESULTING
LEVEL | R T | LEVEL - 1 TRAJECTORY SETS
1 ELOQQQ;; 1 OPFRATION" 1. PROFILE | SATETY ] :
; a(Z) | ¥ b C B | .} (NULL ARRAY)
.'g(;;,_ﬂ, | e b C ; Co R {NULL ARRAY) :
T aey 1 * b Tc i D ! ] {NULL ARRAY) o
ERRE 3 2 R | * - b c ‘B i g * (NULL ARRAY) -
gl | ! R | r 1 3
I R 1 (% % s | AIDS . ‘
| {1 01* ¢ | VOR/DNE , o .
| o | 1 % %% | AIR DATA
S { : : 1 1 00.0 « | INERTIAL
agd) } * c W A { . £¢ 0% | AUTOLAND
) i ) { | 0000 | ACTIVE FLUTTER CONTROL
i . } 100 00 § ENGINE CONTROL : . _
i R - . f 10000 | ATTITUDE CONTROL e
: A | L . } v£ £ 0 ¢+ UWEATHER
a2y | i [ A B I g (NULL ARRAY)
a2y - I . c A ¢ . g - (NULL ARRAY)
o Vi ' : ‘ r . - : J e .
v i {- | % & &% AIDS ~ : LT
K i I 1 01 * % | VOR/ONE . ; '
L | ] | €« % % & | AIR DATA
o i |- 10000 | INBRTIAL
aye) T . c X D f. | 2. €00 |- AUTOLAED
- RS B - I 10000 { ACTLVE FLUITER CONTROL [
S L - { |00 00 | ENGINE CORTROL ~
S { {.00:00 '} ATTITUDE CONTROL 9
S 1 Y v | L€ 1 €3 WEATKER !
ARy | ® e A B ! , g (uULL agnAX)
e 4 boe o S
| Joopo® € &% [ AIDS
i 4 4 0.1.0 *.]  VOR/DHE
i Fo.of ® % 0% | AIR DATRA
i — : 1.4 00 1 % |  INERTIAL
a(2) | . c B A g g ® ® 1. AUTOLAND
Ly 1 o { 10000 | ACTIVE FLUTTER CONTROL
| 4 1,000 0 |  ENGINE CONTROL
| ) . {1 0000 1 ATTITUDE CONTROL
e ] - : 4, L £ 2 0 £ 3 . MEATHER
Ceag2y i L. ‘e B B i < @ 0 {NULL ABRAY)
a2y | i c B (& t g - {NULL ARRAY)
Calte i * c B D t g (ROLL ARBAY)
“ai{2) | * c B B ! gt {NULL ARRAY)
‘ I ! e L
i t oA e
) . i et
} N N
i | =
i ! i -
j 1} A
B a0 1 ; . -
LCobuan- Yoo phase 1= nkeofl/trutse A i Hameg acg’ defxned in {. . Por each row, the resultant
“Toluwnh 28 Phase 2 = Cruise B R L able 2. 1 level 1 trajectory-set is
s olusn’ 3s v phase Y= Cruise € R I the intevsection of the sets
cocolbuanids . phase 4= Landiag.” e I { naned in COluun 2.
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' LBVEL 1 DASED Table 3
e ; CAPABILITY FUNCTIOR: page 9 of
ACCORPLISHAENT . {. LBvaL T pscnucr TERHS ] . RESULTING
LEVEL ! | . i - < i LEVEL -1  TRAJECTORY— -SETS
{ - BCONOMLIS | OPERATICNS i PHOFILE 1 SAFETY | 3
] | 1
N A | ¢ %+ ¢ ¢ | AIDS
i . t-i101 » % | .vorR/DHE
: b= P q St pyg-e & 8 | RIR DATA .. oG
o i / 1-1 00 0 * ) IHNERTIAL
a(2) | R * c R A ] € ¢ 1 ¢ | AUTOLAND
: ‘ . ) N | 0000 § ACTIVEB FLUTTER COHTBOL
I i 0000 | ENGINE CONTROL -
+ ] 0000 § ATTITUDE CONTROL
: g . : i £ ¢ 0 ¢ 3 . WEATHER
a2y Ny * c - C B i - ' ... {NULL ARRAY)
vl i » c c .C 1 . .7 {HULL ARBAY)
T a2y i * f c [+ 0 I ] {BULL ARRAY)®
RV 1 i L4 M o - i 1 B | 2 (BOULL ARRAY)
’ l : - l r . E }
L } pe® e | RIDS .
| }. 1 00 1 ¢ ] VOR/DNE
; g ©} ). %-« & ¢ | AIR DATA -
TS B . f 1 0.0 0 # | INERTIAL
1:(2) . e * q A A I L £¢ 0* | AUTOLAND : -
B 3 =] 1100 00 | ACTIVE FLUTTER COHTBOL
4 { 1 0000 | ENGIRE CONTROL
; i { 1 0000 } ATTITUDE CONTROL
o 4 1] Y #£€£0¢ 4 KEATHER
a2y [ * s A B [} ‘ . P : (NULL- ARBAY)
a2y el * 4 A C P ' B {NULL ARRAY)
s d ”: [ FREE SO S PO .
o L4 [ #* &% | AIDS
1 : NS |1 00 1% | -VOR/DHE
) : e I ] =% %« | AIR DATA- . A
S L [ S |1 0000 | TINERTIAL
a2) N * L A 1] { { £¢ 00 | AUTOLAND
B e o 5 110000 | ACTIVE FLUTTER CONTROL
| e { 1 0000} ERGINE' CONTROL:
, o o : ] ) 06000 AITITUDE CORTROL
A B Yo : I v2£¢1¢2 nznwuzn i
af2) oo » R N A B B @ i:oo-(NULL ARRAY) -
a2y’ S * B B A } '@ (NULL ARRAY)
a2y e * cd B B . 7@ -.r,  (NULL ARBAY) :
L ad(?) A * 8 B AR | S @t .. (MULL ARRAY)
R A o | * d . B D 1 - vy <@ ey (NOLL ARRAY) :
aey g * a B E [T I (RULL ARRAY)
Sy B - L TR U T I v
L O s I AR
o S | R P 1 iy
] .
| : I ‘ ’
0 B l fop, s
U " . l 2 .
i RGUNE DA IS : ) S 1 :
o Colbuza Y Phase 1 = Takeotf/Cruise:d | Napes are defined in { For each row, the resultant
Tl oludn 2y Phase 2 = Cruise B {  Table 2. S, level 1 .trajectory set is
eolumii- 31 Phase’d = Crulse € 1 ‘ | the tntersection of the sots
Lg Pha se 4 = i | nagmed in Coluan 2.
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- s el . . . , LBVEL 1 BASED ' : : Table 3 {
, ,' SRR ' - ' CAPABILITY FUKCTION . : ' Page 10 of 22 }
i A»LDHELLSHHLNI a LEVEL l,'ssccucr TERNS I - RESULTING
i " LEVEL: ] i | , LEVEL 1 TRAJECTORY SETS
1 ELONOHL»S L 0PERATIC§§_1 PBOPLLB 1_ . _SAFETY_ _1 i
{ l r 1 P
i : : f |-¢* &% | AIDS g i
| | ' i { 100 1% | VOR/DNE G i
1 — o ; b e s & | AIR DATA i o ¢
by L R s / . f 1 00 0% | INERTIAL ;
a2y I * a R A | L e£# 1% | AUTOLAND i
fr 1 : | 1 0000 )  ACTIVE FLUTTER CONTROL {
i | 10000 { ENGIKE CONTROL ]
i I t0000 |: ATTITUDE COHTROL ; ;
B i : | &2 £ 0 ¢ 3  WEATHER U !
ralee) i = 2 d C B t g (NULL ARRAY) : :
aly i . d c € 1 2. {NULL ARRAY} ‘
Loaf2y I * d [ B ! 1 g " {NULL ARBAY)
Lad2) ] * d C: | 4 [} ¥ (NULL AEBRAY)
. ] : i '} (BULL ARRAY)
, ( = I e 1 ,
‘ | { | =+ ¢ } _IDS. . .
o ] {1 000 3 | VOR/DHE ’
e i [ | # & % & | 1AIR DATA CL—s
S i “t 1100 0 * } INERTIAL
. a(2) i * e A A 1 1 #£¢ 0 * | AUTOLAND
R | : | 4 0C 020 | ACTIVE FLUTTER conrnon
g Ll 191 00 2 08 % ENGIEE CONTROL !
i s §- 4 0000 | ATTITUDE CORTROL ~
Fp 3 f s j L e 0 ¢ 2 YEATHER ﬁ’
“a'(2) ] * . e A B ! B 5 ~{NULL ARRAY) . 1
A{Q)ii I * e A [o b 2 (BULL RBRAY) i
B | e | RS ) i .
1 I L) e e % &} AIDS L
5 } }-1, 000 1T |} VvOR/DNE
I | F ¥ % % « § ATIR DATA
I fo 1000 0 | INERTIAL
I * e A D fp 2200 | AUTOLARD
i . |1 0000 | .ACTXVE FLUTTER CONTROL
i I 1. 00 00 4§ EBNGINE CONTROL
| b 106000 § ARTTITUDE CONTROL!
1 . . | ve¢g ! ¢ 4 JdEATHER ;
1 * e A PR | @, ——(RULL ARRAY) )
' I e R |
i | | ¢ # % | AIDS . A
l I-1.000 1 |  VOR/DAB ~
S I | } 1 *¢'#°0 * | iAIR DATA
Sy ' { 100 1% | IYNERTIAL -
La2y | > e B A {-).2£ € * % | AUTOLARD - ‘
b i 5 { 10000 | ACTIVE FLUTTER CONTROL
| . 1 1,00 00 | ENGINE CONTROL:
{ . 10000t ATTITUDE COHTRDL
N b : o vee 0 s uzaruex il
L b ; : *o | ¥ . :
o SR SRR BREA ] ‘ S L e : po SN : .
”~g:oLunu“l::DWha 1= Taxeoff/ctuise A'l, Nimes are deflned in { For each rov, the :esultant
. Column:2: Phase 2 & Cruise B e o !ablc 2. { level 1 trajectory set is
~~olumn-3s: - Phase 3= Cruise: c B I the intersection of the sets
- Xolusd 43 Phase 4 = Landing i { ‘named in Coluan 2. '
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LEVEL 1 BASED i Table 3

o CAPABILITY Fuucr:on EREEER Page 11 of. 22 — ,
T;A.LUdelquﬂENT 3 B LBVEL 1 PRCBUCT ° TERHS e = | -~ RESULTIRG T T
o LEVEL ‘ i ‘ } LEVEL 1 TRAJECTORY SETS
| 1. LLONUHI.5~1 OPERATIONS 1 PROFILE_ 1 SAFETY |} ) T
a(zy | o , e 8 B ] g {NULL ARRAY)
a(d)y | { LI e :} c | g {NULL ARRAY)
ey i o e B ] i # . - (NULL ARRAY)
cate) \ * e B/ E i g " (NULL ARRAY)
e } s / . Ly - g
i i J : y & ¢ | AIDS _ ,
i 2 . g | 1000 1| VOR/DME :
; ! 4 {" | % %% | AIR DATA
T s i - [ | O'O 0 .| INERTIAL
Sra2) s { * e o A i:1 ¢'¢ 1. § AUTOLAND
S 1 [0 | 0»0'010 | - ACTIVE PLUTIER CONTROL
i 1170000 | ENGINE CONTROL -
1 1.1 0000 } ATTITUDE CONTROL
ot R ~ | L ¢ ¢ 0 ¢'9 VWEATHER
ca) ] * e R o ] ] ; g {(NULL ARRAY)
KRR 3 04 IS | i e c c i ; E-R (NULL ABRAY)
| a2y i * e U - c D I N'E (NULL ABRAY)
i BRI & V3 { . ; e C 4 [ g (NULL ARRAY)
i o i i {:r N R} Lo
i i e { . | &% &9 | 2aIDS
] ‘ ] 10000} VOR/DNE . '
BRI | R I 41 %« % |  AIR DATA ‘-
A "';’lv S ‘ i . o : S R . { 1 00 0 * | INEERTIAL I
a2y SEN T S £ A A i I £ € 0% { AUTOLAND ~
R N R CR LA e : : 4 10000 | ACTIVE FLUTTER CONTROL ‘f
} i {l 00 00 || ENGIKE CORTROL .
4 ! .13 }10.0.00 | ATITITUDE CONTROL
! B I | v ele 0¢ s UEATHER
= Yoraiey i . £ oA B — - (NULL ARRAY)
RS- W /] SESET | * £ A [ { PR A {NULL ARRAY)
o i » I r R ] ’
1 [ *¢ & | AIDS
{ ] 1 000O0 | 'voR/DME.
ER 1 - | 1t ¢ e | BIR DATA—~ - — -
(RN ER | Se | 4 0000 | INERTIAL i Pf
B G '] RISt | * i A 4] | 1 £# 00 ) AUTOLAND -
: T ] Lot 1 10000 } ACTIVE FLUTTER COHTROL
a | 110 000} "ENGINE CONTROL
'} ‘o 1.1 0000 | ATTITUDE_ CONTROL
| ] L £ ¢ 1 ¢4 WEATHER |
[ * £ A ) 4 1 ) PR (HULL ‘ARRAY) -
4 o i 3 ¢ e
1 S i t T PR o
© ' H ' [EE Lo me -
: i ! T
‘ , l i
s I o ]
{ . o '
L Lo i o e s | : ;
2 «oluen 33 Phase }:= Takeoff/crulceaa { "Names are defined in i For each row, the resultant
i Colugh 2t Phase 2 .= Crulse B . oo b Table 2. { “level 1 trajectory set is .
E St Tolusno 33 SPhase 3w Cruise C R | R { the intersection.of the sets-— —— -
G i Colupn s Phase 8 = Landing: S i ‘named in Coluan -2, ‘ B '
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A e T e T : U LEVEL 1 BASED . ° ; - ,Table 3
{ : A B T PR I S e : "CAPABILITY FUKCTION o o .- Page 12 of 22
4 ACCIHPLISHAERT - | LEVEL 1 ERODUCT TERHS { , RESULTING
LEVEL N O ' 1 LEVEL 1 TRAJECTORY  SETS
. L _ECONGHLCS [ OPERATICNS_ | . PROFILE __f_ SAFETY _|
b : ' i r 1
{ ; j | +* & & | AIDS
i : "1} 00 0 0_| _VOR/DNE
! e 1 1 1 %0 % | AIR DATA
i, i ’ { | 00 1 %.f ~INBRTIAL
] i . £ ‘B, A {1 | £2 & « | AUTOLAND
: i . { 1 0000 | ACTIVE PLUTTER CONTROL
: { | 10000 | BNEGINE CONTROL - = -
| 1 10000 | :ATTITUDE CONTROL
BT t §{ v e£¢ 0 ¢ 2 UBATHER
e e (@) I * £ 8 B { = # . (NULL ARRAY)
L e ) { * £ B C i : P.: . (NULL ARRAY)
e A a(?2) i * £ - B Do g . (NULL ARRAY)
i Ta(d) ) * £ B B B | iR (BULL ARRAY)
; T b ' e H P
i ! { 1 eese} ams
L 1 { 100001 VOR/DHNE G -
? : i 1 Lt * %+ | AIR DATA |
R | 1 100 0* | INBRTIAL
atey § * £ c A } | ¢ 1 % | AUTOLRND
: { o } 1 000 0 | ACTIVE PLUTTER CONTROL
i {" 1 0000 § ENGINE CONTROL -
} : i y 1 10090 | ATTITUDE CONTROL (|
: o oo ‘ | ¢ ¢ 0¢ 3 WEATHER ~
ARy s € c B f (NOLL ARBAY) -‘,’
ARy iy * £ C’ c s @ . . {NUL:. ARRAY)
cageys oy * £ c L R R ] . (WULL ARRAY)
a{2) { * £ C B | g (NULI. ABRAY)
' ; t : R + o
| - | 1+ ¢ AIDS
i [~ §1-0-0 09 | VOR/DNE
1 ‘ ‘11101 *« & | AIR DATA .
e L { - 1 1000 | INERTIAL Do
Canadgy * q A A Pl £.2 0 % | AUTOLAND P
L [ = 1 1 0000 | ACTIVE PLUTTER CONTROL
: { {1 00:0.0) ENGINE CONTROL =~ ~
* i S ,{ {| 0000 | ATTITUDE CONTHOL
i T L ‘ . Lg £ 02 2 WEXTHER
; | * g A B g (NULL ARRAY)
; | * g X . [ R EER | a. {HULL ARRAY)
i ‘: T . ! } : l - . -
b 1 -
b . ‘ 1 . .
s b . [
+ S b N l
! e | 1 .
i R ot 1
i 2 R {
i L B i
: g .';LoLn.n 1: - Phage 1,=, Takeoff/cwhe A l Names are definod in . ..} For each row, the resultant
; ohoobluaws2s C ophase 20 = Cruise B R Iable 2. : { level 1 trajectory set is RN
: Cowelionn Zoluans 3y Phase 3-=Crulse €0 o { the lntersection of the sets
Poopoeohe i lelyan Y3 phase b= Landing: . } }  named in Coluan 2,
T s I w >‘:~’,; wt i '-f',~»“-‘-u"r‘vﬁ;—9:a«ii~;'c;:'ﬁ?‘é~:,':’ Al s :stﬁﬁsﬁem&ﬁ&zmm?wiﬁf‘*&‘%{‘*i“f"-'*'""}‘;"’:"’;‘“"“”i“f‘é"""‘ MGESY AR T LR
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. . LEVEL 1 BASED : R ‘Table 3
‘ s : CAPABILITY FUNCTION “ ) : Page 13 of 22
ACCORCLISHMENT | - LEVEL 1  EBROCUCT. TERHNS 1 RESULTING
' CLEYEL s R : : ( LEVEL 1 TRAJECTORY SETS
R ECONOMICS j OPERATICNS_ 1 PROFLLVE__i. ~SAVETY L
Bt R ~ v ' Co Y 1
S i | | & * & § AIDS
i Cof {1 0000 j-VOR/DNE
- i : 7 } 101 * & | AIR DATA
S g ch el '} 400 00 1 INEBRTIAL
a(2) B R L g L D 1 1l £ 00 | AUTOLAND
R R _ } 1:0.0 00 ] ACTIVE FLUTTER CONTROL
. 1. 1 0000} ENGINE CONTROL o
{0 .4 1 00000 { ATTITUDE CONTROL o
i e < v g€ 1 e 3 “WEATHER |
Cla(ey SR I . g A ] i S @ s ic. (HULL ARRAY)
~ p L I r R i
b — [ |t.0.' AIDS
(B ¥ .1 9000 | VOR/DME g
1 1 1010« | AIR DATA i
(RS IR D : I 1 0.0 1% § TINEBRTIAL
Ayl * g B A { | ¢ «* | RUTOLAND
R 1 { 1 0000 | ACTIVE FLUTTER CONTROL
o ¥ } 1 0000 | BNGINE CONTROL Tt
s I 1 0000 § ATTITUDE CONTROL \
DL g St e g 0¢ 2 WEATHER ‘ " o e
Ry e * g B ;| e 2 (NOLL ARRAY) g
soad) o ah . g B c 1 g {NOLL ARRAY)
R U ) T * g B LD ! [} (NULL ARRAY) e e
craRy b . q B B 1 [] " (NULL ARDAY) %g
B { | ¢ *e*| AIDS b
ey - {1 0000 | VOR/DNE EQEZ
, i i~ 1 01 %% | AIR DATA o =
et 1 { 1 00D®* | INERTIAL -
a2yl * g c a { 122 1% { AUTOLAND : L v
RSO e : 1" 10000 | ACTIVE PLUTTER CORTROL C
i { 1 00D0OC | ENGINE CONTROL za
1 { 1 0000 | ATTITUDE CONTROL ;459
R e , .| Le¢0fd UEATHER i jZEﬁ
a2} R L * g c B i ] (NULL ARRAY)
a2y e * q SC c i g " {NULL: ARRAY)
ra(e). i * q c D | g . (NULL-ARRAY)
a2y el . g L C B ] # ... | {HULL ARRAY)
L e BT TTTERT o T
e b <
e I . RA B ‘ “
i 4 1 N :
= A ; 1 SN
b !
R o L 5 SR Foen , . ' 1 . ;
AT oo SolamrYs o Phase 1 = Takeoff/Cruise A - Hames are defined in i - Por each cov, the resultant
'Y Zolumn 23 Phase 2 = Cruise B i Table 2. | level 1 trajectory set is
Tuvoluad 3 Phase 3= Cruise L i : _§the Intersection of the sets
4= Landing i { ‘named in Coluan 2.
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Table 3
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e B it S U R I A 8

LEVEL -1 BASED
CAPABILITY FUNCTION Page 14 of 22
CACCOBeLIGIHENT. | LEVEL .1 - BFOLUCT TERNS i RESULTING
CUUBVEL 1 , : S ' : ‘1 LEVEL 1 TRAJECTCRY ' SETS
Lo J__ECONOHICS_) UPERATLICNS | __PROFILE _§  SAPETY_ |}
i ' ’ ‘ S B | 2] :
I : | | ¥ *«* | AIDS .
i I I 10000 |—VOR/DAE
{ : b 00 1 ¢ | AIR DATA
; St ! ! ' | 000 * | INERTIAL
Slaf2) 1 * h A A { | £¢ 0% | AUTOLAND
ER { ¢+ 1 0000 | ACTIVE FLOTTER coxiaOL
1 { 1 000.0 ) ENGINE CONTROL o
{ { 10000 | -ATTITUDE CONTROL
: { i 4t eg 0 s WEATHER ‘
L a(?) i * h A B | g (NULL ABRAY)
,fa()y' 1 ¥ h A c { B (NULL ABRAY)
: | : 1l ¢ - 1 SE o .
5 { : | | ®%%e ] AIDS
v i { 10000 | VOR/DME
‘ i I 100 1% | AIRDATA |
L 1 | 10000 | IXINEBRTIAL a
a(2) t * b | D { § £2£ 00 | AUTOLAND
Lo i : I 10000} ACTIVE FLUTTER CORTROL
{ ] 10000 § ENGINE CONTROL S e
i o ] 10000 | ATTITUDE CONTROL 1 _
s i : C } tg-¢£ 1 ¢ 4 WEATHER ' o
P TP 1 * h A E } " (NULL ARRAY) i
SRS aR) 1 L h B A 1 3 * (HULL ARRAY) - ~3
a(2) i s , SR B B i g {NULL ARRAY) >
L a(2) il . 5 b B - C i @ - - (NULL ARRAY).
Chadly | * . h B D I #.-. ' (NULL ABRZY)
a2y i LR h B ] § g * (NULL ARRAY)
T “q ) Il r 1
| j Sl e s e i AIDS .
i : { 1 0000 | voR/DNE i
1 I 1 00 1 * | AIR DATA o
N | ' 41 000 % | INBRTIAL
ade) 1 * h o A I 1 £¢ 1 & AUTOLAND
L 1 ~ 1 ] 00000 | ACTIVE FLUTTER CONTROL
| I 10000 ) ENGINE CONTROL —
| i ; s/ 1 0000 | ATTITUDE COKTROL
Sl { ‘ T, ! L e¢¢ 0¢ s WEATHER y
Taeys | . h c B g (NULL ARRAY) B} . -
Ay o i s h R cl g (NULL ARRAY)
Sroan) | * K c ‘D { ] {NULL ARRAY)
a2y | . h C B 1 O {NULL ARRAY)
gt I : . : , H . e ' A
§ o i R
1 : { e o
§ 1 .
(. I .'l
g o !
U e : 1 :
“tolusn 13 -Phase VT = Takuoff/Crnme A Napes are deflned in | Por each row, the resultant
Column 23 Phase 2 = Cruise B - ° 1 Table 2. : {  level 1 trajectory set is
solugn 3¢ 'phase 3 = Cruise ¢ { | the intersection of the sets
cvolunh @2 Phase %= Landing { 1 naned in Colunmn 2,
| | | % i ;;ﬂ!’%“-{"\rm*:?\.‘"t.‘: T TERRIRE Y R o L a1 -73'«‘,-,"“' L mﬁ"—&‘:r’ witt '.,~',.va,.1_‘-\:‘i,'ﬁ
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LEVEL “1 BASED o ‘ ~Table 3

N o CAPABILITY FUNCTION o ’ ) Page 15 of 22 - "t
RCCONPLISHANMENT | LEVEL 1 .PRODUCT | TERHS & o FPBSULTING
T LEVEL Ao : : . . L} LEVEL 1 TnAJBCTOR! SBTS
2L 5 : i Ecouuu1:§_1_ggﬁg;g;gu§_1__.ggggggg__L SAPETY | ) __
: i U - i oe L] oo
g . I 1 % &% & | -ATDS -
[ : / { 1 0000 §: voR/DAE
i : 2 K I 1 00 01§ AIR DATA
R R S ! 1000 * { INERTIAL
Ay . i Ao A { 1 £¢ 0% | AUTOLAND
AR . _i‘] - : § { t 0000 § ACTIVE PLUTTER CORTROL
i ‘ { 1 0000 | ENGINE CONTROL !
I - § 10000 | ATTITUDE CONTROL
AR RS R RE . | L€ ¢ 0 ¢4 WEATHER
U ] PR * - i A B 1 ['§ (NULL ARRAY)
ae) * i - A c | a. (NULL ABRAY)
T i ‘ Il ¢ S o
] g } .1 ¢ ¢ * & | " AIDS -
o 1 t 10000} VOR/DHE
o L i 110001 | AIR DATA |
: RN | S ‘L 1P 0000 | INERTIAL i
a2y q * i A D 0 L £¢ 00 | AUTOLAKD -
: (B o ' ‘) 4 00 00 { ACTIVE FLUTTER CONTROL
R i g ] .1 0000 } ENGINB CONTROL -
R i o .4 10000 | "ATTITUDE CONTROL - ' o .
S PR s | L e£¢ 1«4 WEATHER o !
a2y i * i A E [ a {NULL ARRAY) -
- s I ' | - 1 ’ N 3
b Sl L % e ® x| AYDS N
| i 10000 | voR/MEE.- ,
B I 1000 1 § AIR DATA -
R ] 100 1 ® | INERTIAL' .
a(2) B » i ‘B - A | |l £e#** | AUTOLAND
o | {4 1 0.0 00 § ACTIVE FLUTTER CONTROL
g ! 110000 § ENGINR CONTROL :
I I { 10000 (| ATTITUDE CONTROL
R S 1. g ] v g 0 £ 4 WEATHER
ag2) o * & U ‘ i : B 1 .. . - (NULL ADBRAY)
a(a)y . * BN ¢ B c l @ +  (NULL ARRAY) °
Coa2) i . i B )] { g (NOLL ARRAY)
Coagey . i ‘B E A ‘¥ . ¢ (HULL ARBAY)
. l : > i ‘ ,'; - N = 1 . .
o I I'** «& } arDS |
S I 10000 | VORMDAE - : .
it N g - 1 1000 1} KAIR DATR :
ERE N AL T | : L 1) 100 0 % | - INBRTIAL
a(2).” St * i c : A ‘1L ¢ 1% § AOTOLAND e ’
St R | ] § 0000 | ACTIVE FLUTTER CONTROL
i { .4 0000}  BNGINE COETROL - -
B | . 110000 1 ATTITUDE CONTROL
1 )L g £ 0 €4 NEATHER
" -1
Sl z ] , ' : R . o
o Columa 1{,~Pha 1 =‘1akea£f/Cruisn A ! Namus are. Aefined in "} Por each row, the resultant
lolumni2s: Phdse 2 = Cruise B - i Taole 2. {  level 1 trajectory set is . . .
colusn 3 Phase I = Cruise C - . Pl { the intersection of the sets )
4 =‘Laud1nq B B 1 nawmed in Coluan 2.
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JLEYEL 1 BASED , . 7Zabie 3

_ _ , CCEPRDLLLTY FUNCTION o o . B page 16 of 22
A.Lauealsarruh\51 -szax‘nl‘ BRCLUCT, Fin HE ! RESULTING ‘
CUOLKVEL L,., R PRI et e o ot LEVEL 1 TRAJECTORY SETS
i 3 Larot; S LOOPERATIONS 1 PRUFELE L SAFETY b
a2} i ¥ kX Los 8 i 8 §NULL. ARRAY)
Caidy } B 3 .G < P Q- . {BULL ARRAY)
LAY ) B i c - D i 0 2 (NULL ARRAT)
(2 { S i c E N g {NULL AERAY)
i . ¥ . b3 N
¥ 3 [ ()
! for 5
] bt ¥ e w e 4 ATDS
i f ] €% %% } VOR/DHE
4 1 { 1%« 1%} ALR DATA
K i B I 1 00 3 s | IRERTIAL
a3y i * * d k 1 b ¢ ¥ 2 | AUTQLAYUD
LT | St 40000 | ACTIYE PLUTIER CORTROL
| f | 0D 0.0 0 § . ENGIE CONTROL
1 { |00 606} ATTITUDE CONTROL
t | '~ ¢ # 0 g 4 WEATHER
i | 2 :
| b P *vv e | ALDS
| I | ¥« %% | VOR/DNE
Ly ! I 1 *#% 1% { AIR DATA .
S S L T R e AR , .1 0.0 1% § INERTIAL \
CA3) e e e g B | 122 1 %) AUTOLAND .
R T R e T e -4 1 0000 | ACTIVE,FLUTTER CONTROL
i [ 1 0000 | ENGINE CONTROL
| { {0000 } ATIITUDE COKTROL
i { L ¢ 1 ¢ 3 HEATHER
1 | e R
| o) % ¥ %o - RIDS
| fooboxo® x| YOR/DKE
oo i i F ® % 1% ALR DATR
EE i i 1§00 % IYEERTIAL’
a3 ] ® ® 4 c 1 £E 0% | RUTOLAHD
S ! PP B0 % 0 f ECTIVE FLUTTER COHTROL
R 1 L } 1900 C }. BNGINE CONTROL
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'LEVEL 1 BASED ) Table 3
CAPABILITY FUNCTION ) ‘ Page 17 of 22

LEVHL l PRCLUCT . TERNS o RESULTING

e 'A-uUdvuxsvuhsr ]
—— - LEVEL 1 TRAJECTORY SETS

LEVEL

- i

FLONULL S L OPFRATIOHS 1 PROFILE ] __SAFETY
‘AIDS

VOR/DHE

ATIR DATA o
INERTIAL ]
AUTOLAND

ACTIVE PLUTTZR COBTROL "
ENGINKFE CONTROL T
ATTITUDE CONTROL :
WEATUER

B W-E-N-B V-3 N W
3
Y- -X-pryy_ ]

i
-
Y- I - X

JJ(J);

MOCORNO # &n

T
e
1
]
I , L,
S : ‘ . .
|
|
1
|
i
i

. AIDS

VOR/DNE B

AIR DATA

INERTIAL

AUTOLAND .

ACTIVE FLUTTER CONTROL

~ ENGINE CONTROL —

. ATTITUDE CONTROL

. WEATHER
(NULL ARRAY)
(NIILL ARRAY) e
(RULL ARBAY) :
(RULL ARRAY)

.- (NULL ARRAY)

-(HULL ARBAY)

o o Gy S ey > oy '-————-—-:L—q‘
o

NScONO e e &
 MOOCNO#gw
Y- X- Y- )

i 3)
WAy
Loadd)
e a(3)
o ad),

'
~
O

|

TR}
memmmo 0
TAD>NO

AR R NN RN

AIDS ‘
YOBR/DNE ' .
AIR DATA
INBRTIAL
AUTOLARD
ACTIVE PLUTTER conrnon
ENGINE CONTROL -

. ATTITUDE CONTROL
WEATHER

kw‘ﬁﬂy

Nerrrates NUENNRRROCO S o

LEREE LA WE WY S
g S S S
I

MNMOCOARL# @@

AIDS . A
VOR/DNE - L

. &IR DATA

INERTIAL

ABTOLRKD .

ACTIVE PLUTTER CONTROL

- ENGINE CONTROL

- ATTITUDE COKTROL
WEATHER :
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1
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1
1
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Bhase 1
' Phase 2:
U Rhase 3
$ Phase §

Por each row, the resultant
Level 1 trajectory set is
the Intersection of the sets
naced in Coluan 2.

‘Names ave defined in
Table 2.
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Cruise B {
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RESULTING

LEVEL 1 PRCDULT TERNKS .
. LEVEL | TRAJECTORY SETS

 AZCIRBLISHAENT .
: LEVEL

", i
RN

8 .

ECOUOHI S | _OPERATICNS | PROPILE vl SAFETY

_ AIDS

. VOR/DNE

- ATIR DATA
INERTIAL

. AUTOLAND

_ACTIVE FLUTTER CONTROL

-ENGINE CONTROL
ATTITUDE CONTROL
WEBATIIER

Ay

NCOORO s s &
NCOORNaAs e s
O OO e s
NOCOO s *2es e

AIDS : S
- VOR/DNE :
_AIR DATA

INERTIAL .

. AUTOLAND

ACTIVE FLUTTER CONTROL——
 ENGINE CONTROL

ATTITUDE CONTROL
WEATHER

—_-OOCOCO-¢ &8
NRCOO s ® e e

LE-N-E-B W-I 3 2
NOOOAM—“ g ® @

r

AIDS
VOR/DHE :
AIR DATA -
INERTIAL
AUTOLAND
ACTIVE FLUTTER cournon
ENGINE CONTROL
ATTITUDE COETROL
WEATHRR
(NULL ARRAY) -
(NULL ARBAY)
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b AIDS

YOR/DHE

AIR DATA . i,

INERTIAL

AUTOLAND

ACTIVE FLOUTTER CONTROL

ERGINE CONTROL |

"ATTITUDE CONTROL:

WEATHER

; (NULL ARRAY) |
(NULL ARRAY) ;

(NULL ABRAY) "

{NULL ARRAY) |

3

1 e
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L voluna ?PhaseaI

13 1akuoff/Cruiee A j.+"Names are deflned in FYar each rov, the resultant

culugn 43 Phase 2 = Cruise B B Table 2. : i level 1 trajectory set is -

solugn3:  Phase Y} = Cruise € ‘, S the intersection of the sets
43 ’ : v

I -oLuaa plhase 4§ = Landing nased-in Column 2.
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CAPABILITY FUNCTION ’ Page 19 of 22
ACCUMPLISUHENL @ | LEYEL 1 PRCLUCT 1ERNS 1 RESULTING
: LEVEL [ ) | LEVEL 1 TRAJECTORY SETS
- 1 _ECONONWICS.| OPERATIONS | PROFILE | SAFETY |
| I r . 1
| . I | = * & | AIDS
1 J I | & «0 * | VOR/DNE
1 i | | *% 0% | AIR DATA
, 1 i 4 00 %« ) INBHTIAL
i(d { * * . B { | 22 Y * | AUTOLAKD :
i . ! § 0000 | ACTIVE PLUTTER CONTROL
I { 1 00 00 | ENGIKE CONTROL
i t 10000 | ATTITUDE CONTROL
T {t v £ 1¢ 4. WERTHER
= i ¢ o L
i | (| ¢ ¢ ¢ & | AIDS ! )
| { | %0 % | VOR/DNE ‘
A {f 1 * % 0% | AIR DATA
RREE ) { § 00 1« | INEBTIEL
a(J) ] * * i C ] |} £ 2 0 % | AUTOLAND
) . } |1 0000 | ACTIVE FLUTTER CONTROL
i {1 1+ 0 O'D O | ENGINE CONTROL R
4 I 1+t 0000 ) ATTITUDE CONTROL
| | v ¢ ¢ 1 ¢ 3 VWEATHER
a(3) i * * i D { "] (RULL ARBAY)
a3 * * A b4 t 7. (NULL ABRAY)
4 — 1
L) N L4 al
| [ Y
| Tf p % % & % | AIDS
e b ; L 1 ¢ * s+ | YVOR/DHE
b ; ] | ¢« % %« | AIR DATA
RS e { -}|.** ¢ e | TINERTIAL
a(8) | . . . £ { | €£¢ * *« { AUTOLAND
L I - { { 1:% ¢« & | ACTIVE FLUTTER CONTROL. .
1 | -1 *:¢ % « | ENGINE CONTROL
} | | * ¥ %% { ATTITUDE CONTROL
o | | v ¢ ¢ = ¢ 2+ WEATHER
| ‘ | I S T . -
{ ] § * % ** | AIDS
b { | ®-% * * | VOR/DNR
T { | * % % % | AIR DATA
R S : el ¥ % &= ¢ INBRTIAL
a (4) S * * » q {1 | £ % % | AUTOLAND
i N | $ 0% ®* | ACTIVE FLUTTER CORTROL
B | i ] Vv * % *°| "ENGINE CORTROL
| { { (***s* | RTTITUDE CONTROL
B ! ] vt e¢ g3 UEATRER
A ! o R : N
2 t .
g B }
IO i R S
1 I '
i |
. 1 t
C“Olunn T - Phase. 1. = rakeoff/cxu1qc A § . Hames are dsfiped dn i Por each rovy; ‘he resultant
~.woluap 23 “Phase 2= Cruise B 1 Table 2. : } level I trajeqgiory set is
“golusn 3 Phase 3 = Cruise € <0 1 the 1“tet3ecﬁt@h of the sets
solusn U3  Phase 4 = Laniing 1 { . named in Column 2.
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ACCONPLISHMENT

-LEVEL

LEVEL 1 DASED
CAPABILITY TUNCTION

Table 3
Page 20 of 22

LEVEL ~ V' PRCCUCT

TERHS

ELUHOHI S LAOPFRATICNQ 1

PROPILE

|

SAFETY

RESULTING
LEVEL -V TRAJECTORY SETS

Ca(u)

'~il§)

a(4)

n(d)

-~
.

- e - e - r—-———-—-——-‘ P e =

o e o

LIDS
VOR/DME
AIR DATA |
- INERTIAL
RUTOLAND
ACTIVE FLUTTER CONTROL
ENGINE CONTROL !
- ATTITUDE CONTROL
WEATHER '

MNEOON® & % &
MNeseNnR e
R R EEEREE
I Y EEEEELRE)

AIDS

VOR/ONE

AIR DATA

IRERTIAL

AUTOLAKD

ACTIVE FLUITER CONTROL_,_
ENGINE CONTROL

ATTITUDE CONTROL

WEATHER

“RO0,0RcOlQQ
"Q-ﬂﬂ..”"
CI IS 2K BN O W )
Mgt san

AIDS

VOR/DHE

AIR DATA

INERTIAL

AUTOLAND

ACTIVE FLUTTER CONTROL
ENGINE CONTROL T
ATTITUBPE COKTROL

WEATHER

NPCORNS & e
MEaON # o
RPN SRR S
Netsnsarn

AIDS

VOR/DYE

AIR DATA

: INERTIAL

. AUTOLAND

ACTIVE PLUTTER CONTROL
ENGINE CONTROL ‘
ATTITUDE CONTROL
WEATHER

e v it o o o s e e o [ e - i v o . w w} e — — ———— o} =i . — o -

noooRno %te e
MaOCOR s e
e ssersnan
R R

D

Ywolunn

volunn

~eolusn
culuan

PR A

“ew se % se §.

Phase
‘Plhiase .
: ‘Dha 50
- Phase

Bl N e

Takeoff/crul e A
Cruize B Rt
truise €
Landing

ER o

PN

e ade =L e

Names are deflned in
Table 2. :

e St o va fe . . G i S Gmp SR e SV END G T G RS N AP S D A0 GER AR T e G S D g G S G G o . Sy TS e, e . G . G i S oprin D |y, o iy

For each row, the resultant
level ‘T-trajectory set is

‘the intersection of the sets
named in Column 2.
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! ~ e : LEVEL 1 BASED ' - Table 3
. : CAPABILITY FUNCTION . : Page 21 of 22 : .
ALLSUPLISHHENT | LEVEL 1  PRCDUCT " TERMS o | "BRESULTING -
LEVEL " bl o S ' ! LEVEL 't TRAJECTORY SETS
o : A {- ECOMONIZS | OPERATIONS | _ PROPILE | SAFETY | . '
. i : B bor 3
i ; I | ¢ * =% | AIDS
| { .| L % % % %5 VOR/DNE
{ _ / jo { *'# ¢ & | AIR DATA
{ . / | L 0% ® 2 | TINERTIAL
a {4} l * . P 1 S 4 g * * | RUTOLAKD ,
, l . "1 L 00,1 * | ACTIVE PLUTTER CONTROL
{ ! { 1 00 * & | ENGINE CONTROL .
| 11 00 * ¢ | ATTITUDE CONTROL
h i v ¥ g ¢ ¢ 3, QEATHER
1 i e R R
! . I i *e%e | 215
v ¥ { | % %% ) VOR/DNE
] ) { | * % %% | AIR DATA
{ ’ ~ 41 0% ® & | INERTIAL
ALy ] . . . n "]} £ £ % % | AUTOLAND
R 1 ‘ S §7 1 000 * | ACTIVE FLUTTER CONTROL
{ ) ¥ 0 0.1 % | ENGINE CORTROL :
{ [ 1 00 * ¢ | ATTITUDE CONTBOL
| | L ¢¢e g I WEATHER
l A r 4
{ . § | &% * % |  AIDS
“+ ‘ |- 1 ®#* %% | VOR/DNE i
o ‘1) % % & & | AIR DATA ; (e}
T i I 10*#** | INERTIAL o% - w
Ca) i * * - n | | £ ¢ %9 |  AUTOLAKD - 2, !
: l ! 1000 = | ACTIVE FLUTTER CONTROL vo &
" 1 i 1 00 &= { ENGINE CONTROL : %‘2
§ {f 100 1% | ATTITUDE CONTROL v
i | Lo¢®¢s WEATHER .- =
{ 1l LY
| | ] **% ¢ % | AIDS A %?;
H | | ®*% %% | VOR/DNME . ; v, a3
| , L4 ] ®= % €% | AIR DATA o ol
o ! vt 0% ® & |  YNRRTIAL AT
a(4) i * o . L ] | .1 ¢ * & | XUTOLAND
, Co 0 : ] 1 000 1§ ACTIVE PLUTTER CONTROL
" § {: 1 000 % | ENGINE CONTROL ; 5
‘ ) ‘#].-4 000 *:] ATTITUDE CONTROL
] ' | L ¢g¢ %€ WEATHER
| y { ’ 53 f“‘l.' CLE e U
{ TR v}
i ! { R h '
: 'l S e e
5 P
§ | :
‘ i . F
! S
i 1 . . .
cwolugaa 1: o Phase 1 = Takesff/Cruise A |  YNames are defianed in { - For each row, the resultant
Coluar 2z Phase 2. = Cruise B~ E i Table 2. {  level 1 trajectory set is -
S2olewmi 3y Phise 3 = GQruise € R "t the intersection of the sets
o 4§ = 4 { -naped in Column 2,

wokuna Ry Pliage fanding e




LEVEL 1 BASED E . - >£;$le 5“““'“

CAPABILITY FUNCTION Page 22 of 22
CACCIAPLIGHBENT j. " LEVEL-»1 PRCOCUCT TERMS { RESULTING
: LEVEL | 558 : : [ LEVEL -1 - TRAJBCTORY SETS
i L ECONOMLZS | _OPERATICHNS | PROFILE_ | SAFETY | :
l . : L ‘ i r 1
{ , | )} ¢ %% { AIDS
I < | | ¥+% % % | YVOR/DME
I .| *# % %% | RIR DATA
1 ‘ 1.1 0% %« | INERTIAL ~ .
a(4) i * * . ® 4 ] {f-{ £ ¢ * & | AUTOLAND! N
¥ § 1. 0000 | ACTIVE FLUTTER CONTROL
| ! 1 000 0V } -ENGINE CONTROL -
| 1100 0% § ATTITUDE CONTROL
| { L £ ¢ ¥ ¢ 3 WBATHER
i I e —_ S
| | - * * « » | AIDS
I - | &% &®3* 1 VOR/DNE
{ { t ¢ ¢ ¢ | LAIR DATA
, - | { 1 0% =« INERTIAL
oAl ) i * * * q b ) £ € % % | AUTOLAND
: i {- 10000 | ACTIVE PLUTTER CONTROL
i 1 10000 | ENGINE CONTROL .
| § 1 0001 ¢t ATTITUDE CONTROL
i | Leg s$¢ 3 WEATTER
i | Y S Lo Lo
| { | s+ e+ | AIDS o . -
poo {f | & +*.% ¢ | VOR/DEME
) . j § * ¢« ¢ ¢« | AIR DATA i
: : | IS .1 0 0 ¢ | INERTIAL
oAy i * * * | 4 J L £#£ 0 1 | AUTOLAND
- i 11 00.00 |  ACTIVE FLUTTER CONTROL
< 1 1 0000 | ENGINE CONTROL
{ i § 0.0 00 | ATTITUDE CONTROL - -
- 1 | L ¢e¢ VeI WENTHER B
} | ¢ 3
{ ] {1 = * &% | AIDS
1 ) -t +% s ¢ |  voR/DHE :
[} ; { | ® & « % | ' AIR DATR ; -
. PR ( - 151 0% 0 1 | INERTIAL |
e , afu) ] . o * 8 { 1 £¢ 00 | AUTOLAXD .
: L 1 4,1 00 0 0 |- ACTIVE FLUTTER COETROL
i 47100 00 } EBENGINE CONTROL
. 1 110000 |~ ATTITUDE CONTROL
3 IR 1.t e e 12 4 WEATHER
— - t -
} P i v
| | : 4
} > | 2 e
1 A i ;. s
{ ’ ! '
i .
| i
oo , o | PR
N v S g0 . : Co : S [l . )
coluxa iy Phase i =.Takeo££/Cruise R | - Napes are defined in - i Por each zow, the resultant
Colupn 237 Phage 2= Cruise B Coadt Table 2,00 - j..level {1 trzjectory-set is
S sgolumii3: Phase 3.= [rulse € 4 g i the intersection of the sets
todolunndy, Pheue = | fowaped. in Column 2.
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 Note that‘

‘(where the

'ftn,tnegabovuuuanhe“
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1. ECONOMICS

2. OPERATIONS \ T
3. PROFILE ' '
4. SAFETY.

Using Table 2 to determine the sets (t. nl) (g (U )) and

designating the Cartesian components of these sets by their Table
2 names, . ' _ ' e '

(cpep”™t0)y =2 T (p.v , xow 1) -
! | S |
(¢ ,) 1(0) = a T (. 2, row 1)

ggepTh@ =avuBUC. ""(;5." , rows 123)
"‘Fi”s’ o)

AUBUCUDU E'“"a~*.”’f““?f',“f,

1

(p. 5, "la,ss,t':,‘_row p. 6 rows 1-4).

s v
e

i : . Ty
S L \

the-set names used in Table 2 are "coordfhate

sen51t1ve,“ e. g., the A s appearlng above mean dlfferent

trajectory sets for dlfferent coordlnates.f To~ 111ustrate the‘

remalnlng computatlons, we“Iesolve these amblgu1t1es by addlng
subscrlpts, _,e,, :
(E Kl) (0) =i51
=1 _
-1 =

(s €y 1(0)

3V C;

=A4UB4UC4UD4UE4.

;s'Accordlngly, performlng the 1ntersect10n of equatlons (3 3. 3)

,symbols are omltted)

0 : E ;
171;(30);' Al 2A(A U B3 uc )(A §] B LJC o D U E )

3747

;A,Note that the above expresslon contalns 15 “product terms"‘when
'fully wrltten.,

Note also that by developlng the 1ntersect10ns

A subscrlpts are 1ndeed reoundant (1 e.,

.
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the p051t10n of a letter is enough to resolve its meanlng).

Referring to Table 3, each row of the table beglnnlng w1th entry

a(0) corresponds to a product term in the above expre551on; the

second column of the table displays the correspon@lng term (with

subscripts removed); and the third column gives the ﬁesultihg“

‘intersection of level 1'sets named by letters inlthefpﬁoduct.

term.; (Slnce all letters name Cartesian sets and s1nce the

1ntersect10n of Carte31an sets 1s Carte51an, the resultlng set 1s

Carteslan).:

of these entr1es

corresponding to

Yil(ablnf:td .

VLOOoOOWWOOOO
R =r==-2 Cor=RE=

Cooco ¥x~rooOo !

C
<,rxc>c>éﬁi<:cic>o-

yl (ao), then, is just the union of all the o

‘column 3 entr1es of rows beg1nn1ng w1th a(O).f Slnce all but. four fb

are null, the set of all level l~tra3ector1es

accomplishment level a, is given.by

mooconoooo

'Thls concludes the example.

coO0CcO0OoODOoO
FWO OO % *O0O0

OO0 ¥ *OOO

AIDS. L el
VOR/DME LT
AIR DATA

INERTIAL

AUTOLAND

ACTIVE FLUTTER CONTROL
ENGINE CONTROL A
ATTITUDE CCNTROL
WEATHER

{

R

C
nooconoooo
BOoOOOR OOCOO
OO0 OOOO
VOOODODOOOO

i

-

AIDS

VOR/DME

AIR DATA

INERTIAL
 AUTOLAND

ACTIVE FLUTTERMCONTROL
- ENGINE CONTROL -
~<‘ATTITDDE CONTROL
'~WEATHER

SO O000OHO0 00
VWOOS * OO

I

T mooowoooo

-
i
j

C
IO 0ORN 00T O

Table 3 1s therefore a complete descrlptlon of how behav1or

*of the level 0 model relates to behav1or of the levelrl model 'lhlfl“:

der1v1ng the algorlthm used to compute Table 3, empha51s wasv*"

7 placed on:.

Lndln¢”~

7frﬂct1ce1 me hod that would work as oppoqed to
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el ala)
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oné that would work most efficiently. The efficiency issue is one

which must certainly be addressed at some ﬁpturéféiﬁe}_but for.the
present, we are primarily"concetned with estéblishing'fhe

fea51b111ty of the methodology.

The next section describes the computer model whlch comprlses

the bottom level of the model hierarchy.
oo oo DR B ‘ ' ..
-y I‘.‘;- "" i ’ . :".» y‘ - z Lt - -‘};
= -~ woe - 2 Tim ehori
\
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3.3. 2’ Comouter Level Model

A computer model of the SIFT system is descrlbed 1n thls
sectlon. The model employed is a non-homogeneonus Markov process
where such processes have been dlscussed in. prev1ous reports (see
[2], Section 3.4.2 and [3], Section 3.4.3). The purpose of the
computer model is to provide a description of the probabillsticd
nature of the SIFT system, which is able to change its“configuration

due to phase changes or to failures occurrlng durlng use.‘ As com—~ . .

b A e ST A P A RS B £ o e HE AR T o £ A S

pared with the-Markov model for the SIFT system descrlbed in [3 ],

\

22

the sallent feature of the model is. that the partltlongng of the f%

I AR, A RN L : X
uy tcm le based on both thc system s available resources as wcll g %
_the computa ional requlrements of a given phase. Moreover 51nce the 'E'

.SIFT system reconFlgures in accordance w1th the task allocatlon algo- - %M
'rlthm, we- believe that the model should also be tallored to the spec1f1c;
task allocatlon algorithm selected Accordingly, -the Markov model ;?
k .descrlbed here has the advantages that (1) 1t is’ more compatlble' ' k%,
' w1th the hlgher level models developed 1n Sectlon 3.3.1 of thls‘ o %

"report, (ii) the level of detall of the model depends on the user'

Ny T o Nt

v
NATES

appllcatlon.

In the follow1ng dlscu5510n,f1t is assumed, ~as in [ 8], that the

1

SRR

SIFT computer 1s comprlsed of a number of processor—memory modules K

rdconnected to the busses as shown in Figure 4. It is also assumed

.

"that ‘the detection and loca+1on of processor and buslfallures lS
gl;carrled out by the method descrlbed 1n Chapter v of [ 8] In ogder‘gr:’fd
t tu relate the state behav1or of the bottom model (level 2) to that
'disr the alrcraft~runctloaal task model (level.l) the phases of the leveld*t

1 model are further decomposed 1nto elght phases at level 2

‘as shown

'a,ln Table 4

%
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FIGURE ¢4
SIFT Configuration
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Level 2 PhéSés,

N ”fcdrresponding Level—1-Phases

_Phase*No. ‘

Description

.PhaSémﬁo¢“

Description

- Take-off =

Climb

Take-off/Cruise A

_Cruise I

4 Cruise II 20 | Cruise B .
.5 | Cruise III . RN 1

Decent

Approach ~

- Landing

TABLE 4

 Lével 1 and Level 2 Phases

'-Oﬁ-v



~91-

3.3.2.1 Task Allocation

In order to deriveAthe computer modelifor thefSlPTfsystem,
1t is necessary that the state space of the model be reflned
enough to dlStlngUlSh different 1evels of degraded performance
for the system. This condition can be sat;sfled-when the states:
of the model are chosen to represent dlfferent processrng

capabllltles of the system For example, the statei"S processor

and 4 busses"-'lnsures that all tasks requlred to support

take-off phase’ can be acccxnpllshed by the system. On the other hand,

[y

'the state "4 processors and 4 busses" accomodates a”beducéd work-
load wherein Inertlal System computatlons are dlscarded Since

the task profiles are dlfferent for dlffcrent phases, relatlons

—~— »,

between different states and system_proce551ng abilities must

rocrn e

‘be establlshed for each phase.

System reconflguratlon can occur:ultheSIFT computer due to

phase change, pilot intervention, fault detectlon and loca—
tlon, etc. It is determined by the Local Executlve and the
'Global Executive u51ng a precomputed task allocatlon algcrlthm

Although the fea51b111ty of such a task allocatlon algorlthm has

1been demoristrated in [ 8 1, it is not completely spec1f1ed. For,'-

theupurpose of developing a computer model, we‘have applied~tﬁe
rba51c de51gn pr1nc1ples described for the SIFT. system to develop

a workable task allocation algorrthm ThlS allocatlon algorlthm

1s then accounted for (see Sectlon 3 3. 2 2) in the derlvatlon of e

'the Markov process representatlon of thevcomputer;n
The ba51c parameters for determlnlng a task allocatlon

i’algorlthm are the size of the processor—memory modules and the

oyt gt 1 b A R T3
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computational andfreliahility requirements for each tash. Since
the set of flight-related application tasks used in theidériva—
tion of the above higher level models is a subset of‘the task
set considered in [ 8], the size of the processor'andsmemory
units is scaled down proportionally to account for the‘reduced
workload. It will be assumed in the follow1ng discussion that
each processor-memory unit has 0.16 MIPS (milliens of 1nstruct10ns'
‘per'second) capac1ty and has a 5 kiloword memory. HoWever, the L
r ?omputatﬂonal and reliability requlrements for each task are |

(

‘taken directly from [8]. A summary of the tasks considered and

s

their requirements is given in Table 5.

The crltlcalltv leveals described lu ,abJe 5 ludlcate the

‘ degree of reliability requlred for each task It can be 1nter—

[

preted as follows (see [7], page 5):

ertlcallty Level 1- A function 1mmed1ately critical to
the safty of the fllght , B

'Crltlcallty Level 2~ A functlon that will be crltlcal to
the safty of the flight at some future time durlng the

' mission. : o,

'Criticality Level 3- A function whose loss requlres a

significant change in mission to av01d degradatlon of safty.y

~‘Criticality Level 4~ A function whose loss 1mposes substantla]
operational,penaltles on air crew or ATC.

Crltlcallty Level 5~~A,anct10n whose loss has unde51rable‘
‘economic consequences but no SLgnlflcant safty degradation
or operatlonal penalty. , :

_ﬁnnﬁhe notion ofwériticality level is used in the SIFTﬁdesign |
;uto assure’ even dlstrlbutlon of tasks ‘and orderly degradatlon 1n
~‘reconf1guratlon. A less critical task may be abandoned when’

the amount of processor and memory resources have decreased as -



AUT (Autoland)
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TABLE 5
"Task Module Propertles for Task Allocatlon .

TASK
AFC (Active Flutter Control)

AC (Altitude Contrél)

.EC (Engin Control)

IN (Inertial System)

VOR (VOR/DME Radio)

AD (Air-Data)

AIDS (Alryraft Integrated,
Data System) '

~

LE (Local Executlve)

GE (Global Executive)

MIPS

‘» o;oesi
0.023

d {;;6.555 B
6;119'“

0.034

0.004

0.001

' 0.002
0.034

0.001

92

‘:'2075

:, . ;\
' MEMORY
- (words)

1100

-CRITICALITY:

- LEVEL

[

1
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- ordering, tasks are first ordered in accordance with Table 6,

|

‘the result of hardware failures. A highly critical task musé.

either be reassigned to another processor-memory module, or
adequate backup systems must be activated. However,.the
criticality'level of a task also depends on the task profile

of each phase. For example, althoug%'the autoland function has

‘crltlcallty level 1, it is not needed durlng the take-off phase.?

_ Hence, autoland is not allocated, durlng that phase. The task

proflles of the flight phases that can- 1nf1uence the crltlcallty

\

level are tabulated in Table 6. | . L .l, SRS

For each phase, it will be asaumed that a px 1mary task ﬁ'"
higher priority than a secondary task whlch, in turn, has a

1gher oriority than a backup task. Accoxdlngly,'Table 6 can

ow be combined with the criticality levels to establish’ the |

priority of each task in the task allocation algorithm. AWhenf*

the.Eystem must function with a degraded performance, lower

,priofity tasks are discarded first. To obtain the priority

and then ordered according to criticality;leVels;_‘The reSultiﬁgéx

priority ordering for each phase is summariZed in Table 7.

A task allocatlon algorlthm ‘¢can now be deflned using the

ejmethod saggested 1n [8] ~Although the method may not be flfﬁff
i7optimal in the sense thatrxt'may'not'yleld the h;ghest per=.

' formablllty,(;t ach1eves some degreebof balance in worklOad
o dlstllbutlon. A flowchart representlng thls method is glven in
‘lFléure‘5~_ The lovchart is fully explalned in [8 ] except for

: the reallocatlon procedure whlch 1nc1udes the follow1ng stepsmpiflii
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TABLE 6
Task Profiles

..Task

AFC (Active Flutter Control) - P P - -

AC (Altitude Control) - P P P -

AUT (Autoland). | = - = - P

EC (Engin Control) ;‘ P P P, P P

VOR (VOR/DME Radio) - 3 P . P P

AD (Air Data) - B B B B B

-~

AIDS (Aircraft Integrated s s -~ s s 8
Data System) , : e ‘

Key

: Prime

: Secondary

~B: Backup :
=3 Not Applicable

Lo
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TABLE 7
~ Priority Ordering of Tasks

. Takeoff:

Climb, Descent or Cruise:

Landing:

EC > IN > AIDS > AD

'AFC =AC =EC > IN >VOR> AIDS > AD

AC = EC > IN >VOR>AIDS > AD

AUT =EC > IN '>'VOR>AIDS >AD ’

e

[ECSPIP RN SN VR S OU
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FIGURE 5

Task Allocation Algorithm

1

‘ INITIALI,ZE) o
\ e
L . R
" vV S
>t Find Minimum Pimi
/ \7 . - ;;;;; :.
| Allocate Tasklj | -
: to Module -i.
N ;
‘ Capacity ves ~ Ré—allbcation
Exceeded . ‘ it Procedure
: .Required
§ Replication
: ~Satisfied
! “Remove Task j :
i | from the List N
: _ no yes {juﬁfintzout-'
| < — ‘f(\; Result
i o L : B
! Key: ».,: Pr sSOX Requirement for Task i
| : :?: - A=quirement for Task jJ ' -
| rj: = ing Load Already Allocated to Module i
L T Joad Alrnady Allocated to Module fne o
[ oot L e i i e s e L
S ’ .




-93-

Allocate Local Executive to every module, and
allocate Global Executive to three modules.

Allocate remaining tasks triplicated in accordance with
Tébie 7 and . beginning with high pri Lority ta ks.
Duplication of tasks are permltted when resources

are exhausted. However, each module has to
contain at least one trlpllcated task (other than

GE or LE) to facilitate fault identification.

Allocate the remaining tasks without replication.
However, when a processor containing a non-replicated
task has failed, the task is considered to have

been lost. This is because simplex assignment is

not capable of fault-detection. Thus, the “humber
of mlssed iterations may be 1ntolerableu

Applylng the above algorlthm to the cruise phase,‘the

results of the allocatlon,based on the number of avallable pro—
cessors,are glven in Tables 8-12. In Table 8, all‘tasks'are
allocated. Hence, know1ng that_there~are 6 processors and at
least 2 busses available, it sufficestto infer that all tasks
are operatlonal. “When 5wprocessors and at leaStFZ busses are
| avallable,'lt can be determlned that the AIDS system has falled
(see Table 9). Slmllarly, "4 processors and at least 2 busses“
and "3 processors and at least 2 busses" can»be assocmated w1th
fallure of the Inertlal and AIDS systems (see Tables 10 -11) . |
| When two processors and at least two busses are avallable,
there‘may ex1st two situations. Note that in Table llrEHan”
Control isdnot replicated Hence, when processor 1 has failed.

‘before processor 2 and processor 3, ‘the Engvn Control may be

derroneously computed, resulting in an excessive number of mlssed

“1terat10ns. Consequently, assumlng that the fallure is correctly

,detected with some tlme delay, the above,SLtuatlon can be 1nterf,r‘rv

B an by A

e
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TABLE §

Distributed Assignment of Cruise Phase Tasks
Over Six Processor-Memory Units

Accumulated Task MIPS !
Per Procgssor .
1 2 3 4 5 6

Accumulated Task Memory

l y

Per Memory Unit
2 - 3. 4 5

6

'_LE‘jLocal Executive)

v>%"GE(GldbalExécutive)

EC (Engin Cohtrbl)
' AFC (Active Flutter
© AC (Altitude Control)
',T;IN'(InéfEial Systen)
 VOR (VOR/DME) .

- 'AD (nir Data)

AIDS (Aircraft Inte=|'= . 071 .160 .160 i~
grated Dat: System) | : :

R
f035vt:6§5".035‘ SR VWWf:mm
153 153 -
B0 - = - a0
;f127 5i27_? e R
- - . -

A3 - . 157 157 -

i

- o 0160

|- .28 - .158..158. -'s

320

1420

1512

3587

13887

320 -.320 320 320

1420 1420 - -

== . 1820 1820

1812 = = -

3587 .- - -

- ... 3670 - -

== 2120 2120

(3722 - 2255 2255

t

- 4970 -3555 ‘3555

320

412
2487

4737

-66—



Task

Over Five Processor=-Memory Units

N | TABLE 9 |
Distributed Assignment of Cruise Phasz2 Tasks

Accumulated Task MIPS
Per Processor

1 2

3

4 5

Aécumulated‘Task€Mémory
Per Memory Unit

1 2

3

4 ]

' §31(Loca;QExecu;ive)

;ﬁﬁ;{éloﬁalExécutive}
;#C‘(Bnéin Cghtf;lX

”:{Afcf(Active riLtté£“
Control) B

 AC (Altithde Control)

S e AT
IN (Inertial System)|

AD (Air Data)

 AIDS (Aircraft Inte=

grated Data System)

0.035 0.035

0.154 -

[ = o0.104

i - v’p;127

0.158 0.131 =

0.159 =

discarded

0,035

- 0.104

0.138

0.139

0.034 0.034 0.034 0.034 0.034

0.153 -

- 0.12
"= 0.160
0,157 -

0.158 -

- 0.103

320 320

1420 1420
2920 -

- 1512

= 3587 -

| 3220 3887

3355 -

3200

1420
1512 . -

3762

3897

discarded’

1820 . =~ -

- 412

o= 2487 .

2120 -

2255 -

320 320

- 4737

-00T-



TABLE .10

Distributed Assignment of Cruise Phase Tasks
Over Four Processor-Memory Units

;STaSk

Accumulated Task MIPS
Per Processor _
1 2 3 4

Accumulated Task Memory
Per Memory Unit
1 o2 3 4

LE (Local Executive)

‘GE (GIobal Executive)
;ﬁEC (Engin Control)

AFC Gictive Flutter
~ Control)

'f Ac(Aititudecontro1)'

. VOR (VOR/DME) . _ _
'AD (Air Data) =

, ‘IN-(Inertial Syétem) ‘

-AIDST(Aircraft Int o= .

-~ grated Data System) |

[0.037 0.034 0,034 0.034

lo.035 0.035 o0.034- -

0.154 - - -0.153
- 0.104 0.104 -

- 0.127 0.127 -

0.158 0.131 - 0.157

0.159 « = —0.128 0.158

discarded

discarded o e

320 320 320 320

KR

1420 1420 1420 -

;.2920.; - - 1820

;ﬁ. 1512 1512 : f
- 3587 3587 |
2 5882:, - . 2120
33554?‘7..3725 ‘2255

discardedi

-

 discarded:. .

-10T~



' TABLE 11 _
Distributed Assignment of Cruise Phase Tasks
Over Three Processor-Memory Units

' Accumulated Task MIPS Nccumulated Task Memory
; Sl L Per Processor ... - Per Memory Unit
W Task 2 3 1 2 3

“LE (Local Executive) | 0.034 0.034 0.034 320 320 320

0

[

. GE (Global Executive)! 0,035  0.035 0.035 | 1420 1420 1420

EC (Engin Comtrol) 0.154 S 2920 - . -

BFC (Active Flutter | =  0.104 0.104 - . 1512

1512
Control) . = :

=201~

. AC (Altitude Control)| = . 0.127.  0.127 | ~- ~ 35873587

VOR (VOR/DME) ~ | '0,158 0.131 0.131 | 3220 3887 13887

 AD (Air pata) | 0.159 0.132 0.132 | 3355 = 4022,. 4022
‘.'INa(Inertia{LSystem) discarded o ”discarded_’_

'
i

AIDS (Aircraft Inte- | discarded | | discarded. .: .,
- grated Data System) | . = » T

4




: : TABLE 12
~Distributed Assignment of Zruise Phase Tasks
Over: T'wo Processor-Menory Units

Accumulated Task | Accumulated Task Memory
R, MIPS Per Processor: | Per Memory Unit——

L Task - _ : -1 2 . 1 2

i (Local Executive) 1 0,034 0.034 320 320

.

1

 GE (Global Executive)- ~ 0.035 0.035 1420 1420

’5.EC;(Engin Control) 0.154 Dt L;2920':“i -

. - )

. AC (Altitude Control) . | = 0.127 4 - - 3587 . g?p'@
R s Sl e o2

. AFC (Active Flutter Comtrol)| = 0.104 | - 1512 o

!
=
o
w

i

Vor  IVOEADNE} s D.1=2 0.131 3220 3887 12
. ‘ ‘ . A A
oo v @. (124
W i = : s . - T T
T N —= e e
IR i v
SR SSAAT _ITEYTITEY | Sisemmdes o S es £
. ) . — —— . . Yo -, c 4 R N > !
S4US Sysctem) ( SR - QlsTarded
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preted as failure of the Engine Control, together with other tasks
discarded in{Tablesuilalz; However, when processor 2 or processor

3 has failed before processor 1, the failure will be detected?immed-

iately’and reconfiguration wiil be initiated. In this case, only the‘

\
Inertlal and AIDS tasks would have been lost, but not Engln Control

Accordlngly, these two situations must be dlstlngulshed in the com-—

puter model (see Section 3.3.2.2). Applylng the allocatlon algorlthm

to all phases, tasks lost through reconflguratlon are shown in Table 1?

(A

|

3. 3 2. 2 The Phased Computer Model

.nature of the computer is represented by a non-homogeneeus Markov

prdcess. As discussed, the state space of this Markov process is -
selected 1n accordance with (i) compliance of the task allocatlon

algorlthm w1th the hlgher level models and (11) preservatlon of the

~

‘Markov properties via the fallure cnaracterlstlcs of the hardware

Durlng the takeoff phase (phase l), the computer 1s repre- o

r‘.

sented by a Markov model with a state transition graph as 1llustrated

~1n’Flgure 6. Each state of the graph (except F) represents a kQQﬂ

speciﬁic numberﬁof fault-free resources. More prec1sely[ state i,3) L

represents a configuration consisting of i fault-free processors...

“and j faolt—freeébdsses. State F represents any other configur-
"ation. U51ng Table13 the state q of the computer at the end of

e phase 1 relates to the accompllshment ur functlonal tasks durlng”

‘phase 1 as follows.‘pc
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No.

Processors

of

Tasks Lost
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TABLE 13

Phase

Through Reconfiguration

-
4 .
' - L e
.
b L4 ] ° -
[ ] oy e . : i
s ’ ; K
. * * ® °

Es
.6 - - s
.
5 - 'AIDS - -
- i 1.
o .> l’ i ’. l
1. | Inertial o | ;
4 i{Inertial] and AIDS AIDS

,AIDS

Inertial

‘Inertiai

’ and .‘ ,‘, . Srmrmme o %
AIDS

|

AIDS. .

CAir Data
and

'AIDS

Inertdal

Engin Control
{Inertial
{AIDS . .-~
or
{Inertial :
AIDS '

Inertial  : -

{Engih Control|

[ la1Ds -

LOYE

Engin Control
{+Air Data
[ATDS

or

= |a11 Tasks

*

All Tasks

| ALl Tasks’

‘* 5Inér£iH1"'

AIDS

| AL Tasks
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' FIGURE 6
Markov Transition Graph for Takeoff Phase o

Key: p =

fq}=ffailure.faté‘forkeach;bﬁs‘unit f

- failure rate for each processor unit

, <. N
JRSEEIACAEAT TTLNS R IO
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no degrzdation if
» | n=zi=z5, m>3j>2,
If g = _(i,j) then ‘1
Inertial System joss if
4>1i>2, ijzzl '

Ifq=F then - all functional tasks lost.

Du:%hg’each of tﬁé'remaining phaées,'the_gﬁmputer model
is the ﬁdrkbv‘process with staté tranéiti;; gfaéh‘éﬁown in
,Fiéﬁre*?. ~Although the underlylng Markov pJocesses are

the same for these phaseS. a glven state has differnnt

‘effects on level 1 behavior during dlfferent phases.’“For
phases 2 - 6 (cllmb, cruises I-ITI and descent), the state
q at the end of the phase relates to functioral task accom-

—

plishment as follows:

_ no degradatioﬂﬁifﬁ
i n=i=6, m=>=j=>2,

 AIDS loss if .. -
g i=5‘,'m>j>2

Inertlal and AIDS loss 1f

Ifq i—3or4,m>j>2

(i,j) then 3
Engin Control, Inertial and AIDS loss if
i= 2‘:n1>'1> 2, ‘ "1 . .

R Inertlal and AIDS loss lf
o L i=2, mz 3=22. ]

"l

F then all functionalitasks'165£.‘ ">  1
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FIGURE 7
Markov Transition Graph for Phases Other Than Takeoff
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For the approach phase (§hase 7)~the'5tate q at the end -

of phase 7 implies the following::

'no degradation if
n=>>1i25, m>j =2,

AIDS loss if o
i=30r 4, m=j >2,“
If a

(i,3) then | - :
' Engin Control, Inertlal and AIDS loss if
:i= 2., m> J 2' |

»“Inertlal system 1055 1f
1 = 2 m 2 3 2 2 o

.

If g = F then all'functionalftasks lost. -

i

Flnally, for the landing phase (phase 8),the.statés

_have the follow1ng implications:

“,

no degradation if -
n=ziz=25, m2j 22,

‘  AIDS loss if
’ o i= 4, m>3 >2, ‘ ‘

If q = (i,3) then 1§ °

S e I Engln Control, Air Data and AIDS loss if

i=2', mx=j=2,

Air data and AIDSloss if
i= 3,m>J>2,‘ [

AIDS 1oss‘~‘i_f ERIEEE
i =2, m?j:_’.z,"

If q=F then aailafunctional tasks lost.
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|~ Given the implications of level 2 states on level 1

behavior described above, the inverse K;l of the level thok

level 1 translation K, can be specified. For this purpose,

the states of the computer model can be partitioned into seven

equivalence classes .

{1,2,2',3,4,5,6)

defined as follows:

{F} o L et

1 =
i= {(1,3)|3>2} if i = 2, 2 3 4, 5
.6 = {(i,3) ]1>6 J>2}

The above classxflcatlon of states 1s pos51ble because the

, computatlonal capacity of the system depends only on the

e

number ci active processors,.as long as at least 2 busses,

are available. , T
Table 14 presents K;l in a format similar to Table 2. °

(KII), that is, K;} is expressed in terms of its component

inverses ((&. ) where i is the task index (i<i=<8) and j

ij 2)

| is!the'number of the level 1 phase (1sj=<4). Column 1 gives f”

the coordlnate (1,3) under con51deratlon, whlle column 2 glves
the value of the coordlnate. The follow1ng abbrev1atlons are

used to denote the level 1 tasks.

" AS-= AIDS
VOl = VOR/DME
" AD = AIR DATA -
- IN| = INERTIAL
AL' = AUTOLAND
AF = ACTIVE. FLUTTER CONTROL*
- EC = ENGINE CONTROL L
AC = ATTITUDE CONTROL. =

T



Tt VA IR T A A A L o ¥ — e —

SN - : - ORIGINAL-PAGE IS - - 7
COORDINATE INVERSES OF . OF POOR QUALITY rable 14

LEVEL 2 T0 LEVEL 1 TRANSLATION Page 1 of 4

“LEVEL 2

-'J VEL_ L |

N | | TRAJECTORY SETS l

Jod-va l.| il " ST . | NANE

SRR LY ¥ 5y RN . _DAREOEF - f - -CLIND i CRUISE I | CRUISE_IXI _{ CRUISE IIT | DESCENT § _ APPROACH._ . { LANDIHG ) :
xe( Jl‘[ 6 B -} : 6 * * . e . L' . 71 A
GRS j’ [ [1.2,3 a 51 < * : ] .. ® * P . ] i b
ot 111 i 1.2, 2:,3 4,5} * 4 * * * . 11 c
RS DR R BN s ;WMJ 6 1,2, 2'.3 4,5) , . * . e . 11 a
foin o Tagiele g B Lo . . . L . '
S T B O L o 6 : L6 . . L. . 14 A
PASEY U P % L ‘ 6 (1,2,2',3,4,5): . L R * -1t b
T 00 S B A - (1.,2,2',3,4,5) o .. ‘ . . Ji e
‘ i : pR: E ‘- = \:< . . '
CRS(SY 0L . i * . 6 G 6 6 - (5,6} * 11 A
Cly v * i . L 6 [1,2,2',3,4,5) . L . 11 b
.t)‘f oy i * L {1,2,2',3,4,5) e ’ . ¢ It ¢
AoV ¥ e . R X 6 (1,2,2',3,4,5y ¢ . j1 a
EIRREE A I . . * 6 6 . 6 {1i2;2°,3,8) . 11 e
y R . ) ) i
TR TN T . * . . ’ (5,6} {5 ,6) 11 A
Fas )bk R * * | * 4 * ‘ (5 6) (1, 2,2',3 4} 311 b -
CHUASEE) ¥ g e . S * :5 * 4 . {1,2,2',3,4) 11 ¢
g VOLTy o Lo 1243,4,5:6) (2.2%, "J “-5 6} {2, 2'-3 4,5, 6} * * g * L Jt A :
LR 57T (5 e B B A : : * * . * * 11 b .
; WUE)Y U L (243,4,5,6) 1 0 * * * * * 11 c ! i
3 ) Sl p L (24304,5,60) (2,2',3,4,5,6) 1 . [ i . N he * 11 d ::

L e | ‘ I C ' : R
YIS . . 12,21,3,8,5,6) (2,2',3,4,5,6) . . . 10oa 7
Iovugey W k- * * 1 L, .. * * i b
yoo WO T [ 4 1 {2,2,3,4,5,6) . LA : * ! bd 11 c
e j i - - , L : l-

: B VU(-” ) { L * o * (2'2'031ul5'6) [2'2"03101506’ [2'!2,;._,’.3!“05'615(2,02"3!°'50615‘ e ] | A

SNOI) L * * ’ : * ; * b | b

“hyogs)y vV O * . . {2,2%,3,4,5,6) (2,27, 3,a 5,6} . 1 . . 11 ¢

Yoy Al L * . * 12 z'.a U,5,6) 12,203, 4,5,6) (2, 20,3 4,5, 6) 1 * jJ1:a

JVulsr L * * * (2,2',3,4,5,6) .. . Ji1 e
P e " )
Poostvoe) 0 * * . * * * {2, 2'.3 4, S 5) (2 2,3 ‘8,5 6} ]1 A
RIS VR L R I i & * * * * * | J1—b

Lvae) T - * . . e s 1 (2 2' 3,4,5,6) ) 1 c

F- ‘ ‘ » t

CADLT Y =0 g e {4,:,&,3,61 {‘..z' 3,4,5,6) {2,2%,2,4,5,6} . L . L * * 11 A :

CADEAF Y * . ; . ! * * > * . jt b :
AUy IV U3 ’“,J,G) : | ‘ ¥ . O T A T SV AL s . i, ¢ i
i ‘; AU(') l’ i [Z 3 l“ 5,61 (2," 3,“—r5,6} o 1 <o . .: N ‘.'V; [SEEEE SN N s -".'a i * * ] I ‘d i

i R ‘; v ' : LT 1 St :

-;AU(&) b * e e e [2,2%,3,4,9,6Y(2,2%,3,4,5,6) 0 0 * SIS TN NS . * 114 A

cabgey R . ) * ) i . . 1 o * . B * A . 11 b

ALYl * * 1 ; (2,2',3,4,5,6) - * - e . 11 ¢

R Tt X . L i

o , v . :
ol _ ) » E . . e ‘ . ,
: L ) ____1" . 'IM(LOH' ki CLINY L CRUOISE T _]_ CRULISE Y1_ .1 CRUISE_XIII_| DESCENT i APPROACH -1 LANDING i
: HDYG. to ‘space- considerations, the o ¢ . S AS = AIDS- VU = VOR/DNE AD = AIR DATA IN = INERTIAL } |
4 diullowrng abboevittions are usads | ABBREVILTIONS: ‘AL = AUTOLAND " AF = ACTIVE FLUTTER CONTRCL | \
L S (O { o U RBCe= EHGINE CONTAROL .~ AC = ATITITUDE COHTROL - { |




us

' L R - T COORDINKTE INVERSES OF = s oo e it .. Table 184 h
, : _ LEVEL 2 TO LEVEL 1 TRANSLATION _ Page 2 of 4
"T,E?E"' ‘ - - : e R TEVEL 2 !
Z;‘Jf", R : - TRAJECTORY SETS 1
UL |vu.| ‘ L ‘ : o | uang
sATE g Lo TAKEQFL -} ___CLINB 1 CRUISE I L,cnut__g_;_ } ;nur_g_nx j____ DESCENT 1 APPROACH__ | LARDING 1 ,
«D(3) - 4L e : . * . [2 2',3,4,5,6) 12,2%,3,4,5,6}) (2, l',} 4,5,6}02,2%,3,4,5,6}) . J1. A :
AU(3) T L . * * * 1 ,' . * 11 b
AUV L * ‘ * ~ * [2,2%,3,4,5,6) (2,2°,3, 4,5,6) 3 . * 1t c—.
RITETEER B . . * 2, 2- 3 4,546} (242%,3,4,5,6) (2,¢-,3¥u 5,6} 1 . Jiroa
sls) VL . f % , * ) o {2,2',3, 4,5, 6) * * ; ]: e '
B T ; | i
'nb(u) SRR | * . * ‘ . . * 4,5,6) [ (BeS.6) 11 A :
ADCHY oy * * . i . . B (2,2} 2* ]}V B
AOLE) Ry + * o * » R {4,5,6) (,2.,23) ]t ¢
TS B B : L S o * * hd A3y * 11 4
“,L 1L * . * * . . (2,2} (1,2,3,4,5,6) 1| e ]
P e ; ————— e , t
k .‘.-N) WL ‘(S 6} .. {540} (5.6} * . 3 Rz * 11 A
Li;,‘],' B | L [1 2,3,4) N t“ . A"l,":‘ * - .‘A‘ “0 * * ] [} b
‘.l\\"(l) % B L [—’:6) [,‘,2,2",3‘,'3) RS ho® ' i . . . * . ] i c
L) 1 e 5,6} (5,86} (1,2,2%,3,4) 3 - B L * . * -1 d
v R (e SR , ; : I
Lyug‘z)‘ D AN R * . * (5,6} (5,6} : * * ] * ] | ' A
PO 0 e PO S £ R * L* £102,2%,3,8) RS A . * * Ji b
La2y Yoy L ¥ " {1,2,2%,3,4}) b (Joﬁl * . . . . 1t ¢
o . ! i R : : ) N ; {
q 1ugd) * * * (506)' 5,6} (5,6} {3,4,5,6} * 1A |
I R T T * . . (1,2,2,3,0) e v ]t v B
LN(J) R | 1 ~;' * Lo ¥ o [1 2 2"3 4} (516} s .{2 : * b ] ] [P~ N
TowEy v . . . (5,6} (5.6} 1,2,2%,3,8) e ’ 1ioa
1‘5(3),‘ ti [ ' *, - . vo® (5.6} 5,6} (5,6} ’ {1,2,2') he | : e
S L - S |
Llwl('ﬂ* VENES B * * * - * * 3,4,5,6} 2,2°,3,%,5,6} ] 1 A
i ‘“‘l;)_ 14 { . o = ¥ ¥ . ® * * I D ] [ b
s 1y e . T * . 2,2 2,2,3,9,56]11 c
. s ; - —— t
dUALQy U (2,3,4,5,6) (2,2, 3 4,5,6) (2, 20, 3 4,5, 6) . e . * . 11 A
AN S X F ORI TR U BT * P ® * hd * }J1 b
oAy b [ 12,3,4,5,6) 1 . t - * . * * . }Jl ¢ .
B m.n) UL {2e3,8,5,6) (2,27, 3 ,4,5,6) Y . . e . . . i1 e
ST " }
RL{Z) Y| { * * , {2, 2'.3 u, 5,6) 2,2 ‘3 4, 5 63 * * * 11 A
WLi(e) vy * T : . hd * ] * 11 b
SRRYY ST 05 S U N * ; * 1 0 [2 2t, 3 J4,5,6) | * * A ]t ¢
BE(3) 0 L e * * 2.2, 3 4,5,6) 12,2, 3,13 5 6] 2, 2',3 48,5,6) [2 2',3 4,5,6} . S | A
L) ¥ L o * “ ' 1 . 11 b
WLy Y p . * . . {2,20, 3 4,5,6) {2,2',3,4,5,6) 1 : | t‘ * 1t ¢
ML) 1 gy * * * [22'3056][22'31656)[22‘,3!356) | . 1t a
;\L(J)f"l 1 L4 * - T (2, 2'31356] * * 11 e
: | ‘ l
; i 1
; - - , :
SN ; Loo TAKEOFE o h_ . CLIMB: | CRUISE 1  { CRULSE 1X 1 CBU{SB I L DESCENT i ADPPROACH 1 LANDING 1
Due Space con..x.dex:\.u.ons, the I RPN AS = AIDS. VO = VOR/DHE AD = AIR DATA TR = INERTIAL }
: LoLluwuu aubu.vntwm are usad: - | ABBREVIATIONS: AL = AUTOLAND AY = RLTIVE FLUTTER CONTROL A 1
o o) e ; i . , EC = ENGINE CONTROL AC = RITITUDZ CONTROL }
Vit £ TR i R L A e B r 2 m.»‘u.w.,n prm A R -mhmwﬁ?.‘e‘iah M";é:-ai“f\x-tﬁaV S bRprea e L e e e “,‘: S g Bk thege B3




—~ETT~  ’

£ LR, g %.s.‘_,ﬂ'\mﬁalm, AR e I v e s e e e
. ¥ e e e et e - ORIGN PAGE m
' - (HF;P(Xl
OR Qr
COORDINATE INVERSES OF ) ) QUALITY . Table 1%
LEVEL: 2 70 LEVEL 1 TR ANSLATION Page 3 of i
o OGRE AT T T LEVEL 2 ‘
} TSR TR T ‘ L - : TRAJECTORY SETS - |
: Ol =] VAL] . s { HANE
1 ‘&lié_l_--L o TAKEQTE_ _{ CLINY F  CRUISE 1 | CRUISE II I CRUISE IIT_1.__ DESCENT __ | _ APEROACH _§ __LANDIHNG 1
AL (e | I e * k * - ;e * . ; . i
: AL[Q,) 11 'i. o o T hs I g ' . * K 1 2,2%,3,4,5,6)Y7 1 c
. SSIER T ; ' : —- ' 1
f AEQE) X0 (2e3,4,5,0) [2'2'031“:5061 [2,2',3,“,5,'5] * * * * . 11 A
; f;f‘(l) 1 ‘ L : 1 » - E vt . * * * . * ] ' b
: COAELTY D1 12,3,4,5,6) * * v » * * J i c
f AE{1) V10 [Re3s8,.56) (2,2 ,J 4,5, 6} | * . * - * j | a
: T S R * |
. CAF() DL * o (z 21, 3 4, 5,5)[2 2, 3 4,5,6} : : : : } : :
i ME(e) 14 R *
[ ;;r(a} S f . * | 11 2,2, 3 4 5,6} . . S . 11 <
i’ i EEPE N i |
il REL3)Y 790 * . : 2,2 3 4,5,6) 12,2', 3,0 5.6} (2, 2',3,0 S +6) (2, 2' 3 ll 5,6) : } : g
i RKE(3) V4L v . : : min
[ AF(3) 1 . * * 2,2, 3 4,5,6) (2,2Y,3,4,5,6} 1 !* * 11 c
i AREI) UL * o . 2,27, 3 4,5,6) (2,2',3,4,5,6) {2, 2',3.u 5,6) 1 . ji o a
L ARy 10 . . (2.2'3,4,5,6) . . 11 e
! S e : : . t
¢ AFQ) 0 Cowe * . . L .. (2,2, a 4,5,6) 12, 2-,1 e4e5, s)% 1 g
AF(w) 1§ e R R ) e « . "
DRy T t g . : * * . * 1 2,2*,3,4,5,6) 1 1 c
RN ot | . - S t
R EC(Hy Tuit U {243,4,5,6) (2'031“'5'5)3: {2*,3.,4,5,6) . * . . bd 11 A
s EC(Y) Y L o e T o » * . » . 11 b
: CECUNY b ] L (243,4,5,6) 1,2} * ¢ * R * : . 11 c
3§ EC(1) V4L 12,3,4,56) [2',3,4,5,6) 2 . * . ¢ e i : ’
& I :
EC(R) 0 4 . . tz'.J 4,5,6) tz'da.;t.sf.ﬂ e . : : } : A
B EC(2) V[ * . _ o2 .
: EC() Vo * . (. n (2 43,4,5,6) . . e . 1.
R 1 : AR N A
; EC(3)- 3 -1 . o * B (2',3,4,5,6} (2';35‘"506] - (2v,3,4,5,6) ([2',3,8.5,6) . 11 A
CUECHAIY T L | t 3 L g * 22) N * i CTe ] ]t b
CBC(3) Vb * * e {2',3,4,5,6) {2',3,4,5,6) (1,2 . . j1 ¢
EC(3) VL * * n * {2',3,4,5,6)  (2',3,4,5,6}) (2°,3,4,5,6) 1.2} * 11 1
o AR N A * * e 1.2} {2°',3,4,5,6} . bd IO S . * 11 e
COECLYy O | * * ) ¥ * * by {2,3,8,5,6}) (2',3,4,5,6} }]1 A
ECy Y * S . * - . oL * {1,2) J i b
Le4) O O I * * * * { L R S T, 2} T{2v,3,4,5,6) 11 c
~ e - . ;
CAC(E) Uy iczlslqlslﬁ) (2,2%43,4,5,6) [2,2%,3,4,5,6} ¥ * i * * 1 A
T I T S e . .. . . ! R B
CACETY [203,4,5,6} 1 R * : * £ wo e : ] i it c
S ISTR R B l213r40505l [2 2 13 4,5, 6) e . . e * * ] 1 e
: | - ,
- . R . . :
Lo L TAKEOFF {: o LCLINY 21 CRUTISE T | CRUISE IXI _}_ CRUISE_TTY .} DESCENT | APPROACH | LANDING }
Dur ty space considerations, the b AS = AIDS = VO = VOR/DME AD. = AIR DATA IN = INERTIAL i
'J:O‘Llo#fing dbbreviations are used: |~ ABBREVIATIONS: AL = AUTOLAND AF = ACTIVE FLUTTER CORTROL i
= I

g :
T : - i : o ERET B . ’ EC ENGINE CONTROL AC = ATIITODE CONTROL

¥




A S e s i T

dy ot - LEREE o et Bt it koo
 'COORDINATE INVERSES OF oo s T - rable-14
"~ LEVEL 2 TO LEVEL 1 THRANSLATION . Page 4§ of 4
lu VE"T 1 o T N ' ‘ LEVEL 2 - i
i ,U- | : . S ) TRAJECTORY . SETS 1
SdDL=f WALy L - Y - R, : : . | RANE
SALk L -_L-__'__'r.\ucm T CLIAD . . 1. _CRUISP.Y__| CRUISE II_ | CRUISE_IIL | __DESCENT _ 1 __APPROACH__} _LANDING l
‘\\.(13’ —J“| g ® T * o {242%,3,4,5,6) [212"31“!5'6} : ol by L * v 11 A
TAUHZ) Ve e SRR * .1 : * » i * s J 1 b
ACLLy » , L ER R | ‘ [2,2°% 3 4,5, 6) B . * : . . ];: c
h(.(“~ )":L * K4 * [2 2'3“56)(22'3'&56)(2 2',3‘856](22',3“56) & ] A
PUAUUE) L * * A — * 11 b
CALTEY LR L * . * [2 2, 3 4, 5 6} (2,2 3,u 5.6} 1 k ti . i1 e
ALY A * * * {2 29, 3 4,5,6) (2,2 3,18,.:,6} {2, 2',3 4,5, 6) 1 b4 11 d
ST YO ST IS B 'S * * * : 2, 2',3 4,5,6) ‘ WL * ] : e
3 ): L . * * « o LR L (23»2'.3,'5.5,6)»»»[2 12%¢3,4,5,6} 1 § A
; A . . ’ « e BRI . 1 11 b
’ ’* 1» ¥ * * * : * ‘ * 1 ' ‘2"2-.'3'“' 5'6] ] l (+4
A i b I
: (o S 1
P !
i S -
i = !
1 : o B !
I . | |
e i l "_,
e Ly : .
3 KN
P i ‘ ! L.
i o : o= B * - |
i g : N |
S Py i !
Pl |
I8 : R R i : - |
N EEE R ' . - ]
S { - }
e e !
RO : |'
e ) f
l :, P l o . H I
e ] - i
S ) 1
i o 4 |
R S ‘ i
5 l..._“ : P e . i
Lot i L TAKEOFE CLINB 1 LRUISE I 1 CRUTSE TXI 1 CRUISE IXIIT } DESCENT L APPROACH | LANDING |
%Due toispace. c.on-"dex:atxouc the | &S = AIDS V0 = VOR/DKE KD = AIR DATR IN = INBRTIAL ° ot
i‘zuuoxx;\j ‘abbreviatdions arc used: | ABBREV} ATIONS% ; - AL = AUTOLAND ~ AF = ACTIVE PLUTTER CONRTROL, : o i
B G S P S B = EC = ENGIHE CCNTROL =~ AC = ATTITUDE CONTROL f
> ;§ ; g S s e e L8 s ’xzi‘}fﬂ""f‘vfs'{#f;-‘u fé‘# 17724 \&A‘ T e T :“ <l 'ni: B L RN -5




-115~

Columnsa3-10 then give a trajectory set that maps into the
corresponding level 2 value. The union of all level 2 trajectory
sete indicated for a given ceordihate"ij and value v is the

-1

prelmage (€. (v). For instance the level 2 trajectory

13 2)
eet (553 Kz) (1)fls the union of aith;eﬁeetory sets for which
INERTIAL(3)1= 1, ife., the set | ‘
[* * * % {1’2’2',3,4} * * *] :
LU [* % % {1,2,23,4)} (5,6} *-x *] .-
u * * * {5,6} {5,6} {1,2,2',3,4} * *] .

U [* * * (5,6} {5,6} {5,6} {1,2,2'}]. . . .

: Flnallg, the last column of table 14 aseigns each
‘trale%tory set a one letter name. W§gain, e;pital lettersvdenote
trajectory sets“associatedfwith coerdinate values of 0; lower’case
names. are used w1th trajectory sets afflllated with coordlnate
values oE l.; Sets are then referred to by these names in a
later table (Table 15). ’
,Uelng‘yll (Table 3) and Kzl (Table‘;é), the desired base
modei trajeetory sets are determined. ' This step‘isedeSCribed

in the section that follows.
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3.3.3 Derivation of Base Model Trajectory Sets

Given the inverse Yll of the level 1 basedvoapability

function yi'(Table 3) and given the inverse K;lﬁof the inter-

level translation Kq (Table 14), the inverse ygl

of the level 2

based capability function is determined in a manner similar to

the derivation of Yzl- Moreover, since level 2.is the bottom

-1

level, Y;l = y ~, the inverse the”oapabilitp function of the

total system. More precisely, if a is an accompllshment level,

let levl, sz V2,...,U xv denote the Carte51an components

of the level 1l trajectory set Yl (a) (see Table 3). For

a partlcular component UkXVk, Uy denotes the "composite -

part“ of the trajectory set (the first elght rows that

descrlbe functlonal task - accompllshmenﬂ and Vk denotes the

"basic part" (the last row that descrlbes WEATHFR behav1or).

Then,mas with equation (3.1.3), it follows that

. m
%(a) = Y;;ja) = l)KEl(Uk)X v

k:l‘: ':'*

'(Note that (3 3. 1) dlffers from (3 1.1) in. that the ba51c

(3.3.1)

| }‘trajectorles (WEATHER) must be carried down from level l

to level 2. Also, when,-vk 15'carr1ed down, addltlonal

coordlnates are added to match the number of phases of the

level 2 model ) Each.- prelmage K2 (U ) is then iormulated u81ng;

, belng the 3 th phase of the level 1 trajectorles.i

<5 Y = n(a rl(g 00

13 =1,1

5 The valums of tt47"~t3rsected t:rms on the rlqht

[
' equatlon (3 l 2)) where in thls case the coordlnate 1nd1ces’

V'1n C are palrs (1 3) l belng the 1th functlonal task~and 3

Hence

(3.3.2)

are.determined -
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using Table 14, such that each term is expressed as a union

of Cartesian sets. These unions are then intersected accordlng

B PR PR

to equation (3.3.2), in the systematic fashion used earller
at level 1. The result is an expression of K; (U) as a ,
union of Cartesian trajectory sets. Finally, applying ‘ S
(3.3.1), v (a) is just the union of all the Kz (Uk) unions
(k = l'2,...,m) with the weather trajectorles Vk a6301ned
i~ to each Cartesman component of K2 (U ). ‘ These resultlng‘.
sets are dlsplayed in Table 1 . To lllustrate thls computatlon,
con51der the follow1ng example. .
Example

Supoeseva = ao. Then from Table 3 (or, alternatlvely,

the example at the end of Section 3.3.1. 3), Yl (a ) haS‘

k
X
A
P

-four Carte51an comp0n1nts-

o

. 00 0 0 00 0 0] aIDS
100 00 00 0 0] VOR/DME
0000 0 0 0 0f AIR DATA
100 0 * 0 0 0 Of INERTIAL
U= g g0 * U,= |¢ ¢ 0.0} AUTOLAND
0000 ok 0 0 0 0} ACTIVE FLUTTER CONTROL _
0000 0 0 0 0} ENGINE CONTROL
0000 0 00 0f ATTITUDE CONTROL
¢ ¢ 0 ¢ ¢ ¢ 1 ¢] WEATHER =
0000 0 00 0] arps
{00 0.0{" 0 0 0 0f] VOR/DME
- 0000 0.0 0 Ol AIR DATA
00 1 ¥ 10 0 0.*} INERTIAL
Ug= |# ¢ * *| u,= |# ¢ 1 *| AuToLAND
> {0000 ' 0 0 0 0] ACTIVE FLUTTER CONTROL
‘ 0.0 0 0] 0 0 0 0] ENGINE CONTROL )
i 0 0 0.0f. 0000 fATTITUDE CONTROL R
| £ ¢ 0‘g_ ‘Lg~¢ 0 g_ WFATHER '
Con51der now the tra]ectory set Ul : & (Ul) is the 1,3 th entry "_f‘ﬂ:;
"~ of Ul' and, excﬂj" for the values * and d (thch as argued




LEVEL 2 DASED,. . , TADLE 1§
CAPAUILITY FUNCTION , ; * PAGE 1 OF 17

ACCOBPLISTAENTT LEVEL 2  TRAJECTCAY - SET - NAMES RESULTI NG

|
Lo LEvEL o] FUuR _LEVEL 1 TRAJECTORIES 1 LEVEL 2 _TRAJECTORY _SETS
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[ | [y ~A A A ] VOR/DME i CLINB | 6 { {2
Sl Foe A A A A | AIR DATA } CRUISE I | 6 t 1 £ |
A R A A * . | _INERTIAL |  CRUISE IL | 6 1.2} e
S 100 L ¢ X U { AUTOLAND | CRUISE III | 6 | 101
] [ R S A A X f ACTIVE FLUTTER CONTROL | DESCENT | (4 { ] £ 1
] | I A Y A ] ENGINE CONTROL ] APPROACH ] {5,6} ] 1 2] v
joooe A ‘A A A 4. ATTITUDE CONTROL f LARDING L (5,6} 4 Leg3d
l-oo'--qq.'-;o.}-'-.--n.kno.'oocnotoono-o.--o.---'q'-o.o-o-o--.-co.' '
O R R : ' 1 , ) i r 1 r v
TRURS BN § A A A |  AIDS ] TAKEQPF | 6 { 1 ¢4
S A A N | VOR/DAE t CLIND | 6 t t 21
e SR TR R S A 'y A ] AIR DATA | CRUISE I | 6 | ]
Sagu) o K A A A {. INERTIAL ! CRUISE XI | 6 1 x 1 £
; : [ Y [ A A { AUTOLAND |  CRUISE III | 6 t i 11
1d A A A R | ACTIVE FLUTTER CORTROL -} DESCENT | [ ] e
R PR U A A A | ENGINE CONTROL I APPROACH | {5, 6} i tel
RS I A A CA 4 ATTITUDE CONTROL { LANDING L (5.6} 4 tegs
e fr } ’
TR ] .
oe : i | r T r
T R o . * . {  AIDS | TAKEOFP | 5 I 1 e
| SRS TR | A A A { VOR/DME i CLIND (5.6} 1 i 2.4
S I AR W A A A { AIR DATA 1 CRUISE I | {5, 6) i | £
Caldys Vool oA . Ao L | INERTIAL ] CRUISE II | ! (5.6} t e}
: [ R z A * { AUTOLAND { CRUISE III. | {$,6} - - 101}
11 A A A A { ACTIVE PLUTTER CONTROL | DESCENT . 5,63 1 | ¢}
| A A A 2 | - ENGINE CONTROL . B | APPROAGH |} (4,5,6). } . 1 £ 1
| ISR O A A A 4 Q\ZTTITUDE CONTROL ] -~ 'LAMDING ¢ {4,9,6) 4 Legd
boe “ . L i o r 1 roo
N I R . . . 1 AIDS : 1 TAKIOFP | 6 ] 121
R T o A A ] _VOR/DNE I CLIND | -] et
L SRENEI S A T | A A S | | AlR@ DATA { CRUISE I | (5.6} i 1 ¢4
Corayl) JE R R A A * | INBRTIAL , 1 CRUISE Ir '} {5,6) x| £
e P2 T R ¢ A ’ | AUTOLAND N | CRUISE IIX } (5,6} i [
A A A A 4 “ACTIVE FLUTTER (CONTROL | DESCENT '} {5,6) i 1e
EEIE A T A A A i ENGINE CONTROL i, . { APPROACH |} {4,5,6} 1 t £}
R P S 5 A A ~A° "4 ATTITUDE CONTROL | LAKDING ¢ {3,5,6} 4 g
| A | :
R : 1 : | . r 1 r 9
[} d . * . { AIDS ] TAKEOFPF - | 6 [} [ 3 |
CRREE R A A A | VOR/DNE . } * CLIMB "} 6 { 121
Cil REE TN R S K A A | AIR DATA - ) ! CRUISE X = { 5 ! 121
RETOE Y O ] EESNERCE I DY A A * { INERTIAL : { CRUISE II - |- {5,6) 1 x1e}
g T R o 1 A * } - AUTOLAND ' : | CRUISE III | {5,6)} { 1 0}
[t A A A A '} ACTIVE FLUTTER CORTROL | DESCENT | {5,6} ) e}
1.1 A A A A [ ENGINE CONTROL ! APPROACH . | f4,5,6} I, 1e
TR TN T A A A. 4. ATTITUDE CONTROL { LAXDING t (4,5,6} 4 L
s - S : : v 1.
coColumn 1s . Phase 1 = Takeoff/Crulse A | vames ‘ave defincd in | . For each rov, the resulting
o Uoluma2s o Phase 2 = Cruise b - { ‘table t4. I ‘level Y trajectory set is
“rColymn -3¢ Phase .3 = Cruise ¢ \ |} the intersection of the sets
uy e ] | named in Column 2,

Lolumn Phase 4§ Landing

-8T1T~
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it | A A A N | AIR DATA I | CRUISE I | . [ I A |
oAt ol A A A S & | INEBRTIAL Il CRUISE IX . ,. 6 - 2 |
) e T R £ o * | AUTOLAND | CRUISE III | .6 1§01
Sl I A A A A ] ACTIVE FLUTTER CONTROL ~{ [ -~ DESCENT | 6 . 1L e
I 1 A ‘A A A} ENGINE CONTROL . 717 'KPPROACH | 4 1 i e
oA A A A 4 ATTITUDE CONTROL § LANDING L (4,5.,6) -4 L
i.".'.l..'Q.'....l...l'. ...‘."....'..-'.I-.I'......l'..... l.' - . .
e oo . \ I e, R AR
R S L b hd l AIDS i TAREOPP | .. 6 1. 1 £
4 N RO A A A | VOR/DME B | CLIMB -f ., 1 6° RN
Lol I A N N © K J AIR -DATA I CRUISE L ... .6 [REN Y A |
Tag) [ T 1A SR A | INERTIAL . | CRUISE IX | . -6 12121
T BN ;z | 2 A A | !AUTOLAND . I CRUISE XIII § .- S ( |11
R S W A A A | ‘ACTIVE FLUTTER CONTROL 1. DESCENT | (5.6} [ ¢
R TR A A 1 | ENGINE CONTROL ; g "APPROACH | . (4,5,6}. | | £}
oot R A A A 4. ATTITUDE CONTROL" ! LARDING ¢ - {4,5,6) s Ly
1 ' ‘ ‘ 1 L -
AERBG ; i e ‘ 1 :
R ‘Lolumn 12 Phase 1.= ‘l‘akeoff/Cruise A}~ Names are defined in | . For each row, the resulting
; ; o Column 2:  Phase 2 = Cruise b St Table 14, { level 1 trajectory set is -
§ Column:3: Phasz 3= Cruise ¢ ol ~ 1. “the intersection of the sets
L LU Columai 4t Phase HosoLanding o g | nazsed in Column 2.
: ' : S pplEL i e s g T n T Cew
& ) ~
“L 4 . & ™ 1 ~

R

—i— s o
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TABLE 15
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LEVEL 2 TRAJECTCRY

ACCUMOLISUMENT] SET. HAMES. -1~ ’ ~ RESULTING
o LEVEL 1 __FOE__LEVEL 1 _TRAJFCTORIES 1 LEVEL__2 TRAJECTORY SBIS-
' RN IR S e L | - | r T r
T A A 1 * | AIDS P | . TAKEOPF | 6 \ le
i} A A A A | VOR/DNE = | | CLINB 6 | e
A i A Al A A .1 AIR DATA ! CRUISE I | 6 | 1 £
a(hly P A A A 4 | INERTIAL I - CRUISB II | 6 1 212
: R R ¢ . A A -} AUTOLAND | CRUISE III | 6 I 1 11
R B A Aﬁ A A | ACTIVE FLOUTTER COHTROL”_j DESCENT | S ] [ A |
[ R | A A A | ENGINE CONTROL 1 APPROACH | 4,5,6) 1 2|
Y EICA S Y A A A 4 ATTITUDE CONTROL 1 LANDING ¢ {4,5,6) 4 L g
£ BT i T | . '
4 ! - ) ! r 1 r 3
RS IR | A A e e ] AIDS ii.; TAKEOPF | 6 1 {2 |
S | F A A A { VOR/DKE - | i CLINB 6 1. 1t £}
A S A A A A -1 AIR DATA I CRUISE I | 6 1 1 e
(1) B R R | SRS | A .| IHBRTIAL ] CRUISE IT | 6 I xte|
e S N R 2 A A | AOUTOLAND { CRUISE III 6 1 it 1
B A A A A | ACTIVE PLUTTER COITROL [] DESCERT | 6 i 4 £}
| A A A A | ENGINE CONTROL t APPROACH | IR T 1 1 e
T I S ¢ A A A 4 ATTITUDE CONTROL ! LANDING ¢ {8,5,6} 4 Lt e
e - i [
“'oa‘o.-on..noc--o-lt.-o--'oyf...o.c...ouc.qou.o..ooo--.t- .0-0...-' .
S e ‘ ! L r S N N
ST | A b . | AIDS. § TAKEOP? |- 6 {t 1 e
SRR DRI | A A 'l {  VOR/DME 1 CLIAB 1§ 16 A
: [ JREEY Y 1 A e A { AIR DATA - P | CRUISE I | 6 1. 12
ail EUIRET T | Al b e { INERTIAL © 1. CRUISE XIT | 6 t x4
E R Y g » * | AUTOLAND ‘"  CRUISE III | {2, 3,u) 1- 1.0
T | A A R I 1 { ACTIVE FLUTTER CONTROL - { DESCENT § (2°',3, Q,S,G] 1 1 ¢ i
N R | A A A A | ENGINE CONTROL B | APPBOACH | 4,5 } | £
i) B SRR § A A .} 4 ATTITUDE CONTRUL { LANDING & . [Q,S,G} 4 L g4
=) , : . ! e . :
e b o R I e 1 ro1
I R R Ha b * | AIDS hE . §. .l TAKBOPP | ST SR R B A
‘ A T R | CR T R e R {_ VOR/DNE L i1 Y. cLINB | R T B B
Con B8 B R | A . B ] AIR DATA ' - ) 'CRUISE I | . 6 s 1z
Toaln e A A b * { INERTIAL ] CRUISE II | : 6 BT B 3 N A |
e (Y T v . * | -~ AUTOLAND | CRUISE III | [2'.3 4y - {0}
T | A A A A~ | ACTIVE FLUTTER CONTROL, .."ﬁ "DESCENT | (2',3,4,5.,6} (. 1 2 |-
B TR Y | a A A | ENGINE CORTROL 1 APPROACH | 2t b1 e
b B | A A R 4. ATTITUDE CONTROL ] LANDIKG ¢ 2° 4 Leg 2
| L S | 1 , _
R R St : , L 1 i { . R R ] roa
S A k% b * - | ALDS - ) 1 TAKEOFF | S 1 ] f ey
R E A A A A } VOR/DNE I CLINB } 6 1 T
Bt 'R AT A A Y { AIR DATA { CRUISE I | .6 | 12
afn. oo Eor T A A L {  INERTIAL ! . CRUIS® IT 1 § 'z 2
i RN D S [ * o * I AUTOLAND . . | CRUISE III | 5 g 1 0}
SR A A A { ACTIVE FLUTTER CORTROL . | DESCERT |  {29,3,4} TR IS
A A A A A 3  ENGINE CONTROL ] APPROACH -} {4,5,6) t t e
B R ST A A A 4 ATTITUDE CONTROL 1 “LANDING Y. (4,5,6} 4 (A
i DA : : i
Column 1% Bhase 1 = Takeoff/Cruise A | MNanes are defined in { Por each row, the resulting
Columi. 23 . Phase 2 s Cryise b s'§ Tabhle 14, I level 1 trajectory set is
wolumn.3: Phase 3 = Cruise ¢ B ! the intersection of tha sets
coluan 42 4= Landing i i named in Coluan 2.

Phase
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CAPABILITY ZFUNCTION

TABLE 15
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L YCLO B LISHAENT] LEVECL 2 TRAJFCTCRY SET NAMES 1 ' RESULTING f
: U LEVEL | e _._.FoR LEVEL 1 _TRAJECTORIES { LEVEL 2 TRAJECTORY _SETS i
o TTEET ’ boe ‘ : ‘ » 1 ‘ | v 1 c 9 :
TR R A b S®. ] AIDS, K i TAKEOPP _ | 6 - 1 e
PREEE Fa A X . A { VOR/DME i t CLINB; '} 6 l i e
S P A A A B |. AIR DATA - {7 CRUISE T 6 o 121
‘ EERY 1 R B R | A d » | INERTIAL . . { ' CRUISE IL { 6 {1 x| e |
: PR R ¢ * . |. AUTOLAND & { CRUISEB'IIL | . - 5 i i 01
! TR T | A A A |, ACTIVE ELUTTER CONTROL ' { DESCENT | . f2',3,4} * 1 "} £ 1 , .
(R R A A A | ENGINE CONTROL 1 APPROACH | 20 A 1 21 i ;
RS, ! A A ‘A 4 ATTITUDE CONTROL 1 LARDING ¢ 20 4 Leg s ‘ :
;o , , P i S : !
Ir 1 | ' r T 1 ;
R N b * 1. AIDS o i TAKEOFF | 6 1 £ ;
1o A A A A ] VYOR/DME } CLINB | 6 i i 21 |
R S | A R\ L |  ALR DATA . {  CRUISE I |} 6 1 EEE :
ey b v A A ‘e . {  INERTIAL | - CRUISE IY | 6 BEEN :
: IR S ¢ * » | AUTOLAND ! CRUISE IIY | 5 it 101 ]
TS S | A A ‘A ] ACTIVE PLUTTER CONTROL | DESCERT | (5,6} i e [
PO S O A A A | TBUGIFE CONTROL " 177 APBROACH | 2¢ {12t i
[ IR S X A A 4 ATTITODE CONTROL t. i LAEDING ¢ 2¢ 4 L g2 . }
S 1 : ; :
Lol - o S R I : r r T r a :
O TER TR A d » { AIDS AR ] TAKEOFP | 6 i1 :
Poorta A A A ! VOR/DME S 1 “CLINB ) 6 [ B AN | i) '
3 5 [ IS S A A A { "AIR DATA ! CRUISE I | 8 . 11 S% 0 - '
S Al T oA o S 4 | ® |” INERTIAL } - CRUISE II | 6 1 x| B !
R o TR R e A I |° AUTOLAND : { CRUISE III | ° 6 o100 -3 i
B (R S A | O X [ ACTIVE FLOTTER CONTROL | DESCENT | ~ (2',3,8) I 121 E%Ea .
e PR DA | A | A { ENGINE CONTROL . ——{— ~APPROACH | (4,5,6y | 121 =) g:
TR S | A A A 4 ATTITUDE CONTROL [ LANDING & {4,5,6) 4 tea < :
. f ‘ T _ : %'ﬁ
e : T {. , e : v.o.r v ?.?
N SRR LY d * | AIDSs - : 1 TAKEOPEF | 6 it 1 ey :ﬁica
11 A A A A | - VOR/DNE _ Tt L CLINB | . 6 P AP e O3
N S e O Y SR A B ! AIR DATA g CRUISE I " . 6 1 1ei j»a
FRE TG ) I N R S Y R # |  IKERTIAL ] ~CRUISE XX | . 6, 1t x1 ¢ )
s : I ¢ L * | AGTOLAND 1 CRUISE III | 6 i 101
R [ CE Y [ T e A | ACTIVE FLOTTER CONTROL |.,  DESCENT | {2',3,4} I L e
: - (EE A 4 Y A A ] ENGINE CONTROL ! © APPROACH | b XU T O e
: : U TR A i A 4° ATTITUDE CONTROL 1 LagpING v 2° ¥ Lyg.
i b - — - | ’ R = : e
; b e : ot L R I i e % R
! LA A a4 * . f AIDS i 1y TAKEOFPP - | ~ 6 { P21
R DN TR A R A ‘{ VOB/DNE. ) CLIMND, | , . 6 Tt et :
o A A B. -] -AIR DATA "} CRUISE X | . 6 oL e ]
EC B TERE R S I | A e * { INERTIAL « 1 CRULSE IL. | ; 6 RSN :
: b1 g * . { AUTOLAND : | CRUISE'III | 6 1 1 01 :
[ RE A 'y A A1 ACTIVE FLUTTBR CONTROL |} . . DESCERT | 5 R R !
R B G A A A | “ENGINE CONTROL A APPROACH | 2¢ 1 121 !
[ O A A A 4 ATTITUDE CONTROL B LANDING - ¢ 21 3t ga i
Liar e ~ 1 '
Celunn 13 Phase 1= Takeoff/Cruise A:} .‘Names are defined in {  For each row, the resulting
Coluan 2@ Phase 2 = Cruise b ST Table . | “level 1 trajectory set is !
Solumn 3. phase 3 = Cruise ¢ -1 }. the intersection of the sats :
TooCplusn 4 Phase & @ Laniting | | named in Coluzn 2, i
: ‘ ’ e g pma TR T e i '

€ i ke mavern i o o 4 Hrne ot rom
[
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 ACLUMCLLISHMENT

LEVEL 2

B : TRAJECTORY = SET  NAHES i RESULTING
____ﬁggsz L ’ FUR LEVEL_ 1 _TRAJECTORIES { LEVEL 2 TRAJECTORY_ _SRTS
boie o S IR | : ; r 1 roa
[ P A e * { AIDS . | TAKEOFPF | 6 | | £
[EY R A A A j VOR/DHE - ! 1 cLINB | 6 § i 21
; ‘ b A I SR B {~ ALR DATA { 1 ‘CRUISE I | 6 { {21
Lal e ha A e * ‘4 IRERTIAL .- CRUISE IT '} 6 1 x 1 2]
; [P B IS [4 * * {  AUTGLAND { CRUISE III | 6 i 1 0}
UL A A B A |. ACTIVE FLUTTER coxraun i DESCENT - § 6 { it £ 1
TR R A A A | ENGINE CONTROL { APPROACH | 20 i 12 |
| BRI | A A A 4. ATTITUDE CONTROL [} LANDING } 2! 3 Ltegd
'.---o--.oc.no.o-n.o-.o-o......-.n....o--oo---.-.'_oo.uonn.o..an' ) ‘,'_75' ;‘-_f" .
P oie : ' I LR g 1 oo
[REEE REA A A b AIDS 1 TAKECFP U6 I I £ 1
P A A A A VOR/DNE 1 CLINB | 6 1 ey
FAEAEE I A A A AIR DATA { CRUISE I | 6 i | e}
s R e A A * INERTLAL I CRUISB IT - |- 6 1 242
, : I S £ A » AUTOLAKD {  CRUISE ITI | 6 1 1-0
| S A R A e ACTIVE FLUTTBR CONTROL».|~ DESCENT : § 6 ) [N I |
1 i A A A A ENGINE CONTROL I APPROACH .} {5, 6} { 1 £ 1 .
bt A A A ATTITUDE CONTROL | LARDING ;*' L'} 4 L g3
lo-------o-----o-.ooon.-..-.o-.oo.caco-----.;-cccno-o.-.q:c-.i?-n'! P - B
1 e - i 1 i r o 1 ro
[EIR R S A A “h 'unrns o S “TAKEOFF | 6 P e
[ A A A - NOR/DME 1 | CLINB | 6 . 1 ed
MR, S | A By S Al A ‘AIR DATA : T CRUISE I | 6 1 1 7|
Ca( “‘”l A 1 4 - AL A INERTIAL i [} CRUISE ITI | -6 |l ) 2 {.
: ey e i 4 A A AUTOLAND J CROUISE III | -6 i 1 1}
'l [} A A A A ACTIVE: PLUTTER COﬂTROL 1 DBSCENT |} 6 { e i
T B U A - A A ENGINE CONTROL A APPROACH | {5,6) | 124
| SRS 1A A A A “ATTITUDE CONTROL i LANDIRG ¢ | g 4 t e
i - |
T B - B X B . —
b N | ‘
I - e < » R T 1 f o
FodoE A e % I AIDS - TAKEOP? | 1 {546) ! i €1
T ICE S S AL X A .|  VOR/DNE { .CLIENB | (546} {1
PR Sy \ A A < § AIR DATA ! CRUISE 1 1 (5,6} { 1 £}
al2y b R A e * f .  INERTIAL -} - CRUISE II | (5.6} T x e}
EEI [ g ¥ * {. AUTOLAND |  CRUISE IIT | {5, 6) 1. 101
[ER A A 5 | A |, ACTIVE FLUTTER cowraon, i DESCENT . | 5,6} { 1 £ 1
Voo A A A i ENGINE-CONTROL: Ty APPROACH | 5,6} ! 12
l L A A A 4 ATTITUDE CONTROL | LANDING: L; [2',3) 4 Lg 4
ol : , C : | BRI 2 - 1 "
Fob ¥ L B * Al DS ! [ “TAREOFP  { . {5,6) ] (A |
1 ! A A A Ao VOR/DNE ) | CLINB | {5.6) ] 1 £ 1
PR T [ R 9 A A 4 AIR DATA [ CRUISE I {5,8) ] 1 £ 1
Cafd)y I [ S A A * INERTIAL 'l CRUISE I 15,6} P21 F g
e : oy ¢ A ® AUTOLAKD -1 CRUISE IIY |} 15,6} 1 10§
. A A A A ACTIVE PLUTTER CONTROL ¥ DESCENT | [5,6) | £ |
l (EE A A A ERGIFB CONTROL - { APPROACH 1} . N | £}
LA " A R ;| “ATTITUDE.CONTROL ! _LANDING . Lt (2¢,3, Q ¢5,6) 2 Lg s
| . % : : 1 .
“Column 13 Phase Y1 .= Takeo[f/Cruise A} Yanmes are defined in | Por each row, the resulting
“Columun 23 - Phase 2. = Crulse b J+ 1 Table 144 1 level 1 trajectory set is .
Column 33 Phase 3 '= Crulse ¢ Ty oo [ - the intersection of the sets
tolumn 43 Phase 4 = | |

Landing

named in ‘Column 2.
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CACCOWALLISHAENT |

LEVEL 2 TRAMJECICRY SET NAMES | - RESULTING
C_LEVEL .. 1o ... __FOR_LEVEL _1__TRAJECTORIES 1 LEVEL 2 xgnJeczggz SETS
: e i ln-’o.on-l.-.-voo-ooo--n-...-..ntoo-llctc-lcctl.lt'.ctl.l..'...-'
0 I ,
l,“r T 3 - ] l ; .'r 1 H H
R R * S * | AIDS. ; { “TAKEOFP | (5,6} - | {21
R R § A A A | - VOR/DEE 1 cLIAE | (5,6} 1 t e
- L T R A A e § AIR DATA i CRUISE I | {5¢6) 1 121
Cat?) R R | A - C * |. - ITNERTIAL | CcnUIsSE 1T | {5,6) 1 x| e}
R R s A » |- ‘AUTOLAND , | CRUISE III | (5,6} too 1
i [ R § A A A | ~ACTIVE FLUTTER CONTBOL = } DESCENT |} {5.,6} i ) £ |
SR A ‘A A A ] ENGINE CONTROL i APPROACH . | {4,5,6) 1. 1 ey
1 LRI : S A . A 4 ATTITUDE CONTROL i LANDING ¢ {(2+,3} LRI
Looe : v ‘ l r ] r o
B B * * *® { AIDS | TAKEOPP | (5,6} 17 121
R I & SN A A | VOR/DNE t ¢ L CLINB -} {5.6) i 12}
I S R T Y A " d- | AIR DATA t CRUISE T |} (5.6} 1 1 e g
a{2) o { A A A * I INERTIAL i CRUISE -IT | {5,6) | x| ¢ |
e Y (RN ¢ A . | AUTOLAKD {° CRUISE ITIY | (5,63 111
S p A ‘A A A { ACTIVE FLUTTER CONTROL i DRSCENT | (5,6} i 1 e
i | RO W R § A A } FENGINE CONTROL ] APPROACH | 3 ] | £ |
[T A A A 4 ATTITUDE CONTROL i LAKDING 't f29,3,4,5,6) 4 teg3
lctv..ll".-I..'.'...0'-.".'..'......E'!ll."'l’.."l.......l.' . . | — - e s
E ERE B . | ; : L I 1 rov
B R RO o * . | AIDS ~4-" ~  TAKEOFP | (5:6}- P e
SRR RER RN A A A | VOR/DAE | CLIND | (5.6} (S 2
L R TR BN S SR A c { ALR DATA e CRUISE. I | (5,6} [ e
a(2i S A CA b * { INBRTIAL { cnursz IT | . [5,5) 1 x| e
. : N I [ £ “ A * | ~AUTOLAND { CRUISE IIXI | {2t,3,4) { 10 i
I Y e ¥ A CA A | ACTIVE FLUTTER CONTROL | DESCENT § (2',3,4,5,6} | .1 2 |
B | A Ry "R a { ENGINE CONTROL i [} APPBOACH |} {(4,5,6) | S B |
| FEE A A A A 4 ATTITUDE CONTROL i LANBING {21,3) 4 L g 3
4 ' . { ‘_"5: ) »
S B D S . 4 - H HIPR
TR * * * ., | AIDS 1 TAKEOFF | 15,6} t 1 e .
RN D U A A A | VOR/DME t . cLINB | (5.6} BEREE
PRESTRE O (R ER § A A 4 } - AIR DATA | CRUISE T | “{5,6} N
a{2) B I Y | A b * { “INERTIAL 1 CRUISE II | (5.6} - 1 x| ¢ |
(RS B E A . | AUTOLAND {~ CRUISE III | (2,3,8) | 1 0}
S R A A - A A | ACTIVE FLUTTER CONTPOL 1 DESCENT | [2',3 Q, 6} | t £ 4.
B A | A A A A I - ENGINE CONTROL. B APPROACH { i I P £
R R A A T ) A 4 ATTITUDE CONTBOL A 1 LANDING ¢ (2’, 4 L g3
' R . . S \ l - i
: ' H ‘ -t _:A T ‘
o i SRR .
N 9 i N . :
Ci ¢ t - . !
i N l * ¥ !
N A ;
i &8 i .
SRR § I
: Column 12 Phase 1 = TakeoEffCruise A { 'hdmes ave defined 1n { ©~ For each row, the resul*iuq
sooColden 23 Phasa 2% Cruine b R { Tahic 1u. { level 1 trajectory set is
Jotoldmu 3 Phase 3 = Cruise ¢ S { the intersection of the sets
“Column 43 Phase U = Landing e l naned in Column 2.

‘
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ALCUneLISHAENT

i LEVEL. 2  TRAJECICRY - SET NAMES I RESULTING
CLEVEL N FOR "LEVEL 1 IRAJECTORIES i LEBVEL 2  TRAJECTORY SETS -~
‘ RN i ; 1 ! T v ) r 1
e « - * L { - AIDS | TAREOFP ;| -1 {5,6) | e
L A ‘A A A | voR/DNE \ CLINB |} :-{5,6} Pt e
1 A A A e | AIR DATA ! i ‘CRUISE I | {5, 6} i 1 £ 4
Chagd) S | A A b . | INERTIAL/ 1 . CRUISE Ir | {5, 6} t x|z
“ R T ¢ A * { AUTOLAKD { CRUISE IXXI | '(2%,3,4) 1 t 01
| { A B A A | “ACTIVE FLUTTER COHTROL i DESCENT | (2',3,4,5 8} 1 t e
[RET EER T Y A A | - ENGIKE CONTROL i APPROACH | ‘ 23, 1 i £
B R R B N A A 3 ATTITUDE CONTROL i LANDYING ¢ (3,4,5,6) ¢ Leg
sl ) . | [ R DRI ‘ . '
I v - ) 1 LR o 3 rooa
T M e * * i AIDS t TAKEOFP .| . 15,6) i | £
FolOCA A A A 1 = VOR/DME i cLINB | - - . (5,6} 1 et
% L A A A g .| AIR DATA 1 CRUISE I |,~ {5,6) { 1 ¢
aié) oA A d s { " INERTIAL = L] CRUISE II | (5,6} S O R 2 |
a b '3 R 4 A * {  AUTOLAND ) | CRUISE IXI |- ¢ (5,6} i i 0}
| i A A R A} ACTIVE PLUTTER CONTROL '} DESCENT |- ~(2'.3.Q} A SO T A |
tootoA A ‘A A {.  ENGINE CONTROL { APPROACH . | 4,5,6}  § 121}
1 L A A A A 4 ATTITUDE CONTROL ] LANDIRG ¢ {2',3] 4 Les
{ : ‘ - | o '
b e ¥ R | o { : r : LT SR
bl b * d * | AIDS . | TAKECFF | {5, 6} .- 1 £}
I TN | ‘A A A ¥ '}V VOR/DHE ] ‘CLINB | {5,6} ] | I
E RN INEON CRts PO | A A d° I AIR DATA { CRUISE I | (5,6} I § £ '
Shagey A NS A A d .® . | FRERTIAL 1 CRUISE II I . {5,6) [ S A |
ROV e ¢ [ A . {  AUTOLARD | CRUISE IXI }: ¢ (5,6} 1 10}
B DI B 1 A A 3 | ACTIVE FLUTTER CORTROL [ DESCENT | {(2¢,3,4) ] ] e
B S N Y A A A { ENGINE CORTROL ] APPROACH | 3 ] 121
PO e A A a A 4. ATTITUDE CONTROL | B LARDING . [2°%,3,4,5,6) 3 g2
i | ) s | L e
o SRR S ; X | r: : Y rooa
R IR * » * §  AIDS B TAKEOPFF (5,6} i 1et
 ERT E A A A ©°| YOR/DNE 1 CLINB | . {5, 6} 1 j ey
: RN B “A e, | . AIR DATA 1 ‘CRUISE Y |. 5,6 .t 1€
al2) o | } AL i d * { ~ INERTIAL B | CRUISE II '} {5,6} I S A ]
: R R | 1 SR A “® . 1 AUTOLAND { CRUISE IIXI {... (5,6) . 1} t 04
L £ A "R - A A } ACTIVE PLUTTER: CORTBOL 1 DESCENT | (2',3 4} | g1
e A A A A { ENGINE CONTROL t APPROACH | 20 {1 eyp
booL A A A A 4 ATTITUDE CONTROL- | LAUDING ¢ {(3,4,5,6}) 2. L g J:
| . - e : ) 1 RTINS t i . ’
ke ‘ S ‘ v ] | R S R ST TR SR |
T R e * * {' AIDS RGO TAXKEOPY | - - (5,6} . | A
S JUURE BE S N A A |- VOR/DHE: IR | . CLIMB - | (5,6) ;1 1 £ 1
IREEI EIDERIE N R FI S o A e {  ATIR DATA 1 CRUISE I { . {5,6} ] it £
_' af{2) RU R | A AL e * 't INERTIAL i CRUISE IT | ;: 15,6} tx{ € i
T O I R g 3 * 1 AUTOLAND i CRUISE IIX j . - {5,6) ] 1 01
| ] A :'R A A ] ACTIVE FLUTTER CONTROL | DESCENT | . t‘[S,G) . | {f £ |
[ I | 3 A ‘A “ A | ENGINE CONTROL ) t APPROARCH - | 20 L | 1 £}
IR R A A A 4 KRTTITUDE CONTROL i LANDIXG ., % -~ [3,4,5,6} ¢ Lega
- t
"Lolumn 1: Phase 1 = Takeoff/C:uxqe A |  Names are defined in - { Tor each row, the resulting
Zoluma 2@ " Phase 2 = Cruise b . { Table 14. { ‘level 1 trajectory set is
Colvan 3: - Phase 3 = Cruise ¢ ¥ {1 the Intersection of the sets
43 Phase 4 = } t - naped in Column 2.

Column -

Landing

¥
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ALLUxLJLbHﬂEUIl .- LEVEL. 2 TRAJECTICRY SET - NAMES l RESULTING
LESEL o L ; ‘FOR . LEVEL_ 1 TRAJECTQRIES 1 L!!PL 2__TRAJECTORY _SEYS
—e-o-t e . T » I oo
[ = ® * * |~ AIDS | TAREOFP . | {2,3,4}) } | ¢
T * . . { VOR/DNE ; i CLINB | (2Y,3,4,5,6) i iz
Rt i 1 . * L b4 [ -AIR DATA - l. CRUISE X | {2',3,4,5,6} |. 1 21
Cald b1l b * * » I~ INERTIAL  ° { ' CRUISE 1I | v 1l x| e
i b e . * { ~AUTOLAND | Cuuise IIr { * — 1 i *1
IR + e * | ACTIVE FLUTTER CONTROL | DESCENT | . 1 te
171 A . * . 1 - ENGTNE CONTROL \ APPROACR | ¢ ] i £ |
bk A * ¥ * 4. ATTITUDE CONTROL | LANDIRG ¢ . * o4 tg 4
! . S . ' H r s S i:' »
| v M - 1 [ R - . b} r k|
TS R ] = . | -AIDS { TAKEOFF .} ; (5,6} i 121
| T SR A L4 * ] YOR/DME f CLINB | : [2',3,.,4} i [ A |
[ P & * . * | ‘AI3 DATA I CRUISE I .| {2°,3,4,5,.6) 1 | ¢ |
i o g . . * | INERTIAL. { CRUISE IT | . el ey
‘ b 4 K3 . » i AUTOLKND . { CRUISE IXII | * ¥ [ R |
{ i A * * * | ACTIVE FLUTTER CONTROL 1 DESCENT | . { £ 1
A SR § T - * { ENGINE TONTROL t APPROACH | L A i i £ 1}
[ SIS * C. * 4  ‘ATTITUDE CONTROL ) LANDING & * 4 Legd
1 ' : ! . ‘
[ _ 1 | r . - 1 r
R * * * { AIDS { TAKEOPP | (5.6} i 1ey
1o . . L4 . { VOR/DME: - 1 CLYEB | . (5,6} | 121
S B TS T . * . { AIR DATA | CRUISE I €2Y,3,48) i 121
agly S d * * £} INERTIAL. b+ CRUISB XTI | . % “ | x| €]
oy S [ * * |. AUTOLAND i { CROISE IIT | L JETRE T B T
1A * o * | ACTIVE FLUTTER CONTROL | DESCENT | & IR
LA * * * | FENGINE CONTROL | AppROACH | Lows [ WY N
. A * * b 4 -ATTITUDE CONTROL: | LANDING & * 4 L gd
"....Cl.0’.00..0.’00"0-.‘00.'..'..'0&74:9‘8.31‘0.0'.!!..!!'.‘! h'\‘ # i
boor v } i Ry ' ; 1 r 9
R T SR o ® ] ATDS — ) AREOFP  §; 15,6 | i £
R ER R 3 * 1  VOR/DNE - i cLIns - 5,63 { 1 €1
‘ : T | * S * . I CAXER DATA | CRUISE X 5.6} H 1 £ 1
ay(3) 14 A b o om % 1° INERTIAZL | .CRUISE XX - | [2%,3,4} i x4 £
S [ [4 g . * » { AUTOLAND { CRUISE IXIXI | {2°,3,4%,5,6) | A |
. b A A A A | ACTIVE® PLUTTER .CONTROL | DESCEHT | {2',3,4,5,6) | ~ t+ £ |
R AR | A A A ] ENGINE: CONTROL f°* APPROACH | (29,3,8,5,6) | [ |
[ A A A A 4 - ATTXITUDE CONTROL | LAYDING © % [29,3,4,5,6) & L ¢ 2
IQOIOI".ll'l..'....‘ho..l.ll.l...'..ll'.ﬂ-ﬁ..l..ti.-..........' -
i , : e R U ‘
bor : s ‘ 1 ' E It e 2] roo
P f; » . * | AIDS o | TAKEQFF . | .. [5,6) 1 1e|
R FE e * * | VOR/DNE 1 CLINB } . [5,6)} i 1t e
B L. . o * | ALR -DATA T CROISE X | - {5,6) I 1zt
a(3) (A R Swe b * { INERTIAL * .} CRUISE.II = { [2' 3,4} | xy e
, bl ] e A * i AUTOLAND ! CRUOISE YXT | €2v,3.4,5,6} § -1
[ | A A A A } . ACTIVE FLUTTER CONTROL [} " DESCENT . { (2',3,4,5,6) | 1 £ 1
1 | A A e A { ENGIKE CONTROL B | APBRCACH [2‘,3,",5,6} ] 1 £}
| R A A A 4 ATTITUDE CONTROL i LARDIRG ¢ (29,3,4,5,6) 4 -t g4
‘Cclumn‘l: fhase 1 ='TakeofE/CruLce A { _JNames are defxnpd in } For each rov, the resulting
Column 2: Phase 2 = Cruise b [ “Table 14, . } - level 1 trajectory set is
Column -3 Phase 3 = Cruise ¢ ] § the intersection of the sets
tolumn 4: Phase 45 Landing ) { { nazmed in Celunn 2.,
L 5 “ + e ST ke e e R Y S R
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LEVEL 2 BASED‘._ L . . TABLE 15

CAPADILITY PUNCTION. ; . PAGE 1 OP 17
L RCCOBCLISUNEND{ TTTLEVELT 2  TRAJECIORY. SET _RANES 1. RESULTING
O LEYELD o ho : FOR__LEBVEL 1 TRAJECTORIES t LEVEL 2 __TRAJECTORY SBIS
i oy 'ico‘-'--,-o-,-.uo“o..-'c--no.--\-.-Qt-.;no---tl'vvo-n-.-».-"-o-----.--’oo‘
L S e ‘ . T ' i r 1 r o3
py e R . - } AIDS : i TARKEOFP | (5,6} { {1
T * * » |  VOR/DME - Coy CLINB | {5,6} 1 1 ¢4
g Poogow . . * !  ALR DATA { CRUISE I | 5.6} - | i 21
a{3} IS R b c 4 {  INERTIAL } CRUISB IX | [2*,3,4)y: 1 x} # |
. ST B B 1 £ A * | AUTOLAND -{ CRUISE III | {5,6} - | ]
LA A A A { ACTIVE FLUTTER courn0L i DESCENT | (2',3,4,5,6} | t ey
T A A A ! ENGINE CONTROL ' S APPROACH | {2%,3,4,5.,6) t | ¢ |
O A A A A 4 ATTITUDE CONTROL 5 LANDIRG t {2?,3,4,5,6) 9 Lt g3
| doeaousaaonnsnsnosesnissncveossecanisssssasonnsscsssscscsccassncse] N
i ‘ . ) ‘ i
1. r A . | | I r : 1 r 1
T At « * » | - AIDS B TAKEOFF | (5,6} - {21
Fope . K * | VOR/DHE | ©cLINB | (5, 6} i red
T S R B . A * . ] AIR DATA ) CRUISE I | - {5,6} S
Lai(3) RSN R R A b * [ INERTIAL 1 cnuise Ir | {5.6}) fxt e
’ . AR R % 2 R * ‘t . AUTOLARD { CRUISE IXI | {2',3,4}) I [ I
1 { A A A A i ACTIVE FLUTTER CONTROL | " DESCEBRT | {2',3,4,5,6) 1| t £
{ oA A A A | ENGINE CONTROL e 4 APPROACH | (2',3,4,5,6} | [ |
[ A SRR A X A 3 ATTITUDE CONTROL I T LAWDING ™ t {27,3,4,5,6} Legs
| ’ ' i . ; !
| T v ‘ i r ) ron Ly
1o * * . - 1 AIDS i TAKEQFP | (5, 6} i it e tj
SUp e * A * | VOR/DHE 1 CLIND | {5:6) 1. 1 e i
; R o CA . { 'AXIR DATA ' CRUOISE I . { (5.6} -1} {1 ¢ 1
a(3) N R O o 3 ca . ! INERTTIAL {  CRUISE II | 15,6} 1 xt e
FTRINE e 1 . | AUTOLARD |- CRUISE III | (5.6} TR T |
RO BRRN IO O A A A .l ACTIVE FLUTTER CONTROL | DESCENT | £2¢,3, u} 1 i ¢
ST RNR LA A A A% | -ENGINE CONTROL 1 APPROACH | §2',3,4,5,6} 1 ‘£ 1
4 LA R <A X 4 ATTITODE CONTROL i LANDIRG v {2?,3.4,5,0} 4 L e d
EEF R W : : 1 : ] - : R o : 3 r 1 A
R R R R S * * ‘L AXIDS 1 TAKEORP | {5, 6} { I £ 1
B R * A * 1 VOR/DME 1 cLIns . (S, 6} ! | A | 1
B Pl * A *. . { AIR DATA B | CRUISE I  } {5,6) 1 e
a(d IR | A e * | IMERTIAL : | CRUISE IT. |} {546} | x4 ¢
B e RET 3 TR * { AUTOLAUD ‘ <, | CRUISE III | {5,61 (I T A
TR R R | a A .| ACTIVE PLUTTER CONTROL i DESCENT | {546} i te
| bR A A A -} - ENGINE COHTROL " - APPROACH |} 23 i t £t
P B A A A A 4 ATTTUTUDE CORTROL |- i LARDING L {2%,3,4,5,6) L g2
+ . 1
T 1]
N b P
b {
4 B 1
o R |
o B I
! L i
. | : I
N § O ‘ - ; i . .
' “rColumpot: Phase 1 = Takeoff/Cruise A | Hames are defined in |~ For each row, the resulting
s Column:2s Phasa 2.= Cruise b Lt} Table e : { level 1 trajectory set is p
coluan 33 Phase 3 =.:Crulse ¢ ] . | the intersection of the sets o '
Column 43 Phase .4 = { I naned in Column 2. o

Landing




. LEVEL 2 BASED . , o TADLE 15
" CAPABILITY FUNCTION: BAGE 15 OP 17

ECCSRELxsuwnnrl' T LEVEL 2  TRAJECTICRY SET NAMES RESULTING

phase

Landing

X
3
-~
x
%
<
8o
}a
s

.
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~
Le e R e
RO ey P 354

{
LEVEL 1 » ___FOR__LEVEL _1__TRAJECTORIES 1 LEVEL. 2 TRAJECTSRY. SETS
: l r ' . 1 ' 3 r h ]
o] * * * ¥ 1 AIDS } TAKEOFP | 1 | {2
R R % * * } VOR/DHE . } CLINB | b4 | | £ 1
e , TR R . * » |- RIR DATA/ t CRUISE I | * i £
aqm e . * * | INERTIAL {  CRUISE IX | . 1 e |
; Ve ¢ * * |  AUTOLAND { CRUISE III { * i I *
i { b * L e { ACTIVE FLUTTER CONTROL - } DESCENT | * 1 f £ 1
[ * « * [ ENGINE CONTROL i APPROACH | * R
(R | . % * 4 "ATTITUDE CONTROL { LANDIRG . ¢ & 4 Lea
| L ‘ } . .
b 1 [} SR 2 L roo9
e * * * }  AIDS i TAKEOFE | [2,3,4,5,6) ). | ¢ |
P e * * ¢ .1 YVOR/DME i CLINB | 1 [ A A
LT [ x. * * | ALR DATA | CRUISE I | * 1 1 e
B TUInE P ] * I | INERTIAL i CRUISE II | * [ 12}
nd Loe ¢ * * |  AUTOLAND ‘ | CRUISE IIL | * { 1 ¥}
1 }: c ¥ * * { ACTIVE PLOTTER CONTROL t DESCENT |} ® 1 1 £
[ R * * * | - ENGINE CONTROL 1 APBROACH - * i [
v '3 * € e 4  ATTITUDE CONTROL e LANDING L * - LI
l ‘ : s i
s : 1 | r , 1 r oY
1704 * * » * 1 AIDS 1 TAKEOFP | -§2,3,4,5.6} -1 1 £t
BRI . ¥ * | vOB/DNZ . l CLINB | (2,2',3,8,5,6} 1 124
X [ IR | * * * |- RIR DATA : { CROISE X' 1 ] I £1
agy) - { I o \ i ¥ * I INERTIAL 1 CRUISE II |} * 1 i £
: SR ) & g L * { AOTOLAND -} - CRUISB IIXI * [ [ A |
S SN | d 3 * * { ACTIVE FLUTTER CORTROL |} DESCENT | . - i ] £ 1
Vo e L * * | ENGINE CONTROL 1~ ADPBOACH | . * 1 12
(.. L * * * 4  ATTITUDE CONTROL [ LANDING ~ ¢ . * 4 Legs
lno'--o-. sesd.esen c.'oo;c‘--'g-----.-o.---..o-----o.o-oooo--.-‘-.-o." z
| , ‘ v 1 r - 1 r o
PEEES B * * 84 !} AIDS 1 TAKEOP? | (2,3.%4,5,6} | 121
[REE RN € * * | VOR/DHE B CLINB . § . 2 i 1 e
o EEEE B * * & "1 - AIR DATA { . CRUISE I 1(2,2',3,4,5,6}1| 1 £ 14
() R R e * * | INERTIAL { ~ CRUISE II | . | f e 1
: REE R £ * e | RUTOLAND "}  CRUISE IIT | * A R I |
, R R ¢ * * . { ACTIVE FLUTTER CONTROL | DESCENT | * | | ¢ {
: - 4 * * » {  ENGIKE CONTROL "4}y APPROACH |} * R 1 £}
i L L L ¥ S * 4 ATTITUDE COKTROL 2 LANDING- & b 4 LegJ
i . . i e ¥
, R 8] \ i P . 3 r 1
: Yoo R L + | AIDs 1 TAKEOPP " | (2,3,9,5.6) 1| 121
~ : RN . C * | VOR/DHE o . . CLIND ‘| {2',3,4,5,68) | .1 ¢ |
s : AT e . * “#% * [ ATR DATA i CROISE I | 2| b £ g
' 2y i1 ® . . "% | JHERTEAL : { CRUISE IX |} * i i £1
: It e B * L] 1" AUTOLAKD { CRUISE IIT | » { i * |
. (R * % * { ACTIVE FLUTTER cou*aon { DESCENT '} * t 121
o i d ¥ % = { ERGIXE CONTROL 1 APPROACH - | * i { 21
= L ¥ * LK LA ATTITUDE CONTROL { LANDING U * 4 tLeg 3
1? .‘-‘ocqcota‘ccyttnnoo..v'l.-....I'l.Qc..!nnuac.-c--.tl’..o--.:...o'..l .
i WIS, Loz N A :
e S teluwn 13 Rhase 1 = TakeoEf/Cruise A | Hames-are defined in: ;.- Por each ro¥, the.resulting
¥ CsColuamn 23 Phase 2% Cru’se' b 1 rable 4. I level 1 trajectory set is
i‘ ‘voluan 33 Phase 3 . Cruise g i |} the intersection of the setsg
i Colymn 43 4 o= { {. named in Column 2.
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LEVEL 2 BASED
CAPALUILITY FUNCTION

TADLE 15
PAGE 18 oF 17

ACLUBPLISHUENT |

LEVEL 2  TRAJECICRY

N SET  NAMES 1 RESULTING
. _LLEVEL 1 FOR ~ LEVEL 1  TRAJECTORIES L LEVEL 2 TRAJECTORY _SETS
' : Voo , i r 1 roa
Y . * * | AIDS 1 TAKEQOFP - | {5, 6} 1 1 ed
R T * * . ]+ vOoR/DHE t CLIND | {5,6) I 1 e
: R N * . * » } AIR DATA ] "CBUISE I | {5,5} | 1 24
. a(uj S TR B * * . | INERTIAL {  cRUISE II | & | x1 e |
; : R " v . * |- AUTOLAND , { CRUISE IIT | * I 1Y
r B B T b * * {  ACT1VE PLUTTER CONTROL - | DESCENT | * 1 1z
‘ VA * . * | ENGINE CONTROL ! APPROACH 1 * i1 1e1
[ LR * . A 4. ATTITUDE CONTROL | LANDING * 2 L A |
',Q-Q..co' veseesessecsnnasn o-w-o.--.t.uo.‘o-ot----.--.----.n-a....‘ e
[ ; ‘ ) i . r h ] r A}
TR * * * | AIDS i TAKEOFP | 5,6} | 1 £ 1
Voo . * * | VOR/DME | i . CLINB | (5,6} | e
B o I . L4 * & i ARIDR-DATA 1 CRUISE I | (5.6} § | £}
Cagly i ] A * * * I INTRTIAL i - CRUISE II ] 2 [ 3 I A |
e o [ 4 € * * 1" AUTQLEND { CRUISE 111 | - f i * |
B DR R O A » * } ACTYYEZ FLUTTER TONTROL . § _DESCENT | . i {2
i A b * b4 ! "ENGINE CONTROL 1 APPROACH .} * 1 | £}
; SR | LSRR * * * 4 ATTITUDE COXNTROL ] LABDING L * <4 tga
3 |‘.c-----o-o--o-.oot.no--to--.o-o---...oa..oo-'uo-'-oo'--..\..-cl :
| SR Ty
i [ - : ] ) i ' r . 1 (R |
= . * * * | AIDS 1 TAREOPP | 5.6} I 1
; b . . * | VOR/DME i CLINB | (5. 6} Y
i : e * * * { AIR DATA 1 CRUISE I | {5, 6} {f 1 £
: S afuy S R TN * * * | INERTIAL §f CRUISEB II | (2%,3,4,5,6) 1 x| ¢}
R N | E £ S * . | AUTOLARD | CRUISE III | 1 i 1 « |}
| S Y A b s { ACTIVE FLUTTER CONTROL DESCENT | * i P £ 1
S R Iy | & . . | ENGIEKE CONTROL 1 ARPPROACH | . 1 1e]
f R A &l L} » 4  ATTITUDE CONTROL | "LANDING & * 4 tLyg 4
o Y s L i : | r . 1 r 1
TER FRR | 2 * * | AIDS 1 TAKEOFF | {5, 6) i 1.2
O O B " * . | 'VOR/DME i CLINB { . (5,6}, 1 "1 e}
EER T ER R g x ] % . | _AIR DATA 1 CRUISE I {5,6} 1 1 2]
agy) (RN I « * * {  INERTIAL { CRUISB II | (2?,3,4,5.,6} [ 21 ¢ |
: BN Y B 3 * » 1° AUTOLAXND { CRUISE III |(2,2°,3,4,5,6)1 | *
. ‘l KE A . c ¥ i ACTIVE PLUTTER CONTROL ] DESCENT | 1 i 1 £ 1
: (IR | B * * | ENGINE CONTROL <4 I~ APPROACH | * 1 1ed
S I R 3 A * * 4  ATTITUDE CONTROL [ ] LANDING ¢ ] 4 L g2
e : 1 . :
o e . BT B ‘. ! : L 4 Y roow
D IR A . ¥ }. AIDS ; { TAKEOFF - | {5,6) ! | £1
P S | * * * ¥ ] YOR/DME . ] cLInpg | {5,6} [} | £}
G e AR T e * * - |' ATR DATA { CRUISE T | . (546) § | 21
HEEE Lagl) TERRE R * * * | INEBRTIAL ! CRUISE IT | (2°,3,4,5,6}) [ x| ¢ |
ATRS IR S 1 4 # . * } - AUTOLAND | CRUISE 1III {{2,2',3,4,5,6}] { ¢
" R BEY R A dq * | ACTIVE FLUTTER COHTROL 1 DESCENT " {1 (2,2",3,4,5,6}1 | £y
S A * * '} ENGIKE CONTROL i APPROACH { 1 ] j £} '
,; R A A % ¥ 4 ATTITUDE COKRTROL } LARDIRG " ¢ * 4 L g s
. l‘l"‘-'id'iﬁ“c.‘..l'..‘..'.'i.il!".l..l.‘u!‘.q.-v...l'."Ul'...O-.'O'.i
% L ! . ' 1
- c-Column: Vs, Phase 1 = Takeotf/Crudse A | ~ Rames are defined.in { For each row, the resulting
cColumu 23 -Phase 2 = Criise b v { Table 14. i level 71 trajectory set is
. column 3:  Phase 3 = Cruise ¢ 1 { the intersection of the seots
43 Phase 4§ = - { named in Column 2.
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LEYEL 2 BASED

CAPABILITY FUNCTION-

. TABLE 15
: “PAGE 17 oP 17

-veT1-

1 g 1¥v

A‘CL..;TIELLS!HB_HI‘] LEVEL 2 TRAJECTORY  SET  NANES ] RESULTING .
LEVEL L FOR__LEVEL 1 __TRAJECTORIES 1 LB'EL__Z__IE.QEEIQR! SBTS
- 1 r B ‘ . ] ¢ 1
oy e » ™ . | -AIDS | TAKEOPF | (5.6} | 1 1
L. * * o | VOR/DNE " CLINB | (5.6) I 1 e
B R R . . . { AIR DATN i CRUISE I - | - (5.6} { 1e| !
as) R R 3 * . . {- INERTIAL ‘ {  CRUISE II .| {(2',3,8,5,6} §f x| # |
e F TR DR r ] * . |  AUTOLAND | CRUISE III.' | 2 1 I
S R { A A * |- ACTIVE FLOTTER CONTROL | DESCENT -1 §2,2',3,4,5,6}} | ¢ |
B S | A A b * }] ENGIRE CONTROL ] APPROACH |(2,2',3 4, 5 }l I ]
[ B A A * . 4 ATTITUDE CONTROL | LAIDIIG' L] 4 tLg s
| | . il .
i , : 1 ! rol Lo r v
e . . . 2 ] ALDS A TAKBOFF } ' (5.6} {1- ‘1€
" . ’ e * | VOR/DHE . ] - CLINB | - (5,6} | |
{ e . »* . | ATIR DATA | CRUISE T [ . {56} } 1« .
a (s S L SN I § * . * | INBRTIAL }" CRUISE IX | [2°,3,8,5,6} | x| ¢ |
1 t 3 * * | AUTOLAKD { CRUISE IIT | (2'.3 4,5,6F | 1 *
S N YO A D . I ACTIVE FLUTTER CONTROL { DESCENT |} -2 ] ] £}
I A A S € * {" ENGINE CONTROL | ABPEROACH 1[2,2' 3 4, S,6]| i 24
e | A A * * 4  ATTLITUDS COMNTROL I LARDING & L
R ' ‘ ' | ' :
[ ‘ 1 i r ) r
1o . . * & - ALDS ] TAKEOFF (5,6) ] 1 £1
[ R S ¥ B . { VOR/DME 1 CLINB . | 5,6} 1 1 £ 1.
FERPRS I R * . * { ATR DATA l CROXSE I -} (5,6} i e
Cralyy Voo oA * . * | INESTIAL | CRUISE II | [2',3,8,5,6) | x| ¢ |
R Pl e ] * B {  AUTOLARD | CRUISE XII § (2',3,8,5,6) | | * |
Lo oa A B » | ACTIVE PLUTTER CORTROL | DESCENT | {2',3,4,5,6) | | £ | .
11 A A 4 . ENGINE COUNTROL ! APFROACH i} 2 } ] £}
L & A . * 4 ATTITUDE CONTROL 1 LANDING 't o 4 v g2
."‘.'..-..l.l..'.'..l'.‘l..............I...'C...ll'.‘.'....‘...l
S : : 1 ) % r 9
I | . * * * l AIDS i TAKBOFP | (5,6} ] 1 £}
B e | * . * e, } VOR/DNE 1 CLIND | {5,6} [} | £}
: o [ RRGEE SO * * * I AIR DATA ] CROISE I {§  _ (5,6} ] 1l
a(sy - B B A . . * 1 ~INERTIAL H CRUIS® II | [2 e3,4,5,6) | Xt £}
oL PR B ¢ » » { _ AUTOLAND | {'CRUISE III | {2%,3,4,5,6)} 1} 1 *
R SRR | A b 1 ACTIVE FLUTTZR CONTROL | ", DESCENT | {27%,3,4,5,6} | et
154 K A A * | ‘BNGIKNE CONTROL ‘# b  APPROACH 1 (2%,3,4,5.6) + | £ |
i L A A A * 4  ATTITUDE CONTROL i - LABDING ¢ 1: 4 L¢g2
_'ll‘..l..’.Q.."l.f'l".lrl..'l"ll...l;iiﬁl.'...I'll..l..."..’..l...l T
I e » E ~ ! : : r « 1 r "
IR . . * { AIDS : | TAKEOPP | (5,6} i e
I BRAY R & * » | - VOR/DNE .. : : 1 cLImd | (5,6} 1 1 £
S T » . » | AIR DATA 1 CRUISE I - | 5, 6) i 1=
"9(4) oA : * ¥ * J. - TNERTIAL : { CRUISE XTI | (2%,3,4,5,6) § x| 2 1}
' o Y o N N * ¥ }  AUTOLAND ot | CRUISE IIT | {(2',3,4,5,6) 1| | *
I I Y | A A A | ACTIVE FLUTTER CONTROL | DESCERT "} (2%,3,4,5.6} | 1 £ 1
PO e R A N | b I ENGINR CONTROL M APPROACH | (2',3,4.5.6} 1© | £}
Y B SR ¥ A A » 4 ATIITUDE CONTROL ] LANDIRG ¢ 2 3 t¢gaJd
By , - i 1 1
e SR § t :
. Coluan 1: /Phase 1 = Takeoff/cruiee,h | Hanmes are defzned in { For each rov, the resulting
Column 23 Phas2.2 = Cruise b /) Table 14, : 1 level 1 trajectory set is
‘Column’ 33 Phdase 3 = Cruise ¢ PO { the intersection of the sets
" Column 4% 4= : | { named in Coluan 2.

Phase

Llanding

e e e e LT

BT T N nhv ADRER
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. .
earlier, can be ignored), Eij(Ul) = 0. ~The level 2 Cartesian
trajectory sets corresponding to these'coordinate values
are given by Table 14, e.q., Ell(U ) = 0 says AIDS(1) = 0
which, by page 1, row 1 of the table, corresponds to the
level 2 trajectory set s |

166 6 * * * x.% ],
(There 1s‘only one Cartes1an component in thls case. iﬁ
general these w1ll be several, e. g., AIDS(l) ylelds'””

the three components of page 1, rows 2~ 4)

Repeating this step for the remalnlng coordinate T

pairs (i,j) 'and using the names. indicated in the iastfcolumn ”

of Table 14, the 1ntersect10n of equatlon (3.3. 2) 1sv
pexformed symbollcally (as 111ustrated in the example of
Section 3.3.1.3). Each product term of thlS expre551on 1si
displayed in matrix form in the‘second column hf Table 15;
in thls case there happens to be only one product term, |
" which appears on page 1, row 1, column 2. The matrlx
arrangement of the names resolves thelr aﬁblgultles,vl e.,
the ‘A that appears as entry (1 j) names a‘CarteSLan component
hat maps 1nt°ggij' l). Column } of Table 3 gives‘the

reSulting'intersection~of'1eVeLw2 Carte51an sets named by

rrrrr

~entr1es in the. matrlx, along with the weather trajectorles

b V1 that are carrled down from levelil."kNote that the.matrix‘

representatlon 1n column 3 has a dlfferent orlentatlon, due o

to space. llmltatlons ) TMus, for the case 1n p01nt, ther;

computatlon ylelds the tra]ectory set
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TAKEOFF
CLIMB
CRUISE I
CRUISE II
CRUISE III
DESCENT
APPROACH {5,6} L
LANDING {5,6}] | £

b -l

AN
9
B OAUABE/N

-—

These computations ateuthen ‘repeated forgUZ, U3,‘and U,-

(Note that, unlike Table 3, computatlons that result 1n null sets
are omitted frem the tabluatxon ) Carrylng out these compu~ ;
tatlons, we flnd that there ‘is only one other dlstlnct Carte51an

component assoc1ated w1th ag (dlsplayed in Table 15, page 1,

row 2, column 3) and hence

TAKEOFF 6 ¢
CLIMB 6 e
CRUISE I 1 6 B .
1 : CRUISE II || 6 s #L— .
(ay) = CRUISE III ' | 6 x 0]
'DESCENT 6 | e
APPROACH (5,6} £l :
LABING  |(5.6) 4]
-~ : TAKEOFF 6 £ ;
L CLIMB 6 gl ¥
CRUISE I 6 4l :
' CRUISE II 6 | ¢l ¥
CRUISE III 6 x 1 s
'DESCENT | .6 | P 5
APPROACH - |{5,6} ¢
LANDING {5,6} ¢ .

Thisﬁconoiudes the‘example. -
On eXamining»Table 3, one can observe that the remalnlng
letelS,( l,a2,a3,a ) involve more complex tra]ectory sets that
-are more dlfflcult to determlne. This is somethlng we have}
observed before in earller experlmemts, namely; that “the o

~ibase model trajeetory set assoc1ated with the "most success- ,f

: ful" 1evel of p ~;ormance'tends to be- "qulte" Cartes1an (1 e.,, .
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has few Cartesian components in its decomp051tlon), while

those of lower levels do not. Indeed the level a0 trajectory

set computed in. the above example is purely Carte31an since the
two components produced by the computatlonal procedure dlffer
only“in the value of the phase 5 weather varizble. iHence; .

relative to accomplishment 1eve1'a0,'the phasesyof the base

R

model are independent (see Section 3 1. 35 corollary to Theorem

5). Thls says in turn that 1f level a, were taken to be

0 ‘ .
"success" and the remalnlng levels were regarded as'"fallure

based (see Section 3.1.4, Theorem 6) In other_words, the
evaluation of SIFT could have been based on more-conventional

rellablllty models. 1f "top performance" were the only ‘concern.

However, an examlnatlon of Table 15 reveals that the trajectory

f

2,a3 and a4

Cartesian and, accordingly, there exist interphase dependencies

setsg§f (a) for levels a,,a are “far" from belng
relative to these lower levels of accomplishment. It is at
these lower levels, then, that the full'generality of our

' evaluation techniques must be brought,into play.'

-y

4
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3.3. 4 DeriVation of Transitioh Probabilities

leen the transition graphs of Flgure 3 and Flgure 4
there is enough 1nformatlon to determlne the initial to flnal
state‘tran51tlon<matr1x P(k), for each phase]c k=1, 2,M.J 8).
There are several standard techniques for obtalnlng the initial
to final state matrlces (see [1m, for example) . However, for
this partlcular SIFT model, these matrlces can be ohtained
more easily u51ng combinational probablllty methods (see
Sectlon 3. 2 2) Thls is due to the assumptlon that each unit

falls 1ndependently w1th a constant fallure rate. .

i

For the first phase{”the initial to flnal+5tate transition

matrix is a nm- (n+m)+2 by nm-(n+m)+2 matrix-“i ef .f ‘
B = Ipp [(03), G301
where ”; f —
nm- (n+m)+2 = the number of states of the phase l
L ‘ ,model (see Figure 6)
ano o -

P [Ki,j),(i',j')] = the probability thatfthe.phase one model‘
-1 : is in state (i',j') at time t, = t0 l
given that the phase one model is in
state (i,j) at time t, :

= Prob[i' processor-memory units remain at
time t.|i processor-memory units are
avalla%le at time t_.] * Prob{j' busses

remain at time tllj busses are available -

atktime,tol i

(@)oo 3

L.ILJ

-— Wy Lot

=1 if 2 si's is n and 2 <J' <J <m;

I 0 otherw1se.

Flnally, the prcbablllty of belng in state F atgtimeftl

i glven that the rhase 1 model 1s 1n state (1,3) at “time t. cah.be,;

0

. Cor U s v g e e s g d i ’
T A 0 R e R N R SR RN NSl SR gt

] th(l i qt,J 3!

J"‘2 T SEmm s ﬂ

£ .—;v;?.
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The -initial to final state transition matrix for the second

phase is an nm-n+l by nm-n+l matrix

P(2)

PTZ[(J-'J)' (i', 3')1
where '

the number of states of the second
" phase model (see Figure 7 )

=
3
-
+
[
i

3
il
ct
1
ﬁ
il

] the duration of phase 2

CY og i Pt sand i NI TS
[_%_-]e 1'PT2 (1-e7PT2)d 1!.‘:“[%‘Je'3v'q'rz(l_e qT2) 33"
' /‘ e ‘ o = .‘_j..' . ' o B

. L4 2 .' .. — d R . “ :.v ] rree et
Py Le3), (35,3703 = if 3= i'=isnand 2 35" s m,

0 1f 3< i<i's nor 2< 3<j'<m

. R
- Wheq 2 processors and j' busses are available at the end
of phase 2, two states (2, 3') and (2,3") afe created to dis<

tingu1sh “two possmble configurations. Corresponding“with,these‘

two states, the transition probabilities are expressed as a
. ) — ! — .-.' : '.—. -
[gi]e 1 qTZ(l_e:qu)J‘J .2[ }(1 PTz)l ze.ZPTz

1f 3<1<n and 2<J'<j<m,‘

(5 ). -3'qT £ o
[J']e ‘ 2(1__e qu)J 3! ,ZPTZ

pp[(i,3) (2,391 =1 {3

Af i = 2 and 2= j'sism,

0 otherwise, B

pT:[(i!j)((?fj')I‘=gL>: = _lf 3<1<n and 2<J|<J<m' ! :e ‘
i ol 0 otherw1se,




. . . o T
pp [(4,3),F]1 =1 - Tl
2 - KA b

- where n,_-and ny 4y are thefnumbervof‘statee for the k

Furthermere,
e—szz

pp [(23), (213") 1 =4 if253j'sjsm,

0 otherwise.
Finally,

i
) =2 i'=2 2 .o jr=2 2

Since the remalnlng phases have the same transmtlon graph as
the second phase, the corresponding initial to final phase transi-

tion matrices-can be‘represented as nm-n+l by nm-n+l matrlces_ S
P(k) = [pp [(i,3),(i*,3" )11
k

where for each k=3,4, ..., 8 Ty is the duratlon of the kth phase ﬁ

. and pT [(1,3),(1A,3 )] 1s defined as above. Wlth T, replaced by Tk'

k

~

'1t is also necessary to 5pec1fy the interphase transmtlon matrices

(see-[3], Sect10n13.4.3) Generally, the 1nterphase tran51tlon
matrix H(k) is defined to be an nk by nk+1 matrlg .

"0 = hyg) |
th’ana the

k+1th phase models and T

e hl probablllty that the
%ﬂ”la' s%ate of the phase k+l
_"model is j (at time
- t,) given that the state
-o§ the phase k model 1s

‘~,1 (at tlme tk) g

AL

T I e R - :
pp [(1,3), ('3 = 1 pp [(E,3),(2'.3)1

X oy e
il TR FER SIS

S 3)

Slnce the underlylng Markov models dlffer for different phases,‘
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| For the phase models:desciibed above, the phase 1 model

has n, = nm - (n+m) +2 states, the phase 2 modelvhas n, =

nm-n+l states and the ihterphase transition matrix H(1l)

is the following n, by n

matrix.
1 b4

(n,m) (n,m-1) ... (2,m) (2,m)(2,m-1) (2,m~1) ... (2,2) (2',2) F

’
e —

(aym) T ~ ' A ]
(nlm-l) l
L . -
(2,m) 1 0 0 0 eee O 0 0
(2,mL1) |0 0 1 0 cee O 0 0
L ] : . |
2,2) 0 0 0 0 sen. 1 0 0
F ) 0 0 0 0 vee-=0 ) 1

The above matrix 1s 1nterpreted as follows. When the phase 1

odel is in the state (1 j) such that nzi2>2 andrnznyZ:at the

enﬁ of phase 1, the computer reconflgure, w1th'pfbbability 1 to}f,

sgate (1 j) of the phase 2 model. For the second phase, the 1nter-\ g

|

phaoe tran51t10n matrlx H(2) is- represented bv a n2 hy~n matrlx

3 ,




"ll;same as h(2) o ,t°54 ls;,}j5~v>;k i
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(h,ﬁ) ee. (2,m) (2ym) (2,m-1) (2%m-1) ...(2,2)(2)2)F

(nm) 1 - | | -
(2,m) 1 0 0 0 A 0
(2',m) 1 0 0 0 cee 0 0 .0
(2,m-1) 00 1 0 ... 0 "0 0
(2%m-1) 0 0 1 0 ee. O 0 0
(2,2) ‘ o o0 0o o0 «e.. 1.0 .0
(272) | 0 o0 - 0 0 ... 1 0 - 0.
F | - 0 0 00" .. 0 0 1

: As in the prev1ous case, when the phase 2 model ls 1n

state (1,]),‘nz>l:>2, m=>j=>2, at the end of phase 2 the computer'

1l However, when the computer is in state (2"'y"-m:-3:-2 at the

eqd of phaserz, that 1s,the Engin Control has falled due . to error
'latency, tﬁe‘computer 1s assumed to be capable of detectlng thlS
fa;lure and reconflgures‘to‘state (2,3) ofvphase,37

| i Applfing the same ardumeht to the remaining;pﬁeses;e
~:the‘1nterohase tranSLtlon matrlees H(k), k = 3 4 5 6 1 ate‘the,

!

AL
WA

‘x“
AT
¥

.
1
=
i
T assumed to have. reconfigured 1nto state (1 J) with probablllty

‘uJ_

'ﬁr"’f R

5 ks

i
Lol

i

s A S SR R,

LE4

o SR

<,
3,
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3. 3 5 Performablllty Results

Hav1ng derived the trajectorv sets associated

w1th each accompllshment level in {ao,al,...,a } (Section

.3; Table 15) and the transition matrices of the computer
'model (Sectlon 3.3. 4), evaluatlon of a sepcxflc system
requlres de51gnatlon of values for 'the follow1nq parameters of|
SHIFT and its env1ronment- |

COMPUTER (SIFT)

Cl) Processor failure rate,
c2) Bus failure rate, e A e e

C3)
of computer resources at takeoff)

I\ Riaite BN

: ENVIRO\_"'—’\‘ : [ i V R A N :_"

El) Fllght duratlon and phase duratlons,

- TE2). Probablllty of Category III weather at destlnatlon
e alrport.

Evaluatlons were performed for a number of spec1f1c systems

determlned by the follow1ng ch01ces of parameter values.
f,’C1)' As in [8}], the processor fallure rate for each system
: 1s taken tc be 10—4 fallures per. hour.

c2) As in [8], the bus fallure rate for each system is
~ taken to be 10‘5 fallures per hour.
e3) - Two types of 1n1t1a1 state dlstrlbutlons are don-
~ sidered. The first type is "deterministic" in
the' sense that one computer state has probablllty _
1 of being the initial. state {the remaining states
having probability 0). If (1,3) as“the state having .
" probabi llty 1 (recall tnat i is the “number of fault-
busses), thls dlstrlbutlon is denoted
S :

Det(l,J)

Y‘The second type of 1n1t1al state dlstrlbutlon '
conside red is truly probabilistic where one of . -
- two sp= sific dlstrlbutloﬁs are. assumed. ' These

fzzrc ﬂyr;ﬁ%i“l and’I aﬂa are glven by Table 16.
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Initial State Probabilities /|

State 'bistribﬁgien

(i,3) I I,

(6,6) | .62 .81,

(6,5) .128 .081

(6,4) ,mf .032 -.009

(s, 6 | .16 .09

5,5 | .032 © o .009 :

(5,4) 008 | - .001 =

‘Others 0 0 )
TABLE'iG

-
pu— T

Two filght missions are considered,
minute flight from London to New York (JFK AiZport)
_ ; and a 10 hour flight from Tel Aviv to New York.

"< _  The assumed phase durations assoc1ated w1th each

.flight are given in Table 17.

a6 hou# and 25

| - Flight- o
~ Phase LondOnENew:quH - Tel Aviv-New York
Takeoff i 1 minute 1 minute
- Climb J 15 minutes 15 minutes -
"Cruise' I 25 mlnutes: .25 minutes

Cruise II |
Cruise 111}~

5 hours"'f
25 minutes

8 hours 35 mlnuﬁes

.25 minutes §_}.f

| Descent .15 minutes “15 minutes
'”VApproach 3 minutes 3 minutes e
§ Lapdlng -~ l-minute 1 mlnute'_;WT“””“
. Total 6vhdurs.25,minutes 10 hoursf

Duration |~

"'~ TABLE 17

Phase Duratlons
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E2) The probability of Category III weather at JFK is
taken to be .01l (see[ll], p- 173)

For the fixed values of Ccl, €2, and E2 1ndicated above
and for ch01ces of C3 and El as 1nd1cated 1n Table 18, 14

specific systems were evaluated (denoted Sl’ PYRREY 14).

For each system S. the resultlng perfornablllty pS is
also presented 1n Table 18, where the entry correspondlng to

system S and accompllshment level aJ is the probablllty ps (a ).
' ‘ o I :
To summarlze the calculatlon of Pg . (aJ) :
1) The base model trajectory set Ua ;=mys%(e.xww
- is expressed as-a union of 34 i3
Cartesxan trajectety setsv(see Table 15; these sets
are commdnfto each'of the l4wspecific systems)ﬁ

2) 'The 1n1t1al state dlstrlbutlon of S determlnes the
" initial state vector I(0). The fllght bf S., .

with its associated phase durations, determines the

specific nature of the transition matrices P(l),...,
P(8) and H(Ll),...,H(7) derlved in Section 3.3.4.

3) For each Cartesian component V of Ua Vs repre—
" sented by the characteristic matrices) G(l),---,G(7)
and F(8) (see [3], pp. 59-60) and Pr[V] is computed
- by the formula T o
o 7 ‘ A
Priv] = I(O)( I P(m)G(m)H(m)) P(8)F(8).
‘ ) m=1 ‘ ‘ . .

(Sée%{é], p.68, Thebrem 3.)

4) Thevperformability oftgi teﬁative to level a, is
~ the sum, over all V inU_ of the Pr[V], i.ed,

dtep.é$ of the procedure outllned ebove was alded by
'METAEHOR whereln the DEDFAIL trans1t10n matrlx generator f'v
‘~,functlon was employed to obtain the 1ntraphase trans1tlon »
ﬁfmatrlces P(m) The 1nterphase tran51t10n matrlces H(m) |

entered v1a the CIVLN command ,In step 3), the matrlces G(m)~



- Key:
: Economic  ~Operational . . :Change in
Penalties  Penalties 'Mission Profile Fatalities

.. No - No No - . No
' Yes No B No * : No
"~ Maybe i Yes. . No - " No
‘Maybe ‘Maybe . Maybe . ' 'No
‘Maybe _ Maybe Maybe + i Yes

B R R C3: P El ' ; 'Aécomplishment Level
| System - lrnit,.state| Flight — » '
1 L PDistribution

i, -1

ag | a dy a3 a,

12

s, pet(6,6) | ron-N¢ - [l 9,96x10™" | 3.80%107> {3.78x107% | 6.02x107% | 1.95x10712 |

é :

s,77 | Det(6,5 | Lon-NY 9.96x10™T | 3.80x107> 3.79xio’%2'§f6.02x10' 1.95x10712

-9yT~

e B ! ) ) ‘ \ L : -1 - “ A -10 ) -
83 7| pet(6,) | ron-n¥ - || 9.96x107" | 3.80x107 | 133207 | 6 05x107° | 2.07:10712

3.17x1073 2

1 9

s, | Det(s5,6) [ Ton-ny 'l .0 9.97X10" | 1.03x10 1.55x10°

- B SERTRIE W N R S | - - - |- '
S¢ ‘Det(5,5) |~ Lon-NY 0. 9.97x10 + | 1.03%10™% | -3.17x107> | 1.55x107° é :

g

1 ‘ ~9
1.55x10 |

9

s, | pet(5,4) | Lon-ny o 9.97x10 | 1.16x107° | '3.17x10">
‘ i : R : . : 1

121 5

3 R
1.52x10"

S | naﬁ(é;s) TA-NY »9.94x10-l 6.03%10°}-6.07x10"

1.30x10" %

. . TABLE 18 ,
- Performability Results

a2

: . S . . g e i e e A Rt e TR U L -
T e N B o R I T R T




c3 El : 'Accomplishment Level

System . kyit. state| Flight e
~2

Distribution ap ay 93 2y

s, | pet(s,5) | wa-ny 9.94x1071| 6.03x10™> | 6.12x107+2| 1.52x207° | 1.30x107"

1

s, | pet(s,4) | Ta-nY " 9.94x1071| 6.03x107> | 2.09x10710| 1.53x10™° | 1.71x2071?

9 3

A ST Det(5,6) TA-NY " o “9.95x10™1 | 1.03x107° | 5.03x10" 7.15x1q'9.:

1.03x107° | 5.03x10™> | -7.15x107°

s | pet(s,5) | TA-NY " o 9.95x;0;1,

. | - iﬁ : T Y . o L ;'
S... - Det(5,4) |- (TA-NY . 0 - '} 9.95x10 1 'ﬁl.?Bxlﬂ %{ +5.03x10 3 7.15x%10 9

1 1 10 3

s, 1T maeny u 7.95%x107| 2.04x107 | 2.18x2071°) 1.02x107% | 1.44x107°

4

0 0

i e kg 1, | mawy ",.8.95xl0—; 1.05x307% | 11.10x1071 5173107 | 7.26x1072

. v : R i ‘ I i 4} A
. . o 4 | [ | __.t . f}

T TABLE 18 -*Continued  g

j Performability,Reéults L w
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LAt T L Lt %ag e

and F(8) were likewise entered via the GIVEN command. The

R TS U tr

calculations of ‘step Q)and step 4) were executed“by'METAPHOR
programs. o ' '
We make no attempt at this time to interpret the per-

ferability results -of Table 18. The intent of this_evaluation

TS TIEEIR RTINS S TR T

exercise was to further establish the practicality of per-

formablllty evaluatlon as it applies to aircraft computing .é
isystems, and yewbelleve this has been achleved by the effort é
1reported herein. However, hav1ng developed thlS model hlerarchy, *%

we plan to obtain further evaluation data bv ch0051ng other ' i%
‘values of parameters Cl-C3 and El E2 This data, along-with %

B

)
3322

b

tae per ormablllty results of Table 18, will then be examlned

s
St ds)

for p0351ble 1mp11catlons regardlng the deergn and use of the

SIFT computer.

e B ER RS R A

X
1
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