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This fias) techmice! repert documsats the Mnse | technicel activity for the
Sgacificotion for QMY Sofhumre comtvect (F30615-76-C-1000) eusrdnd to the
Gnstag Asvespace Canpoay (BIC). Tho study ws contucted by the Bestag M14-
tory Alvplens Sovelegment, Avienics Technslegy wader the sgencership of the
Atr Ferce Avienics Lobevetery end o sugpevt of thetr effort to spacify o

The grimery chjoctive of this study ws to specify the sofbmere for the
Iategroted Digitel Avienics for S MNST (IGANST) atvcreft. The IBASST sys-
tan doeel fae Gafinition s specifies fo o series of documents o shmm o
Figwe 1. The softumre specificetionc (asted by the bel¢ 1te3s of Figure !
represent ene olement of the IGMNST specificetien.

1.2 FOORAN TasKs

T spacific progres toshs divected towsrds sgecificet ion of IBANST seftwmre

ove 58oted to the centrect stotamsnt of wve. These toshs ore summerised
o. Ouvelep Gpovetions! Soguence Diegrems (080°s) te facilitate

dotovaiastion of JANIET softusee requiremsnts.

Gevelep ¢ recontfiguvetion sppresch for IOANEY.

Ans)yse the IBNET System Marmre/Softumere interfeces

6. Spixity the IBANST seftumre by apens of Computer Pregren
Govelegrant Spacificotions - typs 06 (NIL-5T0-490).

o. Oevizy ond cnpend the AFAL JQNET Softusre Mansgement Men supp!ied
o8 90 ggpendis to the stotament of wmrt.

~ @
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1.3 RGN SCEaE

The progren schadule s shoue o Figure 2 end Figure 3 for the spectfied
stotanant of wrt (30U) tosks (asted by 0V Peregreph ammbers 4.2.0, 4.2.2,
otc.) ond sssscioted Gocumantation. The tectmice! effort spennsd ¢ § maath
poried of time.
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The follewiag tay greumd rvies ond ccommpticns were cstad! ithed 0 govere the
conbust of wetmies] tivity e» Whie sregrea.
o. Tup siesten/epsretions! amsliysts ws tnesd won the AP grevided
sisslen scamsrie 'lew redereme ! la)
S A te me crew s Soound.
c. @asic avientc sgmeer V158 we wgpltad by the APML .
4. Semesr grformance ws Scoumnd doguete for sission tashs o9 stoted
‘n otfssten xcenerie (Rpferemce 2.a).
e. The extant of intagretien is cssentially as swcapad withie APRL's
IDST study repart Wol. 1. (reforence 2.39)
Bvigetien
Communication
Contrels ans Displays (WD, W39, WO, otc)
Systen Status Mamitering
f. Comsidoretion of gptamtit! C-16 dasign os curvently tuplemented in
the YC-14 ws used to fact] ftate system definttion with respect to
shysical size comtraints. lecation of horemre, and system design.

In agpl ication of ssumption d shove. 1t wds recognized thet cortsin missien
tasks could net be ome Because Of subsequent deletion of svienics emmigpment
fren the oquipment 113t witheut » subsoquent vpdete to the afssien scemerio
such o AD's. [n these situstions the tasks ws accempl ishes by oltermete
techniques or emttend. |

1.8 FROBRAN APPROACH

Figure & illustrotes the pregrem toit 7lew directed tourds the end ressit,
the specification of IDANST seftuere. The supssrting system smelysis wes
directed spacifically tmmrds estadl ishing seftwmre requiremsnts. T seperete
facets of this phase of pregrem activity wove gursusd. Thay wve o8 Mliem:

t. IBAET systam herhare Dol tae amslysis.

2 Mssten egaretions! amalysis.
Fren the systen beeel 1ne smelystis details of the [BART Merdwre/essfumvre
instorfoce ware establ ishad thet iapese softwmre requiremsnts. Frem the
sission eporetions! amslysis wfhere requirensnts wve dorived % sppert
craw ond subaystan functions! agovetien, ond eperetions! performance,
grath, sad atssien relisdility comidavetions .
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tien of the wucific ININT sefmre repiramnts o existing BAIS srchitsc-
twre. T remwitiag NANT wlfanre Gosign therefere represents the estenticn
of BAIS tastmelegy, Woth tavrdmre ond waftmre o the MY atrcreft. Mo
remitont IUNT ssftmre dasign 1t egetamticelly defians to torms of
fumtions), architecturel snd centigeretion reqsirensnts ond decumanted 2
conguter grogren dovelegnant spacificetions Gype 08 e sccordence with NIL-$TD-
080 a¢ por WL -S-403. ~lm9ﬂuﬂ~mmhw“
asnts o8 Mllam:
CRCt - Guavetiens) Fiight lvegren
tascutive Softmve (20 4ON1)
- Gparetiens! Flight Negen
Agplications otumve (30 4002)
CCl - Qyuetiam! Fiight Pvegren
 Grver et fag end Recovery Sefhmve (19 4809)
- Gpavetiem! Test Fegren
Ssfanre (15 8N)
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Prioe 10on Bovelepment Sgacificstion for BAIS Sus Contvel leterfece
wnit, Type OO, (3A-300-3000-18) Preliminery, freh 76

Intarfece Contre) Gecument - Missien Gporetien Soguemce: Pilet/
Controls ons Displags/ Interface with Agplicatiens Sofumre

(A 098-300), Pveltntasry, IS forch 7.

. Mssten Softumve/Contrels sad Sispleys Interfece (SA 000-300 ),

Pvel tatasry, 12 faved 7.

Controls ond Sisplay (lestrenics for IBANEY, Oveft cogy.
1AST Stgmald List (SC1), Pveliatasry.

GAlS Sgetan Contre! Mveceture (SR 100-100 Appandtz A),
708m. 2.
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6. Qyoten Spacifisstion for MDY - vuuea-wm
Jume V0D

b Qysten Syestfiestien for BRI - mmm
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e sgetans enslipsis ook 08 1adicetnd to Pigwe § we Glvided tate tw
olottast ovans of favestigition. T IR ogoten Merdmee 0oesitae smsiysis
ond the otssten/egeretions! snsliyets. Mo veselts of this favsstigation tate
the IOAINT torduere charecteristics ond elssion epavetions t0e grevided the
follewtag: | '

o. A Gtetltes Geftaitien of Mavtumre/esfumre faterfaces.

o. Goflaitien of oo ‘atapeted pvigatien yntee.

¢. JQINNT egovetions! veguivemants.

6. Sofumve funstions! requivensnte.
3.0 IGANST Syoten Wprémre Bocoltas Amelyeis

T™his soctien wiit Glocuss the JRRNST ayeten hordnre Bacedtas saslysis. Figare
Sle) shows 0o reletionchip of Shis 000t to the evevel! gregres sctivity.
Tais ghose of grogres octivity is furtier cagondad te Figere $(0) to shew

uo ¢totiact steps. The first 90ep wos 00 tobe the AL previded syeten
Gfaiticn to tovs of o Gosic oguigmnt 1ist, the ageten erchitecture end the
scepe of tatogretior ond cupand this 1000 o Gateiled herdmre definition of
the speten. The anst 900p s 00 0niyee the resuitant herdmre configuretice
o Gotovaine the sgacific cherecterietics of the signe! ‘aterfeces. The
reseitent €000 ws subeoquintly wied 0 Awtior dofias the JONNST softunre

fo torus of Nr@nre/eofiusre taterfices, sircreft subsysten apnitering
romirensats ond Might contsal/ovienics sgetams ‘aterface. The emelpeis
furthor provided oo tadiestion of 2J0ten poviorennce, (Frawth getentie! ond
srovidad taitie! verificstion of softumare functicns! pertitieniag botusen the
three alssion precessors.

3.1.1  Seten Geftattion

A étailed Gaftaiticn of the IGNIET syetan Mordmvre configuretion s required
to (Gantify of) the Movdmere/sofiumre faterfiess fatliuding Shese for sircreft
syeten maitoring, ond the MNIgt control sputanvovienics syaten taterface.
The ovientc somiers, oircroft oysten apnitoriag oquigment, otc., s intogreted
fate the IDNET sprten ond e 00 ovrell architesture thet s statler to
the besic @osign of the Digite! Avienics lafurmation Systen (BAIS) desige.
for IQUBT the syetem phynically consiets of the following quentity ond types
of Viao-replocestle wits (LAW's).
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187 lssagreticn (hamssts LY &1
A Slect dlagren of e MY ogoten shawing 00 fatercsmnsstion of te M8
LAN's ts poovidad by Pigwe 6. WMo ovisnic ssnsers ose Amstiens!ly gortitieasd
unummw .
ks rumset gud Atrerefl lgetems. |
Pvigation Spetems .
Cosmms b2t tee ond ldpat i Msatien ipsdess .
ndte Aidn 0 avigaiten Sgetams.
teas v (oestprmmereae lgeoss
faylesd Sgstems.

Table | @aftass the swubagotams 0000cioted with Gach of thaee cotegries. _
The costrels ond Gaglage fowsived to the IGNIBT apsten cemstst of SR piled. i
capiiot, cester comsele/etsiec stand, ond pilot/captilet side pemnis. Taee .
crew inteviaces reoreesst the sreos withis s TI0ghe duct Lhel ore etesc lute |
with ettsien ovienics ond sircrot porfurunnse @eiteriag. Wt tasleded te :
IGBT ore the Gadicoted Might contre! wputes poasl lecoted en toe ghore | {
shield sad the ofrfvems Gapondint subagoten 1ecoted to R overtmed. Pigure ‘

1

|

sepprwe

shees the plclortel lapomt of the FIight Sext obile Figure 8 shomt the Needsere
fatorconnscts. A clese-wp of tho foruerd ofsle s8ond, with occostery gaaels. -
is shmm fo Figure 9. Tho 008 'c consapt oscocioted with the contrels oad @fs- !
slags 11 Lo provide oo iategreted cram taterfice with the evienics while mafe- |
tatniny the cosveatigms) pilet-copliot separetien which s svidemt i treaspert
vebicion. Ths (BUET tategratien horduave conditts of three 8135900 Precascer
with sesexisted bus comtrel iaterfoce enfts, ¢lowse remte levmianis, ond o |
) rodendest WL -T0-100) Gis commRicet (o0 ABSERTR

Tae ghyeicol lagout of the JGANET ogeten oo agpiied to the Bnstag C-14 otrplene
s shmm to Figares 10 ond 1. Mo Mur tadogreties avess ove:

o. anee oo ovientes bay.

5. corge ovienics bay.

c. Migt @t ovientes bay.

6. NIGe Gact poas? eves.
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Locatlten of THS GVIERicE SENIEEENS ' veledten B D JINUE WPRBS PN MGPe
cagaretien of rofuminet funtttens obilo grevidtay comventtemn! lecettams of
APIgREEt +eBC W0 IE) @R PeosgsTi wERleS. IPIAED SESAPPLIse (i TV ideS
by the MY srchitestere which wee e $I4s CUMRICOLIGD EPBNBYe omd e
Slgsies @PMRre gartitiooleg W xOGTe 10y INNNT fysctioas .

The NNET yoten dostgn s cstadl 1shad wsing the follewtag erchitestere!
oount reles.

¢ lubegetams ‘eterfece to MMNET ealy whes there ore precessiag,
etsplags. or guagreghice) @ais tremsferi regeiremsnts .
b. Subayetam faterfoce %o IDNET through stonderd faterfeces.

c. The commmicotion astamvt 13 ¢ 0ilitery stenderd dots Gus.
6. Pvecosesrs ere ofl itery stanland usits.

e. Jgsctal MNight contro! taterface reguirement.

i 7. Contrel of its am olactricel pawer.

j' o Graxth capadiliny.

Tae JIDNET sgetan dasign ond architecture con Bost be descrites os ¢ ¢fs-
tributes grecossiag systad wveing staninrd taterfeces, stonderd cammmmicotion
. astheds. gensrel surgnee ofl1%ry quel 1fied precesssrs, sad eststing evientic
] somsers. Tho odventoge of suth o syotan s to preduce cammas! ity of
iatogretion tachniquis oad Mordmre for maay vebicles regardless of fategre-
L; tien agafs. Thi) olicus stonderd tordumre dovelosments. reusssbie seftwmre
wdvles. sl CHENER steD enpiaseria). Te estend these mstheds to JOANT,
the BAlS corve element Merdasre ond softumre orchitecture wBs wigd o3 & bose
with sdoptions to satisfy the vnieee reguiramsnt: of the VST

The eparetion of the [JWET systen s @ints ingd by the waster, apniter, ond
remste precossers. functiomally the @ester precesssr hes beon o3t igned the
pilet functiens o3 Wil o8 the systen enscutive sctivities. The soniter
sreceosssr, !ibawise. hos 0OOR 03signad the copilet fuactions oad oloe perferms
the asniter eastutive fumttions ia cose of mster fotlere. The remnte gre-
cosser 1s oosigaed e strcreft anniter ond contro! functions. (ach of the
recossers jaterfece with the cammunicotion apudrt vie o bus contrel fater-
foce entt EN) Tho anster precesesr omd 183 ossscioted BCIV hos boee
ossigned prime bus contro! The tus cammmmicotion it 0 campnal/roegsnse




format. "o @oter ICIV commnads o' bus commmicetions %o 0o received ond
étraxts o)) tronenittes aneseges 0 100007, other IEIV's, o rauste Cormriasls.
in this my. G263 s dlotrituteld for precessiag, ¢isplag, or contrel. The G0
AystEn eparetss yaciveasusly Gy tiae sogmenced sddvessiap esch sigme!
sssecioted with eoch LIN. The maaimp signe! edérests rete is €6 timns & second
(o otasr frams) wiile the stntmm 15 ence & secend (mjer frase). The adiress-
fag of signals is vader the control of the mpeter precesssr vio the asster KW
ond the rempte tormias! sseecioted with o glven LAN. ladividus! LAN's ore
efiressad o€ & Tote Moeed on each signe! ‘s refvesh reguiransnt, therefere, oa
LAY @y be intorfeced with 1ts osescieted date ssurce or destiaation sgvere!
timns within o slasr frame. Aamnte toreimels faterfece with the cammgnicetion
SystEd on one side osad the LAY signels oo the other. Both thete faterfeces
ore stonderd ond any oparete Ssynchrentus or syncireonsus 9 esch othor depend-
fag on the Marduare aschenidetion. Sapoaretion of avieatic seneers o7 maie-
totned within IANET by stetler ond ditstailer retundoncy. Siatler redungdenc)
provides G or Uwree units of identical quel ity interfeced to ¢ifferent
renote toruinsls oad precessed in saparete oission Processers with the cel-
culoted resuits campared. Otssimiler redundoncy eccurs vhen fusctions! cop-
odility 1s cdboiasd frem Lud or three difforent hordumre ftams. lo @BSt coses,
thete ore alte interfeced ond precessed fn seperete rammte termingls ond
sission precotsers ond the rotsits compored. [n this way, svienics separetion
by functioms! pertitioning s maietaiagd. In o sompiat ¢1fferent woy.
redundoncy oad seperetion s provides in the coatrels and displays aves. The
pilet-capilot functions ore sepereted both functionsily sad physically.

Figure 8 thews thet feur ~amnte terwinels are veed to faterfece the crew
centroly ond dieplays with the IDST systen. Matice thet the cemtrels ore
displays ore Vocated 1o U googrephice! lecations: Flight dect pemel eres
ond Tigt deck avienics Bay. These lecations were chosen to |1eit the behind
the peas! reguiremants ia the flight deck and to fastal) as much of the
svtomics hevdmre fa the contrelied bay oress. Thgrefore, seporetien of pilot-
copilot functions reguires the vse of tud remste tevminels por oves. It shmwld
be noted thet the remnte tevminels fn the flight dect avieaics oy olee inter-
foco with other seneers. To obtsia masimm flexidility vader seveve! foilure
conditions. o) of the crew comtroly snd Gisplays ware interfoced ¥ Moth
remste toveineis. This orduired resundont interfoce preduces within each




U & prien ond poosive achup interfoce 0 the IDANET systan, thus, ollew-
fag sovere! fMailures Mofure Joss of pilet or cepilet functiens.

Thp MET Might contre! systen aade) wesd for this study ws esesntielly the
sme o8 curvently uesd o e YC-14 gretetyge sircreft. This sfreveft festwes
o triple refuntont olectrenic 7 ight contve! aysten (EFCS) wtiliztag Whree
digital preceseavs. As part of the sotumnd dosign for this stuly the Migt
contre! systen reguires air G0 oad ottitule refurence taforuntion fr asves!
eporetion. Siace this faferantion s olee reguired for flight display on teter-
face to the EFCS ayeten 13 gvopneed. This teterfuce 1s st by Figwre 12
ol regires ens ramnte toreim) 1a0erfoce for each [FCS chommel. la additien
0 the ofr €200 veluns end ottitude taformstien, EICS status s recetved frem
ond steuriap sigmels trongnitissd % the flight contrel system. Table 2.

115t the specific taterface sigmels.

Contre) of the EFCS 45 3t1)) tatagre) to 1ts0)f with stesring dote avetledle
on 2o “as selectes” Mesis.

N2 BANT fntee Amelyets .

An snalysis of Whe IDMET oysten shewm o Figere ¢  wbe contucted to gre-
vide & Gotniled 115t of signols SotuBen the verieus LON's ead Whe etssten f
precesesrs. the porformnace of resuitent Meeel ine 40sign ond grouth gatentis!.
Thp primry ssslytice) o) vigd %0 feciiitate the amlysts wbes MURSIN. _,
WESIN 13 ¢ cangulor 00ead Gots Bt emelynis 014 dovelepas ender the 1
sgoneership of AFAL by the Warris Corgavetien (coatrect mumber FIOSV$-73-C-
1172). The (RESIN dots b0ee contnins doteiled charectoristics of LIV signels.
This ot Meoe ws witted for this pregren to refliect the spacific eguigment
115t voad. As caample of the sigml Vist 14 glven ta Tadle ). The cem-
plete 113t s tasorgerated inte the IDANISY Canputer Pregres Bovelogmant Specit-
ficotion for the Agplicetiens Softmre (5D-4002) cat serves ot & gortien of
the deftatticn of the Wardwmre/soflamre faterfice.

WESIN oVse grovided the Moeic faformition for owsiveting systan porforunace
ol grouth capsdii ity of the beeolfiap @osign. Three ttovetions of e
Gosign were porforand oad upperesd by WIESIN ¢ ol lew evelunticn of the
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- offetts ¢! wricss 10fusre portiticntag schomss, athods of Gate tromemissicn,
ond the fapect of grauth tams ¢n systen gporformpace. Figure )3 summerioms
the reselits of the fian! smelysts garforand fo termn of govrcent of wtiliged
1758ED capabdiiity. As con 0o 2000, considoredle growth cagabdility esists

for 1acrensed @ote bus traffic ond odiitiens! iaterfaced LAN's. Al shom
fo Figere 1) 13 the govcent wtiligation of the thres @fssion precesters fe

tovus of oveve !l thvoughpat copadility (see Agpondiz 6 for precosser through-
st dlscussion).

A Gxtetled dlscussion on the sytten snaliysis 1t glven ta Appendia A.

3.2 NMISIN GPEAATIORA. ARAL VSIS

Figere 14 furthor @tefls the progren test Miew sssecioted with the IBANT
stssien/eperetions! saslysis. Tun distiact oress wve favestigted with
respact 9 lovied roquiremonts en the (BT systam tofimre. They ove:
o. Mission egovetions! roguiransats .
. Fumtions! reguirensats.

3.2.0 Nssten Gpovetions! Roguiremsats

Toe fundampnte’ epovetions! consiGevetions for (BT ore avienics gorformsace,
futere requiranents, ond afssion reliadility. Thate 1tam wWIve 01101106 with
the esbjective of @afintag 200cific 0fhunre roquiremants for ONST The dey
T eporetiens! reguiranents effctiog the IMRT @i ige ore oy follom.

o. Nrformpace - 10D aater CIP for CARP.

5. Futere - @98, JUIBE, TA/TF ond Avee Gav.

c. Missien Ruligdility - Matateta Miseten (ssentte! Copadtiity

3.2.1.1 Performsace

It aes 0ooe ossumnd thot o V60 aster CEIP fur CADP i1 oo ALY egoretionms)
ohjettive ond o reguiremiat fur this stedy leble ¢ sumerides porforapace
copadiliition of vorteus CARP aschentseties schEmds

e ¢
(37 RTID CAAP GFUANY IO CORFOENERC! CAGRBM IT10Y
s privranmse
/By . 160 apton







s Far fyrmpace
0P3/0egp ) or /MRS &0 asters
Precision g/ lUL/Buppler/MBRS 188 aptors
Gmage/ INS 3001880 astsry

Ssssumes outs staeriag 1

withia the fumpdiets futwre ond comsidering cosl. the SKE/DVINS sppresch s
the @pet 1100ly contidete for achioviag 100 aster CEP. The GPS/INS msctenile-
tion, oupver, will be realisaple to the 1952 oad on tiae 3p0n ond therefere
is o priae grouth constdevetion. In @ither cote the significence of the
reguirenant is the ascessity to intagrete severs! saperate cepebilities inte
» conbinad cagebdtil ity 0 aset the perforasnce.

3.2.0.2 futwre Rogyirgments

future requivemsats of S, JTIDS. TA/TF, sed Ares Mavigetion ore a1l prime
condidetes for facivsion within the IDNST copabilities. Teble 5  indicetes
the functioms! faterfeces thet will 00 reguired to integrate these copebdilities

within JDANST.
TABLE §
FUTURE OPERATIONAL [QMNST INTERFACES
Copait gy intartece with
% Dvigation, FCS. CAD
JTI0S Wvigstion, A/C systems. CAD
IA/TF Wvigation, FCS, CAD

Ares faviget ton Wvigation, FCS, CAD
in coch cose intapretion of three fuactioms! oress is required.

3.2.1.3  Integrated Mavigatien Systew

Sesed on the preceding considevetions of Poregragh 3.2.1.! ond 3.2.1.2, an
intogroted Mavigetion system for [DAMST hes beon postuleted and is shown in
Figure 1S, The bosic novigations! fumctieons! tasks ore:

asgament of the Mavigetion systen (Functioms).

Precessing of Mavigetion @ots.

Display of Mavigetion infermation.

Steering sigmels to Flight ond Propulsieon systems.

B LR L







e. CARP relotse stgmels.

The specific computations) tasks ore:

¢. OJmppe calculations

b. RAY Flight plasning
Wwrizonts) snd vertics) mevigstion guidence
Byl s megement

c. CARP Bo))istic dete
Wind amd trejex tory
Target position amd update
Agndgrvous
Flignt director commpnds
Stasr tag Ccommaads
Bellistic @ata

3.2.0.4 RNission Rel tadtl ity

Re!liadility of the JDAMRST syster is of prime tmportance to AMSY operation
beceuse of the central ization of mission functinns within three mission pro-
cessors. [t 13 beyomd the scope of this study tc investigate hardmsre

rel tadil ity to estadl ish herdusre dosign requirsments Softasre requirements
con, howpver, de estadl tshad besed upon the premise that & processor feilure
11 & statistical event and the probedility of occurrence 15 suffic iently larne
to mrrant softwmre design consideretion. Also, it i3 reesomsbdle to expect
thet the A"ST misston copadil ity siould mot rest or having all three pro-
cessors opevatiome]! To factil ttate developmert of softwmre requirements to
supgort sission operetion ir the event of hardwsre failures the following
operetions! criteriea mas been developed

. The IDANST Softwere design shel! meintain ¢ minimue mission essential
copadil ity with only & single mission processor operatioms!l

b, The IDMMST Softwsre design shell provide an invarient system cepe-
pility (reduced) subsequent to & processor failure and thet capedility
shal! e consistent with the requirgments of a. above

¢ Tae IDAMST Softwmre design shel) msintain functioms! redundency
whore such redundency 13 inhgreat in herdwere (e 9 dual reder
sitimeter . due! ILS/VOR, etc ).




3.2.0.4.0 Mintous Nisston Essential Capadility

Alr force studies ond the MAC ADC heve Doen reviewsd with respect to the
siniom oission essentia) copability for the AST. Figure 16 tebulates

the eslad! 1300¢ ainimm Bitsion function veriyus the verious bastic ANST missions
foch mission function indicated requires [DAIST software support. Tadle 6
summerizes the siniawe sission capability incluging Tlight safety. Comsistent
with the ebuve stated criteris (Paragragh 3.2.1.4.2) this capadility shall de
agintained with only & single sission precessor operations!. The itated
functions in Table 6 have boen exponded s!ightly (moted by asterisk) over the
1dontified mission functions of Figure 16 to include an indication of avionics
equigment status, display of control surfeces, ond display of engine paremeter:

TARRLE ¢
NINIMER NISSION ESSENTIAL CAPABILITY

Flight Sefety
s

Omegs

SkE/ R
Oefonse

ADF

Rader

CARP

Flight Sefety Fumctions
Communications - Comtrel/Display
Display of:
Ate dots (a)t, atirspeed, otc.)
Att 1 tude
Hoading
Rate of turm
Rader 2ltitude
ILS/VOR (comtrol/dtsplay)
Grouwnd pranimity werning

n
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ML ¢ (Camtiommd)

Avienics oquipmeat tatus®
Contro!l surface éispley®
(agiae poremster ¢tsplay®
* Agditions) functions mat i1@eatified t» Figure 16.

3.2.1.8.2  Symee Recoafiguretien

Requirempat b of Poregreph 3.2.1.4 spacifies thet wpen fotlure of o oission
precesser the resultent afssien capabdility shell be indopendsnt ¢f which preo-
cosser fatled. The retionsle bohing this requiremsnt s sfaply to matatate o
faveriont faterface betusen the crew oad the 1BAMST system. I1f 1t i3 ossumed
thet loss of & precesser will ressit i same loss of efssion capebil ity
potentiolly the resuitant I1BAMST capadil ity could be precessor ¢apandent sand
the crew mar machine interfoce would be effected sccordingly. la spocific
teran of wftuere the levied requirement callsy for the [BANST system te re-
configure itself to & tnown configuration of ne less capability thes thet
fined by Todle 6, subtequent to follure of one Or tum precessers.

Tedle 7 provides s schedule for reconfigyration for the AT for o three,
G 00d one precessor Narduere configuretion.

amt ?
10ANST CONS 1GURAT 1OR/RECONF IGURAT IOR SCHEDWALE

PRSCES SOR FROCES SO
STATYUS AT STATYS OWRing

CAMEN  missiem 0 SOFTIPRE CONS IQERAT 100
3 3 3 precesseor configuretion (fyll 10AMSY
capobility).
) ? Upon follure recenft
e tep ! (owte
o step 2 (crew emedle)®
? ? Lownch with 2 precessor configuretton
2 1 Upon foilyre recenf’

o step ! (awte
1 (e Msgton Lownch)

|




AT AT STATNG 8

sonine
ARG MSEs WY CFINNTI

* S ! - At recenfigure to Niatmm Nissten Essentie! Capedility -
| precesser octive.

Stap 2 - Pllet enshled recanfiguretion @ o 2 precesser capadility.
3.2.1.4.) functiene! Rodméancy

The IONET systen is to maintein functiens) redmdency of herduere wive sectd
hordusve 13 spacificelly previded % tacresse svientcs system religility.
IDNBT softusre design should mot @atrect frem this ebjoctive. Statlerly the
I1ONUT seftuere shel) mstatain the tregditiens] functiens! seperetion of redun-
dent displays to pilot snd captlet tn tremspert strcreft. Figure !?
{1luatrates this philessphy for the WBT flight sefety functieons. In the
case of the Night contrel system (FCS) iaputs o signe! selectien precess (s
used to select the dest signels for ptlet and ceptilot displey. Siaple

functional seperetion will result wpen fotlure of ong Flight Contrel System
(FCS) chonnel.







3.2.2 fenctions! Roguirenents

The functions) snelysis of the [BNBT system was directed townrds Gotoveiast ton
of crew cantrel/display o0d 1 yIten ‘aPpored regquirensats oo the IOASSY seft.
wre. The snglysis Wt 00s0d Won the sissien sconsrio reforenced by Peregreph
2.10 end summerized ta cangosite fove by Figure 18. A majer tosh essecisted
with the functions! anelysts wos the goneretion of eperetions! sequence ¢logrem
(039's) (see Volume 1] of this regort). The 030°s served o & €isciplined
technique to systemtically review the AT afssien ot o functions! leve! with-
in the contoat of the o3ted! 1300¢ sRtem architecture and the specific |BANST
configuretion (shoun proviewsly by Figure 6). The 030°'s served os the besis for
the ®llouing taforantion:

6. leamtificotton of missten phoses.

5. lamtificotion of mission.

' Allecotion of crow tashs.

6. lammtificotion of crow faformation ¢ispley requirements.
This @ate s summearided by functiona)l categary fa Figure 19 ond hos sorved ot
the bests for fyrther gefinition of the IBANST seftuere functions! requiremsnts.
The remsining poregrephs of this sectien {Sectten 3) will driefly eloborete o
ooch of the functions! cotegoaries with further date!! previded in the 1DANSY
opplicotions Softwre Specificetion $8 4002.

1.2.2.1 femtions! Beftaition (Summsey)

Figwe 19 s cotegarized the idontified IMJBT soNtuare supported functions
fate sin Dosic functions) areas. They ore:

Flight and prepulsice

Commntcations

Revigation and guidence

Paylese

. Mrcreft system

e fonse

3.2.2.1.1  Flight ond Prepulsion

In this functions! cotogery the [BJBT syiten functions provide processed dote
to crew @isplags. This includes the pilet's and copilot's WID's, HSD's ond WPD's
g the conter gane! MPD.  These displays are mded or reformitted depending
wen flight phese.

- & & » v o
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For the MEBT, 0050d upnn the sissien smsinnis, 10 unique eissien rseguents or

‘Might photes hove boon f@entified. They ove os follewm:
. WNart

Tehe OF¢

(arente

Atr Rofue)

Ale Drep

TA/TF (grewth copadility)

Lond

@ Around

Shat o

Test

- = P & - 6 a " v
= & ¥ W » W W F ”

Those Might phoses are controlled by crew selection vie the Master Mpde
teyboord (FBIK) ond o3 3toted above selection of o fight phase will gute-
asticolly reformat the @lsplays with precessed Gats ospprepriote for thet
Nigt regias. Withia the IBBT precessers, selection of o T ight phese
Couses & WRigue sequeace of softusre fumctions te Be enscwted, te preces:
the reguired @ts for ¢ispley.

Table § dafiaes the peremmters to b dirplayed for thet asde with o
optieng! (ptlet selectadle) dac)utter submnde. Toble 8 alsc Geftags

the paremsters to he €13played sutemstice!ly wpon seletien of say M ight
ade vie the K.

Severa) other ozamples of CRT disploys orve given by Figures 20 ond 21.
These twe ossmples are for the MSD i the WS] ond AP asdes. respectively
Coch mnde 13 selectodle by the crew vie the WSO bettem heys. The PO
displays provided by IBANST are given fn Todle 9 aad ore 233 igned te ene
of the three PP duvices. These units ore Gosignated the piltet’'s PP,
the copilot’'s PO ead the conter WPP. Toble 10 subsoqueat)y tadicotes
asde dependoncy of these ¢ispleys and sre mormal )y outomiticelly selected
wWwee selection of ¢ Nigt ande.

At the beginntng of eech fight ande (uwpse crew seleciion) a chechlist fs
eisplayed and wpon completion 13 reploced by ene of the vt igneted W90
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TABLE ¢

Y STATWS
B STATYS
SYSTER STATYS
ENGINE PARASE TERS
CEPARTURE ABEA DATA

TAKE OFF PARNE TERS
CRUISE PARNE TERS

| Eru stans

AlR ORGP FLIGNT PARMBNTERS
AlR ORGP AREA GATA
APPROACH DATA

LARDING AREA DATA
WEIGHT AND BALANCE DATA
WEIGHT ARD FUEL DATA
FLARE | WVENTORY

L0 SPEED PARAE TERS
AIRCRAFT SYSTEWS READDYT
WARN{ NG,/ CAUTION

FLIGHT DATA

LAPES AREA DATA

€ NOE TVOUS DATA

$10

STAR

DELIVERY SYSTEW STATWS

NPNAAL DISPLAY WERSYS "PD ASSIGNENT

M g = a a

=

B




T T Y T T — e ————

R
-

n" Wl A% oW WBTIA | *

TABLE 10 WARML DISMAYS AT SEGINNING OF %00¢




displays gor Table 1. The crew con Circymvent the sutomstic schedul ing of
| WD dtiplays by menuslly selecting the desired MPD displey via the W

1 3.22 1.2 Commumicot fon

| In this functions! category the [|DAMST systes providys fumctioma! comtrol
over the communication equipment. Thiy control is eaercised by the crew
primertly Dy seans of the [ntegrated Wultipurpose feyboerd (IMK) and the
ssociated Digital Entry reyboard (DEV) These devices were previously
tllestrated by Figure 3. Figurer 22 ond 21 demonitrete the use of the (MK
for control of o UNF tremsceiver Ffigure 27 indicates the [MK reedout
subsequent to selection of the COMRN top key The display indicetes all
communicat ions equipment controllasble by the [, Upon selection of the
UnF ol sige ey the next level of comirol selection is displayed as shown
in Figure 23. Continuing the example, the operator may then proceed to
nenge the Current selected channel (chemane!l 17) %o 4 new channel (channe!
20) He would depress the CHAN SELECT side key and enter 20 on the DEK
numeric heys and depress the DEF enter key. The [DABST processor would
sbiequently inttiate action t0 remotely change the UMF ¢ transceiver to
hennel 20 and display the update channel numder on the M. Figure 24
13ts al]l the communications contrai parsmeters for the (WK

A decicated intercom control pame! shown previously in Figure 9 {1 used to l
ontro! loce! hesadset volumes for the variows audio 1ignels avafladle and
election of mic communications [e.g. UMK o), UMF 02, etc.) I

"hewe functions are felt to be insppropriate for 1M ysage either dbecause of
hign ‘requency 0f usage Or Decause of the continuous control mature of such
tuncrions as volume

} 2 I Nevigstion and Guidance

Ar ‘ntegrated [DAMST navigation system was defined previously in Paragraph
The dasic navigationa! functions! tasis performed by the [DAMST
vitem are restated as fol lows
. WRasgement 0f the navigation iyiter
rocetiing of aavigations! date
ragtt ing and 4tiplay of mnavigat tonal informetion
wnera?ton of 1%eering gnal for sircraft guidence via the
*1 i gee nt ro 7et em )

45
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As o port of the navigat ion msaagement crew coatrol ond dots iaputs ere
roegmired to the individus] nevigotion subiyitems such o3 the roadie aids.

e W/0EK dovicos ore uied for this purpese in essentielly the Leme ssnner
8% G0crided for the contro! of the cammuaicotior oquipment Figure 2%
tabulotes the specific contro! snd dote ontry fusctioni 4330C10ted with the
IGANST asvigatien 1ystem.

3.2.2.1.4  Paglesd

For the puranses of this stully the poaylead function i3 postuleted o3 primerily
4 1totus display on the NPD of verious poremeters 433oc 10ted with the paylosd
seth oy
6. Satus of remp and corge ¢oor.
p. Chate relesse.
Cout ton signe!
Jamp sigmel.
e. Perstreep slore.
J Stetus of oft @eer deflectors
This display requires further investigation to define specific content end
suitadle forust.

in sggition to the 1tetus display 1t has deen postuleted thet an gutometic
corgo release signal will pe genersted by the CARP camputetion to the loed
relesse mechanism. The specifics of this interface are undefines escept to
specuiote on possidle configurations. It i3 sssumed thet the release
secharise has on sulomet Ic ond monus! relesse mode. [f the sutomet ic mode
is selected ang armed Dy the Crew then receipt of o CARP tining 1igne! wil!
initigte the suto drop sequence

3.2.2.1.% Atrcreft Systems

The sircroft systams function is essentially o moritor fumction by the
10AST system. The fusactions! requirements foll into three sud-groups

¢.  Warnings
» Cavtion/Mrnitor ing.
\ Test.

3.2.2.1.5.)  darnings

DAY i)l incorpurete werning functions either 4. copied or gemersted
Copled warning fynctions sre monitored ot the flight crew' s hardwired
L
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(dndicotad) marntag tadicotors and capied iate the |GNEBT precessers.
dorntags ore subsoguently ¢isplaged en the crem’s primery flight ¢is-
Pl@s and wporepriote cmavgency precodures sre selected for ¢isplay

o the ptiet's or capilot's WD. (apied werming functions @ net have
retpens b1 ity for eriginsting the werning signal. This is the respen-
sty of the affected system or oquipnEnt. Seme werning signels
originate within the IDUBT systen. Primery ressens idil ity for detec-
tion and worning of these lie within the JDNET respansidility. The
capied and generetnd werning functions ore ot follanm:

o. Capileg Werning Fanctions
€FCS (Electremic Flight Control System)
fire
Goor/Duer
Stapt) fzer Trie

b. Genereted dMerming Functions
Ground prosimity werning will be qenereted on the Dasis of
aircreft altituge (sbove ground), vertics! velocity, and
flight wo@e. Visua! and sure) warnings will de cominded
via the Rester Caution indicoter, dedicated displays. and
flight crem's primary f)ight instrvasnts.

$ta)) warning will be genersted on the dastis of flap post-
tion, angle of ottachk, and thrust computations in the STOL
configuration. Visws) resdout on flight instruments anc
the “stick sheher® cosmand will be inftiated by the [DANST
systee,

Overspeed worning wil) de generated when the computer afr-
s4.0d excoeds the airplane mpsimm speeds (Vy/WN,). Aure!
worning (clocher) will be provided, with visus) display
ingication.

Speed Low werning wil) be generated when the computed oir-
speed 13 less than 2 pre.estid) ished speed desed upon air-
plone flight reqgias (STOL/CTAL). Aure) werning (clacter)
wil) be provided, with visys! displeys indication.




3.2.2.1.5.2 Coutien/Mmitering

IMNBT wil) perform coution end manitering functions for the 1tems neoted
belew. These functions will either be copied (secondery respensiblity) or
oeneretnd (primery respensidility) end sre os follam:

o. Coptled contion functions. These functiens ore copled frem the
horduired chution advisory ingicotors in the pilet's-cepilet’s
craw statien. Secendery csutien siguels will be genereted ond
disployed on the WD°'s. The functiens sre copled sre:

Electricet system

Hyoreulic system

Fuel sysomm

Soundery layer centrol

Atr conditioning

Mmti-lce

Overteed caution smmuncistor
Srekes

€ece

b. Menitored functions. These functions sre derived from monitor
sentors and disploys of significent paremeters are presented to
the crow on the W0‘'s. They are o3 follows:

Engine parameters (N1, €61, N2, FF, ofl pressure an¢ of!
quantity)

Flap position (left- upser surface dDlown flaps, right-upper
surfece dDiown flaps. left inboerd flap, right indeard flap
and right indoerd flap).

3.2.2.1.8.)  Test

10MIST will incorporste & limited, iIn-flight test cepability by virtue of
BITE, softwere ressonsbleness tett on 1npyt date Or #330C1ated computed
velues, and correlation of sensor dets by direct comperison with redundent
herduere or similer nordmere. Test dota wil! De recorded on the digita!
integrated test sytem (DITS) recorder. Selected data will glso be trems-
sitted to the Crash Dots Aecorder ((DR) for recording.

)




3.2.2.1.5.4  Centre!
™e IDNEY design enpleys ¢ siaple svientcs poudr asnegemant cepebility. 5
Upen initial 1DNEBT startup the avienics power to the voricws JBNST :
integreted LAU's is sequenced on in o prodeterningd aanner fren the sissien

processers. A dadicated power contrel peae! i3 also availadle ts previde

pawer control of the |OANST core elemants. The crew con selectively tumm

power off any LA vie the 1. A pawmer status repert 13 svellable to the

crew on & select bests.

Although not included in the requiremsats, the [DANST systen poaer menage-
ant Capability con be extendid to rescheduie Shutdmm) avienics horduere
on » priority Desis in the event of reduced aircraft electrical power
goneretion to miniaize lesd.

3.2.2.1.5.% Defense

Infre re¢ Detection and Worning GRBEN) capadtlity is port of the besic
svionics oquipmpnt complempnt. Associated with this equipment is the flares |
dispenser for IR counter measures. This system is assumed t be sutemetic
won crew ensdle. The 1DMBST systam function i3 restricted to centrol of

the (ROON on/0ff and sutometic operation enable. A threat ¢ispley and flores
stores status fs automstically called wp on the pilot's and cepilot's WD

wpen threet detection.

The Rader Homing and Worning capedility is & passive Gevice. Ow/off contro)
is via the MK, A threat display is evohed on the pilot’'s and capilot's
NPD sieflor to the [RDEN upon threat detection.
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SOFMARE O€S16h

The IBAMST softusre design represents the opplicotion of BAIS techmology to
the 1pecific functions) . architecturel, ond configuret ioms) requirements of
the AT sircraft. The IDANBT soMuere 13 designed to satisfy the fumctions!
requirements discussed in Section ), for Doth norma! ond foilure mondes
Architecturally, the IDANST softwsre 11 simtlor to DAIS with some modification
ond chonge occurring ot the datailed operetioms! level. The specific [DAMST
softuere configuration i3 by necessity @i ffereat fres DALS decouse of the con- +

trost in operetiond! requirements. Mowever, where functions! commons!l ity
esists, the IDMNST/BALS structure ollems o Nigh degree of reuse of BAIS speci-
fied software components.

5

4. IOMRT OPERATIGEAL AL IGIT PRBGRARS

The I1DAST Operetions! Flight Progroms (OFP) are orgenized on the Dests of
DAIS architecture! design ond @ivided into three cotegeries

a. OFF [aecutive Seftwere

b. OFP Applications Softwmere

c. OFP Error Hand)ing and Recovery Softwere (EMARS)
This bestic grouping of softuwmre is shewm 10 Figure 26.

SIS Vs )

The esecutive 30 ftuare provides the coatro) of the Applicetions end EMARS
software and t10lates or buffers these progrems from the mechenise of dets
tronsmission betwoer processors ond svionics equipments. The [xecutive software
controls this date transaission aechenisa

The Apolicotions softwsre provides the detatled softwere fumct toas to suppor?
the NIST afsstion and operations) requirements a3 fdentified and discussed in
Section 3. Through the Esecutive softwere the Applications softwere communi-
cates with the avionics equipment, crew controls and displays.

The [HARS toftware provides system error recovery Gue t2 me) functions detected I
in avionticy equipment, the dats communications networt or the mfssion precessors i |
The mechanise for EMARS (s distriduted throughout the frecutive and Applications

10ftuare







81,0 INMMRT Seftusre Architectore

Although the [BST softuare architectyre Nas Boer Gerived frem the DALY archi-
tecture there ore 10me significent @ifferences in the functioning of the Moni-
tor Precessor. The [BANST software 13 distriduted amsng three processors all
of ehich are octively porforaing aitsion operstions. Tun of the three proces-
sors have virtum!ly duplicote seftuere. Ome procesior {5 deveted to processing
requests and displays for the pilet and the other 13 deveted to the ceopilot

The priamary @) fferences detwesn thete tws processors is thet ome comtatms the
Mster (zecutive which 13 responsidie for deteveining (f there hot Deen 2 degen-
erative fatlyre or error in the other processors ond either Kot stopped proces-
ting or muit be stopped. The Menitor awst then toke over comtrol of the dete
communication netuwort and reconfigure the iystee to sccommpdate the failed
processor.

During recovery frem an error the softwere in either of the two processors i
copadle of imterfecing with both the pilet ond copilot devices. Both the Mas-
ter and Menitor Processor contein some active and inective software Guring
norms| oporetion, however, moit reduadant functions are active to provide ar
error detection copadiiity.

The Loca! faecutive progrems are identical in all throe processors, although
the tashk tadles contatn different entries. The Local fuecutives are respon-
sible for satisfying the Rea) Time request of the tasks. The Esecutive must
dispatch tashi when events have been appropriately set efther dy the clock or
by other tasks and muit communicate with the Loca) frecutives in the other
processors in order to synchroaize tasks in all three processors

The Applications softwere 13 organized tn & hiererchial control tree structure
The tashs are sepsrated into Controller and Calculator fumctions fach tost

N a yunique controller function which 1s the only tash permitted to schedule
12, That t3, & tasht can only dDe involed Dy a tast at the aest higher level of
control. However, events uwpon which the task activation 1 Dased cen Do
tignalles by tasks at 2)) other levels. A tash muit De scheduled and activated
defore it cor Degin erecwt ion




In IDAET, the Master Soquancer s the tep lewel comtreller tash (see Figere
7). It whedules the Sebaystenm States Mamitor, Configurator, and Regquest
Precesser. The primary controller of the aest lewe! of contrel 1y the Confige-
retion ehich schadules ond concels mast of the [quipment [nterfece fusctionms
(EQUIPS ), Gpevetions! Sequencers, (0P - ssst leve! of control Besed on misiion
wmide). Srute force Spacialist Fumctions (IF Sgecs: - mest lewe! of contro! Besed
on pliot requests ). Computations! Sgactel ist Fenctions, and Display Inter face
Fenctions. The Configurater ia the Master Pracesser s respossible for the
contre! of the Applications tashs  the Master and Remmte Processor while the
Wniter Lonfigureter controls 1ts oun Application: wftwere

4.1.2 IOAMST faecutive Fuactions

The Esecutive comsists of o Master Eaecutive and 4 (o<a! fnecutive A funde-
asnts! detign objective of the fsecutive 13 to tsolate the choractertsticy of
the 1DAMST Nordwere frem the opplications softumre The Applticetion: tasi:
hove no information as to 1t locattonm or the location of eny taths with which
it commgmicates. Tosh communication oCter:s via Sata in compools #nd via event:
Both of theie methods of commynicatior are provided Dy the Local Esecutive 1€
the compoo!s and events are located only in ome procesvor [f compools amd
events are within processors other thar the one where the [recutive services
were requested, ther the Master fsecitive 11 resporiidle for communicating
[in conjunction with the Loca) frecutive) the dats tc the sppropriate proce:
107 designated Dy the Loca! fxecuttive

The Master Eaecytive 13 responsidle for coatrolling 2!l _ommunica’ior Detweer
processors and betweer remote termimals The Maiter twecutive comtrol: amd
formulates the commends to the dats communicat ions netword 0 al! reguest: for
compunication myit @0 through the Master Esecutive This Ewecutive is the
only sowce of absolute time, and 13 reiponsidle for initiating each minor
ycle and providing the sutometic synchromoys input and output for each ainor
cycle by maving 2 115t of symchronoys commands for each atmor cycle  The frror
and) ing and Recovery module:s that are a part of the Master frecutive provide
for errors with respect to communication and core element failyres
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The Loca! Esecutive provides the norwa! Ree)-Time Executive services to the
Applicatiors software. Such services include: (a) Initiatior of tasks accoeding
to event conditions ame tast priority; (b) posting eveats, (c) schedul ing
tasks, (@) camcel ing and terminating tasks, (e) suspending Tashy, and waiting
tor & particuler event, (f trensferring compoo! @ats according te READ and
WITE requests, ond (g preparing for *he bdeginning of a new minor cycle, which
includes preparing to receive and send messsges related to ¢ Pec)fic mtmor
tycle and invoking tasts thet have deer watting ftor he giver mimor Cycle

$.1.3 Applications Software Structuyre

Figure 28 out!ines the major applications software tasks The Maiter Sequencer
serves a1 the root of the control tree. The Request #rocesior fields cortrol
tnputs from the pilot-copilot and relays the request i¢ valid to the lomfiguretor
The Configurator acts to schedule, cancel, and activate the tashi appropriate
to the crewti request The Subiyitem Status Monitor records the 1tatus of all of
the equipment as we!l a3 flelding errors reported to it by the fquipment
interface Tasks. The itatus 0f the devices ave periodically recordec in
.terage for dtagnostic amalysty when appropriate. The Operations! Seguencers
reflect the 10 di*ferent [DAMST mitsion modes and provide inittalization 42 the
beginning 0/ eac™ wode The Brute force Spectial st fumctions ave controller
tashs for the specific pllot-ropflot requests other than oiisior snde Change
These functtons allow the Crew tC perfore certair misstor operations not
sautomatically avatladie 1o the current OPS that 11 active. These functions
perate UPOP the varioes equipment that is a par?t o' the integrated avioric
yitem. The Bryte Force Speclalist FyacCtions are also responsitle for setting
nvigat tor parameters and disploying various chechlitsts. The specialists
tunctions provide "he computet tons for mavigation, cergo srop, and contro! o!
iome dtsplay tasky for the I ang MPD  Equipment Processes fore the interfece
tetweer the Specialist Functions and semsors These tashs are Gesigned Yo
'solate the hardware chargcteristics of the sensor: frow the remainder 0f the
Appl ications Software in the same wiy thal the faecutive i1 Sesignes to tsolate
the dats communication: networt froe the Applications So‘twere

The Display Processes are tash: which outPut display informatior to the Crew
Bisplay tashs include lights, WJD, HSD, WL, WM. and some conventiona! instry-

mnts 8
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$.).4 Error Handling and Recovery Software (EMARS )

IDAMST OFP ENMARS i3 specified for three major functions! areas: (a) response
to errors occurring internal tc the [DAMST atsitor processors including Ccompu-
ter program induced errory, (b) respanse to errors occurring in the dote
omeunicat iony network, and (c) respomnse for errors aoccurring in subsystem sen-
10rs, aCtuators and crew statien contruls amd displays. Within each functions!
ares, EHARS will accomplist the functions of determining thet anm error of
sufficient teverity to degrade siyitem performence M1 ocCurred, isolating the
ivtpected subsyitem and notifying the top level control program o remove

the faulty sudsystem/function froe service

Functions implemented within the OFP Applications Prograws are respomiidle for
detection of Sata reasonabieness, 1mproper iubsyites Sentor iequences and
incorrect operating modes. The OFP Applications softwere 1S 2150 tashed with
miing comparisons detween resultsy odtaimed from redundsnt and sinilar subsys-
tems (e g., Omega snd NS derived position) snd is tasked with regsomable rote
and response time tests of data where applicable. Errors detected in the sud-
iystem sensors are handled dy the OFP Applications software when those errors

—

are not signaled through bus ‘ommunication error status informetion.

EMARS processing within *he OFP Local Executive i3 tasted with handling of
={3310n processor and memnry 817 detected errors Clooperating EMARS code s
required in the Master /Monitor Executive t0 respond to processor interns! errors
in other Remote Processors (HARS response to processor internal errors will
ause the processor in which the error octurred 10 become passive witlh respect
to sate communications. (ooperating [MARS response in the WMaster/Monitor
procetsor must bLe 10 reipond to the pasiive (no responte) data communication
networt or Lo error response Yrom the errant processor

EHARS processiing within the BCIU Controller of the Master [secutive is tashed
with handling of errory detected in the data communications networs core element
BlT Communication errory detected by the units inciude data tramsmission

k 4

errory, 4atas networt message contemt or sequence errory, B3C1U or Feente Termi

nal failyres and inCorrect aperations

T — S— —————
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EHARS myst not only detect errors, but it also must have & tolerence to
intermittent errors. A portion of EMARS in the form of the Subsystem Status
Mornitor myst maintain & record of the frequency of errors 30 that intermittent
errors can be permitted up t0 & predefingd threshold. Once the threshold hes
been exceeded, EMARS myst be adle to formulate requests to the Coafiguretor

to cance) Equips functions that commuynicate with the errant suiysters. The
Configuretor is responsible for such cancellstions because it is the controller
for the Equips functions. The Configurstor must also request the Master faecu-
tive to stop communicating with the errant sudsystem.

EMARS may determine that an error has occurved which requires recorfiquration
Such reconfiguration fatlures include snomslies in mission processors, BCIU's
or an instruction executed in & progrem which results in s detected error
condition. The mechenise for reconfiguration will be discussed in paregreph
4.2.

6l




4.2 SOFTUARE CORF IGURAT [OR

The softusre d1stridution smpng the three procetsors aust satiify the functions!
' equirements thet hgve Deen fapoied upor the 10ftwere. The functions! require-
aents have deen ditcusied fr ection ), and 1n detai! in the OFP Applications
Sotuare Specification (S8 4042).

The toftwere muit slsc be configured %o De within the constraints of aviomics
hrdmre. The size of the progrems should be less thee 64 ¢ words. The soft-
wmre tashs 1hould be distridbuted smong the Procetsor: Such thet the Capacity
of the data mmitn networt i3 Aot esceeded. The timing of these toibs
11 toportaat 10 that the tunctions recelve and ute GOla froe the seniori a9
s00n a3 the dats 11 avalladle, 1o order that updeted data con De outhul 8t
rapidly &y poisidle.

Software in 4 system 1™ o1 [DAMST must De designed for growt® New “udivitler
ne copadiiities will be sdden 23 the techmology develops The 1DAMLT (o0ftware
11 particular!y orvented ‘omarty growlh, DOtR in the number of proceisors and

in the placement of tashs Ir processors. The [eecutive 1 Gesigned 0 1snlate
tashs from other taths ir order tn facilitate growth of software. The costrol er
nefrarchy i3 ali0 desigred to facilitple groeth

The configuretion of [DAMST 1¢ oriented tomsrd fliget 1afety and *he meirtenance
of mintowm estenticl operastions! capadilities by having duplicete cople t ihe
minimem etientia! o%tmare cOncurrently operationa’! ir two Computer Tre 4
were 11 essentially 1gentical for the WMaster and Moe!tor Proceisori &'  4r L&
tesr in timIng and 1izing estimates givee in Tabie 11 Tne Top Leve! Comtr
iystem iInclude DOTA the fxecutive and the Applications Comteroller ‘umction

The Master fsecutive 11 larger thar tiwe Munitor Leecutive Decavie The Mgites
frecutive mui? contro! commumication smong three Proceitors and the Mont!
recutive 11 only comcerned wit® —ocamunication Detween (21617 and the tubiy
tom iy the Loca! frecutive 15 present in the Remote Procetsor The dite!
Sution of the Applications Softwmere fumctioms are given in Figure 2%  The
arihgded ‘unct10ny gre thole which are duplicated in the Mester and “onitor
Frocessor: As (ae be seer in the figure, the primary functions reierved for
the Remocte Proceiior are Areq Naviget 1on and Bircraft Systems fumctiony The
detstled dtatridution of the fumctigns it glven in Appendia B, or 1121ng and

timing of the OFP softmre
L34
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4.2

Nisston Reguirements for Reconfigurstion

The system level requirements iapesed on the IDNWBT reconfiguration are derived
from the mission scomario, and from the operations] emalysis of this scemario.
System leve! requirements are listed Delaw:

C.

Hoovy crow wortlioed in 2 two-abn Crew Gnvironment reQuires that recon-
figuration be autamsticelly controlled. The flight crew is not espec-
ted to meke diagnostic @acisions in determining what system core elements
are svailadble and servicesdle for inclusion in the sltered (new) systee
configuration.
Redundant processing capadility is required in o hot-standdy mode of
operation to provide uninterrupted processing of essentisl crew infor-
astion displays end sission-critical functions, despite the presence of
mission processor/BCIU failures.
The existence of mission-critical crew decision points requires that
svionics information displays remeir current and accurate despite single-
element failures. (xamples of mission-critical decison points are

CARP in presence 0f enemy thredt where go-earound presents excessive

rish.

INC landing, SO-foot decisiorn point.
High-sccurscy worlduide nevigation capad’) ity requirements end conditions
cousing temporary unavailedility of eaterna! navigetion saides [ such as
enemy jamming) require smoothing of navigation calculations dy a long-
time-constant filter. Requirements to eleminate encessive settling
time and maintatn oversll sccurecy require redundont storesge of inter-
asediate results and time-dependent dats.
Crex disnlay information used ss the basis for control decisions in
controlling the sircreft (e.g.. vertical situation, sir speed) must de
current snd updated within the response time of human vision to svoid
jumping” in displays. Display information that is not current, due to
systee snomaly, sust de removed from displey (es opposed to freezing! to
force the flight crew to revert to dedicated, hardwired bachup displays




,o

4.2.1.1

Riss fon-dependent dets (such as navigation waypoints or cargo dallistics
dsta) and the present system state commended by f1ight crew inputs at
contro) ponels require redundent computer mesdry storege to avoid loss
of this deta due to single-element fatlures.

Witiple device failures, separated in time, and mission-sof tware-
controlled mode switching of avionics subsystems requires redundant
storage of tadbles of subsystem status deta. Following reconfiguration
to circumvent & failed processor, the remaining processors must be adle
to determine the availability and current sode status of avionics subd-
systems and effectively continue processing.

Architecturs| Requirgments

Agditions! requirements are imposed on the !DANST reconfiguration approach dy
the daseline system architecture and by daseline operating procedures. These
requirements are )isted delow:

Two magnetic tape transports are availadle for possidble yse in reading
redundant copies of flight DFP) and test (07P) programs. Typica) data
transfer rates of this type of device indicate 2 processor mesory loeding
time for a one-thousand-word program of 0.8 seconds. Mission-critica)
functions require redundant processor resident storage to avoid unac-
ceptadly long interruptions in processing during reconfiguration
Avionics functiona) cepability and flight crew to avionics interfaces
remaining after reconfiguration are required to De the same reqardless
of which processors remain functionmal. This in turm requires that
wp)ications softwere be activated in remaining processor(s fin such o
msanner that the same softwere capedility is present in any remaining
td Or remaining one processor, regardless of the contemts of proces-
sors prior to reconfiguration.
Recnfiguration restoring & full three-processor system (e.q. ., recovery
of the third processor from 3 temporary power interruption) returms sys
tew capadility to the normal pre-failure level
Subsystem(s) that have deen removed from service as & result of recon-
figuration are required to be tested for availability both periodically
and on flight crew demand. [f declared owdiladle by testing and ensdled
by the flight crew, where sufficient processor capacity esists for asso-
clated sof tware the swsystem must be restored to service (by reconfigure-
tion of softwere i necessary).

o
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4.2.2 Reconfiguretion Agproech

A  goel for reconfiguration i3 that al! subsystem withie [DAIST De menaged in
1uch 4 manner thet the mesimum potiitle copadility originally deiigned into ¢he
iystes de availadle to the flight crews Thiy paragreph diicuises the recon-
figuretion approech employed after occurrence of snomplier in mission proces-
sory or BCIU'y or an ingtruction i1 enecuted in an OFP which results in ar
error condition.

Reconfiguration functions are evoled when norms! syites error hendling 11 mot
adle to restore the iyitem to the operadle itate thet esiited defore occurrence
of the anomaly. Attempti to return the iystes to an operadle itate include
retries and attempti to use altermate date communication paths

Reconfiguretion 11 entered sutomstically froe system bociup (monitor fumctior

ot the OFP Master fsecutive) operation or Can De entered sutometically (depend.
ing or tmplementation of the Ground Test Progres Master faecutive function

from Ground Test Progras procesiing. Reconfiguration uiei dlegnostic itnfores-
tion itored in the mission proceisor memory during error hendling and car super
vite additional core element teity t0 determine availadility of the core elemert:

Operating under tre OFP Master [recutlive, reconfiguretion selecti a worting
onfiguretion of core elements and telects the one corresponding suite of OFF
iottwere modules Recorfiguretion supervises loading of OFP 10 ftwere module
from the redundant Copy i1tored on magnetic tape Catietle. entures iynchromi
zation of the syitem and iignals consent for switchover to the nes cORfiguration 1
to the Master frecutive '

4.2 fnitial Comfiguretion

The nomina! configuretion of the [DARST OFP joftware (1 depicted tn Figure 30

The three large dlocks represent an snalogy of the throughpul and mpsory itorage
apacity of the three missior computers. This i3 subdivided (not drewn to scale)
into the individus! proceitor capacity uied by the Master, Woritor, and Loce
Erecutives OFP Appliceations in each processor comsist 0! (o) o cumulative
record 0! Crew inpuls to the comtrols 1ubiyites (e 9., Master soge latt selected),

L2
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(d) Subsystes Status Tedles, (c) cumulotive interm results of app!ications
colculotions (e.9.. present navigation position). (d) the mintmm set of app!!-
cations tasks that are @ission critical or that provide essentiel display
information, and (e¢) mon-critical mission epplications tashs

The Master [aecutive ond Manitor Lzeculive eoch have & locally resident copy

of the backup Master Configuration Tedbles These todles incloge all the Tast
Ricriptor ond data Descriptor tadle entries thet are required to rur the iyitee
in the single processor, Bachup Configuretion The capacity of only ome proces-
sor 11 used for Backup (onfiguretion and al) active taski are co-resigent in &
single m.ss10n processor. Figure 29 lists those tashs that gre active during
Sechup Configuretion processing to provide wninterrypted preientation of misilon-
critical informption to the flight crem. The duratioe of Bactup Comnfiguration
processing 15 eitimeted nler one minute. Reconfiguration will restore ad-
ditions! capadility (Gapending on the aumber of svailable processors within

the time Guration of Sactup (onfiguration precessing.

$2.27 Trantitien to Bectwp Processing

The hardinger of reconfigurstion (s the reductior of orocesiing from the

normn | operational syitem to a ome processor iyitem  Both the Maiter proceisor
and the Mpnitor processor are tashed with the detection of proceisor mal funct tong
The foilyre mDde for processors 11 for the errant Pprocessor 10 ceatse COmmuni
cation with the Dyt The Master will detect failuyres of either the Mpnitor or
Remnte Processor and the Monitor wil! getect fatlluyre of the Maiter processor
and associated BCIU s The Monitor will host the one-processor iystem and
conduct the recanfiguration (f either the Master or Remote procesiors have
fatled. [n the event of s Monitor fallure, the Maiter mutt assume the
wiprocessor configuration and conduct the reconfiguretion procedures The
miprocessor configyration myit perform diagnoitic tests to determine which of
the [DAMST corve elements remeir opersbie and myst continge to perfore the Compu
tational and communicattor tasks assigned to tt At the completior of the diag-
iy (less than one mingte) and ypor & stgnal froe the processor control penel
to reconfigure, the uniprocessor wil! begin the wpward reconfiguration ¢ two
or wore procesiori are adle to fumction

A




4.2.2.3 Treniition from Backup Processiing to Reconfigured State

Ar orderly trantition from Backup Configuratior procesiing to active processing
of the reconfigured Operational Flight Program, uader sutomatic comtre! of the
fonitor [secutive i provided in IDAMST Reconfiguration 10ftware module loading
and state tramsitior to active processtng occurs without t1aterryption of the
misston-critical fumctions. Two types of reconfiguration car occur [f the
Remote Processor has fatled, thern mo software meed Se loaded. [f either the
Master or Monitor has fatled, then the Remote Procesior must dDe loaded with

2 copy 0f the failed processor’s t0ftware.

[? the Rempte Processor faily then the reconfiguration sequence is as follows
Firgt, the Master Processor detect: that the Remote Proceisor does mot properiy
respond to commynication cosmands. Second, the Master turmy contro! over to

the Monttor Proceisor Third, the Monitor Proceisor examimes the BITE data ‘ree
the processory and BCIU'1 to determime the cause of the error [f m error

can De jurmised, the Remote Processor Software 11 relosded and control
returned froe the Moritor to the Master 11 the fatluyre i1 confirmed then the
Macter i3 1ignaled to reduce the BCIU commsd Vi3t (message 1is2) to 2 two
processor, Matter-Monitor onf1,ur-a!ién and to et 2 systee flag indicating that
4 two-processor configuration iy fn effect

[f the Master Processor fails, ther the Reconfigurattiorn sequence {1 a1 presented
tn Figure 31. Firet the Moritor detect: that 1! has received no mimor cycle
update for two consecut ive mimor cycle intervals (1/32 secomd] Secomd, the
Monttor sets 1ty BCIU to master mode ane disedles the Master Processor BLIU froe
trensmitting in the master sode. Third, the Monitor Processor begins to actt-
vate tashs starting with minmor cycle 40 and to communicate with the sudbsystem:
(dacurrently, the Monitor muit conduct! diagnoitic teits to determine the opers
tional state of the data commuynication metword 11 2 power dowrn conditior s
found and power Nas Deer reitored, the Master can be restarted. I[f mo hardware
malfonction car be detected, ther 2 software error wil) de atsumed. The soft-
ware will be loaded and verified for the Master Processor, three proceisor
systee. 1Y a harduare ervor i< indicated, ther the Remote Processor i3 loaded
with the twe proceisor, Master Processor configuratton and the Monttor confi
gures 1ts software to rum a1 part of 2 two procestior syitee (without tape load
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Recovery from ine failure of the Monitor Processar 15 very similar 2o the
recovery from the Master Processor failure a: can De seen irn Figure 32

The Master can determine 1Nt the Monitor has Aot responded o Cosmmunicatlton
commands . The Master sust alter the BCIU commanc |15t to exclude cosmynication
with the other two processors From this point, the logic of recontiguratior

fs very stmilar to that of Master Processor failuyre, a5 Ccar De seer by comparing
Figures 31 ame¢ 32.

The reconfi guretior procedures, including the loading fros sagnetic tape should
be on the order of 1€ seconds, primarily dué to the slom ipeed of the magnetic
tape unit

$.2.2.4 Timng ane Sizing of Reconfiguration Software

Three of the fyunctions supervisec by the reconfiguratior softwarc are largely
external to the processor i which it resi@es. These funclions are diagmostic
testing of the Resnte Processsris), tramsfer of programs froe Mas: Mesory o
Remote Processuris . amé verificatior of loadec program Tranifer of prograe:
from Mass Memory and verificatlen of loaded program. reguiret several hundred
mi)lrseconds 0 accoap'ish.  Approsimately four per cent (&7 of byt tramsmis
sion capacity w'!] be usee 1f the Mags Mempry Tape Casette 'y operated at 1°
sauimm transfer rate. Dur‘rg loading 0f programs, the recorfigurstior solimware
s only periodically activeted, to delterwine progress of the [25ding operatior
end L0 sequence °he terwminal -to-termina! synchromous Dys messages reqQuired t
effect loading

$£.2. 2.5 Aeniltary Storage Regquired

The eatire reconfigyration swde load madules for Three, two, and one processor
Operations! Flight Prograe wil! cemulatively use adaul 130 fert of Mass Sesnry
artridge tape This figure 15 dased o a recerding density of 100C dits per

inch with four data tracks amé a fifty per cemt (S07) gtilizatien cf the tope,
to allow %o inter-record ¢aps and redundency chect ChaTacters
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Marimum time 0 search tape for the required block 0f data o be read would be
sinty-six teconds, at 3 tape search rate of twenty inches per second. [t is
reasonadle, however, prior to the occurrence of reconfiguration, to positionm
the tape at the section of data for the next most probable configuration. If
the system were opersting on three processors, it is most prodadle that a re-
configuration would result in a two processor comnfiguration. OFF code i
identical regardiess of the identity of the failed processor Belatively
short, processor-unique tables of messaqe descriptors, recorded on tape are
required to establish the failed processorl) identity. Search times for
these processor-unique tadles would be on the order of one nalf second, assumirag
pre-pasitioning of the Mass Memory cassette is effective,
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SECTION ¥
|GANST SOFTWARE SPECITICATION

The principal end preduct of this porgram was to produce four (osputer
Progrem Development Specifications, Type 85, as referenced by MIL-5TD-490,
and per MIL-STD 483 and Section 1.0 of “Appendix H° of the prograe state-
ment of wort. These documents are referenced below.
§.1  COMPUTER PROGRAM DEVELOPMENT SPECIFICATION FOR [DAMST OFP EXECUTIVE
(S8-4041)
This document specifies the IDMIST Operational Flight Prograe (OFP) Executive
software. The IDAMST frecutive is closely patterned after the DAIS exec-
ytive [Intermetrics Specification SA-201-302) with the following changes
of significance. An interface between the Applications programs and the
Wster fxecutive (via the Local frecutive) has been defined to activate
and deactivate communicationwith devices. The same interface functions will
be ysed also during the reconfiguration of the data communications elements
Globa! Compoo! definitions have also been added in order to allow the Appli-
cations software more efficient operation. Finally, the BCIU - “aster
frecutive interface has been expanded an¢ clarified, and & BCIU interface
function has been soecified.
3 OMPUTER PROGRAM DEVELOPMENT SPECIFICATION FOR [DAMST OFP APPL [CAT 0N
SOF TWARE (SB-40472)
This document specifies the [DAMST OFP Applications software. The DA]
Applications softmere architecture wes used as 2 basis for developing the
DAMS T software to the specific requirements of the MST. Better thar S0
¢ the DAIS Applications softmware is reysable for [DAMST with little or no
modification
5.1  COMPUTER PROGRAM DEVELOPMENT SPECIFICATION FOR [1DAMST OFP £RROP
HANDL ING AND R COVERY SOF TWARE (SR.3041)
This document specifies the [DAMST OFF frror Hendling and Recovery Software
FHARS EHARS as an entity tn itself is not totally definable. As a resuyl?,
the nusber of identified so/tuare modules ‘or [DAMST is relatively smal
What this document specifies are regquirements to be imposed on the [xecutive
and Applications software to incorporate [HARS features into their design




5.4 COMPUTER PROGRAM QEVELOPMENT SPECIFICATIONS FOR [DAMST OPERATIONAL
TEST PROGRAMS (0TP)

This document specifies the IDAMST OTP. [t covers both the Ground Test
Progrem -1 (GTP-1) and Ground Test Progrem - 2 (GTP-2). GTP-1 is relatively
straight-forwerd to define because it is limited to IDAMST core elements
(processors, bus, RT's etc.) and the control! aneg displey hardware. This
core hardeare is by nature highly adeptadle to self-test and diegnostic.
GTP-2 on the other hand, is far less adeptadle to sutomatic testing im 2
ground test enviromment. for this reason, GIP-2 requires further study
then time would allow. Eaxpansion of the BITE capadility of some {tems

of avionics hardwere may be necessory. Another alternative is to thorowghly
investigate atrtorme testing of the avion ics equipmert in an operations! environa-
ment that canmot be duplicated on the ground without estensive AGEL and

cons ideradble timg
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SECTION V! |
PROGRAR CONCLUS 1ONS

Although the specification of IDANST softwere was the end resclt of thic progree
many 2ipects of the overall avionics system gdetign were investigated in order

to estadlish the software requirements. As 3 result of these investigetions

and the softwire specification process itself, both generel ane specific
comculsions and comments can be made sbowt the [DAST systen design  The
general cosments are a3 follows:

'y The [DAMST baseline design will satisfy the ARST operations!
requirements

b The proposed dus! redundant procesiing of minimue misston essemtial
functions with a third processor as bdachup provides ar acceptadle
level ¢f mission reliability for the MEBT.

< The DAIS system architecture used as 2 basis for the [DAMS?
system design provides am excellent point to initiate the design
of an integrated digita! avionics iystem,

Specific comclusions and comments will De discussed in Parggraph 6 2

6.0 GENERAL CONCL USTONS AND UOMENTS
6.1.1 1DAMST As An AMSY Aviomics Systee Candidete

The [DAMST design will satisfy the ANST operationa! requirements The hardware
and software design satisfies the minimum mission essential requirements, pro-
vides growth and system sonitoring feetures that will facilitate operation of
the AIST with 2 two man crew. However, the fundamenta! questions that A
immediotely arise are: 1
N [s the IDARST configuration required for an ANST operated by o '
two man Ccrew?
b If not required, whet 13?7

In the course of the system analysis which was performed during this progree,
it was apparent thet some degree of integration would be necessary tn support
pertormance rewsirements a3 well as o two man crew. The need for processing

capability, especially in the navigation system 1s a requirement. Also air
dats computations, syitee monitoring functions and the consideration of aute- f
mtic test capadility reguire or-bosrd processing
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Thete famedtate considerations coupled with future requirements such as GPS
ang JTIDS al! stromgly gictate the intelligence of an integrated systee
design. Ome element of such 2 design is the efficient tramsmission of date
betmeer seni0ri, Processors, and (rew control and display. A commwmication
retwort (per MIL-STD-1583A) which provides such 2 means of efficient data
transmissior with growth cepatility is necessdry The 10AST taseline design
ytilizes myltiple processors, 2 dats transmission networ) and integrates the
essential function of navigetion, communicetion, and System monitoring, hence
the question is whether [JAMST (g the optisum design.

Austerity of cost in procurement is the stromg factor that temmers the offeree
advantages of a DAIS “like” design approach o the AMST At present, life
cycle cost (LCC) counter arguments are not of sufficient tamgibility to offser
the spector of initial procurement cost by reduced operstiomal coests. Using
procurement oSt austerity and 2 definttion of miniensm egsential miggion
capadility as key evaluation factors for [DAMSY it would appear that [DAM7
not the optimue design dlmost by definitton. It is & system that is jeiviplly
aore expensive and provides more than the mirimge mission essential capadiling

[f 10MST is not oplimum, thern whetl Jesigr is? As 2 purely subjective cowen?
from this study 1t 1s strongly felt that 2 desige that has multiple processors,
on integrated dats communicatior netword (Dus struCture) and irtegrated omtrol

an displays s required IDAMST, as ar avionmics system type satisfies thig
riteria qualitatively with only the question of detai) left open. To bhe
specific: How euch integration iy mecessary? How ertemsive is the use of

(BT type displays? What processor cepadility and how many are reguired?

The gquestions suggest the final comment. Studies that remain can be directed
towsrds detsailed analysis intended to anjuer the immediately preceding guest ions
by using 1DAMST ag the point of departure

¢

1.2 Dusl Redundant Processing for [DAMST
& dua! redundant processing design wes coefigured for IDAMSY  Dme processor

designited as & pilot’'s processor while the other the copilot’s  Redundan?
and ative sof tware is processed ir each of these components
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functiona! separation is meintained between the L1l0o¢ and copilot comtrols
and displays through the processors out to redundant sensors when ~edundant
Rardware ic ¢ provided. Failure of either proceszor will not reduce the
sinimm afssion essential capability dut will void functiona! separetior.

The third processor will, if allowed by the crew, reconfigure #nd restore
functions! redundancy and separation. This design is felt to be conservative
and as 2 result require more processor capadbility amd potentially 2 higher
degree of dus traffic tham other configurations. The approack s one ¢/ the
significant departures from the DAIS softwre corfiguration. However, it is
this conservative approach that simplifies reconfiguration, and is felt to

be 2 step tomards descceing the [DAMST systewm design to 2 more austere design
Also, it fs felt that the requirement for tiwee mission processors fs put
into groper prospective from a mission reliability viewpoint. [t may be
irgued that permaps only two processors would suffice, however, this argument
can be countered {f the third processor is specified as 2 test processor for
sutomatic test support. In the proposed IDAMST three processor confiquration.
the afrcraft systems monitoring copability fs in essence & prerequisite to 2
test computer. That it can also be uysed as & backup mission processor im-
proves the mission rel fability

6.1.3 DALS Architecture As Applied to the AMST

The DAIS architecture including the siructured approach to the software desior
proved to be readily adaptable to the AMST when considering an integrated
digital evionics design. As 2 mode! DAIS served its purpose well by providing

4 point of reference o trade up or down. It was definitely felt that sowme
festures of the DAIS software design while providing flexibility also levied
high pensities in terms of eaxcessive throughput overhead burdens and memory
requirements. However, the peint to be moted is not the inefficienctes, but
the relative ease of reducing the inefficienc ies for a specific aspplication
This was done for the [DAMST design without destroying the basic DAIS desior
integrity. Specification of !DAMSY softwsre was accomplished in many cases
where commonal ity of functions enisted between DAIS ana [DAMST by adapting the
DAIS specification. Certainly at the BS software specification level a high
degree of reusable softwere definition through the medis of documentation does
exist. It is felt that regardiess of the ‘ina! software code implementation,
DAIS as o mode! for softwire specification of ar integrated digita) avionics
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iystem Gesign con bDe wsed to fecilitete the softwere ipecification process.
This i3 especially Lrue 1f the spe-ification con de maintsined in a Common
higher order longuage through progressive ‘evels of detail Reusadle soft-
wore at the odject code level is not o tangidle objective, however, reusadle
software ot the documentatior level s odtefmedle.

6.1.4 Devistions from DALS

IDANST assumed the BALS architecture eacept for five notable esceptionr: which
are Boeing innovetions and are mot necesserily in agreement with the AFAL
baseline design. These changes were dictated dot® by our stltempt to dest

setisfy MRST requirements and by increqased familiarity with the DAIS architectyre
The summary of the commonality of the software detween DAIS and 1DMAST i
presented in Figure 33,

$.1.8.1 fMoniter Processor

The mott obvious change to the DAIS architecture 14 the uyse of the monitor
processor in [DAMST. DALS uses the monitor processor as a passive bachup
device which containg the minima] fumctions to support a misston and to
suppor? reconfiguretion. The monitor processor in [DAMST is ar active pro-
cessor ahich comtaing 2 set of software that iy alenst duplicate to the
mster processor, offering a due! redundant processing capadility. The
master processor responds 0 the pilot’'s commands while the monitor pro
cessor responds o the copilot’s commands and provides the active redundanc,
apparent in the piiot and copilot. & duplicate configurator resides in
eoch processsr which controls the processing activity relative to the inm
dividual pilot/copilot requests These configurators must symchronmipe or
oy shared funttiows in the remote processor, since these fumctiony mys? be
considered 4% a sthared remote resource

Since e¢'trer the master or monitor 15 capadle of completing a mission,
reconfiguration congists of reloeding the syiten 50 that & easter and
monitor ere availadle if two processors are operationel, and either a

aaster or ¢ monitor if only one processor s operational

§.1.4.2 Eupanded MIL-STD-155) With Broadcas?! - Pe’eption Capadility

The [DAMST system espanded the defined performance of a [ -5TD-188) gata
ommurication networt to provide o non-responding broadcast reception (listen
epabiliny The active redundant processing in [DAMLT requires duplicate

infornattorn from semsors to be passed 10 the masiter and the moniter proce r
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Without the capadility to Yisten, dus traffic bDecomes umacceptably nigh
because of the large number of duplicate messages .

This expanded broadcast capebility doei nmot conflict with the reguirements
of the NIL-STD. The added performance it limited to the inte)ligent devices
(10MMST mission precessors/BCIUs) The BCIYs wil) decode and store in the
processor’s memory al) messages olCurring on the dui addressed to 2 defined
et of addressees.  When operating ir this mode, the BCIUs meintain o))
nores! error detection with the eaception of a s1atus word responie at the
end of 4 message with 2 Visten address.

$.1.4.3 Levels of Contro)

The DAIS architecture provides & sophisticated mechanise of hierarchial
control, ir whick sach tash hes a coatroller tash The termination of a
ontroller terminates al) of its controlled tashs [OMST, because 2f fts
1implified architecture, needs only two controller tashs namely the configura-
tors in the master anéd monitor processars. This single level of contro)l does
not require the sophisticated mecharisms of termination and geneology
availadle unger DAIS

6. 1.48.8 Device Comtro)

DAIS does not provide any mechanism 0 terminate communicatior with 2 device
which has fatled or which 13 not required. wWhile [DAMST synchromoutly
commun icates with all of i1ty devices, error processing dictates *hat & device
remote terming)l) which 15 salfunctioning and reporting the error over the
bus be able to be removed from the bus commgnication list. Sieilarly, if by
A melfunctions & mechanise {5 required to change the communication 11t t¢
commynicate over dus B It is also desiradble to be abie to ergage and
disengage "igh communication (low use) ‘requency devices such as the

I and WCU 1¢ dus loading becomes excessive. EQUIPS that detect error
conditions through S1TE and out-of-tolerance data should also be able to
report ervory (indirectly) to the esecutive so that communication with these
devices can he terminated allowing 2 redundant (non-cosmuricating bech-up
device te be activated)

L ¥4




6.1.4.% Display Fumctions

OAIS provides DISP tasks which correspond to individual display variadbles
Because o7 the erecutive Overneed involved in the support of tashs, [DAMSY
grouped all display verfables corresponding to a particular display device
inte & single DISF, reducing the potential aumber of DNISPs frem 200 to 10,
which car de seer in Table B-€.

6.2 SPECIFIC (ONCLUSIONS AND COMENTS

The following comclusions and comments are directed at specific tashks or
items encountered during this proaras

4. Use of functiona! sequence diagrams (FSDs) as 2 systematic
technique for yielding softwere reguirements within a DAIS
“lthe” baseline is mechanically a tedious process. [t was
observed that the analyst tended to become absorted in the
nechanise of drafting the FSDs at the erpernse of efficiently
conveying speci?ic software requirements to the software
engineer  The FSDS 1o themselves are not av efficient media

for 2ransmission 0 software requirements The DAIS stryctuyr
ing for mardware and software evtended to the Strycturing of
10ftware functiona! reguirements suQeests that pernaps the
process cen be ‘aciliteted mechanically through 2 hetter graph-
ical or pernaps 2 computer based language. The 2ifficultres
encountered suggest 2 better techrinue should te searched ‘o

b, Comsideradie a8dtticne! wort remains %0 he dorme ir the ares of
epe: atione] test softwere, specifically Ground Test Frogres
2(61F-2 The adsence of sophisticated EITE cepedilvty ie
some (urrent hirdware and the constraint 0f & Qround tes?
environment for testing cause stgnificant 1imitations to the
potential effectivemess of GTP-2 Ar equivalent automalic tes? !
capadility comperetie to GTF-1 for core hardware ‘or the aviont
rarguare should be or objeciive. Ome possible suggestior is i
that GIF-7 be ertended to or airbormne test capatility and the
benefits 0f ar operetiona! enyiroment be ysed to systematicelly '
test the avionic Systems ond perhaps the aircraft systems in :

gemeral  The practicelity of this suggestion needs to be
Investigated
L3}




Analysis of the IDAMST system basel ine and consideration of a
minimal capadility suggests that the sophistication of the data
commynications netwdrt design could be reduced %0 reduce cost and
stil]l not greatly tmmact system capadility.

The Software anagement Plan origimally provided dy appemdin “H°
of the statement of sori srovides 2 foundation for developing
ar [DAMST Software “Wnagement Plas. A number of modifications
te this plar have beer incorporated and are contained within the
fina! sutmitted Software “amagement Plarn  These changes are
consistent with comments made in the Interie Technical Report.
Ar a2l ternate approach was alse driefly outlined in the Interie
Report, but discarded because 0¢ the mignitude D¢ effort required
to accompl ish the tash. Thig tast would mave clearly detracted
from other progras tasks, however, the comments pertaining to
the 2lternate plan still are apolicadble. These comments have
heen excerpted from the Interie Technical RBeport amd placed in
Appendiz [ of the report
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1.0 INTROGUC TION

The IDAMS® systee was Seveloped usine ronventional aviemicy, thevefore 2
COmpETiISer 0 the mom- Integrated systes architecture is relatively easy.

The demetits 0f suCh 47 analysis is that & syster des igner car measure the
leve! of effectiveness of the selected architecture providing hie ar in@di-
cation of where the greatec? 881% chanmge car OCcyr Tadle 2.1 proviges a
COMPATIION Dy M rduare Dunt 0f the vartBes urilts ir the [DMPRT syStew versys
the convertiona' nor-integrated Jpproact

TASLE A-)

IDAMST vs CONVENTIONAL WON- INTEGRRTED SYSTEW
IOAMST  CONVENTI0MA

Avigmi o Semsors 22 m
N cessors 1 )
Semte [nterfaces
Contrals and Displays 6 25

296 »7

Mviously, the avieniC sensors & no! gecreese, decause of irtegralior per se
Sowever . lechnology teprovessnty 1v cowerr? w1tR integrattor i 2l lom redu
tior or replacement ¢* sensors  Thig proardm Nas taken aevarlage of sul® by
cemoving the Dopoler rader. attitude meadime and reteremce tyites ' AMAES

and Lovan ang Tep i3 INg Thee wilt newer Lt AROIOQY Y8NSET™ BT redundan’ genqpr

averlable to the [DAMLT qyctee thrpygr irtegeralt ton It shoyla De notee That
RS reductIon 15 very mpdes: ir [DVMIST gne Ve It5elf ts Aot ¢ mator Yo ter
‘er 1ntegratior How ve T | theve & advietaoe o mavtag g (DAY gecmite o

wheve vionic SensOrs are CEMCrvwed. Decdus® (RAANge: A% @ALCrihey’ abowe o e
SigE wilh afaer atr vebicle Tapects Thig 13 due tr Flextdility g the byl

arewtr potential of the DMK prchitectuyme Thi . te comtras? W the M N

resiary regquired W ad¢ er wadtfy Fvigtimg YeRSOTY 2 Comvertigmal aon Integr
ver i le
Pracesser types ¢ ‘fer greatls v these Tmt svstems  The gnyentiass ¥s Yow

g 1 Xty 0f mime ('fleresn wedicated ped 'l pursose processars, while the
[P (pstee cOmta ing thrpe generd | BLTDNSE dant . a T B - The he
Profeisary gve ‘geecica v har@eare ged (Ym0 lav ‘rure e the MW v
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