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Foreword 

This report describes the specification, design, and testing a digital flight 
control system (DFCS) software that has been prepared under an FAA-sponsored 
pr9gram entitled "Methods for the Verification and Validation of Digital 
Flight Control Systems," as Subtask 4.5.2.1 of Contract NAS2-11853, 
Modification 1. The intent has been to conduct an N-version programming 
demonstration illustrative of DFCS software fault tolerance for a quadruplex 
architecture. Accordingly, four independently developed versions of 
applications software were coded and demonstrated in respective DFCS 
channels. 

Considerable background information is presented, largely of a system or 
software design nature. First, higher level software encompassing the N
version software is described, including a multitasking test harness and the 
foreground executive programs for the four DFCS channels. Coded in Ada R 
the interfaces for this software were set up for the insertion of the N
version applications modules and the associated software voters. These 
applications modules were then developed in accord with the respective DFCS 
program unit specifications. 

This report has also been published as Lockheed-Georgia Company Engineering 
Report LG86ER0163. 

R Registered Trademark, U.S. Government Ada Joint Program Office 
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1.0 INTRODUCTION 

A set of software program unit specifications was generated via the process 
depicted in Figure 1 for use in. an exploratory investigation of software 
fault tolerance using the N-version programming approach. The resultantly 
developed software. is representative of a scaled-down flight control system 
(see Section 2.0) with a critical pitch-axis fly-by-wire (FBU) function. 
Accqrdingly, a double fail-operational, quadruplex system architecture was 
postulated to furnish requisite system reliability. Each of the four DFCS 
channels, moreover, incorporated a different version of applications .software 
as independently developed by a different programmer. 

The overall DFCS software structure, or the multirate executive program and 
its called procedure interfaces, however, was essentially the same in each 
channel per Section 4.0. Each DFCS executive contains calls to N-version 
program units, which in turn usually include calls to voters for cross
checking the intermediate computations of all the channels. Central to the 
N-version demonstration, these program units were developed using the Ada 
programming language in accordance with a set of applications software module 
specifications, which are presented in Sections 5.0 through 13.0. 

Each of the program units was constructed so that it could be run in a single 
channel test harness on a stand-alone basis for unit testing and de-bugging, 
or as part of the total program for integrated 4-version testing. The latteL 
entails the voting of the four versions of the DFCS software running 
effectively in parallel on a single VAX 8650 for the N-version software 
demonstration and evaluation. Hence, a non-realime multitasking test 
executive program with suitable integral test drivers was devised (see 
Section 14.0) to enable convenient software integration and valid N-version 
evaluation testing. 

Figure 2 summarizes-the organization of the multitasking test harness, where 
Ada tasks are denoted by the parallelogram shaped boxes. Task TEST_EXEC 
performs or directs all of the automated test functions, such as input test 
data application and results processing. The software for each of the four 
DFCS channels runs within an associated DFCS_EXEC task, which are coordinated 
such that synchronization occurs at each software voting plane. If a channel 
output is outside of permissible limits, it is assigned the voter selected 
value so that the erroneous state is not propagated. Note that the DFCS_EXEC 
tasks replace the top-level flight softw~re, which is not germane to the 
problem at hand, so that the four DFCS channels can run logically in 
parallel. 

1.1 Software Fault Tolerance 

Concern over the potential for generic or common-mode software faults in 
critical systems has prompted rather widespread interest within the aerospace 
industry in software fault tolerance. While the enabling technology appears 
to be in place, it remains to demonstrate and assess all aspects of fault
tolerant software for critical DFCS applications. Various attributes of DFCS 
software, moreover, present some challenging demands. Temporal constraints, 
such as difference equation iteration rates or maximum fault 
detection/recovery times, are of particular concern. 

1 
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The two primary approaches to fault tolerance, N-version software and 
recovery blocks (Ref. 1), are depicted in Figure 3. Both involve dissimilar 
versions of software performing the same function(s). In the case of N
version software, the versions must be developed independently. They run 
logically in parallel, and the version outputs are submitted to a 
voter/comparator for selection of the proper result. Recovery block 
alternates run logically in a sequence, which needs to be invoked only to the 
extent that alternate versions fail their acceptance test. Normally, some 
level of degradation in performance is accepted with among successive 
Alternates to ensure continuing o.peration. 

Of these two approaches, N-version holds strong appeal for most types of DFCS 
software. The aforementioned time constraints are a dominant factor in such a 
preference. Hence, the DFCS application program modules under this 
investigation, were implemented using the N-version method . As suggested in 
Figure 3, the voter/comparator is a potential single point of failure in the 
N-version approach. As a consequence, dissimilar voters are sometimes used 
to obviate this prospect, but the compounding of complexity is appreciable, 
so only single voters were used in this investigation. 

As with all software fault tolerance development efforts, strong emphasis ~as 
placed on establishing definitive, high quality soft~are specifications 
(e.g., see Ref.2). Completeness, accuracy, and lack of ambiguity are in 
general essential to the realization of fault-tolerant soft~are, so the 
prospects for demonstrating and evaluating N-version software are crucially 
dependent on the software specifications.. For example, aspects such as 
maximum time allowances for voted code segments, as well as specific modes 
and responses for voting, must be completely and precisely stipulated. 

Despite all initial efforts, some deficiencies existed in the specifications. 
Their rectification was rather time-consuming, but the variety of questions 
raised by different programmers did force corrections to the specifications 
that might otherwise might not have been so thorough. Simlarly, soft~are de
bugging was facilitated by the the N-version approach. Overall, software 
fault tolerance has some drawbacks, inherent or potential, as summarized in 
Figure 4. Still, the net benefits appear worth pursuing. 

1.2 Demonstration Guidelines 

The DFCS demonstration software was coded using DEC's Ada compiler for the 
VAX VMS operating system at the· Lockheed-Georgia Company. The DFCS software 
and the descriptions in this memorandum are intended to be essentially in 
accord with D0-178A, i.e., the documentation is to be illustrative of 
compliance without necessarily being exhaustive. Configuration control, 
error logging, and delineation of software development phases are to be 
observed in an orderly manner that supports and enhances the value of the 
results of the investigation. 

The following assumptions were adopted at the outset to expedite but in no 
way compromise, the ·conduct of the investigation: 

o No Flight Control Computer Operating System 
o No Bus Management Software Functions 
o No Hardware-Related Instructions 

4 
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o Limited Pitch Axis Functions Only 
o No Fixed Point Arithmentic, and Hence No Variable Scaling. 

After program unit testing and de-bugging, several stages of testing were 
conducted: integration and demonstration testing. Due to specification 
discrepancies detected during coding, the specification part·s of this 
document were revised before consistency among versions wa~ established. 
Most of these discrepancies were incompletely or incorrect~y· specified logic. 

1.3 Ada Programming Language 

There are strong indications that the Ada programming language (Ref. 3) will 
experience widespread usage in civil aviation in the near term. This would 
be based primarily on the merits of the language itself, rather than on the 
U.S. Department of Defense's influence. Despite its drawbacks, the Ada 
programming language has no viable competition now for use in digital flight 
system applications. Of course, the language is still developmental with 
regard to support of flightworthy computers, but the associated problems 
should be correctable with adequate funding from military programs. Two 
particularly significant problems associated with Ada are the overhead of 
tasking and machine langaage code insertions. ~either factor was applicable 
to the problem addressed here. Tasking was used for simulation purposes, but 
not for DFCS software per se. 

Here the use of Ada facilitated the conduct· of the N-version software 
demonstration by enabling explicit definition of program units specification 
parts, precise definition of their software interfaces, the construction of 
the multitasking test harness, and non-interference observation of test· 
results through Ada package importation by test units. 

Specification benefits naturally derive from the two-part composition of Ada 
program units, which involve a specification part and a corresponding body 
part. The intent here is to use Ada packages and procedure specification 
parts to define the fault-tolerant software modules. Each specification part 
defines a particular interface and its available services, and is refective 
of and consistent with the overall design of the program. Hence, this 
document includes Ada specification parts as the precise, lower-level 
portions of the respective module specifications. The N-version programmers 
used them to implement the DFCS functions and services in the associated body 
parts in the form of executable Ada code. 

Although the imposition of a well-defined program design tends to eliminate 
many types of software faults, those that might remain would seem likely to 
be more restricted to those types that are detectable by the N-version 
software voters. This would obviously be desirable from both experimental 
and architectural standpoints. Note that the Ada specification parts are 
only one component of the module specifications; English text and analytical 
diagrams, for example, were used as well. Follow-on activities will 
investigate the use of comments expressed in the Anna (annotated Ada) 
specification langauge. Logic specification checks for completeness and test 
case generation will also be pursued. 
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1.4 Anna Specification Lan~ua~e 

In general, formal specification has been identified as the key to 
rationalizing the software development process (Ref. 4). In the case of 
fault-tolerant software, moreover, formal specification would seem necessary 
to eliminate a class of faults that cannot be tolerated, namely software 
faults originating in specifications. By definition, such faults lie outside 
the safeguards of software fault tolerance, which it is charged with ensuring 
specification conformity during operation, under the assumption that the 
specification is correct. Thisproperty can be affirmed to some extent by the 
verifiability inherent in formal specifications. 

The Anna (annotated Ada) specification language (Ref. 5) appears to be a 
significant advance in specification technology for practical systems. 
Despite its as yet developmental status, Anna is considered mature and 
promising enough to merit a limited trial application. This seems feasible 
because: Anna statements are of the form of actual Ada comments, so they are 
ignored by an Ada compiler; in many cases they resemble Ada source code, so 
they are cqmparatively readable; and above all Anna specifications need not 
be complete, so they can be used to the extent desired for any particular 
program unit. 

Although the processing of Anna statements normally involves associated, but 
currently unavailable, support software for automated consistency checks, the 
addition of se~antic defin~tion to Ada specifications alone is expected to 
yield more than ample return for the ~ffort expended. In particular, Anna 
holds promise of providing the high quality specifications that are so are 
vital to fault-tolerant software. 

Eventually, it should be possible to obtain the Anna support software, and it 
would doubtlessly prove informative to evaluate its static consistency 
checking as well as to apply its dynamic run-time checks during simulation 
testing. Exceptions raised by the run-time checks might well prove useful in 
the conduct or analysis of testing. From a fault avoidance standpoint, both 
of these types of checks should improve software quality in general, and from 
a fault tolerance standpoint, the dynamic checks might serve as acceptance 
tests in recovery block mechanizations. 

8 



2.0 SYSTEM DESIGN 

As a framework and context for the software program unit specifications, a 
DFCS design was systematically developed that illustrates the precision and 
accountability appropriate for critical functions. Here only certain pitch
axis functions were levied as requirements in order to suitably bound the 
scope of the software development effort. Accordingly, the following system 
functions were included: 

o Augmented Fly-by-Wire (AFBW) for a Negative Static Margin Transport -
double fail-operational redundancy 

o Autoland (Glideslope and 
redundancy 

Flare Modes) single fail-operational 

o Vertical Navigation and Altitude Hold (Growth Provisions Only) - fail
passive. 

Inclusion of growth prov~slons was based on a potential interfacing with a 
navigation estimation algorithm that Battelle developed under this same 
contractual task to explore recovery block software fault tolerance. 

2.1 Svstem Description 

The above requirements, especially the AFBW function, would typically result 
in a quadruplex system architecture as depicted in Figure 5. The redundancy 
levels and interconnections shown are representative of current industry 
practice, based on the safety and reliability requirements associated with 
the above DFCS functions. Four parallel MIL-STD-1553B multiplex (MUX) buses 
are assumed for system interconnection, and the computer cross-channel buses 
are asynchronous broadcast buses like ARINC 429. 

Top-level system logic requirements in terms of MIL-F-9490D Operational 
States (Ref. 6) are summarized in Figure 6. This logic, which reflects 
system safety based on the interaction between redundancy margins and 
airplane flying qualities status, is most appropriate for an AFBW function. 
This system state logic, whose definition is expanded and applied in 
subsequent sections on fault and annunciator logic, was ultimately be 
implemented inN-version software modules. 

The system-level signal flow for a single channel, which is typical of all 
channels except for the routing of dual or triplex signals, is given in 
Figure 7. Distribution of these signals is clarified in Figure 4 or in the 
software interface definitions. The individual system-level signals are 
characterized in Figure 8. 

Each flight computer is postulated to be identical, with an input/output 
processor (IOP) for transferring and formatting external signals and a 
central processor unit (CPU) for flight software computation. As depicted in 
Figure 9, the two processors operate autonomously and share two sections of 
memory. Only the IOP can write the memory addresses assigned to input 
variables, and the CPU can only read them. Similarly, only the CPU can write 
the output addresses, and the IOP can only read them. The input data re
fresh rate is assumed to be high enough such that associated data skew or 
phase lag are not serious concerns. 

9 
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Figure 8 - System-Level Signal Summary (1 of 2) 
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Figure 8 - System-Level Signal Summary (2 of 2) 
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Figure 10 lists all of the DFCS computer cross-channel signals and summarizes 
their salient characteristics. Note that some logic input signals require a 
dedicated discrete input for a practical design, e.g .•. to provide 
responsiveness in the real-time coordination of resources. As far as the 
flight software is concerned, all input, output, or cross-channel signals 
could be ~ade available as local data objects. However, for test 
observability or software voting, the level of visibility of these objects 
was raised. Figure ll shows the interaction between the IOP/CPU shared 
memory and the input signal that must be accomplished by the flight software. 
The latter is specified in Sections 8.0 and 10 0 as part of the N-version 
test article. 
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3.0 SOFTWARE DESIGN 

Two aspects of software design were considered: the actual DFCS flight 
software for the four computational channels; and the test executive to 
manage N-version software execution and assessment on a single VAX 8650 host 
machine. This section develops the DFCS software design, while the test 
executive and the overall demonstration software organization are presented 
in Section 14.0. 

For the test article, note that the lower-level DFCS software in each channel 
runs under an autonomous Ada task, DFCS_x_EXEC, in Figure 2. Here "x" 
denotes the DFCS channel number. All four of these tasks are acti·.re, 
although perhaps blocked, throughout testing. The DFCS x EXEC tasks serve to 
enable the non-real-time testing of parallel channels in a sequential, yet 
acceptable, manner involving coordinated task blocking at the cross-check 
points. The basic point, however, is that the same DFCS software can run in 
either parallel DFCS processors or a single test computer in effectively the 
same way. 

The overall organization of each DFCS channel's flight software is depicted 
in Figure 12. Note that the two top-level procedures are not included in the 
DFCS test article, but partial contents of the top-level DFCS packages, 
CHANNEL_RESOURCES and SYSTEM_RESOURCES, are still used in the test set-up. 
The associated Ada source code listings are given in Figure 13, Parts a and b. 

3.1 DFCS Software Desi~n 

The overall design of the software was intended to closely follow the prior 
design of a quadruplex DFCS that was implemented and demonstrated on the 
RDFCS (Reconfigurable DFCS) Simulator Facility at NASA Ames under the same 
contract as this task (Ref. 7). It is expected that the similarities will 
serve to strengthen the tutorial value of the contract reports by viewing 
essentially the same system from different perspectives. 

The top-level DFCS software design is the same for each channel. With 
reference to Figure 12, the main program in each channel, RUN_DFCS_~I~_x, is 
taken to be an austere operating system that establishes a given channel's 
readiness for operation upon start-up or following a temporary disruption. 
Normally then, the second-level procedure, RUN_DFCS_EXEC_x, directs ongoing 
system management during normal operation, e.g., major frame channel 
synchronization. In a complete flight ·software load module, it also calls 
Procedure RUN_FOREGROUND_x, which is included in the the N-version test 
article. 

Figure 14 illustrates the looping, multirate structure of RUN_FOREGROUND_x, 
which in the test set-up is called by Task DFCS_x_EXEC of the test harness 
(which replaces Procedure RUN_DFCS_EXEC_x for demonstration purposes). After 
each top-to-bottom traversal of the flow diagram, control is re-assumed by 
DFCS x EXEC for a simulated elapsed time of 50 millisecond per computational 
cycl; as defined in Figure 15). When appropriate, Procedure RUN_FOREGROUND_x 
is called again and the next one of the four path traversals is effected. 
Note in Figure 14 that the N-version cross-check points are shown following 
each of the affected applications procedures; at such points, the four 
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channels must synchronize, exchange data, and vote before executing to the 
next applications module. 

3.2 DFCS Applications Software 

For years the authors have used a software design strategy that is based on 
control state decomposition (see Ref. 8), and this sufficed for the 
development of FAA's quadruplex DFCS at NASA Ames. The implementation 
language used there (AED), however, did not permit the extensive protection 
of data objects that Ada fosters through packages and strong typing. Hence, 
the the concern for minimization of the data objects' namespace over the 
total program could not be addressed systematically until the present 
implementation in Ada. The intent, of course, is to alleviate the 
vulnerability of data objects to inadvertant changes through reducing their 
respective scopes in the DFCS software. 

To accomplish this, a data flow decomposition strategy (Ref. 9) has been 
introduced at the applications software level. Figure 16 depicts the 
intermediate step for this design stage. System and cross-channel input 
signals are introduced to a single channel on the left, and output signals 
emerge on the right of Figure 16. In between new data objects are identified 
that are internal to the DFCS applications software, along with their flow 
relative to the applications procedures in Figure 14. Finally, the three 
intermediate-level Ada packages of Figure 12 are shown, information 
additional to that normally contained in data flow diagrams. 

This data flow representation was actually used to group associated data 
objects and procedures within these Ada packages and to determine the levels 
at which each data object is to be declared in the Ada-based design. The 
lower the levels are in general, the less is the namespace over most of the 
program execution. This type information is indicated to a certain extent 
statically in the call/usage graph presented in Figure 17. Definition of the 
actual Ada package specification parts is then initiated from information in 
these representations. 

Note that Figure 17 portrays appreciable complexity and dispersed 
dependencies in the overall DFCS/test program. This complexity is due to 
software fault tolerance and to the composition of the test harness. Perhaps 
the biggest c?ntributing factor is the non-interference requirement imposed 
on the test harness. Section 14.0 further describes the mechanization and 
rationale. 

The associated Ada source code listings for the packages shown in Figures 16 
are presented in Figure 18: (a) Package DFCS_LOGIC; (b) Package 
DFCS_RESOURCES; (c) Package CONTROL_LAWS; (d) Package N_VERSION_VOTERS; and 
(e) Package VOTING_PLANES. These package specifications, which capture much 
of the DFCS applications software design in non-executable Ada code, are 
referenced by the Ada N-version procedures pursuant to the namespace 
reduction strategy. 

All but Packages N_VERSION_VOTER and VOTING_PLANES are referenced by 
Procedure RUN_FOREGROUND_x, as indicated in Figures 12 and 17. The affected 
applications procedures reference Package VOTING_PLANES, which effects cross
channel synchronization and calls the voter procedure contained in Package 
N_VERSION_VOTER. The voting requirements are summmarized in Figure 19. 
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-,SENSORs v• I RECORD OF I - I r--a. I 
!RECORD OF BOOLEAN 

BOOLEAN VECTORSI VECTORSI ! 1 I 
: j r 1 I 

FROM lOP: I I I 
---- I 
CP _STICK_CMD 

lEFT_AOA 

P_RATE_CYRO 

P_STICK_CMD 

RICHT_AOA 

TRUE_AIRSPEIED 

I 
I 

P!cKAGECO~riwL_LUS--- -t- b-L_PttAs"t_v;(E'Nu~iERAtEDI 
I 
I 
I 
I 
I 

IVECTORSI 1... 1 1L MED Vx 

TO AFCS MOD£ 

r---- ----------- ----, ANNUNICATOR: 

I I 
I 

GIVE I 
FBW STATUS Va ANNUN V• 
1 £.i"uMERA TED 1 5 TAT us-v • I-I-R_£_c_o_R--..D_o_F _£_N_U_M_£_R_A_T_£_D,.I-

PACKAGE DFCS_RESOURCES 

r------ --- ---
I 

FROM ELSEWHERE 
liTTH£ soFT!ARE: 

SERVO • 0:....-----. 
CMPTR • CHNL STATUS_V• 

I RECORD -OF IBOOLEANI 

UOOLEANSI FROM OHlER 
j CIIANNELS 
I 

~ 

\-----< ..__., 
L----- -- -----------

FROM AFCS 
dmTRMin: 

I MODE_SEL 

(RECORD OF 
ENUMERATED I 

SELECT 

MODE_Vx 

PACK AGE I>FCS lllClC 

MODE 

ENG V• 

I 
I 

I TO/FROM FCS 

I WARNING 
I INOrrAfOR: 
I ----
1 

WARN V• 

ENl~~~~~~~lll GIVE (RECORD Of ENUMERATED) 

(£NUME 

WAHNINL V• 

I ltNllMlRATEDI 

t ACKNllW:.ll1GE (BOOLEAN! 
______ J _J • 

Figure 16 - DFCS Data Flow Diagram 
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Figure 17 - Call/Usage Graph 
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Procedure Oeclaratlons 

procedure CALC-AUTOLAND-Vl 
procedure CALC-INNEK-LOOP-Vl 

procedure CALC-AUTOLAND-V2 
procedure CALC-1NNER-LOOP-V2 

procedure CALC-AUTOLAND-Vl 
procedure CALC-INNER-LOOP-Vl 

procedure CALC-AUTOLAND-V4 
procedure CALC-1NNEH-LOOP-V4 

Type PecLarat1ons 

type PITCH-COMMAND 

type STAB-COMMAND 

ODject oeclarat1ons 

-------------------

11 new FLOAT range •5,0,,10,0 

11 new fLOAT range •11,0,,2,0 

AUTOLAND-CMD-Vl, AUTOLAND-CMD-V2, AUTOLAND-C~O-Vl, 
AUTOLAND-CMO-V4 : PITCH-~OMMANL 

STAS-SERVO-CMD-Vl, STA8-S~RVO-CMD-V2, STAS-SERVO-CMD-YJ, 
STA8-S£HVO-CMD-V4 : ~TA~-~UM~ANu 

--------------------------------------------------------------------------------
pac:~eage body CONTROL-LAWS 1S 

procedure CALC-AUTOLAND-Vl is separate 
procedure CALC-lNNER-LOOP-Vl 1s separate 

proceaure CALC-AUTOLAND-V2 1s separate 
procedure CALC-INNER-LOOP-V2 1s separate 

procedure CALC-AUTOLAHD-Vl 1s separate 
procedure CALC-INNER-LOOP-Yl 1s separate 

procedure CALC-AUTOLAND-V4 11 separate 
procedure CALC-INNER-LOOP-V4 1s separate 

end CONTICOL-LAWS 1 

Figure 18a - DFCS Applications Package Listing: 
Package CONTROL_LAWS 
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----------------------
~"'rt'll.:""d'lr~ e;:iSt.~3-C.:HM' .. F"i.._'.J 1 
~rrCPG~!~ A~~E~5-&YST~~-Vl 

rrccPaurA Gl~~-3TAT~S-Vl 
~r~cPaUr~ ~lVi-~AHNIN~-~1 

~roc~aur~ ~~t~CT-~O~F-Vl 

r r "c,. d 'I r f> ,~ •• ~:;!: ~ :)_ c ~A~; r. r L- v '7 
crnceaur~ A~S~~S-SY~T~~-V2 

r.'r(")CAdlJ!'~" i.J..\'t:.._3'T'~TJS-''2 

r- r ~c.: P r. •J r ~ G ,, '' E-,~' /l. ~"I •i r,;_ v?. 
r:-~,.H~"a•:ro:a ,._,;T"rJ"'f_,.;nu::::_"~ 

I"': r c .. 'J IJ r.. il ,) ~ L ~ s_<: l.l ;\ :·J I;,;" L_ v 3 
t:' ._. r· c "' o ·, r _,. ~- :·, ~ E c:, ;) - .s 'l ;_; '!' t.. · '- ·; 3 
r:roCP.d'lr'P ~ ... Vt._.:,'l',o~J~-"3 
~ r ~ c"' a,, r" r:.!. 11 t _ .. :. i-. ~~ ll\. ~'- \ 3 
!:'rocP.ot:rc :-:;~r.~:.r'f_l',(luF'-';3 

rr,.:eo•:r~ r,sst:..c;s_C~A!'.'.•rL-V4 

~ r r: CF>ti•!r,. !1.;-,~.::~S-S VS'T !::'·~-'-' 4 
crncP.aur~ ~1V~-~Th'T'~S-V4 
rr(")CPg~r"" ~(Ve._nAk~lNG_V4 

n r r ::-,. r. Ll r,. ~:;; TJ e. r ·r -·'· n u F' _v "* 

-----------------

t' y ~ ~ Q !1 .:. <:- V ,H. L !" I 'l' i' 
t jl"' P. !P 1 ~ i)_, q, T !ll )"! 
tyou ~b(~-~MLl~IT~ 

f.:; 
; ~ 
f ::. 

t:·y~:~e M·-~!-;r-:.)\1~-.::)'!"f\l"U~ 1.:. 
reco!'"=l 

at"r~Y 

:srr.:.y 
arri!Y 

t 1 •• 4) 1"'1 f: :: :,i,.;Le. e; 

(!.!'j) .-:t ~i"'hJT;t:. ~ ,. 

( t •• 2) Ot ~lll_,{,l::,A.t 

r: l;;_u ~ A'·•-11.-.J., 
r;_ACt:~:t_ ''A. T.J 
q A 1"1-A L '!'- \' Jl. t, 

OuAL•-Vf,i..ID!':Y ; 
TriJI\0-VAf.:i.Dl'i''t; 
nu l'.L·-V ll L1 ID I!Y ; 

~r.d recura ; 

Figure 18b - DPCS Applications Package Liating 
Package DPCS_LOGIC (1 of 4) 
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lr:r-er LO~"~P .ifH,sor l.o,tc: 

/'1 w·r- '1~,.~.~ •'~ -'I· 
r, -~"'r _ J.lw 
l.r _,....,,._v&L.. 

r- -"' ·,Tt:,_ '. t.L. 
~~-"'r";._,AL. 
..,.,.,r-._w,.r. 

.-r,t1 r erC'r" ; 

tyr"t: ,:.L,_r.:-Tt (~i..,C J 

r·,cc ,.,.-c•:_:-.t.l c.i"fl,J' 1;, 
r~cnr.l 

•u·~-~ It GT 
.lu~.-f.,.'·U 

.-n-1 r ~ro r.t ; 

t·;r• \..:tl~_;.f _pt\r'•,Hr,..c;,s 
t t'"• c.M ;ACJ' -~11 {II:) 

'rr.e: .. N. ; .• -~.·,:,~.J5 

·~·r:._~.,..T .. ~ 
~L-I·i'i..'--l)ISP 
&. u T~. r· 1 •.\JT -~ur to. 
F'I.Y-"t..•t 

ena rtac..,rti 

r:.'r-tt ,.&S'rt:g-~"'111• 
t1~e ~~1-ir·;-~T~T~C 

r .,·:t: ,;.r,_~ 1;. .. I'.S 
tvt'W t""•-;.:i1;TV~ 

r'lr.e r."•--•ra•"S 
~vo• -•~~l'·u-~T~·~ 

reet.r<J 
j"'f Jl .. l.~fl 
~i.Y-~'Y.• r .. ~· 
;i,Y p·c; • .,;ll;.l, 

•n<~ ree.,ra 1 

~Loa.,._y:,,,J,;.TTY 

t)U/f~-·,.\-1,... f"' 
OuAU-'WAwl~I7Y 
f'h.tfl-'•1\wl. . ..t rY 
T•T~il-Hl.ID!TY ; 
Ou.·.~-· ~ .. I,;T7Y 
p;..f""-''~ .. luii'Y : 

t:. l.fl..i'.h,.f.l,;, ltjTt)L..-'IG, i-\,\.llr, 

Vc..?'l-·tA -1, Or F' J ; 

ts l<"~o~.~-1. t.:.\1'-..:., C.iT_"\.1, r,.-:-J 

Ati-~t:.~.o~CT l Ol• : 
Aw-t..:A.1 t.··~(,,.. 't 

tl (.AY"'IJL-"t•t'-1. .. ~·'-·c, r.L,(ll~· ... ! .lc:'~.f"'4C" •• , 
r-t.rl~.Ln,._ _ _,., ·1 T7'JI,;·'-·, ~l..c.-~ :_,.r.-1 rtl· .... r:, 
rL~"'' Aurc:~·~"-I~i~l ~ 

ts •rrAt ~1 •• ~> ~"t ,jnc..r..c..c.,. ; 
li (At·r~-~.H.J£t;C':A.I":~:,, .:.Pl~c·ll.·..,·-c.=~G-'""F''"', 

AJT;JJ.A~U-~~~A~F'~l : 
ls lii, .. F'LYAf':O.E, .~l~t';!~iAL., J~·~t~,.,r-c.r., 

~(JP.;At.. l ; 
IS 

E ,r:,.Ci:.-:l"T.4TV5 ~ 

ru~-AL-~QIJt:",.!i~ 
At"-;:,f~.oEl."' if.J~ ; 
r.,Yllt!O-ull"t..l'l'l''• ; 

!~ (f'LP.•L''IO• STF"~n~. l"fn; 
iS ~n~-STA!~-~. ~P-jT~TE-J, 

n~-~T~7e-2, ~~-STAT~-ll 
'~ (l'"~T-1-T ... nt", l'".\T-2-J .. n..-. ~~.\:., J 
1~ \n ... _STA'iE.-<4, '1l' • .,T~1t.-J, nr_ ... 'f';..Tc.-•, 

m:,.Ar.l' J : 
Is IT"PAln~C-i~, ~LA~~l I 
IS 

Aa .. _jT.t.Ty~ : 
f'oill_:;-:r,liTS I 
,.."'_:;t;.,.u~ ' 

Figure 18b - DFCS Applications Package Listing 
Package DFCS_LOGIC (2 of 4) 
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rl 1~\-t L·~t71 ~-r-1,. Lr.nc: 

.e:~.. .... ;.,,.r: _ _.l, "·L. ... CnMP ... Vl, 
•L ... L.~l.,"·"'·~. •t..cn•;ro_v4, ;.&.. ... tr ... r.s 
'~-~fl~;l,_''l, fL,. ... c.'n,~£li ... V2, 
T..,_Lfl~P.VJ, !L.. ... ~CH.u ... v;, IL..tt ... t;~ 

""' n ... ,..c t .. :. ._(" , ~;, 

.:.., ... 1-"~'P.c-· ... 11, #of ... r'l't.l!j,-_1•.;, 
t.t.. .... ~~'A'i..:..f 1, hl.Pn&~r _._,,. 
:.;,\4.,.__., .... ,.,·~.:~-'12, l ,Hu••.v:,, s~ .. <4u ... ·;.,.. 
~:.(.Co~wAw ... • I, r·t 1 ... 1,11.\[...'.'.;,, 
ro_v_r•v.\L..'JJ. ff'C.It'!At. ... ·/ .. 

.e~,. ••.• ~~=·-·. 1 , :.t_.1r.K.-. ... 'II., l.__,_ • .._,.,_v ,, 

,. ....... :-- 1 '\'\ ,_, 1, "·"'·-.:>T.,.1'u~.v~. 

r~~-~:Ar .. s ... ~~. ~R·-~T~r~~-v~ 
''""•"""-.,.tt.Q,-·t .r..·;\, rt.~su.·.t~~~•N:.rru~.v2, 
~ ... A~~-~,~ •• r .• ~.VJ, F~A~~-~ .. ~~11•~-V~ 
'.i""'P:a.wt, •A..tr: ... v2, ~·.4Pr .... 'll, ••tt·•.Voi 

•.t•:rt. ... c. .. ..; ... .- 1, !-,.~ .... ,_ .. ·.t~--~~. 

~·JC~-~~~-~1, ~~~v.~ .• ~.V~ 

-'""-P~uC:.•"S; I 
1 ,, -~ l 1 .,_,..; i & ! . : ~ ; 

·•AStfo'l"'.,..:..1.·• : 
.4A~ ... r.~r.-" • .a r" 

Figure 18b - DFCS Applicaeions Package Liseing 
Package DFCS_LOGIC (3 of 4) 
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"'r'1C<'>cit'r<: '\SS::...~.:::-C.>'..,'~ .• c-L.-~ 1 
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"r"c~a·1r~ r;.l. 'Tl::_w •'R·~ l'lG-·i ~ 
,roc~a~Jr"! s 1::: i .• r. r.: 'l' -'~ (1 i: ~- •/ 3 

c-rc-c.-.dur .. :'\ :;5r..~S-C~,; ~ t, ·~ L- ~~· ~ 
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P:';;I"CI?O·•r!'> G .l'i 1:._ ... ·\ k 'I 1 •· ~- '14 
r:roced':re .'>l:. rJr~C'l-•-.::"A:_ J ~ 

t::. s~..;=rcn;,F, 

i ~ s "" : '3 r -1 t ~ 
l s 5P.:-:;ar"lt"' 
~5 5er;~r,Jtf' 

t~ 5~'>;..3r-lt"' 

t:; so:;>;;., f·1 (F-
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ts 5e:..~r~t .. 
iS s G. :; -3 r ~ t E' 
i 5 se,.:;<~r"l~~ 

i s 5el'J~r<~t~ 
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1 s s~:ar;~t"' 

Figure 18b - DFCS Applications Package Listing 
Package DFCS_LOGIC (4 of 4) 
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"r~c~~·tr• ~~-~~~~-i~-~~·r~nk~.Vl 
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~;5 •.. =.:w 
~_a.-r:t.r. 

0·~-·~.,. 
•n~ rf ~t)r.: : 

~ fr.'e I ,...,_,._a ;-r __ , tr.:., t 
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Figure 18c - DFCS Applications Package Listing 
Package DFCS_RESOURCES (1 of 3) 
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Aw- .,.L .... 1. '",( -•!of _v,. ll,;._._/f"U. 1
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r /~t:. ~T L~ •.• ..::.~~.~ • ..~u,.i1 J s •rr.lty ll. .~) ~I ~Tl('"'l\_r;,.•__, ; 
tyr:(' I~S-•J'! .. 

r:..i.t [;.,~_., .. :/ 
~'-'~ .• ;..t:'C~~ ... 
'.fA(,_AL'!'tT.J~t. 

('"'r'-~Tlt::\.~ 111 ./ 
Lc;r,_;.,;. 
"'.Joti~'! r .• GYv, 
P.~·• tc~~o_,. '~ 
~ .LCroT •••• ,-·~ 
1' ilrt..;.lt< . .;~~oc.·c.o 

t• •rr.-y ll .. 2l nt r•~-~l~.o'-~L 

"; s_-., r .. -"'I I;.:") : = t (J • u , f'l • n , ·~ • u , r, • '·' ) : 
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Figure 18c - DFCS Applications Package Listing 
Package DFCS_RESOURCES (2 of 3) 
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P r, c P c..: t ~ r ~ 5 : 

~":oced'!r~ ·~/ ... ~'~':;F ... -l,r~-s~·:~n~s-~/1 i~ se:para~e 

r-:-ncF"c.;~rn ~~~~~i-1L-S~~~G~s_v\ l~ se:nar-:ste 

or-:-<.:e:J'lrl" M~~A~E-A~-s~~5oks-~~ l~ C,f:'Odr<2tC 
l"l !'OCP.ci •J r ~ "'A': Ar:~~-1:..-~.:. •· 511 ~ S- '! ~ iS se-carate 

oroc•o•lr~ ~~~ACE-AL-S~N~0~S-VJ is senarrlte 
oroc,aur! ~A~A~~-IL-5~~~~~5-Vl is '>eo"rate 

r r o c e c ·lr A. ~A~A~~-~t-S~~S~~~-V4 is seoorate 
t-:rCICE"rJIJr~ M~NA~i-~~-!~N~0~R-V4 lS se::-draf'e 

Figure 18c - DFCS Applications Package Listing 
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wttn t,;rr.T",.,l-1 ,.,.i 
w1 r r .... rc...s_L I..!C~ ~c 
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Figure 18d - DFCS Applications Package Listing 
Package N_VERSION_VOTERS 
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with ~-~f"Sl0~-~QI~k5 
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Figure 18e - DFCS Applications Package Listing 
Package VOTING_PLANES 
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lCKK PT 

2 

4 

5 

7 

PROCI::IIURE VOUU SICNAI.o(S) TYPr;(Sl 

SELt:CT.IIOD£.Vx IIODt:.ENii.YX Hecord or t:numerated 

GIVE.STATUS.Vx ANNUN.VX Record or t:num•r&teo 

IIANACE.AL.SENSOMS.Vx AL.IIED.VX Record or float$ 
AL.COIW.Vx Record ot boolean Yectori 

CALC.AUTOLAND.Vx AUTOLANU.CMCI.VX float 
.U •• I'HASt:.Vx Enumerated 

IIANACE.IL.SENSORS.Vx lL.IIED.VX Record ot !'lo .. ts 
IL.COIIP.Vx Record ot boolean vee: tor a 

CALC.INNEH.LOOP.VX STAB.SEMVO.CMD.Vx Float 

ASSt:SS.SYSTEII.Vx f"LY.QUAL.Vx t:numerated 
fbW.STATUS.Vx 

GIVE.IIARNlrlC.Vx WARN.Vx Record ot t:num.,rated 
fLASK.WAANINC.Vx t.:numerated 

Figure 19 - N-Version Voting Requirements 

witn CONTHOL.LAWS 
w1tn Of'CS-LOGlC 
w1tn OFCS-RESOURCES 

use CONTHOL-LAWS ; 
use DfCS-LOGIC ; 
use OrCS-RESOURCE~ 

separate(SYSTEM.HESUUHCESl 
proce~ure RUN-YOR~GROUN0-1 iS 

SELECT-I'IOOE-Vl 
case "ATH-1 is 

wnen o => null : 
wnen 1 I l => 

ASS~SS-CitANNF.L-V1 
lt PATit-1 • 1 tnen 

GlVI::-STATUS-V1 
end 1t : 
MANAGE-AL-SI::NSORS-V1 f 
CALC-AUTOLAND-Vl 

wnen 2 I 4 •> 
ASSI::SS-SYSTEM-V1 
it ""™-1 • 4 tnen 

GlVI::-WARNlNG-V1 
end 1t 1 

end ease 1 
MANAGE-IL-SENSORS-Vl 
CALC-lNNER-LOOP-Vl I 

end RUN-FOREGROUND-I I 

Figure 20 - Procedure RDN_FOREGROUND_l Listing 
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4.0 MULTIRATE EXECUTIVE DESCRIPTION 

The control structure of Procedure RUN_FOREGROUND_x was presented in a 
multirate flow graph form in Figure 14, and the intent has been to implement 
it and its called procedures such that the applications software might run 
intact in either a (hypothetical) target flight computer or a host computer 
test harness. The foreground executive procedure was implemented for each of 
the four DFCS channels, and incorporated into the test harness (see Section 
14.0). The Ada source code listing for RUN_FOREGROUND_l is given in Figure 
20. 

With the exception of chann~ljversion number designations, the soft~are for 
RUN FOREGROUND 1 is the same as for each of the other channels. In the names - -
of program units such as RUN_FOREGROUND_l, note that the suffix "1" by itself 
denotes pre-existing Channel 1 software, whereas "Vl" designates later-to-be
developed Version 1 software. Of course, all Version 1 software is used in 
Channel 1. 

The listing in Figure 20 is mainly the executable code that calls the N
version control function applications procedures. The location of N-version 
cross-check points do not appear in the listing, as Figure 11 might suggest, 
because voter calls take place at a lower le'lel in the program structure. 
This is done primarily because the same synchronization process is used by 
all voted procedures. Also, it facilitates changes to procedure outputs for 
fault correction purposes, which is more easily handled if the affected 
procedure has not been exited. The associated mechanization, moreover,. seems 
to afford some reductions of the namespace. 

Only one version of N-version voting is employed because multiple voting 
implementations would significantly and needlessly complicate the 
investigation. Also, voting of the foreground executive itself is avoided as 
an unwarranted addition of complexity. Besides, the limited scope and logic
oriented nature of DFCS executives render them amenable to formal 
verification. Hence, the ne.ed for software fault tolerance on this level may 
conceivably be alleviated. Such issues may possibly be addressed under NASA 
Langley auspices (see Ref. 10). 

Timing intervals for the N-version code segments were stipulated in Figure 
15, with a total of 50 milliseconds alloted for each top-down path traversal 
in Figure 14. Associated 20 Hertz hardware timer interrupts are in general 
assumed to be· satisfied in all channels for most N-version ~esting purposes, 
but code segment timeouts at cross-check points are to be explored per 
Section 14.0. 
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5.0 SELECT_MODE PROCEDURE SPECIFICATION 

The operational mode(s) of each channel shall be determined based on 
identical externally applied logic signals to each channel and on internally 
generated ones reflecting the availability conditions of the AFBW (augmented 
fly-by-wire) function and the autoland sensors. The internal logic shall 
confirm that the selected mode(s) is(are) engagable. The resultant mode 
selection(s) shall then be furnished for activation of the corresponding 
control functions and.f.or indication of mode engagement to the autopilot 
controller. 

5.1 Autopilot Modes 

Autopilot mode engagement shall be determined by the externally applied 
logic signal MODE_SEL, which is available to all channels. The order of 
precedence of mode engagement in ascending order shall be: Basic, Altitude 
Hold, Vertical Navigation, Autoland, and Off. Due to external logic 
interlocks, when MODE_SEL.AUTOPILOT is set at Autoland, MODE SEL.AUTOLAND 
will never be set at off. The output MODE ENG Vx.AUTOPILOT reflects the 
input selection in all but the Autoland ~ode which shall be conditionally 
engageable. 

5.2 Autoland Mode 

The autoland selection, MODE_ENG_Vx.AUTOLAND, shall be 
internal logic signals, AL_COMP~Vx and FBW STATUS_Vx, 
following logic conditions: 

determined by the 
according to the 

Off - -> 

Category 1 --> 

Category 2 - -> 

Category 3A - -> 

AND 
AND 

Autoland Not Selected OR No Category Engagable. 

Autoland Selected 
({Category l Selected 
Minimum of 1 Each Autoland Sensors) 

OR {Category 2 or 3 Selected 
AND [Exactly l Sensor for at Least One Type of Sensor 
AND At Least 1 of Other Types of Sensors 
OR Operational State Less than 2] )). 

AND 
AND 
AND 

Autoland Selected 
({Category 2 Selected 
Minimum of 2 Each Autoland Sensors 
Minimum Operational State 2) 

OR {Category 3 Selected 
AND [at Lease 1 Autoland Sensor Fault 
AND Minimum of 2 Each Autoland Sensors 
AND Minimum of Operational State 2 
OR Operational State of 2)}). 

AND 
AND 
AND 

Autoland Selected 
Category 3 Selected 
All Autoland Sensors 
Operational State 1. 
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5.2.1 Autoland Category Reversion 

If failures occur during a higher category autoland, the autoland engagement 
shall revert to the next lower category whose engage logic is satisfied. 

5.2.2 Autoland s·elect Warning 

If Category 2 or 3 Autoland is selected, but cannot be engaged, this 
situation shall be reflected in the logic signal AL_WARN_Vx. If Category 3 
is selected, but not engagable, AL_WARN_Vx. shall be set to CAT 3 INOP If 
Category 2 is selected, but not engageable, AL_WARN_Vx shall be set to 
CAT_2_INOP. In all other cases, AL_WARN_Vx shall be set to OFF. 

5.3 Maximum Allowable Computational Time 

The maximum allowable sub-frame time for this computation shall be 2 
milliseconds. 

5.4 Input/Output 

AL COMP Vx. 

type AL SENSOR STATUS is 
record 

GS BEAM VAL - -
N ACCEL VAL 
RAD_ALT_VAL 

end record ; 

!INPUTS I 

AL SENSOR STATUS - -

QUAD_VALIDITY ; 
TRIAD_VALIDITY ; 
QUAD_VALIDITY 

FBW_STATUS_Vx : PRI_FCS_STATUS ; 

type PRI_FCS_STATUS is (OP_STATE_4, OP STATE_3, OP_STATE_2, 
OP_STATE_l) 

MODE SEL AFCS_SELECTION 

type AFCS_SELECTION is 
record 

AUTOPILOT 
AUTO LAND 

end record ; 

AP_SELECTION ; 
AL_CATEGORY 

type AP_SELECTION is (ALT_HOLD, AUTOLAND, BASIC, VERT_NAV, OFF) 
type AL_CATEGORY is (CAT_l, CAT_2, CAT_3A, OFF); 
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!OUTPUTS I 

AL_WARN_Vx : AL STATUS 

type AL_STATUS is (CAT_3_INOP, CAT_2_INOP, BLANK) 

MODE ENG Vx AFCS_SELECTION 
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Ada Procedure SELECT MODE Vx.ADA - -

with VOTING_PLANES ; use VOTING PLANES 
separate(DFCS_LOGIC) 
procedure SELECT_MODE_Vx is 

Local Declarations (if any) 
Place Static Variables in Programmer-Defined Package(s). 

Using the mode selection/enablement inputs as defined in Section 
5.4 (as declared in Package DFCS_LOGIC) determine the resultant 
output signals: mode engagement (MODE_ENG_Vx) and autoland warning 
(AL_WARN_Vx) per the English text specification requirements. 

begin -- Procedure SELECT MODE Vx 

Add Demonstration Software Here 

CHNL_x_XCHK_NUM :- l 
XCHK_SYNCH_x ; 

end SELECT MODE Vx 

-- Call for N-Version Vote 
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6.0 ASSESS CHANNEL PROCEDURE SPECIFICATION 

Once a channel is initialized and Procedure RUN_FOREGROUND_x is running, the 
fault logic states of channel components shall be monitored to ascertain the 
continued proper status of the channel, independent of the conditions of the 
other channels. Normally then, a channel will be activated and its 
servoactuator engaged before this procedure can be called. Once Procedure 
RUN_FOREGROUND_x is operating, this procedure oversees channel fault and 
recovery events until the maximum recoveries below are exceeded. 

6.1 Channel Validity Logic 

Channel x's status, CHNL_STATUS_Vx, shall 
of the associated servo status, SERVO_x, 
CMPTR x. 

6.1.1 Servo Validitv 

be determined via an examination 
and the computer channel states. 

Since SERVO x is of Type Record, the various servo validities shall be 
examined. All must evaluate True under the limitations described below for 
the associated servo to be considered in acceptable condition. 

6.1.2 Computer Validity 

Similarly, CMPTR_x is a Record Type, so its elements must all evaluate True 
under the limitations prescribed below for acceptability. 

6.2 Logic State Change 

The state of CHNL_STATUS_Vx will have been set True prior to the initial 
calling of this procedure during any given execution. Having initially been 
set True, prescribed time delays, or iteration counts, shall be observed in 
declaring the channel validity False. Under certain conditions. a channel 
validity shall be restored if a faulted item remains healed sufficiently 
long. 

6.2.1 Time Delays 

The following delays shall be applied to the respective logic states on an 
independent basis. Specifically, there shall be no internal logic coupling 
of constituent validity states, so non-offending validity signals must be 
monitored while CHNL_STATUS_Vx is False for other reasons. CHNL STATUS Vx 
shall be set False if any of the input variables given below are-False for 
the indicated number of times in a row: 

CPU_CHK_OK 
IO_PROC_OK 
MUX_BUS_OK 

1 count 
1 count 
3 counts 
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ACTUATOR_ON 
LVDT_VALID 
POWER AVAIL 

3 counts 
4 counts 
1 count 

6.2.2 Channel Recoverv Delavs 

A channel shall recover and operate in the foreground applications mode up to 
a specified number of times if all appropriate indications of channel 
recov,ry and acceptability are satisfied. Basically, recovery indications 
are particular durations of acceptable validity states following an 
associated validity trip: 

CPU CHK OK 
or 

IO PROC OK 

MUX BUS OK 

ACTUATOR_ON 
or 

LVDT VALID 

POWER_AVAIL 

maximum of 5 recoveries, each following a 
10-count duration of validity after a declared 
logic trip. 

maximum of 6 recoveries, each following a 50-
count duration of validity after a declared 
logic trip. 

maximum of 2 recoveries, each following a 
50-count duration of validity after a declared 

.logic trip .. 

no limit or delay on recoveries in software. 

6.3 Maximum Allowable Computation Time 

The maximum allowable sub-frame time for this computation shall be 2 
milliseconds. 

46 



6.4 Input/Output 

I INPUTS I 

CMPTR x CMPTR CHANNEL STATUS - -
type CMPTR_CHANNEL_STATUS is 

record 
CPU CHL OK BOOLEAN 
10 PROC OK BOOLEAN - -MUX BUS OK BOOLEAN 

end record ; 

SERVO_x SERVO STATUS 

type SERVO STATUS is 
record 

ACTUATOR ON BOOLEAN 
LVDT_VALID BOOLEAN 
POWER AVAIL BOOLEAN 

end record ; 

I OUTPUTS· I 

CHNL STATUS Vx - - BOOLEAN ; 
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Procedure ASSESS CHANNEL Vx - -

with CHANNEL RESOURCES ; use CHANNEL RESOURCES 
separate(DFCS_LOGIC) -. 
procedure ASSESS_CHANNEL_Vx is 

Local Declarations (if any) 
Place Static Variables in User-Defined Package(s) 

Using the computer channel status and servo status data as 
defined in Package CHANNEL_RESOURCES, determine the overall 
channel status, CHNL_STATUS_Vx, per the English text part of the 
specification requirements. 

begin -- Procedure ASSESS CHA~NEL Vx - -
null; 

Add Demonstration Software Here 

No N-Version Vote Taken Because Status is Unique to each Channel 

end ASSESS_CHANNEL_Vx; 
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7.0 GIVE STATUS PROCEDURE SPECIFICATION 

Mode annunciator outputs shall be generated based on internal logic 
shall include autopilot 

stability augmentation 
an output, and the N-

computations. The outputs for pilot display 
engage/select status, autoland progress, and 
performance. Each computer channel will generate 
version voter will resolve contradictions. 

7.1 Annunciator Displav Outputs 

Four functional state outputs shall be generated as AJ.'JNUN Vx. per the record 
type ANNUN STATUS. 

7.1.1 Automatic Flight Control System Status 

The autopilot engage status shall be derived from the input :10DE_E~G_VX, 
with the following rules for the output ANNUN Vx.AFCS STATUS: 

MODE ENG Vx.AUTOPILOT - OFF --> AFCS DISENGAGED 

MODE ENG Vx.AUTOPILOT - ALT HOLD + BASIC + VERT ':1AV 

- -> AUTOPILOT E~IGAGED 

MODE ENG Vx.AUTOPILOT - AUTOLAND. - -> AUTOLA~JD ENGAGED 

7.1.2 Autopilot Mode Engagement 

The autopilot mode, ANNUN Vx.AUTOPILOT_MODE, 
selected autopilot mode, MODE_ENG_Vx.AUTOPILOT, 
AP_SELECTION. 

7.1.3 Autoland Progress 

shall be set equal to the 
since they are both of Type 

If MODE ENG Vx.AUTOPILOT AUTOLAND, the autoland progress display 
ANNUN_Vx.AL_PROG_DISP, a lxS Boolean vector, shall reflect the input state 
and input sequence furnished by AL_PHASE_Vx. Progress s~all be indicated by 
setting corresponding output vector elements to True. Except for 
AUTOLAND INOP, this Boolean vector has a one-to-one correspondence with the 
values -of the enumerated type AL_PROGRESS AUTOLAND_~~ED, 
GLIDESLOPE_TRACK, DECISION_ALTITUDE, ALERT_ALTITUDE, FLARE. Normal autoland 
progress is noted by stepping through these phases in the above order with 
the following externally controlled exceptions: 

o Category 1 progress proceeds only through DECISION_ALTITUDE 

o Category 2 skips ALERT_ALTITUDE 

o Category 3A skips DECISION_ALTITUDE. 
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The output ANNUN_Vx.AL_PROG_DISP should reflect the progression observed by 
indicating the cumulative phases. Thus, once AL_PHASE_Vx is set to 
AUTOLAND_ARMED, it and the succeeding phases shall all be recorded in 
ANNUN_Vx.AL_PROG_DISP, until MODE ENG Vx.AUTOPILOT is no longer in AUTOLAND. 
If AL_PHASE_Vx- AUTOLAND INOP or if MODE_ENG_Vx.AUTOPILOT - Not AUTOLAND, 
all components of ANNUN Vx.AL_PROG_DISP shall be set to False. 

7.1.4 Au~mented Flvin~ Qualities 

The augmented flying qualities, as defined by FLY_QUAL_'Jx, shall be 
displayed as output by ANNUN Vx.FLY_QLTY exactly as furnished at the program 
unit input. 

7.2 Update Conditions 

Annunciator display updates shall be immediate, with a logic calculation 
iterations at a 20 Hz rate. 

7.3 Maximum Allowable Time 

The maximum allowable 
milliseconds. 

7.4 InputiOutput 

sub-frame 

jiNPUTSj 

AL PHASE Vx - - : AL_PROGRESS ; 

for this computation shall be 2 

type AL PROGRESS is (AUTOLAND_ARMED, GLIDESLOPE_TRACK, 
DECISION_ALTITUDE, ALERT_ALTITUDE, FLARE, AUTO~~D I~OP) 

FLY_QUAL_Vx FLYING_QUALITIES ; 

type FLYING_QUALITIES is ·(UNFLYABLE, MARGINAL, DEGRADED, NORMAL) 

MODE_ENG_Vx AFCS_SELECTION 

type AFCS_SELECTION is 
record 

AUTOPILOT 
AUTO lAND 

end record ; 

AP_SELECTION ; 
AL_CATEGORY 

type AP_SELECTION is (ALT_HOLD, AUTOLAND, BASIC, VERT_NAV, OFF) 
type AL_CATEGORY is (CAT_l, CAT_2, CAT_3A, OFF); 
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I OUTPUTS I 

ANNUN Vx : ANNUN STATUS 

type &~NUN_STATUS is 
record 

AFCS STATUS 
AL PROG DISP - -AU'TOPILOT M.ODE 
FLY_QLTY 

end record ; 

type ENGAGE STATUS is 

ENGAGE_STATUS ; 
CUM. AL PROGRESS 
AP_SELECTION ; 
FLYING_QUALITIES 

(AFCS_DISENGAGED, AUTOPLIOT ENGAGED, 
AUTOLAND_ENGAGED) ; 

type CUM. AL PROGRESS is array (1 .. 5) of BOOLEAN 

type AP SELECTION is (ALT_HOLD, AUTO LAND, BASIC, ~JERT_NAV, OFF) ; 

type FLYING_QUALITIES is (UNFLYABLE, M.ARGINAL, DEGRADED, ~O~'~L) ; 
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Ada Procedure GIVE STATUS Vx - -

with VOTING_PLANES ; use VOTING PLANES 
separate(DFCS_LOGIC) 
procedure GIVE_STATUS_Vx is 

Local Declarations (if any) 
Declare Static Variables in User-Defined Package(s) 

Using the inputs AL_PHASE_Vx, FLY_QUAL_Vx, and MODE_ENG_If:<, 
compute the appropriate outputs to the Annunciator Displays, 
ANNUN_Vx per the logic requirements in the English language 
specification. 

begin -- Procedure GIVE STATUS Vx 

Add Demonstration Software Here 

CHNL_x_XCHK_NUM :- 2 
XCHK_SYNCH_x ; 

end GIVE STATUS Vx - -
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8.0 MANAGE AL SENSOR PROCEDURE SPECIFICATION 

Whenever the autopilot is engaged, the various sensors needed for automatic 
approach and landing shall be voted and compared to ensure the integrity of 
the signals used for autoland. Direct and cross-channel inputs shall be· 
processed, and the results shall be placed in a record data structure. Logic 
states shall be maintained regarding both the internal and external status of 
the various sensor signals. 

8.1 Sensor Si~nal Votin~ 

Three separate autoland sensor signal votes shall be made on the input 
vectors each cycle: Glides lope Beam Deviation (GS_BEAi1_DEV), Normal or 
Vertical Acceleration (NORM_ACCEL), and Radio Altitude (RAD_ALTITUDE). In 
each case a median output signal shall be generated and placed in a record, 
AL_MED_Vx. Where an even number of inputs is applied, the median shall be 
taken as the lesser of the two middle signal values. 

8.1.1 Si~nal Ran~es 

The range of the respective input signals shall be defined in the deri·1ed 
type definitions in Package DFCS_RESOURCES, Figure l8c. ::ote that type 
conversions to Float may be necessary at some point. 

8.1.2 Input Si~nal Validities 

If the input validity signal associated with any_ input sensor signal, as 
reflected in the record AL_FLAGS, is False 5 consecutive iterations, the 
sensor signal shall be removed as an input to the corresponding voter. The 
associated signal comparator in AL_COMP_Vx shall then be set to False 
(tripped state) until 5 consecutive True values of the associated input 
validity flag signal are observed. The fault logic trip due to external 
signals flags shall be permitted to heal as many times as this logic is 
satisfied. 

8.1.3 Signal Comparators 

Each of the non-faulted input sensor signals shall be applied to a 
corresponding voter and shall be compared every iteration with the current 
median signal output of the voter. When the associated time and amplitude 
thresholds are simultaneously exceeded, the affected input signal shall be 
declared faulted in AL_COMP_Vx, and the signal shall be'discontinued as an 
input to the voter. The associated fault logic shall latch, for no healing 
of comparison faulted sensor signals shall occur. 

8.1.4 AmPlitude Ihresholds 

The following absolute values of signal comparator differences (each voter 
input compared with the corresponding voter output) shall delineate out-of
tolerance input signals for the respective types of sensors: 

53 



Glideslope Beam Deviation 
Normal Acceleration 
Radio Altitude 

8.1.5 Time Thresholds 

>- 0.05 degrees 
>- 0.025 g. 
>- 2% of current median 

value of altitude 

The following number of successive out-of-tolerance input sensor comparisons 
shall constitute the time thresholds for declaring a faulty input signal. 
Note that the comparisons, and hence each count, is only made every other 
call of this procedure. 

Glideslope Beam Deviation 
Normal Acceleration 
Radio Altitude 

8.2 Output Signals 

The median output signals and 
as data objects exported 
respect:ively. 

8.2.1 Median Output Signals 

the 
by 

>- 5 counts 
>- 4 counts 
>- 4 counts 

comparator state logic shall be a•:ailable 
Packages DFCS_RESOCRCES and DFCS_LOGIC, 

The median output signals, 
AL SENSOR SET. 

AL_MED_Vx, shall be a record of Type 

- -
8.2.2 Comparator State Output Signals 

The comparator state output signals, AL COMP Vx, shall be a record of Type 
AL_SENSOR_STATUS. AL_COMP_Vx shall reflect the total effect of input sensor 
validity flags and the internal sensor comparator validit:ies, i.e., the flag 
input for any sensor shall be OR-ed with the associated comparator validity 
to obtain the corresponding AL_COMP_Vx component value. The resultant: states 
shall determine which input sensor signals are applied to the voters. 

8.3 Program Structure Requirements 

From a static standpoint, Procedure MANAGE_AL_SENSORS_Vx is incorporated 
into the program structure as shown in the call/usage graph in Figure 14. 
From a dynamic standpoint, the multirate execut:ive control flow in Figure 11 
depicts the invocation of MANAGE_AL_SENSORS_Vx. 

8.3.1 Iteration Rate 

As shown in Figure 14, the iteration rate for the autoland sensor processing 
is 10 Hz. 
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8.3.2 Maximum Allowable Computation·Time 

As indicated in Figure 15, the maximum 
MANAGE AL SENSORS Vx is 5 milliseconds. - - -

8.4 Input/Output 

I INPUTS I 

GS_BEAM_DEV : GS_DEV_QUAD ; 
type GS_DEV_QUAD is array (1 .. 4) of BEAM DEV SIGNAL 
type BEAM_DEV_SIGNAL is new FLOAT range -2.5 .. 2.5 ; 

NORM ACCEL : N_ACCEL_TRIAD ; 
type N_ACCEL_TRIAD is array (1 .. 3) of ACCEL SIGNAL 
type ACCEL_SIGNAL is new FLOAT range -1.0 .. 3.0 ; 

RAD ALTITUDE RAD_ALT_QUAD ; 
type RAD_ALT_QUAD is array (l .. 4) of RAD_ALT_SIG~AL ; 
type RAD_ALT_SIGNAL is new FLOAT range -20.0 .. 2500.0 ; 

AL FLAGS : AL SENSOR STATUS - -
type AL_SENSOR_STATUS is 

record 
GS BEAM VAL - -N ACCEL VAL - -
RAD ALT VAL 

end record ; 

AL_COMP_Vx 

AL_MED_Vx 

type AL_SENSOR_SET is 
record 

GS DEV 
N ACCEL 
RAD_ALT 

end record ; 

QUAD_VALID ; 
TRIAD_VALID ; 
QUAD_VALID 

I OUTPUTS I 

AL SENSOR STATUS - -
AL SENSOR SET - -

BEAM_DEV_SIGNAL ; 
ACCEL_SIGNAL ; 
RAD ALT SIGNAL 
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Ada Procedure MANAGE_AL_SENSORS_Vx 

with DFCS LOGIC. ; use DFCS_LOGIC ; 
with VOTING PLANES ; use VOTING PLANES 
separate(DFCS_RESOURCES) 
procedure MANAGE_AL_SENSORS_Vx is 

Local Declarations (if any) 
Place Static Variables in User-Defined Package(s) 

Using the sets of autoland sensor inputs (GS_BEAJ.'1_DEV, 
N0~'1_ACCEL, RAD_ALTITUDE), compute the respective median value 
outputs for AL_~ED_Vx, per the English text specification 
requirements. 

Do not vote an input signal if its associated validity flag, 
AL_FLAGS(y), is False for a prescribed period. Then the indicated 
fault should be reflected in the corresponding output comparator 
logic, AL_COMP_Vx(y). 

Compare each signal input with the associated median value, and 
if out of specification tolerance, note a comparator trip in 
AL~COMP_Vx(y). 

begin Procedure MANAGE AL SENSORS Vx 

Add Demonstration Software Here 

CHNL x XCHK NUM : - 3 -- -
XCHK_SYNCH_x ; -- Call for ~-Version Vote 

end MANAGE_AL_SENSORS_Vx 
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9.0 CALC_AUTOLAND PROCEDURE SPECIFICATION 

Glideslope tracking and landing flare functions shall be provided as an 
orderl~ sequence of pitch axis sub-modes for automatic approach and landing 
under Category I, II, and Ilia weather conditions. Appropriate fault 
survivability caRability will be provided based on fault logic external to 
this procedure. Depending on mode selection and component availability, 
autoland status annunciation outputs shall be generated for external display. 

9.1 Control Laws 

The glideslope and flare control laws shall be in accord with the analytical 
block diagram presented in Figure 21. Neither fixed point nor extended 
precision floating point arithmetic shall be used. 

9.1.1 Signal Shaping 

Digital filtering (as contrasted with numerical integration, for example) 
shall be used for the transfer functions. The sampling interval T shall be 
in accord with the iteration rate in paragraph 9.4.1. The Tustin transform 
may be used on the complex frequency operator, s, to obtain z, the complex 
delay operator as appears in digital filter equations: 

s - 2 (z-1) 
T (z+l) 

Since all of the filters are first-order, only the one previous input and 
output difference equation values must be saved. These saved values must be 
initialized, moreover, before mode engagement to preclude spurious transient 
steering commands. Specifically, high-pass filters (those with an s-operator 
in the numerator) must have their past input values set to input values 
present at engagement time, and their past output values set to zero. Low
pass filters (those with only a constant in the numerator) must have their 
outputs and saved values set to zero prior to engagement. The effect in both 
cases is to null filter outputs for the first computational cycle following 
mode engagement. 

9.1.2 De~sensitization Schedule 

The glideslope beam deviation signal shall be de-sensitized,or down-gained, 
as a function of decreasing radio altitude as shown in Figure 21 to offset 
the effects of beam convergence. 

9.1.3 Glideslope Fader 

may be present at flare engage, 
be activated for Category II or 
with the switching in of the 

I approaches shall terminate at 
same fader to bleed off any 

Since some residual glideslope error signal 
an exponential bleed-off signal fader shall 
Ilia autoland at flare engage, simultaneously 
flare command signal per Figure 21. Category 
the Decision Altitude, and shall use this 
residual command at this point. 
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9,1,4 Flare Sink Rate Command 

For Category II or IIIa autoland, an exponential flare path shall be 
generated upon descent to 60 feet of radio altitude in accordance with the 
altitude·scheduling of the ~ink rate command as shown in Figure 21, 

9,1,5 Altitude Rate Signal 

synthesized from normal acceleration and 
complementary filtering as shown in Figure 

with sink rate command to obtain sink ~ate 
flare modes, 

An altitude rate signal shall be 
radio altitude as blended through 
21, This signal shall be summed 
error during both glideslope and 

9,1,6 Command Rate Limiting 

Excursions of the sink rate error signal 
limiter per Figure 21 to preclude 
corrections, 

shall be limited by a command rate 
spurious or extreme flight path 

9,1,7 Command Loop Closure 

The autoland loop closure shall be effect 
rate command with pitch rate as shown in 
obtained from IL_MED~Vx,P_RATE, 

9,2 Mode Engagement Logic 

through the summation of the sink 
Figure 21, Pitch rate shall be 

Autoland mode engagement shall be effected via the logical signal 
MODE_ENG_Vx,AUTOPILOT - AUTOLAND, which reflects both pilot mode selections 
and component availability, The mode selection logic shall be used along 
with the radio altitude signal to activate control law sub-modes and to 
perform the autoland progress display logic computations, 

9,2,1 Glideslope Mode Engagement 

The glideslope mode shall be active in beam tracking mode for Categories II 
and IIIa autoland any time the radio altitude is above 60 feet, The radio 
altimeter level detector shall be included in Procedure CALC_AUTOLAND_Vx, 

9,2,2 Flare Mode Engagement 

The flare mode shall be engaged for either Category II or IIIa autoland when 
the radio altitude is below 60 feet, 

59 



9.2.3 Autoland Progress Display 

The following logic conditions shall be observed in determining output logic 
stat~s. AL_PHASE_Vx, for annunciation. Since it is an enumeration type data 
object, the assignments below are made upon satisfaction, and remain only 
until another condition is fulfilled, or until the Autoland Mode is reset. 

AUTOLAND ARMED -->Category II or Ilia Engaged 

GLIDESLOPE_TRACK --> Glideslope Mode Engaged (presumed IC) 

DECISION ALTITUDE - -> Category I Engaged -·· (h <- 200 ft.) or 
Category II Engaged o'< (h <- 150 ft.) 

ALERT ALTITUDE--> Category Ilia* (h <-100ft.) 

FLARE--> (Category II or Category Ilia)* (h <-60ft.) 

AUTOLAND INOP -->Category II and Ilia Engage Logic Lost During 
Approach or Landing or when Autoland 
De-Selected 

9.3 Signal Interfaces 

All sensor input signals will have been voted prior to receipt by Procedure 
CALC_AUTOLAND_Vx to eliminate discrepant inputs due to hardware faults. 

9.3.1 Signal Inputs 

All sensor inputs are derived types with constraints as follows. Type 
conversions to Float are therefore needed. Unit conversion from g's to feet 
per second squared for normal acceleration are also needed. 

o Glideslope Beam Deviation: 
o Normal Acceleration: 
o Radio Altimeter: 
o Pitch Rate: 

9.3.2 Logic Inputs 

+/- 2.5 degrees 
- l.0/+3.0 g's 
- 20/+2500 feet 
+/- 25 degjsec 

The logic inputs MODE_ENG_Vx is a record of enumeration types. 

9.3.3 Pitch Command Output 

The output steering command, AUTOLAND_CMD_Vx, is a derived type with a range 
constraint of -6.0/+3.0 degrees per second. A type conversion from Float is 
therefore needed for this output. 
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9.3.4 Lo~ic Output 

The logic output, AL_PHASE_Vx, is an enumeration type. 

9.4 Program Structure 

From a static standpoint, CALC_AUTOLAND_Vx is incorporated into the program 
structure as shown in the call/usage graph in Figure 17; from a .dynamic 
standpoint, the multirate executive structure in Figure l4· depicts 
CALC_AUTOLAND_Vx's invocation. 

9.4.1 Iteration Rate 

As evident in Figure 14, the iteration rate for the autoland calculations is 
10 Hz. 

9.4.2 Maximum Allowable Computation Time 

As indicated in Figure 15, the maximum allowable computation time f9r 
CALC_AUTOLAND_Vx is 4 milliseconds 

9.5 Input/Output 

MODE_ENG_Vx 

type AFCS_SELECTION is 
record 

AUTOPILOT 
AUT OLAND 

end record ; 

I INPUTS I 

AFCS SELECTION 

AP_SELECTION ; 
AL_CATEGORY 

type AP_SELECTION 
type AL_CATEGORY 

is (ALT_HOLD, AUTOLAND, BASIC, VERT--NAV, OFF) 
is (CAT_l, CAT~2, CAT_3A, OFF) 

AL MED Vx 

type AL_SENSOR_SET is 
record 

GS_DEV 
N_ACCEL 
RAD_ALT 

end record ; 

AL_SENSOR_SET 

BEAM_DEV_SIGNAL ; 
ACCEL_SIGNAL ; 
RAD_ALT_SIGNAL 

type BEAM_DEV_SIGNAL is new FLOAT range -2.5 .. 2.5 ; 
type ACCEL_SIGNAL is new FLOAT range -1.0 .. 3.0; 
type RAD_ALTSIGNAL is new FLOAT range -20.0 .. 2500.0 
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IL MED Vx 

type IL_SENSOR_SET is 
record 

0 

0 

IL SENSOR SET - -

P RATE ANG_RATE_SIGNAL (only component needed) 
0 

end record 

I OUTPUTS I 

AUTOLAND CMD Vx PITCH_COMMAND ; 

type PITCH_COMMAND is new FLOAT -5.0 .. 10.0 

AL PHASE Vx AL PROGRESS 

type AL_PROGRESS is (AUTOLA~D_A~~ED, 

DECISION_ALTITUDE, ALERT_ALTITUDE, FLARE, AUTOLAND I~OP) 

GLIDESLOPE_T~~CK, 
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Ada Procedure CALC_AUTOLAND_Vx 

with DFCS_LOGIC ; use DFCS_LOGIC ; 
with DFCS_RESOURCES ; use DFCS_RESOURCES 
with VOTING_PLANES ; use VOTING_PLANES 
separate(CONTROL_LAWS) 
procedure CALC_AUTOLAND_Vx is 

Local Declarations (if any) 
Place Static Variables in User-Defined Package(s) 

Conditional upon proper mode logic input, MODE_ENG_Vx, calculate 
the pitch axis autoland command, AUTOLAND_COMMAND_Vx, using the 
sensor inputs, AL_MED_Vx and IL_MED_Vx.P RATE. 

autoland is engaged, compute the progress display outputs, 
AL_PHASE_Vx, as well. 

begin 

Add Demonstration Software Here 

CHNL_x_XCHK_NUM : • 4 
XCHK_SYNCH_x ; 

end CALC AUTOLAND Vx - -
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10.0 MANAGE_IL_SENSORS PROCEDURE SPECIFICATION 

During all foreground executive program execution, the inner loop sensor and 
command.input signals shall be voted and compared to ensure the integrity of 
the signals used for DFCS functions. Direct and cross- channel inputs shall 
be processed, and. the results placed in appropriate record data structures. 
Logic states shall be maintained regarding the status of the various input 
signal sources. 

10.1 Sensor Si~nal Votin~ 

Five separate inner loop sensor signal votes shall be made on the input 
vectors: Pilot's Stick Command (P_STICK_CMD), Copilot's Stick Command 
(CP_STICK_CMD), Average Angle-of-Attack (to be named), True Airspeed 
(TRUE_AIRSPEED), and Pitch Rate (P_RATE_GYRO). In each case a median output 
signal shall be generated and placed in a record, IL_MED_Vx. Where there are 
an even number of inputs applied, the median shall be taken as the lesser of 
the two middle value signals. 

10.1.1 Signal Ranges 

The range of the respective input signals are defined in Section 10.4. Since 
these signals are of derived types, type conversion to Float type may be 
necessary for calculation purposes. 

10.1.2 Input Signal Validities 

If the input validity flag signals furnished by the repsective sensors, per 
IL_FLAGS, is False 5 consecutive iterations, the sensor signal shall be 
removed as an input to the corresponding voter. The associated signal 
comparator output, IL COMP Vx, shall then be set to False (tripped state). 
Following a particular logic trip, 5 consecutive True inputs per IL_FLAGS 
shall reset the corresponding IL_COMP_Vx state. 

10.1.3 Angle-of-Attack Inputs 

Each corresponding left and right angle-of-attack signal pair shall be 
averaged prior to being voted, as illustrated in Figure 7. 

10.1.4 Signal Comparators 

Each of the input signals applied to a particular voter shall be compared 
each iteration with the current median signal output. When the associated 
time and amplitude thresholds are simultaneously exceeded, the affected input 
signal shall be declared faulted in IL_COMP_Vx, and it shall be permanently 
discontinued as an input to the voter. 
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10.1.5 Amplitude Tbresholds 

The following absolute values of signal comparator tlifferences (between the 
median value and that of each voter input) shall delineate out-of-tolerance 
input signals for the respective types of signals: 

Pilot's/Copilot's Stick Command 
Angle-of-Attack 
True Airspeed 
Pitch Rate 

10.1.6 Time Thresholds 

>- 0.2 degrees 
>- 1.25 degrees 
>- 10 knots 
>- 1.0 degrees/second. 

The following number of c.onsecutive out-of-tolerance amplitude comparisons 
shall constitute the time thresholds for declaring a faulty input signal: 

Pilot's/Copilot's Stick Command 
Angle-of-Attack & Pitch Rate 
True Airspeed 

10.2 Output Si~nals 

The median output signals and the sensor 
data objects exported by Packages 
respectively. 

10.2.1 Median Output Signals 

The median output signals, 
IL_SENSOR_SET. 

IL_MED_Vx, 

10.2.2 Sensor Status Output Signals 

>- 6 counts 
>- 8 counts 
>- 16 counts 

status logic shall be available as 
DFCS. RESOURCES and DFCS_LOGIC, 

shall be a record of Type 

The sensor status signals, 
IL_SENSOR_STATUS. 

IL_COMP_Vx, shall be a record of Type 

10.3 Prosram Structure Requirements 

From a static standpoint, Procedure MANAGE_IL_SENSORS_Vx is incorporated 
into the program structure as shown in the call/usage graph in Figure 17. 
From a dynamic standpoint, the multirate executive structure in Figure 14 
depicts the invocation of MANAGE_IL_SENSORS_Vx. 

10.3.1 Iteration Rate 

As shown in Figure 14, the iteration rate for the inner loop sensor 
processing shall be 20 Hz. 
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10.3.2 Maximum Allowable Computation Time 

As indicated in Figure 15, the maximum allowable 
MANAGE_IL_SENSORS_Vx is 5 mill~seconds. 

10.4 Input/Output 

CP_STICK_CMD 
LEFT AOA 
P RATE GYRO - -P STICK CMD - -
RIGHT AOA 
TRUE AIRSPEED 

IL_FLAGS 

type IL_SENSOR_STATUS is 
record 

AVG AOA VAL 
CP STK VAL 
LF AOA VAL 
P STK VAL 
P RATE VAL - -RT_AOA_VAL 
TAS VAL 

end record ; 

IL_MED_Vx 

type IL_SENSOR_SET is 
record 

AOA_DISPL 
CP STICK 
P RATE 
P_STICK 
TR_AIRSPEED 

end record ; 

I INPUTS I 

STICK_CMD_QUAD 
AOA_QUAD ; 
RATE_GYRO_TRIAD ; 
STICK_CMD_QUAD 
AOA_QUAD 
TAS_PAIR ; 

IL SENSOR STATUS - -

QUAD_VALIDITY 
QUAO_VALIDITY ,. 
QUAD_VALIDITY 
QUAD_VALIDITY 
TRIAD_VALIDITY ; 
QUAD_VALIDITY 
PAIR_ VALIDITY 

I OUTPUTS I 

IL SENSOR SET - -

AOA_SIGNAL ; 
STICK_CMD ; 
ANG_RATE_SIGNAL 
STICK_CMD ; 
TAS_SIGNAL 

type ANG_RATE_SIGNAL is new FLOAT range -25.0 .. 25.0 
type AOA_SIGNAL is new FLOAT range -10.0 .. 50.0 
type STICK_CMD is new FLOAT range -1.5 .. 0.5 ; 
type TAS_SIGNAL is new FLOAT range 100.0 .. 600.0 

IL_COMP_Vx IL_SENSOR_STATUS 
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~-~~~ - -------------

Ada Procedure MANAGE_IL_SENSORS_Vx 

with DECS LOGIC ; use DFCS_LOGIC ; 
with VOTING_PLANES ; use VOTING PLANES 
separate(DFCS_RESOURCES) 
procedure MANAGE_IL_SENSORS_Vx is 

Local Declarations (if any) 
Place Static Variables in User-Defined Package(s) 

Using the Voter/Comparator Inputs (CP_STICK_CMD, LEFT_AOA, 
P_RATE_GYRO, P_STICK_CMD, RIGHT_AOA, TRUE_AIRSPEED) compute 
the median value outputs, IL_MED_Vx, per the English test 
specification requirements. 

Do not vote an input signal if its associated validity flag, 
IL_FLAGS(y), is False. Then record a corresponding comparator 
trip., IL_COMP_Vx(y). 

Compare each voted input signal with the associated median 
value, and if out of specification tolerance, not a comparator 
trip in IL_COMP_Vx(y). 

begin 

Add Demonstration Software Here 

CHNL_x_XCHK_NUM :- 5 
XCHK_SYNCH_x ; 

end MANAGE_IL_SENSORS_Vx 

-- Procedure MANAGE IL SENSORS Vx - - -

-- Call for N-Version Vote 
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11.0 CALC_INNER_LOOP PROCEDURE SPECIFICATION 

A pitch inner loop· stability augmentation 
improve the inherent flying qualities of 
static stability margin is assumed for 
function shall be regarded as critical. 
is therefore inherent in the design, with 
under most multiple fault conditions. 

11.1 Control Law 

control law shall be provided to 
th~ aircraft. Since a negative 

the aircraft, the pitch stability 
Double fail-operational redundancy 

gracef~l degradation of performance 

The pitch stability augmentation control law 
analytical block diagram presented in Figure 
arithmetic shall be used. 

shall 
22. 

be in accord with the 
No extended precision 

11.1.1 Si~nal Shapin~ 

Digital filtering shall be used (as contrasted with numerical integration, 
for example) for dynamic signal shaping. The sampling interval T shall be in 
accord with the iteration rate in Paragraph 11.4.1. The Tustin transform 
may be used on the complex frequency operator, s, to obtain z, the complex 
delay operator as ap~ears in digital filter equations: 

s 

11.1.2 Gain Schedulin~ 

2 (z-12 
T (z+l) 

Sensor signal gains shall be scheduled as a function of true airspeed in 
accord with Figure 22. In the event that the true airspeed signal is 
questionable, i.e., if both components of IL COMP Vx.TAS VAL are not valid, 
all gains shall revert to their lowest schedul;d values. 

11.1.3 Outer Loop Command Summation 

When externally selected, via MODE_ENG_Vx.AUTOPILOT AUTOL~ND, an outer 
loop pitch servo command, AUTOLAND CMD Vx, shall be summed with the inner 
loop command as shown in Figure 22.- -

11.1.4 Command Limiting 

The summation of the inner and outer loop servo commands shall be limited to 
-8.0, +1.0 degree of stabilizer displacement. 
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11.2 Activation Lo~ic 

The inner loop control law shall be engaged 
altered externally due to sensor resource 
median sensor input(s) to clamp to zero. 

11.2.1 Mode Engagement 

at all times, but it may be 
depletion, which can cause a 

The basic stabili~y augmentation function shall be activated as a function of 
aircraft electrical power on, provided the respective DFCS channels are able 
to commence cycling in the foreground executive program (see Section 4.0). 
During the first pass through the control law following power application or 
resumption, the high-pass filter for angle-of-attack shall be initialized to 
set its output to zero (past difference equation output to zero, and past 
input value to present input value). This initialization precludes an 
engagement transient. 

11.2.2 Stick Command Blending 

Each of the pilots' stick command inputs shall 
degrees of stabilizer command deadband; and 
obtain an averaged input value. The resultant 
to an+/- 12.5 degrees of stick command. 

11.2.3 True Airspeed Validity 

be passed through a +/- 0.05 
then they shall be summed to 
command shall then be limited 

The true airspeed validity signal, IL_COMP_Vx.TAS_VAL, shall be used to 
determine that the true airspeed signal is acceptable for use in gain 
scheduling. Both validity signals must be True. 

11.3 Si~nal Interfaces 

All input signals, with the possible exception of the outer loop command 
will have been voted prior to receipt by CALC INNER_LOOP_Vx to eliminate 
discrepant inputs due to hardware faults. 

11.3.1 Sensor Inputs 

All sensor inputs are of derived 
Float shall be performed where 
conversions. 

11.3.2 Steering Command Input 

types. Consequently, type conversion to 
necessary, e.g., prior to signal unit 

The outer loop steering command input signal, AUTOLAND_CMD_Vx is incremental 
about the stabilizer trim position (which is irrelevant to the implementation 
of this procedure). Since it is a derived type, it shall be converted to 
Float type for control law computation. 
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11.3.3 Logic Inputs 

The logic inputs, IL_COMP_Vx.TAS_VAL and MODE_ENG_Vx.AUTOPILOT, are a Boolean 
vector and a record enumeration types, respectively. 

11.3.4 Servo Command Output 

The stabilizer servo command output signal shall be converted from a Float 
type to the derived type, STAB_COMMAND, with a range constraint of -11.0/+2 0 
degrees. 

11.4 Program Structure Requirements 

From a static standpoint, CALC_INNER_LOOP Vx is incorporated into the 
program structure as shown in the call/usage graph in Figure 14; from a 
dynamic standpoint, the multirate executive structure in Figure 14 depicts 
CALC INNER LOOP Vx's invocation. - - -

11.4.1 Iteration Rate 

As evident in Figure 14, the iteration rate for the. inner loop control law is 
20 Hz. 

11.4.2 Maximum Computation Time 

As indicated in Figure 15, the maximum allowable computation time for 
CALC-INNER_LOOP_Vx is 6 milliseconds. 

11.5 Input/Output 

IL_MED_Vx 

type IL_SENSOR_SET is 
record 

AOA DISPL 
CP STICK 
P_RATE 
P_STICK 
TR_AIRSPEED 

end record ; 

type ANG_RATE_SIGNAL 
type AOA_SIGNAL 
type STICK_CMD 
type TAS_SIGNAL 

I INPUTS I 

IL SENS.OR SET - -

AOA_SIGNAL ; 
STICK_CMD ; 
ANG_RATE_SIGNAL 
STICK_CMD ; 
TAS_SIGNAL 

is new FLOAT 
is new FLOAT 
is new FLOAT 
is new FLOAT 

range 
range 
range 
range 
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AUTOLAND CMD V3 : PITCH_COMMAND ; 

type PITCH COMMAND is new FLOAT range -3 .. 6 ; 

MODE ENG Vx 

·type AFCS_SELECTION is 
record 

AUTOPILOT 
AUTO LAND 

end record ; 

AFCS SELECTION 

AP_SELECTION ; 
AL CATEGORY 

type AP SELECTION is (ALT_HOLD, AUTOLAND, BASIC, 

type AL CATEGORY is (CAT_l, CAT_2, CAT_3A, OFF) 

VERT_NAV, 

IL COMP Vx.TAS VAL PAIR VALIDITY - - -
OUTPUTS 

STAB_SERVO_CMD Vx STAB_COMMAND 
' 

type STAB COMM&~D is new FLOAT range -11.0 .. 2.0 
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Ada Procedure CALC INNER LOOP Vx 

with DFCS LOGIC 
with DFCS RESOURCES 

- - -

use DFCS_LOGIC ; 
use DFCS RESOURCES 

with VOTING PLANES use VOTING PLANES 
separate(CONTROL_LAWS) 
procedure CALC_INNER_LOOP_V~ is 

Local Declarations (if any) 
Place Static Variables in User-Defined Package(s) 

the inner loop control law commands are generated from the 
input signals, IL_MED_Vx. If an autopilot mode is selected 
via MODE_ENG_Vx, the autopilot input command is summed with 
the inner loop command. The output in either case is 
STAB SERVO CMD Vx. - -

begin 

Add Demonstration Software Here 

CHNL_x_XCHK_NUM :• 6 
XCHK_SYNCH_x ; 

end CALC_INNER_LOOP_Vx 
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12.0 ASSESS SYSTEM PROCEDURE SPECIFICATION 

The fault logic states of all channels shall be evaluated to ascertain the 
status of the total system with respect to the augmented flying qualities and 
the operational state of the system. Note that the operational state implies 
a lower bound on flying qualtities level, which can be exceeded for non
normal operational states. The system status logic should be consistent 
with that given {n Figure 6 of DOT/FAA/CT-86/33, but the following 
requirements shall govern. None of the following logic shall latch; any 
such effect would result from latching of input logic signals upstream in the 
data flow. 

12.1 Flving Qualities Status 

The fault status of the augmented fly-by-wire (AFB!J) sensors, IL_COMP_~lx, 

shall be evaluated to determine flying qualities status, FLY_QUAL_Vx. The 
following logic shall be implemented, where AOA denotes angle-of-attack, and 
TAS denotes true airspeed: 

Normal Flying Qualities -->Minimum of 2 Rate Gyros Valid 
AND Minimum of 2 AOA Pairs Valid 
AND Both True Airspeeds Valid 
AND Minimum of 2 Associated Stick 

Commands Valid. 

Degraded Flying Qualities--> (Maximum of 1 Rate Gyro Valid 
OR Maximum of 1 TAS Valid) 
AND Minimum of 2 AOA Pairs Valid 
AND Minimum of 2 Associated Stick 

Commands Valid. 

Marginal Flying Qualities--> Minimum of 2 Rate Gyros Valid 
AND Maximum of l AOA Pairs Valid 
AND Minimum of 2 Associated Stick 

Commands Valid. 

Unflyable -->Anything Else 

12.2 Redundancy Status 

The fault status of the augmented fly-by-wire (AFB!J) sensors, IL_COHP_Vx, and 
the status of all four computational channels, CHNL_STATUS_Vxs, shall be 
evaluated to determine component redundancy for residual component 
availability purposes. The following logic shall be implemented: 

Operational State 1 
(Double Fail Operational) 

--> 
AND 
AND 
AND 

OR 

AND 

All Rate Gyros Valid 
All TAS Valid 
All AOA Pairs Valid 
[All of One Set of Stick 
Commands Valid 
Minimum of 3 of Both Sets of 
Stick Commands Valid] 
All Computer Channels Valid. 

75 



Operational State 2 --> 
(Single Fail Operational) AND 

AND 

All Rate Gyros Valid 
All TAS Valid 

{(Exactly 3 AOA Pairs Valid 
AND Minimum of 3 Computer Channels Valid 
AND [Minimum of 3 of One Set of Stick Commands 

Valid 
OR Minimum of 2 of Both Stick Commands Valid]) 

OR (Minimum of 3"AOA Pairs Valid 
AND Exactly 3 Computer Channels Valid 
AND [Minimum of 3 of One Set of Stick Commands 

Valid 
OR Minimum of 2 of Both Stick Commands Valid]) 

OR (Minimum of 3 AOA Pairs Valid 
AND Minimum of 3 Computer Channels Valid 
fu~D [Exactly 3 of One Set of Stick Commands 

Valid 
fu~D Maximum of 1 of Other Set of Stick Commands 

Valid 
OR Exactly. 2 of Both Sets of Stick Commands 

Valid]) l 

Operational State 3 --> 
(Fail Unsafe) 

(Exactly 2 AOA Pairs Valid 
AND Minimum of 2 Computer Channels Valid 
AND Minimum of 2 of One Set of Stick Commands 

Valid) 

OR (Minimum of 2 AOA Pairs Valid 
AND Exactly 2 Computer Channels Valid 
AND Minimum of 2 of One Set of Stick Commands 

Valid) 

OR (Minimum of 2 AOA Pairs Valid 
AND Minimum of 2 Computer Channels Valid 
AND Exactly 2 of One Set of Stick Commands Valid 
AND Maximum of 1 of Other Set of Stick Commands 

Valid) 

Operational State 4 --> 
(Effectively Depleted) OR 

OR 

Maximum of 1 AOA Pair Valid 
Maximum of 1 Computer Channel Valid 
Maximum of l Stick Command Valid-

12.3 Maximum Allowable Computation Time 

The maximum allowable sub-frame time for this computation shall be 3 
milliseconds. 
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12.4 Input/Output 

I INPUTS I 

CHNL_STATUS_Vl, CHNL_STATUS_V2, 
CHNL_STATUS_V3, CHNL_STATUS_V4 : BOOLEAN ; 

IL COMP Vx IL SENSOR STATUS 

type IL_SENSOR_STATUS is 
record 

AVG AOA VAL 
CP STK VAL 
LF AOA VAL 
P STK VAL 
P RATE VAL - -RT AOA VAL 
TAS VAL 

end record ; 

FLY.,...QUAL_Vx 

QUAD_ VALIDITY 
QUAD_VALIDITY 
QUAD_VALIDITY 
QUAD_VALIDITY 
TRIAD_VALIDITY ; 
QUAD_VALIDITY 
PAIR VALIDITY 

I OUTPUTS I 

FLYING_QUALITIES ; 

type FLYING_QUALTITIES is (UNFLYABLE, MARGINAL, DEGRADED, NO&~L) 

FBW_STATUS_Vx : PRI_FCS_STATUS ; 

type PRI_FCS_STATUS is (OP_STATE_4, OP_STATE_3, OP_STATE_2, 
OP_STATE_l) 
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Ada Procedure ASSESS SYSTEM Vx - -

with VOTING_PLANES ; use VOTING_PLANES 
separate(DFCS_LOGIC) 
procedure ASSESS_SYSTEM_Vx is 

Local Declarations (if any) 
Place Static Variables in User-Defined Package(s) 

Using fault logic inputs CHNL_Vl, CHNL_V2, CHNL_V3, and CHNL_V4 
along with IL_COMP_Vx, compute the system states, FLY_QUAL_Vx and 
FBW_STATUS_Vx, per the logic requirements in the English 
language part of the specification. 

begin 

Add Demonstration Software Here 

CHNL_x_XCHK_NUM :- 7 
XCHK_SYNCH_x 

end ASSESS SYSTEM Vx - -
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13.0 GIVE WARNING PROCEDURE SPECIFICATION 

Warning display output signals ~hall be generated based on internal mode and 
fault logic variables to indicate control function status and availability. 
Information shall be displayed only when appropriate to inform the flight 
crew; this corresponds to warning logic conditions other than "B'rANK." 

13.1 Autoland Status 

The autoland status output, WARN_Vx.AUTOLVJD, shall directly reflect the 
logic input signal, AL_WARN_Vx, for both are of the same type .. 

13.2 Au~mented Flv-Bv-Wire CAFBW) Status 

The AFBW status output, WARN_Vx.FLY_BY_WIRE, shall reflect the logic input 
signal, FBW_STATUS_Vx, with the input state OP STATE 1 mapping to BLANK. 

13.3 Flvin~ Qualities Status 

Flying Qualities status, WARN_Vx.FLYING_QUAL, shall reflect the input logic 
signal, FLY_QUAL_Vx, with the following correspondences: 

IMPAIRED_FQ 

BLANK 

13.4 Master Warning Indicator 

-->Degraded Flying Qualities OR 
Marginal Flying Qualtities OR 
Unflyable Flying Qualities. 

-->Normal Flying Qualities. 

Each time a new warning state is first annunciated, a master warning signal, 
FLASH_WARNING_Vx, shall be set to BLINKING. When acknowledged by an 
externally applied Boolean variable ACKNOWLEDGE being momentarily set to 
True, FLASH_WARNING_Vx shall be set to STEADY, where it shall remain until a 
new warning is generated, or all prior warnings are terminated via the input 
logic to this procedure. When no warnings exist, FLASH_WA~~ING_V~ shall be 
set to OFF. 

13.5 Maximum Allowable Computational Time 

The maximum allowable sub-frame time for this computation shall be 2 
milliseconds. 
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13.6 Input/Output 

I INPUTS I 

.AL WARN Vx : AL_STATUS ; 

type AL_STATUS is (CAT_2_INOP, CAT_3_INOP, OFF) 

FBW STATUS Vx : PRI FCS STATUS 

type PRI_FCS_STATUS is (OP_STATE_4, OP STATE_3, OP_STATE_2, OP STATE l) 

FLY_QUAL_Vx FLYING_QUALTITIES 

type FLYING_QUALTITIES is (UNFLYABLE, MARGINAL, DEGRADED, ~iOR.:1AL) 

ACK.~OWLEDG E : BOOLEAN ; 

I OUTPUTS I 

WARN Vx : WARNING STATE 

type WARNING_STATE is 
record 

AUTO LAND 
FLY BY WIRE 
FLYING_QUAL 

end record ; 

AL_STATUS ; 
FBW_STATUS ; 
FQ_STATUS ; 

type FBW_STATUS is (OP_STATE_4, OP_STATE_3, OP_STATE_2, BLU~K) 

type FQ_STATUS is (IMPAIRED_FQ, BLANK) ; 

FLASH_WARNING_Vx MASTER WARN 

type MASTER WARN is (BLINKING, STEADY, OFF) ; 
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Ada Procedure GIVE WARNING Vx 

with VOTING_PLANES ; use VOTING_PLANES 
separate(DFCS_LOGIC) 
procedure GIVE WARNING Vx is - -

Local Declarations (if any) 
Place Static Variables in User-Defined Package(s) 

Using the inputs AL_WARN_Vx, FBW_STATUS,Vx, and FLY_QUAL_Vx, 
compute the appropriate outputs to the Warning Display, 
WARN_Vx, and in turn, the Master Warning, FLASH_WARNING_Vx, per 
the logic given in the English text part of the specification. 
The Boolean input ACKNOWLEDGE should cause the Master Warning to 
glow steadily, rather than continue flashing as should occur 
at the onset of a new warning. 

begin 

Add Demonstration Software Here 

CHNL_x_XCHK_NUM :- 8 
XCHK_SYNCH_x ; 

end GIVE_WARNING_Vx 

-- Procedure GIVE WA~~ING Vx - -

-- Call for N-Version Note 
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14.0 TEST HARNESS SET-UP 

Although it was planned that the testing of the software fault-tolerant DFCS 
be done sequentially in non-realtime on a VAX computer, it was understood 
that the four versions of demonstration software would would normally reside 
in a quadruplex DFCS architect~re. Hence, four parallel channels with double 
fail-operational capability were assumed, along with appropriate 
sensor/effector redundancy. Note, however, that the test harness software 
itself is mostly single string. The overall program organization to 

.mechanize all this is shown in Figure 23; here only Tasks DFCS_x_EXEC and 
CHNL_x_SYNCH are replicated four times, because they interface with the four 
DFCS channels. All of the DFCS software, moreover, is effectively contained 
within Tasks DFCS x EXEC in the Figure 23 representation. 

The test harness runs interactively on a non-realtime basis, with test cases 
applied through files readable by the test program. Considerable flexibility 
exists to expand the variety and extent of testing possible. but currently, 
the primary testing mode is customary airplane closed-loop simulation. The 
DFCS software is incorporated in the test harness as shown in Figure 24 for a 
typical channel. All of the program units shown belong to the DFCS except 
for the three shaded ones. As previously stated, the calling of Procedure 
RUN_FOREGROUND_x in the test harness is done by Task DFCS_x_EXEC in the test 
harness, rather than by Procedure RUN_DFCS_EXEC in the actual DFCS software 
load module. Also, Procedure VOTE_RESULTS is called by the test harness 
rather than by the DFCS software. 

14.1 Test Harness Operation 

At the outset of testing, the top-level program, Procedure RUN_TEST_EXEC, 
makes pro~edure calls to SELECT_OPTIONS and APPLY_INPUTS to initalize testing 
(see the listing in Figure 25a)· based on prompted selections by the user. 
Following this Procedure START_TESTING (see the listing in Figure 25b) is 
invoked by RUN_TEST_EXEC, and actual testing ensues when entry is called to 
each of the four DFCS_x_EXEC tasks (see the body part listing for Package 
TEST_RESOURCES in Figure 25c). Normal testing then proceeds primarily under 
the control of Task TEST_EXEC (see the listing in Figure 25d). For each test 
cycle, it calls Procedur~ APPLY_INPUTS. As indicated in its source code in 
Figure 25e, this procedure can effect open or closed loop testing and faulted 
or fault free testing for a predefined number of cycles. Sensor and logic 
inputs can be altered independently. 

Once a voted DFCS procedure called by Procedure RUN_FOREGROUND_x completes, 
it calls Procedure XCHK_SYNCH_x as listed in Figure 25f. These four DFCS 
procedures are the only ones modified whatsoever for test harness use. 
Basically, cross-channel voter -synchronization would probably involve 
hardware oriented instruction that would be cumbersome to run on a general 
purpose computer. Furthermore, the effort would be difficult to justify for 
the type testing undertaken here. These procedures still perform the type 
conversions and voted value corrections as required in the DFCS application, 
but they make entry calls to test harness task, CHNL_x_SYNCH, as defined in 
Figure 25g. 
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Figure 25e - Test Harness Prog~am Unit Listings 
Task Body TEST_EXEC (1 of 3) 
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Fig~re 2Se - Test Harness Program Unit Listings 
Task Body TEST_EXEC (2 of 3) 
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1t v'l.l rt._·p;.,r~ouT tnen 
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else put-ll.ne("t•ormal Vote Forthcoming") ; 
end i( ; 
V!JTi-' -l~L~dLl S ( CC_i<Ei'-PT, CC-RE.SULTS) ; 
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!·it•i:,_vutt:s := u; 
it fli lih-LUlJ PS < ,.. AX-Lu!JPS 
tr,en 
el:;e 

end if ; 

APr'Lt-.l.;lt:ruf.S ; 
RIJ.~JJI:n; := f'AL.S~ i 
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Figure 25e - Test Harness Program Unit Listings 
Task Body TEST_EXEC (3 of 3) 
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Figure 25£ - Test Harness Program Unit Listings 
Procedure XCHK SYNCH_l 
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Figure 25g - Test Harness Program Unit Listings 
Task Body CHNL_l_SYNCH 
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14.2 N-Version Voter Synchronization 

Including the top-level program for the N-version demonstration, Procedure 
RUN_TEST_EXEC, ten Ada tasks are active from the outset of program execution. 
These include the four test harness DFCS executive programs, Task 
DFCS x ~~EC, four secretary tasks that regulate voting plane synchronization, 
Task-CHNL_x_S\~CH, and the test coordinator, Task TEST_EXEC. The secretary 
tasks needed to effect a four-way sync~ronization using Ada inherently t~o
way rendezvous. These tasks are declared in Package TEST_RESOGRCES per 
Figure 25c. Intertask communication as depicted in Figure 26 continues so 
long as the master control Boolean, RUNNING, is True. 

Initially, entries to Tasks DFCS x EXEC are called from Procedure 
START TESTING, namely, DFCS x EXEC.ENGAGE for each of the four channels. As 
each ~oted DFCS applicatio~s- procedure completes, the associated Procedure 
XCHK S\~CH_x calls entry to the corresponding secretary tasks with a 
CHNL_x_SYNCH. READY statement. When the CHNL_x_SY~rCH accepts the entr:1 call 
and relays it to Task TEST_EXEC, both DFCS x EXEC and CHNL_x_sy:;cH are 
suspended. Then the other channel tasks are activated one by one until all 
have reported in to TEST EXEC's timed select loop that accepts 
TEST_EXEC.CHNL_x_READY entry calls. After checking to ensure that all DFCS 
channels are at the correct voting plane, Task TEST EXEC calls Procedure 
VOTE_RESULTS and analyzes and records the results. 

TEST EXEC then checks for additional test case selections. If so, it calls 
applies them and one by one releases DFCS channels for the next test cycle. 
This is done by a CHNL_x_SYNCH.RESUME entry call that completes two 
rendezvous and permits DFCS_x_EXEC to become active again. The next DFCS 
applications module in RUN_FOREGROUND_x is then executed, and the next voting 
plane is sought via a repeat of the four-way synchronization process. If 
Task TEST_EXEC determines that all test has been completed, it sets RUNNING 
to False and terminates. The rest of the tasks then terminate as well. 

14.3 Closed-Loop Simulation 

The closed-loop simulation set-up is depicted in Figure 27 in a state 
variable form that coincides with the external DFCS sensor/effector signal 
interfaces. The source code for the simulation is presented in Figure 28. 
Basically, it reads in flight case data from an interactively named file, 
trims the airplane under selected conditions, and commences to generate the 
array of inner and outer loop sensor signals based on the input 
STAB_SERVO_CMD_x. The output signals undergo data type and scaling changes as 
appropriate. Signal fan-out for multiple sensors and fault insertion 
faculties reside in Procedure UPDATE_SENSORS, which is also called by 
Procedure APPLY_INPUTS per Figure 23. 

14.4 Sofeware Development 

During DFCS software versions, the test harness was modified for single 
channel use. Basically, this involved disabling all but one particular 
channels tasks, and tailoring input test data for limited scope or unit 
testing. Some data object visibility problems were encountered that 
necessitated selective raising of the variable namespace so that the test 
harness could import and access certain variables. Basically, the test 
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Figure 28 - Procedure SIMDLATE_FLIGHT Listing (2 of 3) 
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Figure 28 - Procedure SIMULATE_FLIGHT Listing (3 of 3) 
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harness could import and access certain variables. 
harness was readily usable, and naturally provided 
objects needed for testing. Test case definition was 
of the data dependencies among applications program 
application via the harness was quite convenient. 

14.5 ComPilation Dependencies 

Basically, the test 
all the Ada package 

problematical because 
units, but test case 

The total DFCS/test program is exceptionally complex for its lines of source 
code because of the N -·version voting requirements and the test obsec1abi li ty 
requirements. While ·the procedure/task calling structure in Figure 23 is 
rather straightforward, the compilation dependencies are quite tortuous. as 
Figure 29 reveals. They can complicate recompilation following essentially 
minor code changes. These dependencies are inherent in Ada, and thev are the 
price of global consistency checks among program units This figure, 
however, makes it clear what recompilation sequences are required, and hence 
facilitates orderly software development. 
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15.0 RESULTS AND CONCLUSIONS 

The all-up test harness was run with a modest amount of further development. 
Despite prior awareness 'of the criticality of specifications (e.g., see 
Reference 11), several iterations of specification de-bugging were necessary 
to eliminate associated softw~re faults. The Ada program structuring 
techniques seemed to work well,'with the exception of raising the visibility 
level of many variables for test observability or N-version voting. The 
software fault tolerance seemed to work well, but further study of the voter 
mechanisms is indicated. 

Since some of the programmers had no prior Ada experience, the incidence of 
software faults was somewhat high. But all considered, programmer usage of 
Ada was really quite good. Variations among versions ~as very substantial, 
alleviating concern that Ada restrictions would hamper independence of 
software versions. The richness of Ada admits diverse ways of implementing 
the same functionality, provided the encompassing design does not encroach 
beyond program unit interfaces. This means that N-version programmers must 
have freedom to define and control all data objects at the level they are 
developing, a rule that was learned by early and unsuccessful initiatives to 
the contrary. 

A summary critique of the effort is presented in Figure 30, and expanded in 
the following sub-sections. 

15.1 N-Version Software Demonstration 

Basically, the N-version demonstration was satisfactory. Ample faults 
indigenous to the four versions permitted affirmation of the fundamental 
adequacy of the N-version approach, but some que·st-ions remain due to the 
limited scale evaluation possible. Still, the degree of complexity of the N
version software was surprisingly high, largely due to mode and fault logic. 
The problems with the specifications resided mostly in this area as well. 
The preparation of adequate specifications was found to be especially prob
lemsome. Hence, our continuing interest in formal specification has been 
intensified. Larger-scale logic definition problems may dictate some new 
type.verification tools with respect to correctness and completeness. 

In the course of N-version development, it was also discovered that the top
level design had been too encompassing. For example, the definition of data 
types and objects for the applications programs units was found to be best 
left to the · individual programmer's discretion. This enabled greater 
independence among versions and better overall program structure. At the 
same time, the low-level N-version programmer defined packages were found to 
be very useful in a variety of ways, such as containing saved variables and 
text for newly defined procedures. The ultimate variation among versions was 
appreciable, alleviating concerns that Ada would be too restrictive. 

15.2 Metbodology Extensions 

Basically, the Ada package partitioning technique produced qualitatively good 
results in limited use. Certain benefits accrue to source code compactness 
and comprehensibility. For example, the way in which data objects were 
declared obviated the need for the N-version program units to have parameters 
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passed to them, thereby making the source code for Procedure RUN_FOREGROUND_x 
far less cluttered than it otherwise would be. Had it not been for the 
raising of the namespace for voting or testability, this absence of parameter 
passing would have been accompanied by reductions in the data object 
namespace. Specifically, some of the objects would have been declared in 
package bodies, rather than in specification parts. 

The same package definition approach lent itself to "detached" test harness 
observability of the voted DFCS data objects in that the DFCS code was 
unaffected by the test harness except for certain object visibility 
elevations. This passive observation capacity is of course inherent in the 
Ada language. For unit checkout/de-bugging, the test harness was set up to 
run for just one DFCS channel task. This worked well, but it prompted 
concern over unit testing in Ada in general. Basically, access to the 
entities required of all interfacing program units seems to complicate unit 
testing. Since the single channel test harness alleviated such problems, 
perhaps this type tool may prove widely useful. 

Despite the relatively modest size of the overall program, a significant 
effort was involved in coping with compilation dependencies among Ada units. 
Such dependancies are complicated in the combined DFCSjtest software. ~ore 

generally, they are the price of Ada's global syntax checks, so the only 
alternative is the purposeful improvement of program structuring relative to 
compilation dependancies. This was accomplished using graphical 
representations of the kind illustrated in Ref. 17. This technique yielded 
the perspective to lower the levels of some dependencies. It also made 
recompilation demands more apparent. Based on this experience, it would seem 
appropriate to include compilation dependencies in the characterization of 
Ada program structuredness. 

15.3 Test Harness Flexibility 

The test harness was surprisingly compact and extensible, as well as very 
serviceable. Although the harness met essentially all of its requirements, it 
was necessary to modify the test article software at the lowest, hardware
oriented level. This was considered reasonable in the absence of target 
computers, for the tradeoffs for simulating synchronization hardware ~as very 
unfavorable. Note that testing the software in flight computers would 
normally enable visibility of any address location, independent of program 
structuring of the namespace. This suggests that the raLsLng of the 
namespace for test observability purposes mlght not be necessary under a dif
ferent testing senario. This issue, together with the Ada unit testing 
question, prompts further investigation into Ada testing techniques. 

To date the test harness usage has been somewhat limited compared with its 
potential. The test driver and test instrumentation/monitor are inherently 
adaptable and are being augmented for protracted, multiple test cases. The 
aforementioned DFCS logic complexity, in part, motivates this, along with the 
prospect of probing for persistent software faults. These are of major 
concern because they are the kind that software fault tolerance must cope 
with. Another pending use of the harness is a proposed investigation of N
version voters. 
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15.4 Conclusions 

The following conclusions have been formulated as a result of this project: 

o Calibration of benefits of N-version software are needed that 
quantitatively validate its favorable impact on system reliability 

o Complexity metrics are needed to quantitatively delineate design techniques 
or alternatives relative to program structure 

o Means to characterize the overall structure of Ada programs are desirable 
that acknowledge compilation dependancies 

o Ada testability needs to be explored in terms of data object visibility 
versus preferred program structuring alternatives 

o Specification technology needs to be improved to facilitate orderly ~
version software development and preclude specification oriented faults. 

Despite the extent of these follow-on recommendations, the investigation 
results were quite favorable with regard to improved structuring techniques, 
high-fidelity multitasking testing, and N-version soft•..;are implementation. 
The identification of further needs are actually an indication of progress. 
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Appendix A - Version 3 Applications Software 

Altogether, six versions of DFCS applications software were generated. 
Ultimately, two were required for specification de-bugging. The following 
version is provided as an example of the Ada source code produced. Note that 
the programmer defined Ada packages were a key to approaching version 
independence in that any desired data types or objects could be declared 
there. Also, the packages permitted the definition of saved variables as 
needed for digital filters or logic latches, and the shortening of procedure 
bodies by distributing source code. The sequence of program unit listings in 
this appendix is: 

Figure No. 

A-1 Procedure SELECT MODE V3 A- 2 

A-2 Procedure ASSESS CHANNEL V3 A-4 

A-3 Package CHNL_3_ASSESSMENT A- 8 

A-4 Procedure GIVE STATUS V3 A-9 

A-5 Procedure MANAGE AL SENSORS V3 A-10 

A-6 Package CHNL_3_AL_VOTER A-12 

A-7 Procedure CALC AUTOLAND V3 A-17 - -
A-8 Package AL_RESOURCES A-18 

A-9 Procedure MANAGE IL SENSORS V3 A-24 - - -
A-10 Package CHNL_3_IL_VOTER A-26 

A-ll Procedure CALC INNER LOOP V3 A- 30 - -
A-12 Package IL_RESOURCES A- 33 

A-13 Procedure ASSESS_SYSTEM_V3 A- 34 

A-14 Procedure GIVE_WARNING_V3 A- 37 

A-15 Package WARNING CHECKS A- 38 
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--------------------------------
with vnriNG-PLANES : use vntiN~-PLAN~~ 
seoarateCu~CS-LOGlC) 

oroceaure SE:LECT_MOUE-V3 is 

be(} in 
AL-~ARN-V3 := BLANK ; 
case MnDF_SE:L.AUTUPlLOT 
wnen ALT-HOLD => 

wnen RASIC => 

wnen OFF" => 

is 
IAU D E:-1:: Nc;_ V 3. AU TOP lf.OT 
MUDE-ENG-v3.AuTuLAND 
~uDE:-i~G-V3.AUTuPlLUT 
~OD~-E~G-V3.AUTGLAND 
MUDE-ENG_V3.AUTOP1LOT 
MOD~-ENCi_V3.AUTQLAND 

MQD~-ENG-V3.AUTGPILOT 
MOO~-i~G-V3.AUTOLANO 

wnen AUTOLA~D => 
AUTOLAND-ENGAGF-LOGIC 
dec.lar~ 

tyee VALIDITY-CNT is 
record 

GS 
NA 
RA 

INTEGEk range o •• 4 := o 
INTEGE~ ranae o •• 3 := o 
INTEGF.F. ranee o •• 4 := o 

enr! record ; 
NUM-VAL : VALIDITY-CNT : 

be<Hn 
MuDE-SEL.AUTOPILOT := AUTOLAND ; 
for INDEX in 1 •• 4 

loop 

:= ALT-HI1LD 
·- OF'!' ; ·-·- 6A3TC . -. - OFF . -
·- un· ; ·-·- oF"r ; ·-
:= VF:H.T_~JAV 

·- OF"f : 

if AL-COMP-V3.GS-BEAM-VAL(INDEX) = TRUF" 
then NU~-VAL.GS :: NUM-VAL.GS + 1 ; 
end tf ; 
if AL-COMP-V3.RAD-ALT-VAL(INnEX) : !RUF" 
then NIJ,"'-VAL.RA :: NUioi-'v'AL.RA- + 1 : 
end tf ; 
1£ lNDF"X /: 4 
then if AL-COMP-V3.~-ACCEL-VALCIND~X) = TRUi 

then NUM-VAL.NA :: NUM-VAL.NA + 1 ; 
end if : 

end 1f: 
enri loop 1 

Pigura A-1 Procadura SELECT_MODE_V3 (Sheet 1 of 2) 
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c~se •oo~-~fL,AUtn~ANn is 
•nen CA't..JA" => 

tt. f~w.STATU~.VJ : OP.~TATE.1 d~a NUM-VAL,NA : J 
ana NU~.VAL,GS : ~ and NUM.VA~,RA : 4 

tnen MOOE.EN<:.VJ,AUTOLANO :: CAT.JA ; 
elslt fR~-ST~TUS-VJ >= nP.STAT~.2 and ~UM.IA~.~A >= ~ 

dna NU~.VAL,GS >= 2 dOd NUM.~AL,HA >: < 
tnen M0Df-F:NI..V),AII!f1LA~O :: CAT-2 ; 

AL.WARN.V) :: CAT.J.lNQP : 
elslt fRw.STATUS.VJ < UP.5TATf..2 or ~UM.~AL,NA : 

or NUM-WAL,GS : I or NUM.VAL,KA : I 
tnen MOOf.f.N<:.VJ,AUlnLANO :: CAT-1 

AL.~ARN.Vl ;: CAT.l.lNOP ; 
~lse MOUF:.f.Ni..V],AUTOLANO :: orr 

AL.WARN.V) :: CAT.l.lNUP ; 
end 1t 1 

•nen CAT.2 => 
it fB•.STATUS.VJ >= OP.STAT~-2 and NUM.VAL,NA >= 2 

~nd NU •• VAL,CS >= 2 and NUM.VAL,RA >= 2 
tnen MOOF:.E~G.VJ,AUTOLAND :: CA!-2 ; 
els1t fAW.STATUS.VJ < UP.STATE.2 or ~UM.VAL,NA : 

or NUM.VAL.~S : 1 or NUM.VAL,RA : I 
tnen MOUE.ENG.VJ,AUTOLANO :: CAT-1 

AL.WARN.Vl :: CAT.2.1NOP ; 
else MOOE.ENC.VJ,AUTOLANO :: orr 

AL-WARN.Vl :: CAT.~-lNOP 
end 1t 1 

•nen CAT-1 => 
it NUM.YAL,NA >: 1 and NUM.VAL,GS >: 1 

and NUM.VlL,RA >: 1 
tnen MOC.F-ENG-VJ,AIITOLANO :: CAT-1 
else MODE-ENG-YJ,AUTOLAND :: orr ; 
end lt 

•nen orr => 
null : 

end case : 
end AUTOLANO-~NI.AGF.LOGlC 

end case : 
~HNL-l-XrHK.NUM t: 
XCHK.SYNCH-l 1 Call tor N•Version Vote 
end S~LECT-MODE-Vl 

Figure A-1 Procedure SELECT_MODE_V3 (Sheet 2 of 2) 
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Ada Procedure ASSESS_CHAMNEL-V3 

-------------------------------
with CH~L_3_ASSESSM~NT use CHNL-3-ASS~S~M~NT 
witn CHANNEL-RESOURCES use CHANNEL-RESOURCES 
seoarateCu~CS-LuGlC) 
oroceaure ASS~SS-CHANNFL-V3 is 

case CPU-CnUNT is 
wrlen 0 => 

if C~PTR-3.CPU-CHK-OK = FALSE 
tnen CPU-CHK := FALSE 

CPU-COUNT :: 1 ; 
E-nd if : 

wnen 1 => 
if C~PTF<-3.CPU-CHK_OK : Tl-<11~ 

th~n CPU-COUNT := •l ; 
end if ; 

when -to •• -1 => 
1f CMPTR-3.CPU-CHK_OK = TRUE 
thE-n CPU-COUNT := CPU-COUNT • 1 

if CPU-COUNT <= •10 
the~ CPU_H~AL := CPU-HEAL + 1 

it CPU-HEAL > 5 
then CPU-COUNT := 2 ; 
else CPU-CHK := TRU~ 

CPU-COUN'r : = 0 ; 
enri it ; 

end it ; 
else CPU-COUNT := •1 
end 1£ ; 

when 2 => 
CPU-CHK := FALSE 

enn case ; 

case IOP-COUNT is 
wnt!n 0 => 

1£ C~PTR-3.10-PROC-OK = FALSF 
then !OP-CHK := FALSE ; 

lOP-COUNT := 1 ; 
end if ; 

when 1 => 
if CMPTR-3.IO-PROC-OK : TRUE 
then IOP-COUNT := •1 ; 
end it ; 

Computer C~annel 
Nor,nnl 

Faulterl 

Heal inn 

-- Failed 

I/0 Processor 
-- Normal 

•• Faulted 

Figure A-2 Procedure ASSESS_CHANNEL_V3 (Sheet 1 of 4) 
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wnf"n -to •• -1 => 
if CMPTR-3.10-PRnC-DK = TRU~ 
then IOP_COUNT :: tOP-COUNT - 1 

if IOP_COUNT <= •10 
then IOP.H~AL := IOP.H~AL + 1 

if lOP-HEAL > 5 
thP.n lOP-COU~T := 2 ; 
else IOP.CH~ :: TRUE 

rnp_cnu~T .- n : 
enri if ; 

end it ; 
else InP-COUNT := -1 
enrl if ; 

wnen 2 => 
IOP_CHK := f~LS~ 

end case ; 

case MUx.cn~~T is 
when 0 •• 2 => 

1 f :~!JX-COUNT = 0 
then it rMPTR-3.~UX-~US_OK = ~ALSE 

then ~UX_COIJNT :: 1 ; 
end 1 f : · 

else if CMPTR-l.MUX-BUS_OK : fALSE 
then MUX_COUNT :: MUX-COUNT + l 

it MUX-COUNT >= 3 
then MUX-CHK := FALSE : 
end 1t : 

else MUX-COIJNT :: 0 : 
end if : 

end 1 t ; 
wnen 3 => 

if C~PTR-3.MUX-Bt1S-OK = TRUI:: 
then MIJX-COUNT :: •1 ; 
end if ; 

wnen -so •• -1 => 
if: CMPTR-3.M11X-B11S-OK : TkiJC:: 
tnen MUX-COUNT :: MUX-COUNT - t 

if MUX_COIINT <= •50 
then ~UX-HEAL := ~UX-HEAL + 1 

if M11X-HFAL > 6 
tnen MUX-COUNT := 4 : 
else MUX-CHK := TRUE ; 

MUX-COUNT := 0 ; 
end if ; 

end 1f J 
else MUX-COUNT := •1 ; 
end if ; 

when 4 => 
CPU-CHK := FALSE I 

end ease ; 

-- Healino 

-- F'ailP.:J 

MUX Rus Checl<:s 
Norn1-'~.l 

-- Faulted 

-- Heallna 

-- F'ailed 

Figure A-2 Procedure ASSESS_CBANNEL V3 (Sheet 2 of 4) 
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· .. 
_. 

case Acro.cotJNT 1s 
when 0 •• 2 => 

1t ACTR.COUNT = n 
then if SERV0.3.ACTUA!OH-ON : ~ALS~ 

tt"'en ACTR.COUNT : = t : 
ena if ; 

~1se if SERVO.l.ACTUATOR_UN = ~ALSf 
tnen ACTR-COUNT := ACTR.COUNT + 1 

if ACTR.curnn >= 3 
tn~n ACTR.CHK := FALSE 
.. :1rl it ; 

elsP. ACTR.CnUNT .- 0 : 
end it : 

. enr! it ; 
wn~n 3 => 

it SERVO_J.A\TI!ATOP.nN = TPU~ 
thPn ACIR.COUNT :: •1 : 
Pnrl it; 

when -so •• -1 => 
it .SERVG-l.ACTUATOR_nN : TRU~ 

then ACTR-COUNT := ACTR.CUUNT - 1 : 
if ACTR-COUNT <= •50 
then ACTR-HEAL := ACtR-HEAL + 1 

if ACTP-HEAL > 2 
then ACTR-COUNT := 4 ; 
else ACTR-CHK := TRU~ 

ACTR-COUNT :: 0 ; 
~nc1 if ; 

end if ; 
else ACTR-CUIJNT :: •1 
end if : 

when 4 => 
ACTR-C~K := ~ALSE 

~nd case ; 

Actu"ltcr Checi(S 
Norm-".!. 

F'ailed 

Figure A-2 Procedure ASSESS_CBANNEL_V3 (Sheet 3 of 4) 
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~dse LVOT.CUU~T is 
wnen u •• l => 

it LVOT.COUNT : 0 
tnen 1f St:RVD.J.t.VDT.'iALID : fALSI:. 

t~en L~or.cnuNT := 1 1 
end 1t 1 

e1se 1t St:RVn.l.LVQT.VALID : fALSE 
tnen LVDT.CnUNT :: LVD1.CnUNT • 

lt LVLJT.C:UIINT >: 4 
t~en LVDT.CHK :: fALSE 
end it ; 

els~ LVOT.COUNT :: 0 1 
end U 1 

end it I 
wnen 4 :> 

lt SfKVU.l.LVLJT.VALlO • THill:. 
tnen LVDT.COUNT :: •1 I 
end 1t ; 

wnen -so •• •1 => 
it S~~VO.l.LVOT.VALIO : TKUE 
.tnen LVOT.COIJN.T :: LVOT.C"iJU~T • I I 

it LVOT.COUNT <= -~0 
tnen LVOT.HFAL :: LVOT.HE•L + 

it LVOT.HI:.AL > 2 
tnen LV~T.COIJ~T :: ~ ; 
else LVOT.C~K :: TRUF 

LVDT.CUUNT t= 0 I 
end 1t ; 

end 1f 1 
else LVOT.COUNT t= •I I 
end it 1 

wnen ~ => 
LVDT.CHK :: ~ALSE 

end ecue 1 

LVDT sensor rnec~s 
Normal 

and 
and 

tOP.CHK and 
LVOT.CHK and 

~Ul.CHK and ACT~.CH~ 
SERVO.l.PO•ER.AVAIL ; 

Na N•Vers1an vote Taken Because 5tatus 1s Unique to eacn ~nanneL 

Figure A-2 Procedure ASSESS_CHANNEL_V3 (Sheet 4 of 4) 
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--------------------------------
nacK~ge CHNL-3-ASSESSM~NT is 

CPO-COUNT INTI:;GE~ range -10 •• 2 .- (') 

TOP-CQUN1' TNTEGE::P range -111 •• :2 . - () . -
MIJX-COfiNT TNTi::Gt:P range -so.·"* . - 0 . -
A CTR_CI1 U ~lf INTEGER rang~ -:,n •• 4 .- () 

L'iDT_CI"lUNT INT!::Gl:.P range -50 •• 5 . - 0 

CPU-CHK, IOP_CHK, MU~-CHK, ACIP-CHK, LVUT_CriK 
RunLEAN := IPUE 

CPU-HEAL 
IUD-HEAL 
~Al!X-Ht.AL 

ACT!-1-HEAL 
L v i)l'_HEAL 

en~ CHNL-l-ASSESSMENT 

!NT!::Gl:.F range 
INTt:GI::R rang~ 

INTEGER rangP. 
INTEGE:R range 

c : ti'41'E:Gt:P range 

oacKage body CHNL-3-ASSESSMENT is 

beqin 
null ; 
end CHNL-3-ASSESSMF.:NT 

0 •• 5 
0 •• 5 
0 •• b 
(') • • 2 
(') • • 2 

Figure A-3 Package CHNL_J_ASSESSMENT 
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----------------------------
with vnTING.PLANES ; use vnTihG.PLANES 
seoarateCDFCS.LOG[C) 
orocedUrP G!V~.STATUS.V3 is 

be<"lin 

A, .. o~~UN_V3.fLY-ULTY :: fL'l-LHJAL_V3 i 
case ~OD~.EMG.V3.AUTOPILOT ls 

wnen uFr => 
ANNUN.V3.AFCS.STATUS :: AFCS.DSIENGA~ED 
ANNUN.Vl.AL.PRnG.OTSP :: (1 •• 5 => FALSE) 
A~N~~-V3.AUTO~ILOT.MODE := UFf ; 

'Nhen AfJI'OLAND => 
1£ AL.PHASE.V3 = AUTOLAND.t~rp 
then ANNUN.Vl.AFCS.STATUS 

ANNUN~Vl.AuTOPlLUT.~Un~ 

ANN!IN.Vl.AL,..PRC:JG.DISP 

:= AUinPILOI-E~GAGED ; 
:= oASIC ; 

e,l!;e ANN!IN-V3.AFCS.;.STAT~S 

ANNUN-V3.AUTOPILUT-~ODE 
case AL-PHASE-V3 1s 

:: AUTOLA~D.ENGAG~D.: 
:: AUTOPILnt.EN~A~fU 
:: AUTOLAND 

end 
end lt ; 

when AUTULAND-INOP => 
ANNUN-13.AL-PROG-DISP :: 

when AUTOLAND-ARk~D => 
ANNUN-Y3.AL-PRQr,_OISP := 

. when GLIDESLUP~-TRArK => 
ANNUN.V3.AL-PRUG-D1SPC2) 

when DECISION-ALTilUDE => 
ANNUN-.V 3. AL_P~OG-lHSP C 3) 

wnen ALEkT-ALTlTIJDE => 
ANNUN_V3.AL-PRUG-DlSPC4) 

when FLARE => 
ANNUN-V3.AL-PRUG-DISP(5) 

case . • 

wnen others => 

Cl •• S => F'ALSt;) 

(1 :> TRUE, 
2 • •. 5 => FALSE:) 

:: TRUE 

·- TRUE . -
:= TRUF: 

·- T.Rul=.: ·-

ANNUN.V3.AF'CS-STATUS :: AUTOPILOT-ENGAGfD ; 
ANNUN.V3.AUTOPtLOT.MODE :: MODE-ENG-V3.AIJTOPILOT ; 
ANNUN-V3.AL-Pt(OG.DISP :: (1 •• s => F'ALSE ) .; 

end c:ase ; 
CHNL.3-XCHK-~U~ :: 2: 
XCHK.SYNCH-3 ; 

Figure A-4 Procedure GIVE_STATUS __ V3 
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~ltn LH~I-l_A~-ICTEk use (HNI._l_A~_VOlEK 
•ltn ur~~-LU~iC use GFCS-~u~iC: : 
~1rn ~rrt~G-P~A~FS use ~ntTNG_P~A~r~ 
seriirat ~ ( LJ•·c~_l'c:.SOII~I"< ~ l 
nrrycp~urP ~~~AGE-~L-~~~~0~~-VJ 15 

~S-rLAG~-1•, ~~-Cu~i:'-I~. 
~ A-CC.-.P-DuT 

~A-fLAGS_!~, ~A-CU~P-4~, 

G~-C:J"F-ull r, f'A-i"LAC:::;_r•r, «A-Cu"r--J.N, 
: B~n~--~CT~~Cl •• ~l 

r.a_cu"l:'-~rrr 

~S-ST~NALS, PA-SI~NAL~ 
~~-.;.!(,~At.:> 

GS-~~0, NA-MfU, RA-M~U 

tor t~CE~ 1n 1 •• 4 
lol'lp 

1 AOO~-V~CTuR(l •• Jl 
R.t:A~-VE:CTUP ( 1 •• 4 l 
Ri::A~-VECTuR(t •• ll 
F~OAT I 

C:>-~I.AG:i-1N(!NDEX) :: ~~-FLAGS.<.S-HEAM-'A~(lNOF~l 
PA-~L~~~-lN(l~DEXl :: AL-fLAG~.kAU-ALI-IAL~I~UFXJ 

en<1 loop ; 
tor TND~X In l •• J 

loop 
NA-fLAG~-lh(lNOEXJ ;: AL-~LAGS.h-ACCE:L-VAL(lNuFXJ 

Pnt1 loop 1 

C:HK-AL-FIAG~-lN(G~-~LAGS-1~, 1, 4) 
CHK-AL-~LAGS-!N(NA-fLAC:S-1~, 2, l) 
CnK-AL-il.aGS-iN(PA-fLAG:i-IN, 3, 4) 

•or T~r~x 1n 1 •• 4 
loon 

<.5-~lGNAL~(INnEX) :: r~OAT(Gi-~fAM-Dt:V(lNOEXll : 
RA-SlGhALS(INOi::Xl :: FLOAT(RAD-ALTlTUOEClNOFXll ; 

ena 1001:1 1 

tor Ir.Cc:.X 1n t •• l 
lOOO 

e"d lOOP I 

VU~E-Al-SE~S"RSC~S-~t~NALS, I, 4, GS-~Eul : 
A~-~rc.Vl.GS-OFV :s ~~-~-DEV-SI~NALCGS-MED) 

1uTE-~L-~eN50~SlNA-~IG~ALS, 2, J, NA_M~Dl : 
A~-~rC-Vl,N-'CClL s: ACCEL-ST~NAL(NA-~f.Ul : 

VUTE-AL-S~N~nkS(RA-SIGNALS, l, 4, RA-MrCl I 
AL.ME~-V1.RA~-ALT :s RAD-ALI-S!uNAL(RA-MEDl 

Cn<!cl( St:I'SOr 
flay !l"i'Llt 
Vdlldltles 

~f'lf'Ct 

~f'd1ctn 

~er.sor 

~1\ilr.au 

Figure A-5 Procedure MANAGE_AL_SENSORS_V3 (Sheet 1 of 2) 
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It ~~-TlJ~~ :ner 
r-~tK_F'AI 1 ~T-1 Ul...;lC(I.~~-.;;T ..... ·JAf.j, r.::;_TIII!F~, 1, 4, C':S-CO.IIP_OUT) 

rn~-F~U~T-LuGlC(NA-~l~~ALS, NA-ME~, 2, l, ~A-CDMP-OuT) 
rnK_FAI:~.oT-LuC.lClHA_.:,T..;Nt.L<>, ilA_I~Eu, l, ., RA-I:fJMP-r"UT) 
~~-IU~~ := fALS~ ; 
t!lS" ~Y-TUPN :: TRIIC:.: ; 
l!n<1 1 t ; 

tor YNr~x !n 1.,4 
lOr>!' 

·~-CnMP_VJ.~~-R~AM_VAL(lNUfXl :: uS_Cu~P-UU!ClNOFAl 
AL-C~~P-VJ,U-ArCFL-VAL(1~0fll :: NA_Cu~~-UUT(l~uFll 

l!r,ri I C!'lp 

tor r~o~• In 1 •• 1 
lon.-

AL-COMP_VJ,~t.D-AL1-~AL!l~uEXl :: ~A-CU~P-UUlC!N~Fil 
Pl"d loop ; 

CHNL-J-XrriK-NU~ ;: 
X CHI'.-~ 'OH"i1-l ; 

r:'o""'-'ar~ 
In~-.t$ • 
CnPc~ 

Figure A-5 Procedure MANAGE AL SENSORS V3 (Sheet 2 of 2) -- - . 
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·~t.TIJIHI 

114U"'.SL:.NSORS 
114UM.VUTE:S 
St:T.NUM 

drray (!,,3, l •• ~l ot INTFGr.P ranoe o,,o 
:: (1,,3 => (1,,4 => Oll • 

array (1,.3, 1 .. 4) ot INTEG··~ ran<le •5,.:::. 
1: (1.,3 => (1.,4 => Oll ; 

array (I.,J, 1.,.01 <"~t bOo•.::~N 

:= (ocners => Cotners ~> TPUEll 
array ct.,l, t.,.ol ot t~rot~AN 

1= (ocners => Cotners => !RUEJl 

bOULt:AN ; 
INTF:GF.H ran<le 3,,4 : = .. 
l'ITECii'R ran<le 0 •• 4 :: 0 
ll'fTFGER ran<le 1 •• ) :: 1 

tyee ~OOL.VL:.CTOR 1s array CINTFGEH ran<le <>l ot RUOLEAN I 
tyee REAL.Vt:CTOR 1s array Cll'fTEGER ran<le <>l ot I'LOAT : 

croceaure CH~.AL.fLACS.lNCAL.fLAC : in BOOL.Vt:CTOR ; SF.T.NUM, 
NUM.SL:.N~G~S I in lNTI'CiERl ; 

croceuure VOTE.AL.St:NSOkS(AL.SI'NSORS : in REAL.VECTUR 1 
SET.NUM, NUM.SENSORS : in INTt:Gt:R 1 
AL.SFNSOR."'L:.D : out I'LOAT) ; 

croceaure CH~.FAULT.LOGlC(AL.SI'~SORS: In REAL.VL:.CTOR ; 
AL.SFNSOR.MEO : 1n fLOAT SET.NUM, l'fUM.SE~SOHS 
1n lNTFGER ; AL.CUM~-~AL : out BOUL.VECTORl 1 

Figure A-6 Package CBNL_3_AL_VOTER (Sheet 1 of 4) 
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crnc.,our~ CHK-AL-fLAr.:._INlAL._f(.At; In i:!OOL_Vt:.ITOk ; SET-:•IJ"', 
'~U"-SENSOk!'i : 1n INTEGEI< l 1s 

beo1n 
tor TNnEX ln l,.~U~-SENSnRS 

loop 
ca5e AL.FLAG.COUNTCSET.NUM, INnt:X) 1S 
111nen 0 => 

if AL.fLAG(INO~X) : f4L!E 
tnen AL-fLAr..COUNT(St:T-NU", INDEAl :: 
end 1t : 

"nen 1,,5 => 
if AL..fLA(';(INO~Xl : fAL!~ 

tnen AL.F!.AG.COUNT(St:T.NU", INDEX) :: 
AL.fLAG.COUNT(St:T.NU", INOEXJ • 1; 
!t AL.FLAG.COUNTCSFT.NU"', INOEXl 
tnen AL.FLAG.lN(St:T-NUM, INOFXJ 

AL.FLAG.COUNTCSET.NUM, INDEX) 
end lt ; 

else AL.fLAG.COUNTISET.HUw, INogxJ 
end 1t : 

•n•n •5 •• •t => 
1f AL.fLAG(TNOEXl : TRUE 
tnen AL.fLAG.CUIJNTCSt:T.NUIII, INDEX) :: 

AL.fLAG.COUNT(SET.NU"', INOEXJ • 1 I 
1t AL.FLAC.COUNTCSFT-NUM, INOt:Xl 
tnen AL.FLAG.lN(St:T.NUIII, INDEX) 

AL.FLAG.COUNTCSET.NUM, INDEX) 
end 1t ; 

else AL.fLAG.COUNT(SET.NUM, lNDEXl 
end 1t : 

enl'l case ; 
end loop : 

end CH~.AL.fLAGS.lN 

Faulted 

>= 5 
: = rusE 
:= •1 I 

:: 0 ; 

Heel! no 

<= •5 
:= TK 1Jt: 
:= 0 I 

:= -

Figure A-6 Package CHNL_3_AL_VOTER (Sheet 2 of 4) 
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oroc~a11r~ VOTt:.-AL-!>t:'l.$~1<~ ( Al..-::ifi'o~UFI::i : lP Rt::AL.-VE"CTUFI ; St:T -'IU~, 

becun 

NUM_:;FNSOFI.$ : in INTt;Gt;R I AL.SfNSOR-~t;O out fLOAT) 15 

SET-RANKING 
v 

Arrav C1,.4l ot INTt:Gt:.R rany~ 0,,4 :=CO, O, u, I)J ; 
array (1,.4) of fLOAT := co,o, o.o, n,o, v,Ul 1 
F'LOAT :: 0,0 TfMP 

kUM-V01'fS :: NIIM_SfN.~lJR.$ 

tor iNDFX in l,,NliM-SfNSOR::i 
lOOP 

it AL.-COMP_nUT(St:T_NU~. lNUFXJ = FALSE 
~ne~ NU~_vuTt;S := 'IU~_VOTES • 1 
els~ ~ET_P~NKtNr.(tr.Ot:Xl :: TNnt:.X I 
ena it ; 

end lOOt' I 
tor lNDF"A 1n 1. ,NIIM_vnrrs 
lOOP 

tor CHNL.-NUM 1n INOEX,,4 
lOOP 

lf CHNt_NUM : SfT-HAN~lNGCCHNt_NU~l 
tn~n V(lNUEXl :: AL.5t:.'l::i0i<S(CH'IL-NU~l ; 
exit 
""d 1 t 

end lOOP 1 
end loon 1 
case NU~.VOTt;5 1s 
.. nen o => 

null 1 
1111'len 1 •> 

AL-5t;NSOH.MF'O :: VCll I 
•nen 2 => 

1t VC1l <: VC2l 
tnen AL-SENSOR-YEn :: 9(1) 
else AL-SENSOR-~EO :: VC2l 
end it ; 

•nen 3 => 
1t (V(2) <= V(l) ant1 VCll <= VClll or 

(V(J) <= V(t) and VCil <= VClll 
tnen AL-SF'NSOR.~EO :: VCll ; 
e1s1t (V(IJ <= VC2l and VC2l <= VClll or 

(V(l) <= V(2) and VC2l <: VClll 
tnen AL-SENSUR-~~0 :: VC2l I 
else AL-SENSOR-~t:.n :: VCll 1 
end 1f 

wnen 4 "> 
tor t ln l,,NUM-VOTES•I 
lOOP 

tor J 1n l•l,,NUM.VOTt:.S 
loop • 

1f 
tnen 

en a 
end loop 

end looo 1 
AL-S~NSOR-MP:D 

end case r 

V(l) >• 
TENP := 
V(f) := 
v (,1) := 

1f , 
I 

:• V(2) 

V(JJ 
V(t) 
V(J) 
TEMP 

Pnd VOTE.AL-SENSORS r 

Figure A-6 Package CHNL_3_AL_VOTER (Sheet 3 of 4) 
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ornc~dur~ CHK_rAU~T-Lur.IC(A~-SE~SOPS: In RfAL_Y~~TOH ; 
AL-SENSOP-~EO : ln fLOAT SET-NUM, NUM_S~NSOHS I 
ln lNT~GER ; AL-CUMP_Y.L : out aOOL-YECTOHJ 11 

AMPL-~TMTT drray (I •• Jl ot fLOAt 
:= c1 => o.oso, 2 => o.u2~J 

~AX-CT cons~ant '~rrdV Cl..ll ot INTt::GEP .- (5, ~. 4) 

neotn 
tor tNOt::X In l •• NUM_!t::HSOHS 
loop 

It SF:T-NU.~ : J 
tn~n ~MPL-LlMlT(lJ ;: n.n2• 
~nd l t 1 
CdSe AL-CO~~-COUN!CSET-NUM, 
wn~n 0 => 

l.t acs(AL-SENSOP-MED • AL-St.NSUPSCl~Uf.Xll >= 
AMPL-~IMITCSFT-~UMJ 

~rten A~-COMP-rOIJN'l'(SET-NUM, l'IOfXl :: 1 1 
~nd if 1 
1 •• "i => 
it 'IDS(AL-SfNSOR-MEO • AL-SENSORSC!NOEXll >= 

AMP~-~TMTTCSET-NUM) 
trten AL-COMP-rOIINT(!t.T-IIUM, INOF:Xl :: 

AL-COMP-COUNT(SET-N~M, INDEX) + I 
1t AL-C0>4P-COUNTrSF1-NUM, INOEXl 
tnen AL-COMP-OUTCSET-NUM, INOEXJ 

>= MMX-CTCSET-N~M) 
:= fALSE 

wnen 

AL-C0>4P-COUNTCSET-NUH, INDEX) 
~nd 1t ; 

else A~-COHP-rOUNT(SET-NUM, lNOEXl t: 0 
end 1t 7 
II :> 
null ; 

~nt1 case ; 

: = 6 ' 

AL-COHP-YAL(INOEX) := AL-COHP-OUTCSET-NUM, lNOEAl or 
A~-FLAG-INCSET-NUM, INDEX) ; 

end loop ; 
enr1 CHK-FAULT-LOGIC 

Figure A-6 Package CHNL_3_AL_VOTER (Sheet 4 of 4) 
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·•~t n AI _PESullh(t:.~ r 115,a Al.-t<f.SOlJPCfS ; 
--un d C~-L0GlC u:;e DH';:,-Ln~Il.: ; 
"'1 t r. LJF"C.~-~t:.suu~n.~ use IH CS-KF":,nUPCE:i 
'"ltn Vf1TT~<G-PI..Ar.F'S r IJS~ VUTlNG_i'LANt:.S : 

seo4rdrercrNThCI..-L~N~l 

oroc~dt' Cl!' C><LC-~UTr11..AI.Q_V 3 15 

Cd~e ~nuE-ENG_VJ,AUTf'LAr.O lS 
wn~n Cl!-1 I CAT-2 I C~T-JA => 

1 t lHlti.:.LI'Zt:. : fA(..,<;t:. 
t~en Al..-i'tii<Si:.-~3 :: Alllr11..Aflf'_l..,Gt' 

AL-SENS-~EOIANill :: FLUA[(AL-~~C-Vl.~S-rt:.V) 
AL-SF'~S-~t:.DlAN(~) :: ~LUATC~L-~~0-VJ,N-ACCF'Ll : 
AL-5~~~-•t:.DlAN(Jl :: ~LUAT(AL-~i:.D_V],i<AU-~<1...!1 : 
AI..-SF"NS_Mt:.O!AN(~l :: FLUATClL-~t:.n_Vl,P-~AIEJ ; 
CALC-AL-STF't:.RlN~(AL-~i:.IIS-~f.giAN, ~ODF-ENG-VJ,I<UTCLA~O, 

AL-P~AS~-Vl, Al.-5T~EklNG-CMD); 
TNtTTt.r.lZE :: TRIJt:. ; 

ena 1t ; 
~AD-AI..[ :: F"I..OAT(~L-~F~-Vl~~~O-ALT) ; 
Ch~CK-SU&-~nDrCMUOE-t:.NG-Vl,AUTDLANO, RAO-ALT, AL_P~A~E-VJl 

A1-SE"S-~F:~o~!i.N(1) :: f"I.OioTlAL- ... fD-Vl.GS-Dfn r 
AL-St:.N;:,-~F'UIAN(2) := F'LOAT(AL-~~u-il,N-ACrt:.L) ; . 
AL-~ENS-MfDlAN(l) :: f"I.OAT(4L-MFJ-Vl,PA0-ALT) ; 
AL-SlNS-~EOtAN(4) :: f"LOATltL-MfO-Vl,P-RATt:.l r 
CALC-AL-STi:.ffti~GlAL-SFII~-~t:.niAN, ~UDt:.-EN~-13,AUTULANO, 

AL-PHAS~-Vl, AL-Stf~RlNG-C~Ol : 
AUTOL~ND_rMO-Vl :: P1TCH-CO~MANP(~L-STl£kl~G-CM0) 

wn~n UC'f :> 
1t lNITt~LlZ£ : TPUF' 
tnen AL-i'~AS~-~J :: AIJtn~ANO-tNOP 

~~-Sf~S-MEDlAN(l) :: f~DATCAL_v~n-VJ,~s-n~V) 
AL-.::i~ .. S-"~PlAN(:.!) :: r'LI.JA1(A!,_I't:.O_VJ,~>-.<C"CF.l.l : 
A~-5~1.~-M~OIAN(]) :: fLOAtiAL-~~0-V),~AD-ALil : 
AL-Sf~S-M~OIA~(4) :: fL~ATCII.-Mi:.O_Vl,~-"A!fJ ; 
C~LC-AL-St~t:.RlN~CAL.-S~»S-MEUlAN, ~00~-ENG-VJ,AUEOLAND, 

AL-PHAS£-Vl, A~-ST~EMING-C"Mf'JI 
TNtTIALlZL :: f"AL.::iE : 

ena it : 
en!! c:ase·, 
Cn~L.-j-AChK-NU~ :: 4 
XCt•r<-.::iYl'tCH-J ; 

~nt1 CALC-AIITOLAr.O_VJ ; 

Figure A-7 Procedure CALC_AUTOLAND_V3 
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w1tn DF"~S-LUGlC 1 use DfCS-l..n<.;TC ; 
w1tn DF"CS_PESOURCES 1 use DfCS-kESOURCF.~ 
oacKaQ~ A~_kES0URCF"S is 

F"ilt!!r l : Gll~esloP~ Deviation Low•Pass 

r.sr_x, GSl-~."1 
GSO-KMI 

constant := l,Oio,U 
1 constant := J.Ot~.u 

F"ilter 2 : Nor~al Accelerarlon Hiq~·Pass 

NZI_IC'. 

'IZI-KMI 
i'IZD-XMI 

constant ,. 90v.ui~Ol,v 

constant := •900.0/~0l,v 
1 constant :a 8Q9,0190l,O 

F"ilter 3 : Altitude Accetera~lnn ~ow•Psss 

H20i-K, H2Dl-KM1 
~21'10-KMl 

1 constant := 1.01~2.0 
constant := 9,0/11,0 

~1lter 4 : Radio Altitude H1on•Psss 

HI-K 
Hl-K"l 
H0-K"1 

~1lter ~ : 

AGSl-K, 

Glides lope 

AGSi-KMl 
~GSU-KM1 

Comman<1 

21l,ll/t1.0 
:= ·20.0/11.0 

Q,()/11.0 

constant := 
constant 
constant := 

F'd<1er 

constant := I,Ot&l.u 
constant := :,9,0/61.0 

11'1lter b I Command Hate r.1m1ter 

RATE-LIMIT : constant := J,O 

~1lter 7 1 Pltcn Hate Error Fader 

PRF:l-K, PRE1-K"1 
PREO-KMl , 

:constant :• 1,0/ll.O 
: constant :• 2q,0/31.0 

Filter d 1 Altitude Ac:eeteration Inteqrator 

H20At-K, H20Al-~M1 
H2DAO-KM1 

constant := 1,0120.0 
constant := 1.0 

Figure A-8 Package AL _RESOURCES {Sheet 1 of 6) 
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Glld~slooe OesentiZdtion ~ain (bO to 1000 Ft,l 

KGS 

Flar~ Command Gain l•20 to bO FT,l 

constant .- -8.0/~0.0 

Control Law Variacles 

I.S.EPk, i.S.~~H.LP, GS.FkP.DS, 
f:1Et..'IZ, H.2LJOt, f4.20nt.AUG, H-21Jnt-LP, 
HkA, HRA-HP, H-OOT, 
H.DOT.I.S, H_OOT.R~r, H_unt-AI.S, H_OOT-CMOI, 
H.DUT.C~02, H-OUT-EKP, 
PH-C~D, PR-'MD-LIM, PR-ERH FL..i.lAT I 

OLn.GS-ER~, 01..0-I.S-ERR-LP, OLO.DEL-~Z, OLD-H-2~0T, 
n~.oD.H-200T -LP, Ot.O_H-200T -AUG, ULO-H-DOT-IH.f, OLD.HH A, 
rLO-HkA-HP, OLO_H_OUT-AGS, ULD-PR-ERR, 
OLO_H_OUT_CMDI : FL..OAT 

l.lld~stooe/Autoland Progress trio Points 

ALT-R~F'-1 
ALT-R~F"-2 
ALT-Rt:F'-3 
ALT-PEF-4 

c:onsr .. nt 
constant 
constant 

1 c:onltant 

:= 
:= 
:= 
:a 

201),(1 
1~0,0 

100,0 
60,0 

tyee SENSOR-VECTOK 
AL-SENS-~E01AN 

ts array (1 •• 41 ot FLOAT 
I St;NSOR-VECTOR 

IllrttALlZE 1 800LF.AN :: F'ALSE ; 

orr~c:~dure CALC-AL-~TEEPlNCCAI.-SENSOK-Hf.OS : 1n SFr.SUR.Vt::C!OH 
St:L-AL-MOOF : 1n AL-CATEGORY ; MODE-STATU~ : 
1n AL-PHOCPESS ; PITCH-AL-CHD : out FLOAT) ; 

oroc:eaure CkECK-SU~-~OOECSF"L-AL-HUDE : in AL-CATE~OKY 
RAD-ALT : tn fLOAT ; MODE-STATUS 
ln out AL-PROGRESSl 

orr~cedure TNTTtALIZE-FtLTt;PS ; 
procedure CALCnLATE-GLIDESLOPE 
oroceaure CALCULATE-FLAHP. J 
Procedure FAOEA-Ll~ITER 
procedure At::SET-FlLTFRS 
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or~c~aur~ C~LC-AL_STEERING(AL-~ENSOK_MfDS : In ~ENSW~-V~CrO~ ; 
S~L-AL-MODE : ln ~L-CAT~GORI ; MODf-STATUS : tn AL-~RUGkE~S 
PlTCH-AL_C~O : out fLOAT) 1~ 

GS_f.RP 
DEL-~Z 
riP A 
f'ITC11-~ATf. 

case SFL-AL-wun~ ts 
~n~n CAT-2 I C~T-lA => 

:: AL_S~NSOH_MEDS(\) 
:: AL-S~NSOH-~f0S(2) 
:: AL-SENSnH-~fDS(l) 
:: AL-S~NSOH_MF-05(4) 

It ~OuF'-STAT11~ : AUTOLANO-tNOP 
tnen l~lTIALIZE-fiLTfHS ; 
~lslf WQD~-STATUS : fLARE 
tnen C~LrULAT~-fLARE ; 
~lse CALCULAT~-GLIO~SLOP£ 
~nd It ; 

"'nen CAT-l => 
It · ~OOF'-STATIJ!i : AIITOLAI'iD-!NOP 
tn~n INITlALIZf-flLTf.kS : 
elSlf ~OD~-STATUS : GLIOESLOP~-TPAC~ 
rnen CALCULAT~-GLlO~SLOPf 1 

elslf MODl-STATUS a O~CISlON-ALTITOD£ 
rn~n fAOFH-LIMTTER I 
en<! 1t ; 

wn~n OF'f => 
R~S~T-riLT!':HS 

Pnc1 ca.!le ; 
PITCH-AL-CwD :: PR-~RH 
end CALC-AL-STEERIN~ ; 
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oroc~aur~ CrlfCK-SUB-~UO~C~~L-AL-~00~ : in AL-CATEGn~y ; RAD-A~T 
ln fLOAT ; MOOr-STATUS : in out AL-PRUGkESS) is 

CdSe SFL-AL-~00~ ls 
-n~n CAT-2 I CIT-JA :> 

cas~ ~UD~-STATU~ 15 
•~e~ IUTULA~D-1NOP => 

~OOE_STATlJS :: -.•JTn~At-10-AH~t:;O 

•~en AUTULAHO-ARMFO :> 
~un~-~TATU5 :: ~Lln~~~O~F-TkACK 

.nen GL!OFSLUPE-TPAC~ => 
it SEL-AL-~OOE : CAT_2 dnd ~~en PAD-ALT <: ALI-hEf-~ 
tn~n ~ODE-STATUS :: OfCISION_A~TITUOE ; 
elstt RAO-ALT •= ALT-kEf-J 

tnen ~ODE-STATUS :: ALERT-ALTITUDE 
ron<! 1t ; 

•~en DECISlON-ALTITUOF I ALrkT-ALTITUDE :> 
1t kAD-ALT <= ALT-REF-4 
tnen MOOr-STATUS :: FLAkF ; 
ent1 1t ; 

.nen P'LARE => 
null ; 

end case 1 
wnen CAT-1 => 

case ~ODE-STATUS Is 
wnen AUTOLAHO-lNOP :> 

~ODE-STATUS :: GtiDESLO~E-THACK 
wnen GLIOf.SLOPE-TRACK => 

tt kA~-ALT <= ALT-Pt:;r_4 
tnen MOOf-STATUS :: DECISION-ALTITUDE 
end tt 

•~en otherl => 
null ; 

end case I 
wnen UFf. => 

null 1 
end case ; 

ent1 ChrCK-SUB-~ODE 
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Droceour~ TNT!IA~IZE-FT~T~RS 1s 
neq1n 

end 

ur.o_un._Nz := OF"l._NZ 
H-21"lOT := o.o 
uLD-H-lOUT : = o.o 
ULU-hiiA . - hilA 
HRA-HP : = 0,0 
ULli-hRA-HP := o.u 

ININA!.IZI::-Ft~T~PS 

GS-I::IIk-~? :: G50-~~l•ULu-~5-E~R-LP • 
GSI-IO'l•DT.0-~5-ERR + GSl-K•G5-E:RR 

GS-ERH-05 •• 0,1•~5-E~R-LP ; 
1t HRA < 1000,0 
tnen GS_r~R-05 :: (HkA•6Q,OJ•~~S•GS-ER~-OS 
en<1 It 
H_1uOT .. NZO-K~l•UT.U-h-200T + 

or.n_l"lt:L.~IZ 

H_2UnT-LP 

nr.n_H.2DOT 
O~D-H.200T.LP 
HRA.HP 

nr.n.HkA 
OL.D.HIU.HP 
H.OOT 
"-200T.AUG 
H.OOT-RI::I" 

. -
: = 

:: 
:= 
:: 

:: 
:= 
:= 
:= 
:= 

NZl-K~l•OLU-OF.~-NZ • ~ZI-~•DEL-~Z ; 
orr._N2' : 
H20I"l-~Mt•nLO_H_2oOT-~P + 

H20I-~MtOOLD-H-2DOT • H2Dt-~oH_2~0T 

H-200T I 
H-200T-LI' ; 
HO_K~l•O~h-HRA-HP + 
Ht-KMtont.O-HkA + Hl-K•HRA 
HPA ; 
HPA-HP I 
H-200T-LI' + HRA-HP I 
H-200T • GS-i::RR-05 I 
H20A0-KMtoOLO-H-00T-REF + 

H20AI-KMt•OLO-H-200T-AUG + H20Al-K'H-2DOT-AuG; 
Ot.D_H_OOT-Rt:r :: H-OOT-REf ; 
or.n_H-200T-AUG :: H-200T-AUG I 
H_OOT-AGS :: H-OOT-RF.f • GS-F.RR-05 
H_DoT-CMOl :: H-OnT-REF I 
nr.O-H-DOT-CM01 :: H-OOT-CYOt 
H-DOT-CM02 :: •A,O ; 
H_OOT.ERR :: H-OOT.CM01 + H-DOT-CM02 • H.DOT 
PR-CMD :: 0,5•H-DOT~I::PR ; 
It •bS(PP-CMO-LlY • PR-CMO) >: RATE-LIMIT 
tnPn 1f PR-CYO > 0,0 

t~en PR-CMD-LTM :: PR-CMO.LIM + 0,3 
elsP PR-CMO-LIM :: PR-CMO-LIM • O,J 
end 1f 1 

Plse PR-CMO-LlM :: PP-r.MD I 
l!nd U 1 
Pk-t;Rk ;: PR.CMO.L!M • PlTCH.RATE I 

Pn<1 CALCULATF..~LIDESLOPE 1 
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oroc~dur~ C~L~ULATE-rLAHr Is 
t1~111n 

Ot..D-DI:.L-NZ 
H-10t'lT-LP 

0LD-H-200T 
Dt..C1_H-200t_LP 
HHA-~P 

:: NZU-KM1•0LD-H-2DOT • 
NZI-K~l•OLO-OEL-NZ + NZI-KoOEL-~Z 

:: OrL-NZ : 
:: H20t'l-K~t•OLO-H-2DOT-LP + 

H20t-KMI•OLD-H-200T • k2DI.K•H-200T 
:: H-2DUT 1 
:: H-2DUT-Ll:' I 
:: HO.KMI•OLD-HkA-HP • 

HT_KMtoOt..O-HRA + HI-KOHRA 
nt..O_HRA :: HRA ; 
r.LD-~kA-H~ :: HPA-HP : 
H_OUT 1: H-2DOT-LP + HR~-HP : 
H_OuT_CMOt :: PPEt'l-KMtonLO-H_OOT-CMDl raa~r 
nt..D_H_DuT.CMDl 1: H_OOT_CMUI ; 
H_OuT.C~n2 :: (HRA + 20,0)oKfL : 
H.DUT-ERR 1: H.OOT_CMDI • H_OOT-C~02 • H_ODT 
PR_c~o := o.s•H-unt-~Rk : 
it •nsCPR-~MD-Ll~ • PR-C~Dl >= "ATE-Ll~lT 
rn~n 1t P~-c~o > o.o 

tnen PH.C~D-LT~ := PH_C~D-L!M + 0,3 
els~ PH_C~O-LtM :: PR_CwD-L!M • 0,3 
~l'ld 1t I 

~•se ~R-~MO-LI~ := PR-CMO : 
~nd It ; 
PH-~RH :: PR-CHCI-LlM • PiTCH-RATE 

~n~ CALCULATE-fLARE 

H_OOT-C~Ol 1= l:'R~n-KMt•OLD-H-OOT-CMDl ; 
Ot,.O_H_COT-CMOl :: H-OOT-CMUt I 
PR-CMO :: H-OOT-CMOl I 
if atiS(PR-CMO-LlM • Pk-CMC) >• RA~E-LlYIT 
tn~n 1f PR-CMO > 0,0 
tn~n PR-CMC-LIM :: PR-CMn-LlM + 0,3 I 

else Pk-CHD-LIM :: PR-CMO-LIM • 0,3 
end U : 

el~e PR-CMO.LIM :: PR-CMO : 
!'nd 1t : 
PR.~PR :: PR.CMO-LlM • PITCH-RATE 

end rACER-LIMITER 

oroceaure R~SI:.T-P'lLTP:RS is 
beq1n 

Ot..D-t:S-ERR := 0,0 
OLD.t:S.ERH.LP := 0,0 
OL1'1-0~L-t4Z I= 0,0 
OLO.H.200T := 0,0 
0LO-H.2DOT-LP := 0,0 
0LD-H.2DOT.AUG := o.o 
CH,D.H-DOT _REf' := 0,0 
OI.O.HIU I :II 0,0 
01.0-HRA-HP I• 0,0 
OI.O.H.OOT.CMDl t• 0,0 
Ot..D-PR.EIIR t= o.o 

end RES£T.f'1LTERS , 
end li..R!'SOURC:ES , 
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w1tn CHr.!._l_IL.-Vf'lTF'r< use CHNL-l-IL-VOTF'k 
w1rn urc~_LU~lC us~ DF'CS-Lu~lC : 

.wltn ~orr~G-PL.A~F~ use vntrNG_PL.~r.F'~ 

s«od r a r .. c.., rcs_Pt::SUiii<~"l:..~ J 
prnc..-ourl' ".l.'~A~E-H _sc:;N~(;HS_V J 1s 

r.-_.:;n,_,, ~.r.:... 

c;:_:;.,.~_cr,.p, 

r_P~Tr.-fl.;.r.:,, 

TAS-F'L..l.-..>, 

P_Sl~-<"L.A<.S, 

P_ST~-Cu .. ?, 
P_k.:.Tt._(f",'\P 
1'AS-C(JI'f' 

A'1A-t!.AI.S, 
.<VG-.;OA-COMP 

Cl"_:;n_:;r~~!;.r.:;, P-SH-Sll.r.AL.>, 
AVI.-~G~-.~ !(:.,AL.S 
P_PA'~'t:.-Sf,,.'I;.L;, 

'I'AS-SlGt.AL..~ 

r~_.:;T~-M~O, P-St~-'1:.~, AVG-AOA-MF'D, 
P_P.:.T~-~F'U, TAS- .. 1:.~ 

tor tr.l't::X In 1 •• 4 

~uOL_,F'lT~Q(l,.~l 

hu0L-vrC1'uk(l,,J) 
8u0L.-iF'CTU~(I,,~l 

Pt:.AL-•F'CT~R(l,.~l 

Pt:.AL.-JfCTu~(l,,Jl 
RC::AL-VF'CTQR(l,,~l 

locp 
rp_:;T~-~'.AI.;,(lNOF:Xl 

P-~lK-F'L.AGS(!~~I:.X) 
~UA-F'L.A(.iS(tr;OEXJ 

:: TL.-I'"!.AI.S,C.:P_STI<-VAL(It.OEXJ 
;: TL.-fi.A\.::i,I?-ST"-VAL.( !NuF:X) 

It lNUEX <: l t~en 

:: IL-iLAGS,L.F-AOA-VAL(lNDI:.X) anrt 
IL-fLAC:;,kT-AOA-VALtiNDI:.XJ 

P_RATI:.-fLA\.::i(lNUF'Il :: TL.fLACS.P-kAIE.VAL(IUOI:.XJ 
1t lNCF'x <= 2 tr.~n 
'I'AII-F'LAGS( I~l'li:.XJ :: TL.fi.AG.S,IAS-VAL( INuEX l; 
<"n<1 It 
enrt 1t ; 

end loop ; 

ChF'CK-IL-fiAI.:;(CP_SIK-F~AG.'I, 1, 4) 

rn~C~-TL.-tL•\.~C~-;,1'~-FLAG,, 2, 4) 
Cn£~~-1~-iLAI.S(AnA_~tA~S, J, 4) 
rHFC~-IL-YLA~SC~-~AtF-F'LAG~, 4, J) 
CHEC~-1~-fL.I.S(IAS.fLAG.S, ~. 2) 

tor I~D~X tn 1 •• 4 
too;; 

rp_S'I'~-.SI~NA~SCINUF'Al 
P.St~.Sli.~A~~(l~O~XJ 
A~G.AUA-SlG~ALS(IUDEX) 

: F'~nATtCP-STICK_CI'OCINO~Al) ; 
: FLOAT(P-SIICK.CMr.~t~O~Xll : 
: (ft~ATC~~F'T.AUA(IMP£Xll + 

r~OATCRIGHT.AOA(IhO~Xlll/2.0 
It l~OFX <= 3 tn-n 
P-~AT~.S[GHALSClNCFil :: F'L.OA'!'(P-PATE.GYkntiND~X)l ; 
It lN~FX c: 2 tnPn 
TMS.51G~A~SttNO~XJ := rLOATlTkU~-AtHSPEEO(tND~X)l 
~'nd 1t ; 
ent1 lt 

end IO"P I 
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VGT~-ll-~E~~n~!(C?_5T~-SI~NAL~, 1, 4, CP-ST~-WtDl ; 
VuTt-ll._S~~sn~S(P_5IK-5lGNALS, ~. 4, ~-~TK-MEU) ; 
VvTE_lL_S~~SnHS(~W~-AUA-Sl~MALS, ], 4, AVG-AOA-ME~) 

VCTt_ll_S~~~OKS(~-~ATt-SI~NALs, 4, ), ~-hATE-~tUJ 
VuTE-lL-S~~~nkS(T~S-Sl~hALS, ~. 2, lAS-MfDl I 

TL-~FD-Vl,C~_STI~K :: STIC"K-CWUCLP-STK-~~0) 
TL-MFD-Vl,P-STTCK :: STlC~-CMUIP-ST~-MEUJ 
!L-~F'-~l,AU~-DIS~L :: ~nA-:.ii~NAL(AV~-1~1-ME~l 
11.-MF'~-~l.P.~iTE :: A~G-kAlE.Sl~~ALCP.RAIE-M~Dl 
lL-~£0-Vl,TK-AlkSPEtD :: !A~.sl~NALLTAS.MEn) 

~nK_F'-'IILT.l.Or.lC(CP_:..TI(-5!GI.ALS, 
~~~K .f'.~ll L T _r.ur: l C ( ~'>-ST K_S I Glo A 1..~, 
Cn~ .F' ;.IJ L. 'l' _LuG lC (A iiG-AuA_S l~r.A LS, 
r"nl< _FA IJ LT .I.C\.1 r l P_IUTE-.:; I~:>NALS, 
r"nK-F'AULT-LuGlC(TAS-SlGNALS, 

CP.5TK-"i::D, 
?.ST~-1'1£0, 
AV.O.AI'lio_,'lf.O, 
P.kAT£-~1:.0, 
TAS.MEO, 

1, 4, CP.:.iTr\.1.:01'11> l ; 
'2, 4, P.STK.C(JWI.' 1 ; 
3, 4, AV-G.AuA.CUM~) I 
4, 3, P.RATC:.COMP) ; 
5, 2. TAs-rui'I~J : 

for INn£X tn 1,,4 Comparator Valta1tY Dut~ut 
lon~ 

11.-C~MP.VJ,CP.STK.VALlT~nt:.X) :: CP.STK.CO~P(l~OFX) : 
TL-COMP_V),F.STK.VAL(!NCEAl :: P-STK.COMPITN~~Xl ; 
IL.COMP.Vl,AVC-AOA.iAl,ClNU£~1 :: AV~-AOA-COMP(INOEX) ; 
It INOFX <: 3 tn~n 
!L.CnMP.Vl.~-RAT~-VALliNO~X) :: P.HAT~-CO~PCINDFXl 
If lNOFX <: 2 tn~n 
TL_CnMP.VJ,tAS-VAL(!IIOF.Al :: TAS-COMP(!r.u~Xl ; 
~'nd 1t 1 
find tt ; 

~nd loop ; 

r~Nw-3-AC~~-NUM :: ~ 
JI'CHK.SYNCn_J ; 

•• ~-version Vot•n~ 
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IJi.J''-Sc.~::.dkS 

~1 U"'-VUTt.~ 

St. T-''u" 

t~oe oncL_v~rrn~ 

t'jri! t<F'AT._V~CT:"lH 

T IITt.l.c.R rdn.,.e 2 •• ~ : 2 
T:'iT~Gi:.R rdnql' 0 •• 4 : n 
I r.n;r.c;R range 1 •• 'J = 1 

1S array CHoTi:.l.i:.R ran41' <:>) nt u ·~uLC.AI1 
i:> array Cir.Tc;Gi:.~ rdnqe <>) ot rL ... A! 

ilrrav (1 .. ~. l •• ~J of INTt:.l.i:.P ran·.Je 0,.17 
:= cntn~rs => <otners => vll ; 

ilrrav Ct •• ~. t •• 4J ot TNTi:.\.i:.g ranye -~ •• 5 
:= \otners => corners => ulJ ; 

arrav (1 •• ~. 1,,4) ot ~uO~EAN 
:= Cot~ers => Cotners => r~u~Jl 

array (1,.~, 1,,4) of BUO~EAN 
::(Others:> Cotners => rRUEJl 

or~CI'OUfl' r~ECK-t~-~LAI.H(il-F'LA~~ : In bOUL-Vi:.CTOR ; SEI-NU~, 
riiU'I-SFN.'H,iR.:;. 1n INTEG&::!! l ; 

orocl'aurl' V0Ti:.-1L_S&::N.:;.OH~(l~-H~NSORS 1n R~AL-VECTUR ; St.T-Nu~, 

~UM-SEN~C~S : in lNrE~Ft< lL-SENSDH-~~~ : out fLCArl 
orocl'aUrl' CHK-fAU~T-Lor.ICci~-SENSORS 1n REAL-VECTOR ; IL-'ENSOR-~~0 

in FLOAI ; HET_NUM, NUM-Si:.NSOkS in lNTEGEk ; 
IL-CMMP-VAL : our BOO~_VECTUR) ; 
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crcCf':li:P' 1"hF"CX.1L..~ l .<I;Sf I[ •• F"l..Al.o5 : In ~n(JL.'It;f:Tf'R ; SC::T.;•UM, 
r.II"'-SF"NS(.;HS : ln INTE:Ct:.~ l lS 

r-<!<'11~ 

fur r .. rc:.x In l. ,I'U'"-St.N::i0k5 
lc.np 

ease lL-F't.Ali-COUNTCSF'T-IIIIM, !NDt:.Xl 1S 
•nen u => 

lf IL.-FLACSIIN~€Al = F"~l.SF" 
tr'len !L.-Fl.AC_I'OUNT(!;I:.T-NL.~, 1!'4DEXl ::: 
encJ 1t ; 

wnen 1,.5 => 
1t Il..-ft .. GsrtNUF"Xl : fALSE 
tr'len 11..-t'L"C-CUIIIIT(!;I:.T-'IIJ~, lNuEXl ::: 

IL.-fLAG-C:OllrtT(5C:T-IIIJ~, l~OLtl • I 
It Il.-F"LA~-COUNTCSFT-NIJ~, INDI:.J~ >= ~ 
tnen I!.-FL.ACi-lN{St:T-11U14, iNIJFXl ::: FAl..~t:: 

lL-f'~oACi-Cf'UNTCSEl-NllM, INDEX) :• •l 
end It ; 

else IL.-fLAG-C:UllNT(~t:T-NUM, I~OE:Xl :: u 
wnd 1f r 

•nftn -1§ •• •\ => 
lt IL.-YLAG~CINL.F"Xl : THU~ 
tr'len Tl..-F'LACi-I'OIINT(!;I:.T-~UIO, INOEXl :: 

tl..-fLAG-rUUNT(SET-NIJ"', INOEXl •I 
It 1L-F' ... A~-COIJN1C~El-NUM, INDI:.Xl <= •5 
tnf!n lL-I"~oACi-.INtSC:T-NUII, INDEX) :: rQUF: 

1L-F'l..AG-COUNt ( SE·t-NIIM, l11Dt.Xl :: 1'1 
en<1 1t ; 

else IL.-fLAG-C:UUNT(SET-NU"', INOEXl :: • 1 ; 
end 1t r 

""" eose 
en'tl to"p ; 

•• ;ault.eo 

•• neall.~.., 
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proc~dur~ VwT~-lL-~~~sn~~(TL.~F~SWR5 
NU~.S~~~nk~ : !n INT~GFH 

1n ~E~L-IECT~~ ; s~T-~u~. 
!L-S~IISOH.M"u : Ollt n,.-A'rJ ls 

SI:.T.P;.NKTNG 
v 

~rrav (1 •• 4) at !~TI:.GER ranq~ o •• 4 := (U, n, u. OJ 
arrav <t •• ~J at FLn;.T := co.o, o.u, o.~. u.ul : 

TV'P FLnAT :: u.O 

NU,..Vt..TI:.S :: ~llM.;,F"r~SOIIS ; 
tur't.l~~x In t •• Nu~.SI:.~~OHS -- ~ntc~ ~ensors Vwrl"~ 

loop 
It 1L-~"U"i'.UIIf(5fl.Nll", TNOI:.Xl : fALSI:. 
t~~~ ~~M.VOTE;, :: ~U~-VOTE5 • 1 
~lse "E1-~AN~ING(INOF"'l :: I~OEI ; 
t-n,., t t ; 

'"n<1 lOOIJ 

tor t~ri:.J In l •• NU~.VU?I:.S 
1001) 

tor '"HNL-NIIM ln TllOI:.~ •• -1 
lOilP 

It CHNL.NU~ : ~I:.T-RA~~I~GLC~NL-NU"l 
VCINUEXl :: lL-SENSOkS(CHNL-NUMl tr.~n 

exit 
end It 
lonp enc1 

~n-1 lC"P ; 
case """-'10TF"5 1s 

•nen 0 => 
n~ll ; 

•n.-n 1 => 
1~-SEHSOP.,.I:.O :: VCll 

,.nen 2 => 
It V(!l <: VC~l 
tnen 11-SEH~OH.MFO :a V(1) 
"lSe IL-SI:.N~OH-~EC :a Vl2) 
.-nd 1t ; 

•:"J~n l 1 o1 => 
tor t 1n l •• NU~.VOTI:.S•I 

loop 
'or J !n l•l •• NUY-VOTES 

lOI'IP 
1t 
rnen 

Hll 
r!:"P 
VCll 
YCJ l 

lt 
end looro ; 

ena looo : 
1L-S£N~OR-MP.O :a Vl2l 

'!n-t c•se : 

>= VCJl 
:: VCll 
:a vCJl 
:: t!:MP 

•• sensor Siqna1 wot1na 
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~r~cecur~ ~hK.FAIJ~T.LO~Ir(t~-~r.hSOAS : in A~l~.VECTUA : T~.SENSOA.M~O 
1n ~·LOAT :iET.rHIM, NUM.5t:N:iOHS I 1n IN££\if"R ; 

I~.CnMP.VAL : our Sun~.~~CTOR) iS 

coftstant array Cl,,5J ot F~OAT 
:= c ~.2, 0,2, 1,25, 1.u, 10,vl : 

constant arr•v C1,,5) of INTt:Gt:R 
:= (6, o, a, •· tal 1 

for TNDEX 1n 1,,5t:T.NUM 
1o<>P 

case lL.CCMF.Cn~NTCSFT.NUM, INDEX) is 
•nen u :> 

1t aosCIL.5~HSO"-"'F.O • lL.St:NSORS(JNOt:X)) >: 
AM~L.LIMlT(~t:T.NUM) 

tMn IL.CU,.P.COUNTCSET.NIIM, INDEX) ;: 1 : 
~nd 1t ; 

wnen 1.,1o :> 
lt aosClL.St:~:iOH.MF.O • lL.SENSORS(TNDt:XJl >= 

AMPI .• L I MIT ( St:T.NU,. l 
tn•n IL.COMP.CnUNTC:iET.NUM, INDEX) :a 

•• Horn••• 

-- ra.olt.eu 

lL.COMP.CMUNtC~I':T.NIIM, lloDt:X) • 1 
1f IL-COMP.CuUNTt5~T.NUM, lNOEX) 
tnen IL.COMP.MUTtSET.NUM, INDFXl 

>: MAA.CTlSt:T.Nu"l 
:: t"A~Sc; 

tL.COMP.COIINTt5ET.NUiol, INIJ[X) 
•na it 1 

:= 17 

•LSe IL.CUMP.COUNTC~El.NIJ~, INOt:Xl :• n I 
~nd tt 

wnen 17 => 
null ; 

end case : 
t~.COMP.VAL(INDEXl ;a 1~-CMMP.OUTtSET.NUM, INOE~l 

tL-~LAG.INC:iET.hUM, INDEX) ; 
end too" ; 

Recover in-. 

or 

Figure A-10 Package CHNL_3_IL_VOTER (Sheet 4 of 4) 
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wltn UfC~-Lul.lC 
w1tn u~cS.~lSuU~CES 
"lCn l[ •• PE:Suii~CI:.S 
w1tn vnrr~r..PLANES 

IISj! n~r:i.L.OuiC ; 
1151! OfCS.i<E:iOiJRCES 
~Sj! IL.HE~OURCE~ ; 
IISI! VOTlNG.l:'LANES 

sc~arate(CnNT~n~-LA~Sl 

~rocl!dUr~ r•tC.lNNf~-LnOP.VJ ls 

type SCHF:UUwE: 

P.SllC•."i::f'l, 
P.RATI:..I'If.O, 
TAS."ED, 
~-Sl'IC.:K, 
Ii..ST,_EI_C:Io40, 

S.-<C:D 

CP.STTCK."I::I', 
A.VG.AOA.IH':U, 
UFL.fA~, 

K.ALPHA, 
OL.SfAa.C"Li, 

tnT.~TlCK, 

AnA.HP, 

K.P.I<A'CE, 
to·r.;:.TAI:!.C:-10 ~I.OAT : 

SCHtJlULc:. 

TAS.VA!..lDlT't f\OOLEO:.N ; 

P.~TTCK."'I::O 
CP.~T.lCK.IIF:U 
P.QATt...IIEi.l 
A'lt;.AuA.~I::I'I 

TA.<;."~.D 
U~.VA!.lDlT't 

:~ ~t.nAT(ti..M~U.Vl.P.STICK) ; 
:~ fl.nAT(li..~~D.vJ.C~-STlCKl ; 
;: FJ..nAT(TL.IIFO.Vl,P.~AT~l : 
;: fi.OAT(TI..IIFU.V],AUA.DlSPI.l ; 
;: fLOAT(lL..IIfU.vl,TK.AlkSPEED) 
;: Tt..CnMP.Vl,TAS.VAI.(1) and 

II..C014P.Vl,TA~.vALC2l 

1A~.vAI.lutrY : TkU~ 

tn•n lf lAS.MEU >= 4~0,0 

t~en S"~Eu ;: ~.lGH 1 
elslt rAS.IIEU <= tuo.o 
tnen SP~FO ;: I.UW 
elSI! SP~Eu :: NlD I 
end 1t : 

~!lse SPI::Eu ;: HlGH 
end It ; 
c:ase SPe:;;o u 

111nen J.Uw => 
K.STlC"K :: 
K.,\I.PHA ;: 
~-1'-KATt' :: 

o.~ : 
0,15 I 
11.2 I 

TA:i-~[U • 100.11 I 

-- l.:onver~lons 

• ~en 1111 D => 
DF:J.-IA.S :z 
K.STlCK :: 
t(.ALl'HA ;: 
K.P.icATE :: 

0,50 • DLL-TAS • DEL.~.SliCK 
0,05 • D~L.TAS • DEL.K.AI.P"• 
0,10 • nEL.TAS • D~L.K-P.RAt~ ; 

wnen HlCn => 
K.:iTlCK 
K.ALl'HA 
K.P.KAt[ 

en<1 c:ase 

:• 0.1 ; 
:• Q,05 , 
:• 0.1 I 

Figure A-ll Procedure C.ALC_INNER._LOOP_V3 (Sheet 1 of 2) 
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If absCP-;.TlC:!<_/'1.-0l <= o,n::, 
rn"n f'-STlCI<.-MF"O : = o.o ; 
er.<1 1t ; 
It absccr_srr~~-~~r.> <= o.o::, 
t r.en CP-S!t~K-~'1:.0 . - o.o : 
l'nrl tt ; 
TLT_STIC~ := ~-~T1C~-1'1F"(J • CP-STICK_M~O 
If abs(TOT_STICK) > 12,5 
tnen 1f T~T-Sti~K > 1,0 

Lnen TuT-SliC~ :: 1~.::, 

else TOT-STIC~ :: •1~.5 
end 1f : · 

end It ; 

1t nnt lNITlA~IZF"U 

tnl'n OLD-~VG-AOA-~F"D :: AVG-AOA-~1:.0 
wL~.AOA.rlP := 0,0 ; 

"nr1 It 

-- Sttco: 

AUA.~P :: AQAl.J<.•~vG.AOA.I'IF.O • AOAI.~HI•OLO-AVG-AUA-~I:.D 

• AOAO.KM1•0LD.AUA-H~ ; 

Blendir"''-J 

·- Inner Loop ~ontrol 

IL-~TAB.CMD :: P.HATF.MlO * K.P.RATE + AOA.riP • K.A~PHA • 
TOT.STlC~ • '-STICK : 

It MOUE.£~G.Vl,AUTCPlLOT : AUTOLAND •• Outer Loo~ sum~1n~ 
tnen OL.STAb.CMU :s • 0,3~ • fLUATCAUTOLAND.CMO_Vll 1 
~lse UL.STAb.CMO :: 0,0 
ent1 1t : 
TUT.STAb.CM(J :: TL.STA~.CMO + OL.STAB.CMO 
1t TOT.STAa.CMO > 1,0 
tnen TOT.STAb.CMO :s 1,0 
e1s1t TOT.S!Ab.CMU < •8,0 
fn~n ToT.StAb.CMU :s ·-.0 
end 1t ; 
SfAb.Sg~VO.CMO.Vl :: STAB.CUNMAUD(TOT.STAd.CMOl •• Out~ut 

CHN~.J-XCHK.NUM :: b ; 
XCH~-~YNC'n.l I 

Figure A-ll Procedure CALC_INNER_LOOP_V3 (Sheet 2 of 2) 



r.r:..t_K_SilCK 
r'C:L-I(_ALPriA 
r,::t_r_F_RA'T'!:; 

~OA.L_i\ 

~OAl-1\~l 

AuAO-i\1-fl 

T i'~ I 1' I A TJ .L Z. E !") 

~o~srant FLUAT :: 0.4/JSO.O 
~orsta~t fLGAT .- n.l/3~0.~ 

~ors~~nt fLUAI := 0.1/350.0 

co~stant 

cons tent 
co,stant 

. -.- 8 r, U • (I I b f1 1 • :.J 

F"LOAT :: u.fJ; 

Figure A-12 Package IL_RESOURCES 
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.. un C 1UP<~H:L-kF:S:1URC·FS ; use CH~o~lr.EL._t<F:SC1URCES 

. "ltn WOTI~G-Pt.A~ES ; use yOti~~-PLANES 
s~oarate<uFCS_L~GlCJ 

~roc~aur~ A~~~ss_sYsTE~-VJ 1s 

C~_sTK-CT,P_ST~-Ct,AOA_CT, 

("~Pl'R_CT 

P_RATE-CT 
T~S-CT 

If CH:>t,_SlATIIS-<11 : T~lll:. 

rnen C~PTt<-(T := 1 ; 
enrt 1 t ; 
1 t CH,<L-SlATU!:i-1/2 : Tt<llt:: 
tn~n C~PTH-CT :: C~~TK_CT + 
ent1 lt ; 
It CHt;L_$'PTIJS-V 1 : THliJ:; 
rn~n C~PTH-CT :: CMPTH-CT + 1 
Pnd 11 ; 
it CHNL_SfATUS-V4 : THUI:. 
tnen C~PTR-CT :: CMPTH-CT + 
el'\d it ; 

for !NOF:X 1n t •• 4 
lOOp 

I ;<TI::Gi:.R 
Ir.T~GE:P 
Il'lTI:.GE:R 

RCJOLFAN 

fdr'l<;j!' 'l •• I 
r<~ny~ n •• .l 
ranye n •• ~ 

: = fALSE: ; 

lf IL-C~MP-VJ.CP-STK.VAL(INOI:.X) : TRUE 
t~e~ ~P-ST~.CT :: CP.STK.CT + l ; 
~rna 1t ; 
1t IL-CO~P.VJ.~.ST~.YALClMUrX) = TRUE 
t.l'le~ P.STK.r.t I= P.O:.TK.CT • 1 ; 
en a u , 
H IL-CnHP.VJ.Lr.AUA.VA~(I~Oi:.X) = TRUE cll'\0 

tt.-CnHP.V3.RT.AOA.VAL(I~0LXl = TRUF' 
t~l!~ &OA.CT := A,A.CT • 1 ; 
e~o 1f : 
if tNOEX <= l c~nu tP'Ien 

Tt..CnHP.VJ.P.kAT£.VA~CIN0EXl = TPUE 
then P.RATE-CT := I".IUTF:-Ct • 1 
el'la 1f : 
1f tltDEX <= 2 ana tl'len 

It..CnMP.V3.tAS-YAL(lNOF.Xl = TIIUE 
tl'len TAS.CT ,. tAS.CT • 1 
end lf 

end lOOP , 

= ,, 
= 0 

= (1 

Figure A-13 Procedure ASSESS_SYSTEM_V3 (Sheet 1 of 2} 
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1~ ,_MAT~-r: = i and lA~_cr = 2 --rn~cK 'b~ Statu5 
cn~n ~.n_or; := F':.L;,F' : 

lt AOA-CT : 4 ana rMPrH_Ct : ~ and 
lrP-~T~_CT = ~ or ~lse P-~T~-CT = ~ ar ~iSe 
(CP-STK-~T ~= J ~nd P-ST~-CT ~= 3)) 

t~e~ ~B~_sr•rus_vJ := c~-~TAT~-1 ; 
el$1f AOA_CT : l dno C~PtR_CT >= l and 

(P_srr_r.r >= 3· or ~ise CP-~TK-~T >= J or el~e 
lP-SrK_rr >= 2 ana CP-STK-CT >:2)) 

t~en F~~-5TATUS_V3 ;: np_sT~T~-~ ; 
etstt AO~_CT >= l ~nd CMPTH-CT : J and 

(P.ST~-CT >= 3 or ~lse CP-5TK-CT >= or tl~P 
(P_S.Y-Ct >= 2 ann CP_ST~-CT >:2)) 

tnen rA~-5TATUS_VJ :: OP.~TATE-~ ; 
elstt An~_cr ~= l an~ c~PTM-CT >= l an~ 

l(P-STK-CT : J ana CP-~TK-CT <= ll or et~e 
(C"P-STK-CT: 3 ana P-STK-CT <= IJ nr else 
(P-STK-CT : 2 ana C"P.5TK-CT =~ll 

tne~ FA~-5TATUS_Vl :: OP-SrAT~-2 ; 
else ~0-CN :: THU~ 
end 1 f : 

~l~e .;.0_0~1 :: TRIIE 
~nd 1 t : 
It ~0-0~: TRU~ 

rnen 11 lAUA_rr = 2 
<P-STI'-CT >= 
(AOA-CT >= 2 
CP-STK-I':T >= 
(AUA-CT >= 2 
c c p_srr._cr = 
CP-STK-C"T <= 

tnen ~A•-STATUS-VJ 
els~ fAw-5TATUS-Vl 
ena 1t : 

end it ; 

and c~PTft_cr >= ~ and 
2 or C"P-STK-CT >= 2ll or 

ana C~PTR_cr = 2 and 
2 or C"P-5TK-CT >: 4lJ or 

and CMPTR_r.r >= 2 and 
2 an~ tncn CP-ST~-Ct <= ll or 
I ano tnen CP-STK-CT : 4lll 
:: OP-~TAT!::-l ; 
:: o.-_sTATE:-4 ; 

case FB~_sr~rus_vl ls CnecK F'lv~nq ~ual1t~ 

wnen ~P-STAtE-1 I nP-5TAT~-~ :> 
FLY-~UAL-Vl :: NUR~A~ ; 

wnen UP-STATE-3 I 0~-STAT~-4 => 
1f P-HATF-CT >= 2 and AuA_rt >= 2 and 

1AS-CT : 7 ana CP-ST~-CT >: 2 or Cr-~TK-~T >: 2l 
tnen FLY-QUAL-Vl :: HOR~A~ ; 
els1t CP-RATE-CT <= 1 or TAS-CT <= IJ ana 

~nA_Ct >= ~ an~ CP-ST~-CT >• 2 or CP-S!K-CI >= 2l 
tnen FLt-QUAL-VJ :: n~~kA~,D ; 
els1t P-HATE-CT >= 2 ana AOA-CT <= ana 

(P-ST~-CT >• 2 or CP-STK-Ct >= '> 
tnen fLY-UU~L-Vl :: MAR~tNA~ ; 
else fLY-UUAL-VJ :• Uhr~Y~B~E 1 
ena lt : 

l!nd C:otle 1 

ChN~-J-XCH~-NU" 1• 1 I 
XCHI(-.SYrtt:H-J 

~nd A.SSESS-SY.STE~-Vl 

Figure A-13 Procedure_ASSESS_SYSTEM_V3 (Sheet 2 of 2) 
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~l~n ~nyy~~-PLAhF5 I us~ VUT1N~.P!.A"~~ ; 
·~ltn ~~t<NING.CH~I"K$ 115,. \oiA~'-ff,r..Cni'"CKS 

sendrdr~curcs.Lor.t<l 

pr~c~~ur~ GIV~-~A~NlN~.Vl ls 

cas,. ~~'~H-~AR~!~G.V) 1~ 

•n'"n GFr· => 
if AJ...wAki'I.V) 
t~~n W~PN_VJ.AJTCLA~D 

'IUM.FAIJLT:.; 
fi..A~H-~A~NI~G.VJ 

e r•J 1 t : 
C-'S@' F'bW_.~tATIIS_'i l 1S 

~nen uP.STAlE-1 :> 
null : 

wnpn OP_5TATI'".~ => 

<= CAT.2-lfiUP 

:: 1 : 
:: t:!Ll~II.It<G : 

WARN.~J.FLY.P~-•TkE :: UP.STATE.2 ; •• N~• ~a~lt 
I'"LASH.WA~~T~G.VJ :: bLI~~T~C ; 
'IUM.I'"AIJLTS :: II'I1F'GFk"SIICCC'IU"."'AilJ..T.)l ; 

~nen UP.5TATE.l :> 
WA~~-Vl.F'LY.PY.•TkE :: UP.STIT~.J ; •• New tault 
I'"LASH.WA~~I~G.Vl :: bLlNKTNG : 
'IUM.F'AIILT:O :: INIF'GEk"SIICCCNUM.f.<ULT::.l : 

wn,.n OP.STATF.4 :> 
WAPt..Vl.F'LY.AY.WikE :: 
I'"LASH.WARNThG.VJ :: bLlNII.I~G ; 

:: lNIEGFR"SUCCLNUM.F'AUJ..T~l 
1!1':1 CitSO!' 
1t fLY.QLAL.Vl <: OEGRAD~n 
tne~ ~~PN.~J.FLYlN~-QUiL :: l~PAIR~n.ru : •• ~~• ia~lt 

NUM.F'AULTS :: lNT~G~:R"StiCC(NIJ.".I"AUwT::.l 
rLASH.WARNIN\..VJ :: BL!NII.ING : 

~na 1f : 
wnen BLl'IKlNC => 

lf ACKhCwL~nGI" 

tnen I'"LASH-~ARNING-V) :: STEADY : •• l'"dultCS) NOt,.d 
ena 1t 1 
UPOATF' -5T ~TIJS C A! .• WAP r•-~ l, ni•.STATIJS. V J, FLY .nUAL- t 3, 

wA~~-VJ, I'"~AS~-~ARNING.VJ) 
•nen ST~AOY => 

UPUAT~.STATUSCAL.WARN.WJ, ~ew.STATUS.VJ. rLY.OUAL.~l, 
•Ak'I-Vl, ~~ASH.WARHI~G.Vll 

~nd ca~e 

CHN~-J.£CHK.~IJM :: 8 I 
XCI-IK-SYNC"n-l ; 

Figure A-14 

•• Call for N•Ver&1on Vote 

Procedure GIVE WARNING V3 - -
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~ltn DFCS.L~CLC : use ~FCS.LUGlr 
n4CKd~~ W~PNTNl..CrlfCKS iS 

TNT~Gt~ ranye o •• J := 0 : 

nroc.-uure UI?DATl. • .;;T.;T.;5( ~l..,.At<N.V l: in Af .• S IA'fl,:;,; F""·Sl~ll;.:..ll; 

In PRl.fCS.STUU.'5; r'Lt.OIJ.<l.Vj: in FL1 Ir,l..)'-'~l.IlTt:.S; 
·~;.Rro.~ l; 1n out •ARNI!'<G.SrA'fF" ; F"L.e.:;J'."AP;,Irii..VJ: 

out ~~sr~~-"A"~J ; 

crOCI"<lllr~ l!pr'IATE.STATU.'HAL.,.AkN.Vl: tn AL.S':'ATUS; f'EIIj.S1A!U;,.wl: lr'l 

PHt.F'CS.STATfiS; F"t.Y.OUAL.Vl: 1n F'LY1N~.JI1ALI'Y'U::;; ~~~~1.-d; 

In out wAkNING.:iTAT~ 1 fLASH.,.AkNlN~.Vl: out MASTtR.IjAR~l 15 

~A~N.Vl,AUTULAND 

AL.,.A~N.V) 

t"~" fLA5H.WARNtNG.VJ 
'IU~.J"i,ULTS 

els I: ,.Akiii.V3, AlltnLAijl' 
At._·,.Ak~'-Vl 

t"en WA~~-Vl,AUTULANO 
~·u>c_F'AI.H,T.S 

t f IIIHI.fAULTS 

= rLAI'III and tnen 
<: CAT.:l.l.,UP 
:: I:!LlNI\TrtG ; 
:: lN1F"l>F'~·SIICCtNUM.f.<ULTSl 
<: CAT.~.INUP dn~ tnen 

= I:! LA I'll\ 
:: bi.A.,II ; Onf' 
:: lNTE~F"H.PM~D(NUM.fAULTSJ ; 

0 
tnen ~LA5H--AkNIN~-V3 :: 
enl'l 1t ; 

UF'F ; 

e~'ll 1t : 
1f ~ARN-Vl.fLY-B~-wiHF. 

F'bW.S1ATIIS-V3 
•nen WAQ~-V3.F't.Y-AY-wtkF. 

F"~AS~--A~NIN<--V3 
Nu".F'AULoTS 

els1t ~ARN.Vl.fLX.bY-WIR~ 
r~:~•.s·u rus.n 

LMen ~Ag~-V3,F'LY.AY.•IkF" 

fL.AbH.WARNI~C-Vl 
IIIIJ'".~~'AI'LTS . 

els1t •AkN.VJ.F'L~-~Y-W•RE 
F'oli.STATUS.vl 

tnen WADH-V3.F'LY-BY.•tHF" 
fJ..ASH.~ARWING-Vl 
IIUM.F"AULTS 

= 
bi.ANII and tnen 
UP.STATF ·' 

:: UP-STATE-2 
:= bl·l'~ll. tllr. : 
:: li'ITE~rk•SIICC(NUM.FiULTSl 
>a OP.STATE-2 and tMen 
• OP.ST.lTF'.3 
:= UP-5TATE-l 
:: bLlN"tN<. : 
:a lNTI':Cir...:•:;tJCC(NUM.F'AIILTSl 
>: OP.ST,TE-3 and tnen 
: UP • .!TATE-4 

: UP •• 'lTATF.:-4 
: 8Ll"IITU€; : 
• INTEGER'SIICC(NIJ~-fAULTSl 

-- ~ ... ra.;lt. 

-- t.f'• rault. 

Figure A-15 Package ~G __ CBECKS (Sheet 1 of 2) 
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~!ott •lhN.VJ,f~·-~Y.Wi~~ c: UP.~TA1E.2 
tn~~ Ca~e ~n•.STAT~S.VJ lS 

w~~n U~.STATE.I => 
•'k~.VJ.fLt.bY.~lRl ,. HLAN~ ; •• On~ fdUlt 
r~tl"'.f~UI.1'S ,. TNTlGER'PkfD(~UM.fAULTS) ; 
lt ''U"'.fAlH,T:; = 0 
Chen ~LAS~.WAR~!~G.VJ ,. n!'F : 
~n.J 1f : 

wnPn CP.St11E.2 :> 
1f wr.H~.V),FLY.A~-~Ik"

th~n ~APN.Vl,FLY.RY.wik~ 

en1 1t : 
1~ ~~R~-Vl,FLY.RY.~IRF 

C~en -ARN.V),FLY-~t.wiRE 

~n<J 1t t 
wnpn uP.S!Al!.l => 

If wAR~.Vl,FLY-~Y-~TRF 
Cn~n WAR~.V),fLY.RY.~IkE 

end 1t : 
wn~n ~..~.sr~rr..4 => 

r.tJll , 
~nr1 co~ee ; 

ena lf 1 

= uP_S!Atf.) 
:: OP.STA TE:.2 

= uP.SVTF -~ 
:= UP.STAT!.2 

= OP.SlAn:.J 
: = OP.STAt!.l 

1t WAP~.Vl,FLYlN~.YUAL : bLA~~ and tnen 
FLY.nUAL.VJ <= uF.~PAOln 

:h~n F'LAS~.III.R!'U~C:-Vl :: 1:!-Ll'II'\ING : •• N"~ rll .. lC 
'!ul'.f'AliL.T:i :: lNIEGF~'SUCC(NU~<~.FAIILTSJ 

els1f ~~kN.Vl,fLYI~G.QU'L. <: l"'~AlR~D-FQ •na then 
FL.Y.OU'L-VJ : NO~"'AL 

ll'ler. 'oiAP~.VJ,f"L.YlNli-OUAL :: bLA~" ; 0~,. Fault Healea 
"uu.FAULTS :: INI!CF.k'PR~O(NUM_FAULTSJ ; 
1 t NliM-FAultS : 0 
t~~n ~LASH-~AkNlN~.V) :: uf"F' ; •• All faultS Hea~ea 
~nd 11 1 

~"<J 1 t : 
~nrl uprAT~.STATUS : 

Figure A-15 Paclcaga WARNING_CBECKS (Sheet 2 of 2) 
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