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■i,d mami tc:i df«lfVtl,y· p.c:~r,1111 ~ rtliJ.blt ■lllill 11i'O.rb.bll: 

i ,P,lffl\ti!'.!&a'liOl!J of lb.II dcri.111. 
1, i3. de;siabl!::! ror ,I di::!llliMf it> hi ,Ii ~o}i} ~Q fllp;pCIR 

.. m • a d~ip prOOHI tl'ow~~r. ■ .mq:11, ii. l!Klbodol I)' tffl 
nppOiit III d!:.i~. it ~fl le Fe.PM him. A 'i:00'.1 1r:,an . !be 
d'ew-Jopgd to repllllll· 1@cnc of h11 fu:nmoot whh n:~to.,blmtt1r, 
1thc di!_qntr, ■ndl e'Vcn ~ N!~ ■11 O'lh:IJ fund,ian,.on ■ _pa:tllinllt 
!li'roJ~. U01n!iell', tM dc:lil,IIJCT, I · 111 bu dM:: l)Rr·o~ to, Olll!litl 
r,ew Ill . '1nund !:(II daijn, ~.., ll.lti!I rm !!he • toDil m nn,o 1oo'.II 
for difif.c: it: ti u !l!C 

Thm: are ma.11 . ibo.do.1 .' 1 lodlly I lc:nl, i11 lo~ 
ffAillilfa.rd,t. •n.dl ~blil.ql.lEI to a.qi:!.;: tibe eqjiM!fir ~ 1111. dlpi1n nd 
'1.11:r.ifi • .i:.0 1'.1 viroecg [ m1L The ii~ol"= of:~, mc:c'hiodotolkt M" 
• LI p opoo m:Ji ,i'!if ~r bk dttq111. And, DIOli m~h!llilfuJO.p;t, 
l!J!lili' - c: dm..ilu ~,f n' qi.K::Ull'i14rd11 d'1iu1im. 'Foli~Umplit, U • 
00-1111110,flly r::ec,p-u:d idc,,a rtha.11 ii. i1, benc:t'llcial lo prod/~ !Ill 
[lµij:Q!Jldij(.jl b~ of & .~f!J d.Hili!< .- Otdu1:o p~c: mon::· 
mamphlc:· pi~ ro wort "lil. A.nd. mere .■re "111ri1Mom 
~wtt.n ~lho<!Ol0 -~-. Some etnJ~m HIM.Cili!IIND!lff on~oi 
l!lat11 1o1 •i?!J!pow:I lo (1UJ1.cc1loml Jl:GW P] [l] ['] [') otlKn m~ 
pli.ulni jwt l!lbc:: . p!lilite [6] fl] [I)~ Othffl rlfldt~~ th ~ 
f1111e~iona l 11111.d. dala fllyr,ir ,liffi of ~!Dill ~Dlptlf'i&IIICC [9), odtcn 
e.mp,'h :1: (!• d~wn~11~1lioo aa -dud [ IG]I IU .mJ; otbien ~ 
pap i~I not&tio:n.!. [ 12Jt Br d i!llm othtfl cmphaliu Kmlllllic 

rrtPf\!S!ll!llUJ~•Ofii [l'l ]. 
There .arc: ~mmly. p.a,titl~ u,~ [11 ·!lllill)' of~ mlthiir;;­

di!lll ~, 1.:nd, iin pat1iicular, ml1i 'llil Uhi:yiilrc 'llliil:M ~fi. l'o ~ 
d'fcc~m. 'MWH!'W:r, a. melh.O!d:ol~gy dtould haWJ techniq.un and 
lfl.lleJ If. i' mbl!' Pbtpo • e:11' ddirufi.1 ~tim!t, imk: ,fiR ~ci.jisiffll ,IU 
oam;p'.li:· :c: , 111;11 Jthcrc: tc:c.h • qw:1 tmd c:a.il.'fl: llld12I mly if ·tky!&ffl 
w.rh , mhrm.se<l~ Mi\llQltrte ~d it:!;! pl~ bo'tb Willh rt:1Jllf!Ci. w 
~i;:h i:i~, !!!rtd, to~ . • ·s.ym to "ch IM)I 1uc lbrin.l ianhd, 
'W.i1h a. c:ompte1ei a.rid] Nmt~fi! mi::ihodol,off. i. 11111cJJt <C1Jni be: 
d~nN ' olii:n1JI~ w lhli~ ■D ~m1 whicll ~!II • II: irilh ra 
• 15,yrnm e1n ·~ntud ~t ~'ltt:m in ihe i;IIM' ~,. 
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ilhc !llleeh&.nimtl to. ,ddirz all ot· ihti H:laliOillbqR hli:'.bi uilt i ■. :a 
!1}1m!R11 ,n ·I . - meM [.fc4 ~ lbu ~tK;Jgda CCti!fflt c.11io.o. "ltllhl.:!ti 
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We will dikwa hue the properties or 1he medlodoloty or 
Hipn Onkr Softwan: (HOS) u tlrtey tt.late desip alld verifi• 
cation to tbe ttqWf'Cft'llfflu we-have kl ronh (or m~olosi,n ia 
aneral. Al a.n i.ltustnition of thete concepts.. M inc.lUde a act or 
-,,ocif'icaliona for one of the de~Jopmcnt phase$ CJf a Sl.lcllile 
naviplion •~m. NAVPAK(ISJ (l6], The problem is toddi.nca 
• t of ,poci(teatioiu from a tct ol ttquin:rnenb which will be '1IOd 
tO impkmeat NAVPAI. in. C-Ompl,ltef eavitOl'lfflitlllL Tbe prcblctll 
it a'typical software l)'S,leln probltm in th&t tlte rcqlilifflDCBU not 
oaly include rhe inoo'l)Oration of navip.tion alaoritbrm, but they 
a.Ito ind8dc corutrainu impo,,c,d by human 111Cn, &fflSOrt, avaiJ­
abk olr-tllt-sbdf klftware peckap and an uistina set of 
llardwa1t. 

n. SOME P RWMINA•ru ON SYSTIM SPECIFICATION 

An obj«t is al'I utueace of tomtthing. A 8Y1'f,. it an 
uatiabla• of objects united by some (Offll of ttgultr iatttactlon 
or ittlcrdcpffldmcc, Tbt mtebanism by whic:h tllctt objuq arc 
united can mte the diffacnce: bc:tWttft a system wbicb is reliable 
and one which is not. In HOS the objcctJ qf ••Ystem arc anitcd by 
a romi or con1r"1 wi11Cn: that form. of cootrol is dctuntincd by 
adbttcaoe to silt u.ioms. 

A JYlletn, i1aclf, CH be viewed u an ob]CCt within anotbcr 
sy11ffl'L Objocu ol u HOS s)'t,t.em can be d.estribed in terms of 
abttract control structw-a [In that relate mc:mbcn of atpb~i­
eaUydd'iocd data typa(ll)(S)or fu• cdOMllydtliMd data whote 
com,o111enll are alpbfaiicalty dcfiDed, When an obj«:t is viewed in 
\Cn'M of anabttractcontrol ,1tuetun:, that object rl in the uate of 
doi,w. wt.ea an ot,,jtct ii viewed u a member of a data type. that 
object ii in • state-of bflng, 

HOS syttcnu commvniic:atc in tcnn.s of data a.nd functio,u. 
Fu.oe1iona can be ill • bci"I s.ta.tc: or a doin,: ,tate. Data can be: i.na 
kine state or a doini1 state. Or, u Cu,hin.1 puts it (19). 

,.,11.n)'llllc., , ... , ca. bf ... a datum. CUI aho •• by M.fVi.ft ... 

lnpua 10 a runiecW>'A. ud an,-chitlc 1ba1 ca• dt1. i..A .. a r11ncdo•, 
CHI a.llO ,,., ,1ncc fu11aiot11 thcrn-.lffl lllllc up a dala l)'PC, 

Syttcm ck.>ipttt often have lbc r,,obklm oftr.owin.g wbe11 thty 
are fin.isbed , For example. it is nOI <:lair whm • system ddinit.On 
has ~ dccompoSiOd as f.a.r u it st-ould be or if it hu been 
decompoted to a state of unrte1:«Yryckuiil. In HOS, a dqlp •h~t 
i.s ft.Dis bed is one which tw bttn hkn.rchically decomposed into a 
r:ompku O'llfflt s.p«fjka1io11, In thiu:ase, all terminal nodts or a 
specification tree RpttSCnt prlmitkle operatioras Oft data typc:s 
(Appelldix I). 

Sometill'tn WC need lO tallc about the f'Glatiomhlps bet..-ciea OtlC 
tYllc:m and another tystcm (c.,t ,, NA VPAK and the Utc:r S)'$tem). 
In otdtr to talt about sueh rtlatioruhips, it b bCCCSSl,Y 10 
urtdmtand t he ""'"""' or o,pniution of a mtcm. In HOS the 
slnldure of a syt.tffll can be made up of &c\ietal rys.tc:nu where ~ch 
tYlltm can be dc:fUled in tern» ol kvtls, layers. and inttanct"t o f 
layc.n. Alaya 1tprc:1e:nts•an pe:rfonnancc: pa.tkS of a a)'stc:m. An 
i,urorttt o/" lo)'f, rtpretc:l'ltl one perfonn.a.nct ~•of• S)'tttm. A 
kw/ rcprescnu a stcpol rdinc:meftt w-hin ari inti.Ince ol I layer of 
• aystein, A commur:iication t.a.ka place betlll'ff'l'I two sysitmtifan 
insuncr: ol one syttem. eomm11nicates with •·n instance of an('ilber 
s)'ltcra. T'<llo systmi. •~ oo tM same la~r if aftd only if an 
inJtancc: of oae syt1cm aJway, communie&tcs with tht same. 
instaDC:1' of the otbt:r aystcm. 

Tberc: are otbt't rela1io Mhi ps bttwecn l)'lte ms other than tbat of 
communication between thtm tt objtCU. A syucin. as a.n otject. 
uio oomn:u1nic:a1e with ocher la)"Cn of a ,ystcm wch as the 
ddinitton. dttcription, name., or ct1vi.ronmc:1n. That amc systt:11'1. 
u ari objca. ean alto comm,uUcatc with those 1y:.tcms oo which 
aoothtr tystma is imple-inented. All or 1.hesc: rt-latioNhips bctwun 
one system and uothc:r S)'IICIII a.re defined bystiU another system. 
Thi, prOCQS (or o ·•t.c:m) whidl prq,am one aystem to ,elate to 
a■othc:r &)'Slffll is uilled re-,0t1rct ol/()Ctlli<Hf.. 

In the proceu of ~ourcc aUocation, it is poe;sit,Jc to amp a 
ft.lJDC to aft obj«:4, an objec1 to a name. or rcpla~ an object by •Q 

object _or • ~ by ! N!"'•· AQ mcinoer p,ioYidel mourcc: 
allocatJans_ to ob,octs 1n his t)'ICem wbm he if dai,ni•a tJv:: 
S)'ltan. !"is p,oca, can ta.Ice place nwnaaDy or automatically, ff c 
alto ck-sips rctWrcic: alloc:atioa r 11actiontl for the ryuc:m itklf 10 
perform wbc4 ii is btin& uCINlcd. Somt1imcl it ii DeCCIUI}' to 
pcd0tm • reso.rc:e allocatfon to a tY11t• before it can coaunun• 
k:&te with anotbct system, Somctima it it oec:aaa,y to pufor111 a 
(()ftl.ffl\lfticatMJ!l bctwu:ft tWOS)'IU:ml bcfOfta atW llepol resouroe 
al~tion i5 cktttmmed. 

Th~. foe uample, ODc: SfUCll'l ltlliy need 10 COdpv.tt' an out pvt 
val~ 1n onlcr that tllth a value <:aft be wiped 10 a■ lfti)Qt 
variable in ~r t)'ttc:'m. Aootlter ,y,tc,m may lle:ecl 10 camp11t 
an O~tpllt vaJIIC IA otdtr that MICb ..... CH be auipod .. a 
futlChOd to a na,:n,c ol a node witbul a llnlctUff in another system 
(this .type: .°' uai'!'mcrtt ii DeCeMUY (Of a recol'.lf~ ol 
f\llliCI~ ta real tilllt'), Araothcr •)'llffll may aced to ..... a 
runctaon from one s)'ftem u a value to an inp1,11 vt.riat.k iru own 
system. And stlU anotbtr ty11em may tlCd 1oassip an iastaDCCol 
• fu.nctioo as ~ nihac: to an lnpu1 variabk in ill owrt syskm.. 

When we thitLI: about an object it is oltffl too easy to tbial: about 
it in too limited • tcn9C. Tbc: pt'obkm is I.bat everyone i■YOIYCd 
with thal MfflC oti;ea bu. di.fferent vicwpoillt of lbial object, And, 
it ls for thl~ '+'Cry reuon tllat °'" daia:ntt wiU ddmc tbc 1H1t 
object d ifftn:fttly lb.an ancdicr daiper, Eacb dn,ipcf dcti,p1 a 
system with hi• owo irnplxit auumptiON or pft!Concdved ..otiom 
1hat are collccliwly diflttfflt frON Hy<mt ei.c, Unfortu.natdy, 
ma11y of these implicit W • mptiON arc raoc 111u.all)' nwk l:ftown 
until that objtci is finat)y eitcic.ted oa a coinp111tn. And aome,. 
ti mts, they are 111:vcr fflNC lcaown. At kalt a ayue:m tllat isil'J'll)lc:­
mentcd oa • ('()fflputer hu the advaataF or the computn fi.nc'i111 
problems tbat deti&Mn of Olhc:r noa-computcr probkm1 •~Id 
n~cr find. 

The only way to ,et around the probkms of prod...ci11g 
incompktc.., am.biguous or recf• ad.lnt dtsips it to have the ability 
to ddiric • syitcm uplici1ly, In otdcr to cxplic:it}y 11.Lk about an 
object, we bCed to ,uklcn.ta~ wut it is., iu 1ypr (or ch.aracur­
Utica). attd its tkfmition. (The dcfinitioa of an object eot1C.ins 
i nformation about thotc objccu COCl.ltollcd by th.at objca u a 
controUn. It docs not include infonnat.0-111 about how tbal object 
i1self iJ conuolled,) To trans(« an oo;ect from OM syl4cm 
specification to anoth«, wc •o...ld include all of the abow: in 
addition to the object, lta.lf, nd a M.J<'riplA. f that object. 

The concroUer or•• object a.llou.tcs itslNl"W. 110• i1uUu(l.C., 
bc:ing or doing), tis mvrrQl'lmmt (i.e., iu reside-ace}. whm it 
luppms. wlttr, it oones. from, its rtf"m1U01i0fl. its i,ylf1M.tt­
ta1fon (le:., what maku d happt11), t.nd ks ,x,o,liofll. wt»ch 
i!'C.ludi:t tltt rt.la1ionshiP1 or one syffl:111, u an objcc:l, with anodtct 
1ystcm as an obj«t (i.e., iu llayu 1.nd level oom11n1nication 
rdatK)l'lships) a~ the rdattOuhips of one systcmu an object with 
•oothc.r l)"Sttm ln otdtr to prq)IJ'e: thal system (Of oominu.nicatioo 
(i.e., iu la~r and lcwl resource aJlocatio• rt"lationsbips). 

An obje,c1 as a coatrolkt n:sourcc aDQC&tet, An object as a 
function communicates. 

Eaeh obj«t in a system spccifi.ca.tio• has a ;pedal rneanin11oan 
engineer u 10 what it Is. For example, obj«;u iuch M (unctio1111,, 
i.nput u1d 0111p11t values, and input aod out.pi.rt ..,.riabks arc 
commonly rdc:rTCCI 10 by system dcsipcra.. In HOS, we i111th1dc 
tbc:tc kirtds o( obj«ts with very spc,cifte fDUru.n,p, a.nd ""' haYC 
other ldttds o( objects incl\ldin.a 1bOK wi.ich arc available as • 
convcnimt mean, or absl.ranina (or modularizi~ s)'ltcfll spc,ci• 
fi,c.atiolll. When we t.allL at,ou-t a11 objc:tt, it is very hclplul 10 .. , 
what It it., for in doi.ng,o ft immediately k1110wa loc mOR about its 
propcnicL For a ,iwa q,cdf.cation. an object in HOS cowd be, 
ro~ txampk, • structure, a:.'I opuatioa. a fu.nctio■. a dat.a type:, • 
~·ariable. a value. a tree,• data structll~ or a primi1lw .,-11.lion, 
Att e::utnpk o( objceu that can tit' U9td in a sy11cm1pocif.catio11 is 
shown in F'-,urc I. (A dcfltlitiora for 1hclc objca$ is Ii"'" in 
Appendix I a.nd Appendix JI.) 

We cao ttllt.M '>'P'f o(anobjoct byrdcningit to• kl ofvallltl 
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.-tltltl! CMl'llelel'lt"UIQ, wr DIIY-C- IJC'IIT~ i \ ~-!!'IX IJ ■ ~• .,i \ .urJl;,S. 

defined IIJY ,a ttt of uioms, ~fl ,tSJom is ,a true: :slatcmc:RL ii!Ml11 
i;anir-ol illnKitllR$. Th'lij, if 

,. = ,\{:ii;); 
MRD~J 

~~ (y,1) 1tt-1 INTEG'EllS, 
A t, 11· CM.rlMf FUNCTION: 

ta ul,di,tiiin, ir 
z: = Qb); 

WC lliip,t !la)' 

1li um .4, 
C &r " FUNCTIO , 
I u J:!! MA DIX~ 

'Io midcntand llhc: J1f!tHb1g of Ill !J)'flffll, 1A-C •flllff !tlffl of its 
ot,~,. Fouumpllt, li.lD~definiholl or~n kllstllnttof,1 NAVP ... K 
runeuoo. IE:, i1 

)' = E(:ii:); 
WlvtCE x. ii er~ [NlEGE!R, 
y u o 'N'ATIJAAl; 

One defiaitiol!I of E &.ll data II 

W.l'J;rr, .E is a fU CTIO 

ST RUCTU rt E: rhe captral relac110a1Jup1o ,or 1he 
[1,;1na,iom in Sy1~m Ii. 

DATA TYPE: .a set of vailues. ,dlarac.~,;,.e-t1, by a se1 
or pncrnt1we ~liltiO'TJS 

VARIABLE; rnmc or IIID object 
'
1
11:

9 
ij am il!iMJ,l YlUHl!Jli: "'( A 

-:t·ft is; ~n o~•put w.ri&bk of A 
VA l'U E: object lbci.ng oll.fflUI 

:t 11 • ~ l11c uf d1,t,,. • ~,,':' i r t ,:,p 
(e.g., I, 2:, 3 ... I 
y Ii a v&Jue of dilt.! i ypc. inl,:ier 

FUNCTION; !liilpJJinJ bci'll!'t\.'1 i11p11t vafoc.:s and 
output 'lflil'uts wllttt th~!!. ~hit$ llfe 
rcpttsmL~d by pmil-u'l&r '\\&ri111blcs 

,..,, A1, A2. 81 md Bi are foinC11.ioru. 
or S)'.5.ttrr,i A 

l RE~ atO-.•i!llill'IICill reJtl'C&rmt.1,ioo or a 
:S)'l1cm (cnvirorurw.r.ic af S,ys!,l!m A l 

NODE-: 1oaamin 011 trtt. :Fu11ctio11 A res:jdi:5 
i i •JJe r,oot t1odi:: .of tlx cooir~ map 
for Sy.tem of A.. 

DAT A STRIUCTUIRE. 11 scm oo !1a'rQ.l11lcs wllo;si:: '1/&lui::s 
coJ~iwcLy 1rcp-rc.stm mbl!' umt \tal l.Ii! 
ai ,1 variabl~ Im S-yJl:tm A { ii;,, lid) i:s 
a da~ stru~tur,i: o:f .x.. 

IPfll M'ITIVE 
OPE.RATIONS: o:llii!i i;,if a Rt or opcn,tiom wbiich 

d:r~rr•ctc:riHi III pan1tula.r ~ 1.y-pe 
A,. RI and 18'1 are primitiw: 
Qpi!r:&~W l'II for· S:J!ll!in i1. 

llN IV61lSAL 
P~IMITIVE. 

OPER..\T:ON:S: OpHDio:ru in which lhc C1pcra.nd1 arc 
reg~~ by vtria'b~ wb~ 
..... 1111:1 •re of t.omc: type. ~· A CibiillHII M'iip or :5,.... A - II F..cfm 

We IIICl Ii drsmpnon Hit laik: &1>ou.t ih.c dtfrnilio11 ol 1 ■-)'Item. 
Ooc: d~riplillm of 1111 i11:s~ or fuoct~n I. ~ -p~llj. 11u 
~pi:i.0111 ean tit, rcplattd b)' 1:1iher ,llcaeripfiou II c:11ukl IN: 
rcp1ac,cd by ,ogi::;1, dCKribcd in &-11 .uremtl()' l&n~ ~~ 
1-lllU'• or a. h:lgher 0111lrr ~DIUF- In BOS we dHcribe 
defmitiom ""ith AXES or AXES HMXI 1UilemcfiU (Appa,di:lr: H 

W,r: 11ttd 10 lla.\lC! a MJW for~ objficl in. ardcr to IM--.lion ~lat 
abject (20). A name: i_tsdr c&n be.an o"ic(l wmll1 rt.1pcct io iu name. 
To, ttlk: 11bl)111. for •~ll•t!lp~ NAVPA:l.. w~ UR ~~ llli!IIIC -01 
NA VP AK, '"NA V'.PAX. - II E. i1 a fllneti:oil in N AVPAI!.':, E c.an 1k 
con..-olltd ti)' memiol'liol 1:1-.e ~me qi E. T~WI '"E"' ~nilr,oh E il'l 
ti.at the maiti.011~,q: of E mdc1 E happen. ■ndl "E.'" eao be 
con1ri0IJed it.,y Mmi111 "':E. ... "Tbuio -·£·· co■.lll'oh "£"'. Te> gi1111" 11 

na.me lo Eis. to l'ftO\lrcr: .:11oau: .. ~ .. to :E, In order to iowote E. M 
n«d to~"~ ~ ob~- £:. •~di IN!ol11DN1, itbtt Ulf!I! af E. .E, -E'", 
••E:1 ,. ,md E'.,, w:hiicb invotu E:, a ll .-ffid,e i.n H>mc emiroftrMfll. In 
0roer ro c-omiro~ E ~ I. w l'lnitl alM rHOfl\Ce ll!lloeate t o E. • 
01.mc- ill on'ler to malk ■bolit I hie oontrnUer E.. £.i.a-1id i11 n.1me rrnm 
also rtii-M 111 ll!)JJle ffl'iiir,011ru1n. In F i 11;11M 2. A, Aa. me! IQ IINI 

11odc-5 which loalc. po1iiioru; en 01.e amlr,OI ma,p.; f, l 1 and Fi ar,c 
lur1c11iOM in Sfl.t.el:l'I E. In ordt!r LO o,bttzin F cm itllc co.111rol ma_p, wr, 

ICIC8.!1e F byF =-O'bjcd("fj, F,F11.ad F1•.lk'1a~&lloca1edil)y 
1b vi:ry laa: rbam illie-y have Hmi!:J.. IP. u acM•r,oDrr., re111ca to the 
111Vocal1on of F, ■nd FI b)' rnenho-nin1 lbc:ir 1111ffl." W-Jliclb it.. l11i 
~. ,1111111, ,a ~ or fHOlll'Ce alloalin1 tbr: l'lafflCI "'fl" •!Id 
"f1M to m:wdn A., and A 1, In 11hc: mea1io11,ln.9: ol "F,- •odJ ·FJ"', fat 
a ful'lcli or:1 .ii .rcplaad by furKtior'II f I an.di f" 1, Similarly, in tbr:cuc, 
for i:xaimple, wiherc ·we !'lave ac in11tm~ of the l11J1cti.on F. d«ntled 
as. :Y = F(lt •. we li!Nl ,con~mc:.d ""itb y and ... Jt,~, in a.ddiliOn IOT. 
u wi;;!l H w!il!t,I! 1-!11:2 naml!I n;Jillle-. 

f 

A 
5YST£M [ tN\IIJt(JNMl[NT 

A 
..\1 Az 

C:01'111'11.0L Mli\.P IJ,i7WIII03!1M~ 

'"F" 

A 
J'lpft '.Z 

• ~ E 11ft tl!t c:iHPI Mq 

Wl,en \li,e :rel &:t-i: ·to im i;,ll~I. ml ~ impor1-an, 10 ·1m""" how it 
cxis.u. [ a t he ddi_nilifl•n!I abo,,,c, wlter:1, E is vjewtd ii'I 1cm1s of a. 
~tlntrol s..t:ruc111u. E arid 11. aad y .1-n; vi&!Wd ■111 d.oin&, When E. ii 
,·i~~cl ia lcnns of ,1 t)'JX', IE arid x aod y att viewed 11.'5- biciQS, 

Whic_n on~ :S.Jllll!'ll'I ttl,1ro to i!!11tither ctyUem1 it mllf1: l:now, 
i!Jl!Oflj: (l!b;I' 'thinp, the: #.I\IVfftlPfffll!',IU 'w.ilhln whim tlw. i)'ltfflll 

mides:. Uti i l'ldUdd whrY"t 1h,1J 1t1Ccm u h1ae~. and WMI\! !h.M 
r;ystcm uiits.. 

lei :.Iv ~ i/.1( flllKtion £, 'll'C could AY Chi& 111.e loeation of 
Mr=E(xr is t'.1111 d!1iJ. linie Oft 11,n P'J'B ,,, llii!ii collKtloa of'p•ati- For 
uort-11, Fu11etl.oa A,~ mqfll u.y c'ha.t ru dcserip1io11, "y-A(,i,- u 
lotwii..'>d ~• oodc 12 011 lhit 00g1tcil map. OT we tn~l ,ay chat 



"'V=A(xf 1sloca1ec;tat Reptecr 10onPDP·l 1/ 70or at FLOKIUA 
IMAOE Ofl LCV filit.. Similarly wkhtbedcfirtitionfor A we could 
say ycA(x) is located II BLOCK 100 .. - on Comp~cr. With 
ntpc,t' to f»ac:tion, a, and lime, t, Vfe cou.ld u.y y=A(x) a.rt or 
y=A(x) e/tff B or y• A(i) i" 1 or y•A(x) Won 1. 

An eumpk crtvlto,unent mi&ht b,e ckfin«t u fo&IOW1; 
y . A(:z) ••• • 
w,.,,~ t I.J • TIME-, 
~ is a LOCATION 

or if tbe type il'lfonnation 1bc)ut A, t a.n,d t were contained on, 
for c:nllllpk, a file, we coa:ld titnply say 

A " ' ,. •· 

The ,vpr,lfflJ•tiO" o( lfl objc,et misht vary dcpcDdtn, OCI Ill 
cn..-ltorunerit. One rcprffenlation of A. A's con1rollcr. 1heir 
111mn, 111mcs of 11,ainn, etc. could e1i1-t in a computer. In one 
com~t«, a rational number could be rcpruc:oted a, a ,iri&k• 
prearion numbff, and on an04bcr ,;omputc-r, it could""bc tcprc• 
sc:n.ted u. a double-precision number. In an HOS iystem specif,. 
c:at1ori. we often ta.lk about tlloc Gt,jccuwithin 1i.c environme■t of 
a con1rol map, In III HOS impltfflentation.1hc node, of ■ conuol 

map can be rcpla«d by location, of a computer. the n.amn o( t.hc 
noda by namct of imu·uclions o, namc1 ot location, in the 
compvter. Thm Ir a spec:ifica1ion is detcribc:d within a control map 
environment, i1 cu1 be tra.nsfer~d101ht computer envlronment 11 
pan of the implementation Pf"OCUI, 

1.n order to impltm,n, a system (or make 1h11 l)"ltem happcnJ. 
'"' define that system, 1he envU'Onmc:hl of Ou t syitem aM the 
.symm that wilJ necutc: tbat i.ystcm. That system which execuiet 
ariothcr system is called a machfnc (Appendix II). 

One o( 1hc most diffi,cuh problems faclng system OC1iancn is 

sucn an 1mp1emen111mm n 

R o" Ot.~ 
or he- co\lld express a mo~ detailed iraplcll'ICMati:ia • • 

R .. .,..,0,.0, ., .... ,:: 

Wlwrt A U • RECORD, 
I U a FILE. 
Ill is . LOCATION. 
P ir • ROM: 

In AXES tlwse or similar SU.lctnentsc:a.n be wed H IOAlh tbc 
tyMU and lhe-~Nl'llics ol !hr•~• att def med min, AXES. 
The pr°"" of 1mplcmcn1.1t1on CODtlft\lCS umiJ 'ft arriw at the 
l.ay~ of • primitive ft'IIClliK . COMider potfflllal resoun:e aU~ 
ClhOfl SICP,, for a syttffll wilhia wtiiclt, NAYPAI. -~ raidt: 

Determine system: 
S 4 S15tcm: 

Ot-tcnnme 1/0: 
Wht,,t Son (X1,•J); 

Oetcrmi.fte al,orithins: 
(x1,X1) 

Wltff, f11.1:) °" Navpak.: 
Oettrmhx OS: 

I:= NA·YPAK (lei) 

Witt~ Na..-pak on E•ecu1i¥C; 
Determine NAVPAK COffi.Pl&IC:r. 

Ea1atc.. = Eaec:u1iw(Estaic,t; 
WMt E.t.ewtnle on POP·ll( M: 

Compuicr: 

(I) 

(2) 

()) 

($) 

(6) 
C11a,e. --PDP-11 / 7'0(C.Siatc:,J; that of rnourtt aJtocadng ■-da~an to uecuce on a pa.nitutar•--­

~chine. More nabde problem, appear when we 1uempt to 
9cc:■u1e each layer it ckfi11c:d as a conuol hicra~y. each 

muh1M that runs a system isabk1ousetM1 ,ys1emdescriptiona, 
data and 1hcrd'Off has~ 10 inlom.tion 1bou1 that ryflem·, 
ordcri-.g rda.tioMhipt as we.II as 111&1 rymm·s data rda1'0111hip1., 
With rupc,c:t to tbe , ix diffc:rut la yen fOI' Systein S shown a bow. 
any one.of thuc layers can.be rTplac:cd. by as,otbcr impleinmWion 
layer. If we want to mo," Navpak toaootbcr opcratiri1 sy.ttem. we 
chan,e Step 4 to name a new Os for Ntvpak and rq,la~ Steps S 
and 6. If 14'!' wbh todcti&n • n,c• ••l,&orithm for11te asne computer, 
we chan1e Step land !Cpl&« Navpak with a iww altorhtun allll 
then rcplM:c Steps 4, S and 6. If we waM 10 move to a oc• 
computer and our opc:rttina iystcm is ii,ckpenck-M 0Hts oo111pu1et 
(u it idnlly_11o-ould bc),_we c:an change Step S to_n:fer 10 a.other 
computer •nd we the-n can rcp&aoe Slc:p 6. 

rc<ksi.g.n our system to fit a machine:. Once ha Yin.a: done ,o, we can 
no lon,er unckrsiand our ori,ainal design.. linoe the ruulting 
complexity hides the original imerit with camouO;a,cs of imple• 
mentalion. We not only cannot tracc:inp,n and output throl.lgtlout 
cur system design, but we arc no ktn,c:r even sure which inpu11r)d 
output is0 relev1nt to our-ori,inat problem. To try ,oJChlflgc such 
system with a nc:w system requirement is a prcwmptuous riotion. 

Input and output can bc tnccd lhrauJhout I pven AXES 
system ddinitic,n. Alsodaui flow can be sepuaced with ~ 10 
diffcrct11 lay<rs of implementation. Thoe rca1ures allow u, to look 
&t 5111cm interfa,cu which art ~kva.nt at 1h-e time they arc 
reJc:va n.t. We often bur the complafat From system deagn,tfl 

--about"the problml of·anemptin.g-to dcsiJf.11 a S)'Stcm ""toJ)«)wn" 
and thm being forotd to 1dd det.ib o(implemeta1ion q,,, & lowc.r 
1~ 1 of the 101Htown desigri whet\ ttsour« allocation is ad· 
drcsud. This forces an i1e,-1ion of 1he dcsip procc:11 in order to 
in,corporate the extra driaih ol impkmcnmion back at the top 
a.nd down throuab the 1opodownd~ sn10 maintain c<>nsis1cncy of 
the O\'Cr&ll dc.tign. (Some de.tigtlcrs merdy add th11 e1tra detail 
without worrying about it beausc: they don't know-what to do 
'4itb it, uce,11410 uiyit came fro m some 01he1 sy5tem: but thc:n they 
lo-st, track otits innucDCC on their O\Jlfn J)'Stem an.cf the influence of 
their own system on other tystems..) 

ihle rxttuttall of a s)'Skm II a continuous procc:u ot resource: 
alloc.ating !-Ystcm o~• for 1bc l)WllOtC of commuaicatfoa and 
procc:ssint the commuruca.tion bctw«n thetc objc,cts. where that 
comm»nication dccenfflnes tbe nut step or raou:n:e aUocation. 
Tbc start ()( a.n execution of an objc,ct is like the procca ol on,c 
object mentionina anothler objc« by first caUi.Qa i.ts name: ud tbcn 
opcratil\g on tbc object ittctf, 

By executing a 1ystet11 we ra.lizc lbe impkmc:n&atio• of a 
S)'~tem. All engineer can manually CJl.citutc asysltm with the aid of 
a pencil and p6per. One, bowe""Cr, moN ,;ommonly 1hit1ks t>f 
compu1en u u.ccuiina a system. In both eases.. lhi• execution 
proocn is a dy""1flit- ooc. In the dyNimic proceu we U:l!ICIJte. a 

_!)'.ttem instance by instal!ICC. £uh \mtance is II performance pas, 
of 11K system. 

In order to ruour« allocate a given system to a ~aniculu 
machine, it is ncceuary 1oddinc boch the t)"51em and the .,,.chine 
in such a way tl\a.t a change 10 anc. 14•on't affecc the 01hc1 . It i:s al.so 
neces3■ry loddir,e-1hc machine in such a w1y that the wtf1 of the 
same maichii,c only aff« l each other ,.·hen they arc upticitly 
dcfin«t to affec:t each other. Somrtit11C$ a s)"5tcm is viewed statically. lftlhisc.atc an erici.n«r 

Whcci,cwr we wan1 10 scpa.ratc a system from the i pccification or a computer obsc:.n·u the dCSC"ripcion of a syslem by cycballiftS 
of iu uccution, we specify one layer for the system and ar,otbct uate,ncou or instruc:tions- Eitampln of t ucbttatiic vit.-s a.re tbotc: 
layer for the maehiM that runs tha.t system. Likewise, th£1 same per(ormed by a compikf or an interpreter. Afl Os eould riew a 
mac;bi1 e cu be looked \IPOD &l a $)'~Cm with respect 10 I.be syttcm in botb its ltll.ic Ind d)'D&cn.ic SU.lei, 
machine-which u.ecuttt it. To implement System R, for u ampl- --When we wish 10 define a set or ,yucm, to cooununicate. wi:UL __ 
• USCT nti,a:tit w;ant to '"rura" R on the O. ,yitcm. He eOuJd upreu each other. ~ Wine :a S)"Stcm whos: p\lrpo,st: is to t>Mt:rol dtdr 
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cocrunuao1.1oa. lQ Ot(let to oennc 111t• • ,,-...em. we iiaYC 
available a IC't ol Nks whieli wiU help 111 detrrmlne how to 
properly coentt1 1y,tcllll, Al an c.ump)e. eotiitkr two 1y11cm.s 
•ludl ate to be m<!lll'Ce allocMed to dil'Ullly comnuu1icate w)tll 
CKb otbet. A pri.mitiw c011trol &u,a;..-"tU.re u.illl wbicb provides tl!tc 
Nici for property 6el'IN«la two 1...ch 0 ·1c.c1111, Le., ooe of,.t,ich i., 
dcpcndc•t on the other. Since .-c a,c in the: 1pcc:iftcation Ila"" ,' t 
wi1J cboosc to haw the 1JRcm retide on tM control map, which 11. 

out c:aae m;idcl o• • pica or paper. h oo• kl j"" u wdl relidc on• 
anphia dewice.. Here the primitiYCcontrol 1tructure, COff'lposi1ioa 
(F'ipte la). i1 l»C'd u • modd for orp.llUin, oarfu1K1ions. That 
1yttem which cc:i,ntrol1 their comrnwiicadon i1 tMfr concrotkr. 

O • (q(I) 

A 
0 = f ,(t) t • fi(I) 

WMrt '4). r1, ft •rt F UNCTIONS, 
I . I, 0 111' of .tOmt t)'pt; 

(A) Primitive Control S-tructu.1c, Compo1ilion 

y • A(•l 

A 
y • B(a> a"'QO 

w~,,. A ;$ a N>1U10At F UNCTION. 
• • Y, I a,,. INTEGERS: 

(8) Uk ol Composition 

f1pn J . Aa £ ....... of ti. RftMlf'« 410cat5ol, 
of 'ir--• C' __ _..,._, •• .. S.• tar• 

We can tell (tom this conuol ttruc1urc 1.hal anyfu.1M:1ioo c.an be 
"ptu.aecf iato"' i.. r1 u d t: a, Ion& as it rouo11-s the ruks of 
composition since fo, f1 and f1 an: defiMd H (unctions {Appendix 
II). A__, of the compotition control 1tructurr: coald plu1 Sys teem 
A into the ltn,ctute u follows: 

WhH, A <m fo, A1 011 (,, A: (')II f:; 
Or. il'I Fi.gure l b, wt haw tMtbct uampk o( 1h< use of 1hc 

structure in 1 •vre JL Hen:, A, 8 , and C •re n tues t« f.,, ( 1 and f1 
rupc,ctivdy. 

Jo 1hu UR ol the coffl,posiuon control 1lruc:1ure, A controls B 
and C 10 communicate: with each ocher Oft 1.bc same la~r. A. as • 
coauoUcr, can be thougbt of u aivina conttol oomm.nd.s where 

C wMtJ a 
B t<t:/tv, I /rem C. 

(Notic:ic thll 8 is vitwed as a bcina and Cit viewed as both bei ng 
aod doin,, by A,l 

Si...ce A is • coftltlnt fu~1ion. it follows •lso that 8 arwi C arc 
oonstan1 h1action1. Thus B atid C arc o n the same layer or 
communicatlon si.noc bo1b always relate 10 the "tnc i1'111&ncc with 
rttputtoA-. 

The conttol rclatk>mhip or A. B, &nd C arc de6ncd by 
COll'lpo,ilioo, wludl i1clcfincd as tn AXES bucd STRUCTURE. 
JOU, (Appmdi.. II). Other COfltrol S1r.:"turu uin for 1bc: purpo,¢ 
ol providi11g • controlled communication bctwccll ay,1c:ms. These 
i•di.ldre the ocbc:r primiliYCt, Kl pattilion (decision mating) and 
dad panitioa (.-ralkl processin, OT ir'6cpcndcn1 fui,ctions), 
From • combfoa1N>o of primitivca., we, can form n'lbrc abstrlCI 
COIIIUOI ICNCIU.,U (c .... rK'\Uli"c func:IWM), The n.iks for the 
ciomrol rclllio~pt of tile prim.it~ cootrol stNC:tutn uc: 
dnc:ribcd i■ Appendix L Si.Milar niil!:s uti1 tor every defined 
AX£$ eo• 1rol flructnre. 

The tyntu. tha1 ti wociated with a:uch STRUCTURES is w.cd 
manually by • dn.lgnc:, 10 dcfi~ •~•Item spccif.c.,.tions, The: 

. .. . .. .. . . : ... " ,,. __ .. ,,. 
l,VUll'lfM:f t,1111 .... ..,. ........... , .......... -••"" .,,,. .. "'••w"' .. , iU,~• 

TUR£ by writiitg the cquiv1Jcnt COC111N1t1d1 into a reJi,m ill1tead 
or on a pm of paper. One wty ot 1pe,c:ifyin, such acoauuad 11 
throu1h the AXES 011 mu:mmt. Tbctc "'°""'" provide the 
mecbafflsm for •)'IU'fflS on diffimnt t.ycrs to eornmuaicatc with 
cteh uu1Cf in that tbc stNCI\IR p,ovidn • mcana fo,r an i111taM:e of 
CM1C s)'Pc:m to communicate: with III inttarice of IAOlMf 1y,tcm by 
simpfy 1dhcri11110 the re1■1-..;111llip1 of tbc 11ruc111re in real ti1n1:. 

We ute: such a concept to, lbe coft'UmlJticatio• be1wecn 
tunctiON iD an asynch.rono111 e11vironrncnt. For c:umple, • 
control ttruccure wh..id! can be uted to define u i1uttru.pt is 

ST!tUC'fURE: ()'1,Y1) = Xch(xi.x1).: 
WMrt Yi.)'t..X1,Al art of IOmt IY/H: 
y, ., td/(ll1.Jli) Cuintlwh )'J = idl(A1,x1); 
SY,VTAX: (:,1.)'i) • Xch(x,,11:1): 
END Xcb; 

Here, the unMmJ opcratiOM, idl alld idf, 11tcmtolves defined 
ia AXES to sckct • vaM horn a set of valun, u well • the 
Coi11~luck, whidl is OfK of the structum ddiocd so lh■t we can 
•«.CU 11tc same value more lhs.a once, iJ uled to dctlne Xct.•. 

Ill. A UTOMATIC V£RIF1CAT10N 

Or,ee k It detnmillitd how 10 autocn■le many manual p,OQNln, 
it i1 powibk to 11ru.mlinc lbctc prooeHst without act~Uy 
u•!oma.ting thctn. Mtnual veri(.c,tion or• l)'llffll de,ian u1i1:11 
AXES-lite 1ynt.1.11 ti.a tHICO~rcd desian incoo1i, 1oendn (c., .. 
prctiminuy aM.lysls of• Navy mnaaae procct10r ,pc,cificalion 
ui,co,<cred 29 tnon., 27 of whic.h wouJd baw been foulld by an 
automatic dnip aulytcr (11 ]. 

Sometimes'" (.&n 1upport a ma nu.a.I procc., • ith a111utoen■tic 
tool. The: Stn.w:tuttd Detip Diaanm.mcrf ( I 7}. an aid 10 manual 
,<crif'1CS1ion of stl'V«und pro,,.m, • • wd l N • documcntttlon 
tool, retultcd from web an increme-ntal •p~h. 

Automated IOOb C&JI be developed ro, bolh ti.II tic and dynami,e 
verification. The itrv«urin, uccYliw is u cxu,plc of an 
aulbmated tool that can be developed for dynamk veril'.:a.lion 
( 17), Allh)matic a.nalyrit of intcrflCIC cotRttl'tCl::s call be provided 
on a static b&Ms (wichou.t c•ecution) by, (Of" u.a.mpll!:, a dltfttJ 
'111aly:t1 ( 17]. The tMnncr il'I which a dc,ip aul)'tc:r can lie uMd 
for sta1i,e ~rif~don. iJ d it101u.scd below. 
A. f>nlanAnalyn , 

The design natytecr is ituendcd to cbcck the eoasiftcncy or • 
spcdftcation wriuc-n in AXES s.tatemc:nts,, As • YUual aid in 
dttcrmining va.lid fu~tioftll rdalionth.ips, 1bc dni.pl analyzer 
proch,ces an automated vcrsiOfl of a control map (• an-phical 
rc-pre&enmiOfl of ao HOS eontrol hierarchy). The cktign anaJyz~ 
also aids ill the dcsip vcrif'" tlo11 process by means of heuristic 
l.lgori1hrn, 10 check a dl\a type specification ind proof-of• 
corrtttncs.s ataorithms to dlcclt the contents of a 1peclflcation. 
lftllttt'■u Com'tlcnCJ' 

Analysi$ of a 1vs1c-m specification for intcrfart comittcncy 
~uirc-s • syniact,, verification of ca,cb Cu.net.ion ckoompolltion. 
Dcc:ompositiorrs can be aiu.tyud directly, ICC':' :din.a to the 
cot1sldc-r111K>n, outlil'M!d for primitive control scruc:lul'C$. It a 
1true1vre or a aivc-a syncm is cneountcr-cd in tbe stttic 1nal)"'li1, 
• ·luch CMtlOI be formed from lhe primilivea. 1bl!:n i1 is not a. lepi 
form for decompos.i1iol'I and will be d-:c:.larcd to be il'I cnor. All 
rc-Jationships. which are fouod to be consistent with the nikl ottbc 
primith~ s:tructurcs, arc co nsidered 10 be corr«1. 
Dau Type Au l)M 

D.lta·t)'~ • ;,:!Cifte1tion ttthniqixt tor AXES are ksed OJI I.be 

•we named thlt Sln,ct\lrt 1(1er IM XCH imtrucdon. in tbc Apollo 
Guidaniu Computer (ACiCJ. wb;ic• ••~ u,od 10 perform an littcrrupc. 

rNow bcinc specified in AXES I/Mt implemt:Med ti! PASCAi.i p fottllc 
MU~I sptcm (22)a, 1 mu16,a111ua,e m,1ctu.rw dc-~pi diaca:rammcr. 



·::~;~~al: :;-~~. ~ !1w: !h!t !!~~!'~ee!-!" :~ ::: ;-~:,~Ll:1 tr, ~~~ 
dNitrKI 41._g t)'Sln ,and! the- prim~:v,c Gpcnlions puf ~ 011 
d111111 wit:104!1 &,i'nmblD,I a manna ol l111plenien1a~io11. 

1'ihc pn:ibkm al pa1-1u.eelnj 1bt a;a.icm11:1K,c01uil1H111,lffl~II 
llimpler for t't.e IJlla:n ,dcaiper t• tMm of i111uri111 ithat i:"ry 
~I}' cllua~ll'itt~ of lhe dc.,ircd dala object l1u been 
lni.hlded. nt. fut ia rdltlcttd in lhe f o~I it~ry of alplBuc 
dau type ,~tioll. ll bu l,c!m ■bown l!Jbtii. il ii impO:Ml •• iA 
pQCfl.1\, to, vemy a ■cl of eo11111,mcdM.nlt.a1iy(lJ]. The comp]ctc­
lHIII slld cal!Sitienq' o.f ai da1a type 1,pccoicamion can be- OW>Cluii• 
icalll,-fll&r:a■tetd. howna, .if the du~ l)IU!~lbrli111i11 the 
cc,mplHily o:f lhe uiom ctern1.mi0fll, Ulld Rqlliln dial 1he· (lpu,t• 

CtOiil lbie bodi primilwc: ~urd~ alldl •~. Tbcle fimibilion■ 
aw,eu not to ditniMJe tmr uiO.matiu.ti.o.111 tllu.t mi,pt 11:ie- ,111r:r"'1 
ifi ~ria, wmp■la.tioml sync...,_ Tbe C!OIIP't :aJt)' or the 
&DIIM may dllD hl,w ._, be liml1ed lo &110.W hu.:fflll.'ll ,cumprcllffl. 
tion ol 1k oNerall data type ■puuliCl.t,l(lft. 11bit. ma:, !be bl;all;&.'cy 
·to prallllll 1bit •ffifi «r~ d&fil object iJ, milly tll,: daimll omc. 

Tba, l)'llautic. prvccclu:~ CIII lie ~lllted al *"IOMIJI~ 
dc■fft wrl'1alioo ~uri-~la.. nwese can inter&etiffl)' UWi. lhe 
•i-ytlim dmpcr in Fncruin1 am af a:l'pbrtJC dtUJ lyjie WOffl:1 
thal. an: 1Ultable ito IDC(fU:ftal ~nfiQiti.on of 0011,i11cncy ■nd 
(!Oll'flpltlmcAI, A.111 ■---- ract data l)',pc- tpee.iflQtlo_n proceu -NOUld 
bqi■ will, lllr: 1y11ta~c: 4t.finiltOD illf rtlllle primihvc gpcr,ation 
~ 1(24). The 1)'1tcm *li111er ·w,lt dlcri1o111 tbh: linfo~ti.011 
rror■ whlil be: lkincnl't1about thdmift!!d op!!iratiiom., t'.Ml.t domtlm. 
.._nd their rlllpt, 1011Cle lhl: dllila 1~1, ll&vc: t b 111 been spccifaed. lhc: 
dnip analyu:r a.rn theft \!Cr.if'y Ute: H Qm&t~ ~itm1ey o1 ~" 
lmq._Mfi of !I! prLmilivie o~r~ti.cm ifli • !~em •~1rol lllllp. 
~oieonec .. 

Tlte· inltlface itt0illi.Dbii~ ~lc<t ,or •~ d~ln •iiilln-cr • ill 
verily 1lw1 ■ •~iiir:111hm i 1 ~1111,p]clea.nd comi11:c:n1:, b~ ,twin not 
verify ·~bat dlre solooo111 i1. lhf: Gorft<:• oH 1.a sol\11! 1he Jn.ti.al 
problem 1111 AXES, we ■re free: to define an,- opcnlion we want on 
H already dc:fmcd. dala. L)'JIC' at Ion, •t 1he .o~nuo:n d!tf1111luon ls 
<:Oili!lfl'elll Wt'lill 'the: d_...akrOJ:'tn of tbe typic:, New o~tlo.m"11 be 
,clwmu:tc:rind. i:ilher u ,OPERA. TIONS ,or as DE-RI J1:ED Ol'ER:• 
A 110/IIS [18.). 1\11. CJP£1U r,n ,.; i1 &pccificd ia AX.ES L1li rtbe 
fom1. of a conlr,ol map. A DE Kl 'CJ OPERATION 1is sp«ified 
by mdlli of ~iom that desgi'bc th~ behavior of lilie OP'Eft.. 
.A TJON '\lti ill l'ff~et t111 ocher altcd.dfr dcflllltd O/i£R""4 TIONS. 
Wbm we imp.ltmenc ,w. DCIUVED OPERATION in AXES wiidi 
an OPERATION. 1hal impltme1111a.tion mwt sa:tisfy ihe,11.DCrtiom 
1100111 tb&t D RI V£D OP.ERA Ti ON. IC 15 cn•1d.sio11e-d !ilqJt the­
d'esip. ana~zc;r· 'Will ha~ u clu1iq;U1e11 fo1· vmryi:q llhaJ the 
OPERA 110/11 i1 eol!RlC1 with ret:pcc! 10 O•e rpropettlic:1 of .a 
DElllVED OPERA TJ'()'N_ 

1·v . Titf. N.A VPA.K S1'RUC1'URI'.: 
•. An A.IWllll• lk Requl1111Wmt S~calion 

Tht. NH~l S)l5,tcm il5 intcm:lcdl 10 upd-1;e na.¥ip Li.6&1 ~r•m­
rte11 Qr ,1:11rtlh-retie,en~ u.1cillir~, wil1h imaging data ~ r:.a&miUP:GI 
4,0 U:11:· pocind Ir-om U1c :sali:lli!c. Thie featiblh1y of .iii'.! a:pproach in 
w~:h otbim 11n_d awtude e:s.t_imallcsi 11n obt111i11i:d fr.om landm&!ik, 
dik ci!.tn~ f~om e..n.li m11~ .~ra.'lll!d. by 1.n <m-l,oardl 
iradiometct bas bem i11Ytitia1111cd rI6]. 

1'll!iC !:tnqing dall 111 i,ie(I to 6ercrniiLne orbit ■11d 111itr;idc lll4e 

from landrrurl: ow.rv,a;tions_ ma llidditiiO!l. wliim dli!l orbit and 
a tdi',Lde ltW!i Is prt.:¢• ..tl y kiM 'A' 11. tlhe L 111a 1in I!: d I ta i i '11.Kd ta ( I) 
dctcrmi:IIIC seo1apbie i:oordiirn.~ of II lalld,n&t'k idc:1111ifltd b)' 
pixel (ll)(lf'd4nate-s (tt· .. hot .11.11d ,eltmmr of o point 0 ,11 •in lma&e H 
Ren by .11 &a.teUite) .. (2) det,:,rmimi p•M!I ~oM'd l.(la_w. or II l:l11dm11rk; 
iidu'Jlilkdi by pogtap.'.'LC ,e:oordiLMil:S, This cum pl~ ii ·lntea~ed lO 
[PFOv.ide II spec:ul!C&lion of LJser I mlliCl'lrne tti~tloosb,ips for ·the l;tlse 
~n w.hlth ·rbe- orb.it and 1umud'.e s.tale a11c not pR!C~l]I ki'LMNn. 
~ IPf"Oec:IS or determinbw.a 011b-ll ,Hidl aiti11.udc can be doa~ i;,4tb 

varying dtgrces ,of :1111tom&rtM>1t. '!rhc- mosl manual a,pProar.:h u ooc: 
mti w.bldl ttl_c ti-fldmvk ob:t:e~riion ls obtart11td from thi: Pi!Jeif by 
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~~!-=-~~~~ !~! ' ~!~ ~=:!!! !~~~ 1!Z!"" ,. • ., ...... ~ltthtt- IUl1 fil•:~ 
diRdl,. (l1J .~pbires d~. In mil cue .. tile CWR.ll■lionf■nct.o:n 
(i.,e., C:O~l'lllm, die ~pbic ■N pm), ~'inml) ii 11 ~ 
fu111C1io111. Thie fum,tion ll'Slatiq Uk ONffl'a_bOO ·to die ■tan, ii 
pedomicd, by .11 comp'1Ur. lie~ lbc COlllpii.U prorccui■J i.Ml-'ldel 
the- comp11Uiio11 af ttnc landm.$1,11: lilM r,om pad cootdiute:I, 
lru:qt;itin,: me: bat b,owa mtii1/ •Hitude illfonuuo111 w die lime 
of ti11c-~ co\Jfldinaln of tllt l■ndmiirl (the ~ b 
~ticall,y coinpulCIIII ftom tco•a p.papt-ik wordina1a 
11u11aalcdl wit II tH~of n ilna.,, c:ow,1ni11 Ille uncata.i11IJ 
of tu o~lio■ ,(in t~ of 1- conelalin ·wiJb an dti,ptigt 
1lltped "'lrindO'lil"'}. &nd, •upo■ 1r11Jcr rcqunt. an n J.J• I' Alldcl 
cowriatl.cz «!Mriil: apdatc hued Olli I ~~ ~ -. 
~ra" Aaliltica.1 tflilMiillCI ll&orithm l[h§J. 

A total ,w.om1\'lon ,al onit andl&ttituded~lioninvol.YCS 
,.l!IOD'itlia& 1hc- •~la.tion fiil!CljOf invollml in 1M ~ 
n:ptrati.M ia whieb pN!pcocaRd la■d1111.tb .t,t ~ 11o lhe 
NiJv,-k t.}1ttm, Uld pJ~ ~tkiidl,o one ■t a limc- ~i .. a-., 
~alill mlr- upda~). Wbca omiJJ■Hnwlr: iinforma~ i:t ~O' 
im.P~, L01al ntomation. lit not: r~ ~ itJllm limc::ll, llllCf' 

i11la'Kliot1 'illiih I.he IP~ 1.lfleiD ii cucmia1 so 1111• a uar 
cu inab dlle u:himiate diccision u lo W:INUl.er a Nnwlar 
O~tioo 1hould be ~ACOJflOraitd Of' 1-. 

The ir,mra_eUon,. ,or re!ltionaliif, IM.'tww11 it11c 11•rud 11 ~111 
tysk:ffl is ,detcn'llied by die AXES STRL'CnJRE. N·a .• i:. Ali 
A>CE5 STRUCTURi i1 ued to did'lne 1revtiolilhipt1 ■mo111. 
runctiOllt. Thrt fl,ll'!CUOflt. IMll\lcMS, lllil)' Jbc qJial,]1 i■ a 
STRI.JCT,fJRL The Ula" ,chcJroaa Ille Y.&1lln o( t!ae rrarinte 
hai,1:11on1 a-nd data of 1:bc N''l'qlllt irml~ lhat 111111 ;pcaff ■11 
i1nt.a_~ (II the Niv;pal SJ'RtlCnJllE Ill & runmo■. TIii 
m~1m l!llvailllbk l.o tllt um 10 clllDi;IN lhete ~ " ,tie 
5Yllita II: or •he NHpa.t: STRIJCiUltE. Tliit ~l*il!; i, lllflaiotOIII li;t 
lhe llllef "'rJ'lenLI~ In 'that au of hit &vml:aMc: opciGl\t. ■Ill' ilpccifJed 
lhrov,:·h lbe UIC or llus syn~. TM t)'fflll cu Mt.~ ma 
ruour· fA,nU~r U) i! N&\!flilk !IIIEt u 1,;ifll a~ nn■l,~ or Ille 
S'TRIJC:-TVRE. i.e., fg11etion and dam, ■.:It rdcrcaccd iwilbin die: 
1y11t11111:•. The: lntm~ bet~ ~ "-i' iiid N11rv,p&t, i.t., the 
l)'OtfJl!: 11Dd die l-fflla11lic:s, m11, be inlloma,tigaO, chc!!:lkal by ■11 
AXES .ana.tyzu for eoruutmcy. TIie INfiiPlk ty11HD ctacribed 
bert ml dtslgned fot .. 1,;11t1ma1k: P-~111 wiit.b tile rerapabi!it}' fOit 
m■CINI ovcmck: 11: c:rvc:w priKCUin,. dc:cisiom_ U■cr Qfliom 
inc1!11dt ~ ,11.billt]I to ~tir.t.1t pl'tiOtUi'-8 data. M runctlJIII Ci.t_, 
l'CFI iln O\'ettid.e Ofllion). r~jec• da'la Of f 111~00. Of O\rCrridt drta 
or ru:11c1ion. 

Thai 1$, tbi:: ~r Oil.)' ~ lll'wi ·ie:"1$• tutce- d■rta. I.hit 
landmark ll&LHIR!nclll dilla, and 1l11:: a;rth ill!YF dill! u dimrcd. 
illf the lllll!li' cllol'.' :s 'L& i;wc:rride ~lie dda111J. vehicle ·1~11:,. z. M may 
cnteli & ne..- ,a,.iriln,;ie liiallll, c::~ .a new Ak'lllie p,iilllltojl, ,~ Uld 
va!loci•y, w: a:,-d/ or • ~ Ytellitc: .attiludc. iai au 11r.:, -iakd ·~• :' 
Pii11!itulu ri:tl!Je, L. The rater· IN)' also O'<lttride u e automatre 
~rrclation of a llnd'mad; wiith a llnown ,m;a_ Ul4 ii; ultmwdy I.ft 
,i;oruuil ,gt .1 ft'le~fft!Mt liier rporu~l'!!. 

The mu'h.inc: 1iy•1Cm lfat in~ iwi.1:1!! a ~.,,,,,.t uar:r wf!I 
inimiaUy if!~ a drfa11h 1CCM (whii::hcontains 1111 mw.ae) •111romll!1tr­
ie.1Ly. If tbi: 1J.Jer Iii dtu..1-ltracd wi1h tile idtfa.uJi Kleetfon, he rn,,­
ovffliidci tbis d■rt.11 ■lid eltl«- ■II)' kmc .~ detirtt. Whm tlle llltcf 
,~rc~ this orilion. 1ht Narvpak maehinc: icl'ie¢b •lit walidu.y of 
thr override iJ.nd, if (■glty. r1d0i'lllt ltilt ucr wh1> m&)' lhcn .. ~ Ir 
i\.eWMlfiM namt. 

n ,e Na¥f!III: ,y-1ttm n:q.111:rn a lluse ■moi;m!. o( dau. i.o lliC 
pmcc:,.sNI. AJU1oqh m1;1e<h CJf the daca (such ■111 tllc i-.lC$ ~!Iii 
p~t:ttd bndmarlr.) &R: mmrndedl t,11 be implemea1c:d by" flit 
rcpr~kn!alions, 't"lt <lesMplion eoooc:-rrtm•e11 ·OD die ~-11ope';"H or 
di.ara.c:~ri.!rti.ea of dl.e d:atl lc&~~g WitpccUk:d .a :pal1K:Ullt ~plt-

'"'Thc- -1Y111H ·fol STRUCTURE N111~•p,ak llu Ml been spcdfl!Dd h~~. 
ill:n~ mott f1J1!,1liJLritr witill (~ iUiliCf ·lllff11· is fteeded Worre rdoma 
;10, Note l lat ucb svibstNmHrc of N'•vnk wollld allo hllve I!.~ 
a:,ooa1~ wlcb ii. fiat 11. each su\J'IIRIGtutti 1yat1.:ii. ,.,.i,w14 tie iiio­
~ lled with ;t; p(lltlM Olf ,tte i.aer mt~. 



mentatioo. It i-s tlw: in1ent o( tbl.s specification to funetionaJly 
repraent t1111e 1y1tem ,o u 10 I* 1hc way t(hlfards at1 effK~nt 
impkt'ltffltation. The dau ... IO compka: for tbU l)'Uem that WC 

cbo.c to devbe tepatate AXES STRUCTUl{ES to dcteribc many 
of Ille oti;ccu wed Ynthin the Navpat UJ'\ICCUtc (Fi1urc 4). TM 
Jtn.Khues in Fia.u.re 4 will be uted for many subUr\JCturca or 
Navpak, 

In ~ 1truct\U"C of Firurc 4, each varlablt- is associated with a 
dau type or a da.ta 1truct1u·~ wbok C:O~lMOU arc o( some data 
1ypc.. An enmpk of a data•t)'pc spedfi,ution used here can be 
found in Appendia: Ill. E.u.m.pla or tru! ute of a da.ta-typc 
specification whic:11 indicate, the pos,i:ble values a variable can 
rq,racnt, e.1,-, 

c-ovariancc .. , 11 MATRIX; 

is shown in fiaurc 4. 

$TRUCTv'RC· (cov,ri•nce, poiiuon, ,.,:klelty.111i11llde) = St.ttc(lime); 
Wlwrr covariance b • MATRIX. 
(potitioo, vdoci1y, 1.uiludc) ,,, VECTORS, 
dmc U • TIME; 

£ND State; 

!iTRt;'CT(/ R£· (ima.~. P'-l'ltnttea. C«:nttf► = Soet1t hdctuifK"r); 
Wllt rr idtnlllier is•·" AOORESS. 
emtt r 1J Ol'J Obwtvalion.. 
irna,cc U • MATRIX, 
(tcaa, tOtlarOtdiJ'lllion. bodyratu) rrpt.« pulfl'ltltn. 
(tel111, Ka~) rrp/..Jff K-10, 

(teaA>. tani) .,., SCALARS, 
wi.1Dtd1111tloe ;, an A.NOLE. 
bodyra,ca lj O MAT)l.JX; 

£ND Socne: 
( 8) 

STRUCTUR.£: piul : Obtt.l"llllOn (sco,:raphrl"oord1nato); 
Wtwr, (l.c) rtpt.tt pi.ul. 
Oatdude. lon.,iluek) rtfH"rt ,eographK'Coordi.n: tu, 
(I.ct t,rt l~'TEOERS. 
011ti1ud(' Jonjit udfl '"' ANCLES. 

t:vo Ob1crv11ion; 
(Cl 

$TRUC'T-UR£: A = l..lndnUtli: (♦)! 

WltHt ♦ 4 an Ot,stn•.111100 ac.o,r1pt111cCoordirui1~ latitude. 
A iJ on O~cn·uion F01r1.plli.ceocwdinate1 long1udt; 

£,.'D Landmark; 

STRUCTURE.: l • Ch1p(n); 
Whtrt ti U • "ADDRf~. 
I /J II landllllrk. 
ima.gt v ~ MATRIX; 

£ ND Cbip; 

(0) 

STRUCTURE: (po1i.tiatl,\'doe,ly,.11.i111ck): VthicltStatc(tink'): 
Wh#rr UllK' i.r o Tl M E, 

(J>OJitton,vdocit7.attitudc) ,m VECTORS: 
END Vc.bicleSw~ 

(F) 

We Cl.l'I aho 11sc the 11.rucu1re ipec:ir~lioni., 1hemsclve1, 10 
indicate pc;,ssibk ..-atucs • variable can represent, e.a .• 

:it U o State; 
from the ddinitio11 cf Swe in Figutt 4A, '"x"' rcpresc-•ts ua 

inttanoe of a fu:nctiort in "#hich a unique dme ickt11ir,ca1tOn i.t 
auociated with tht otbet compooet1u ol "",i"' (c.1,, covariance, 
position. t'lc,), LikcwiK. each Sceoc instance (Fiaure 4B) ha• a 
uniqu,e: Wdrns (ot name) usociatcd with it. 

We can abo use tbe s1rudure apccl(1e1,tion, to indicate all 
i11$tatltes o( a fun«fon. In 1hc uampk 

I is Lalldmark~ 
"r reprcw:t1u a set o( La.admarb wbcr~ Llnd.n:1ark. is dd:iocd in 

FlPff 10. The impleaimtalion of I u a rlk rq,retuac.ation may 
be a t1uural tblnatodoif I hasmanycom.poncnu. Whc:t1 I U:to be 
u&ed in an in11ance or Navpak. wh~re I i.s tttrie\'Cd (c,,_. from• 
diieot fi.lc)can becktc-rmintd by aMlyriqtbe&CCCM ri1bu1hown 
in the (unrtional spcci(icalion o r the user system. 

In so.- cases. strncture:s tree defined in terms of other struo­
tUJCJ. For ex.ample, Chip (Fiaure 4E), a .set ol landmadts artd 
images wherec eM:b Landma.rk image p1ir is ickn1irted by a un.iqllC 
name, is ddincd in terms or tbt Landma.rt structure. Land.mart.. 
itself. is defined in termi or lhc Observation SIJ'\IC'ure(Fi111re.cc). 
In some cases, clOJcly relaltd Jlnu:turn arc ddined w:paratcly for 
modularity (c.f. Fi1ure 4F aDCI Fiprc 4A}, 

The rc.lationihlp bct1ffll:n the user option to ttrminate Navpd: 
and fu rther proc«sin.a or Na,•pak is dc-moour11ed by a c:ontrol 
map and COttcspOndiq AXES syntu (fiautt S), Tbt u,cr op1ion 
in Fipre S is tbc sclett:ion or a value of""a-. whielt, in 1bc UK or 
Na\·pak, s;,ceil'ics a partieu.lar open,tion th1t produttu cont&al'lt 
value for rbe output vari,ble .. ,ff (irmpcc: of uy input 1-..,h,c), 
Thal is, K..,ddincstsct ofeonsta.nt runicdo1, (Ke Appendix II for 
the univerpl primitive opcra1iona of AXES. oi,c of wbich is~). 
The k.avc, of• "-'Ueturc art: dthtr unsp«i(tcd tu net.ions indicated 
by I uniqu,c idenii.fication related to the scructurc l\lft'IC (17), 

_,.. ( ,,., ' I . ,. Solt~. 

\,, • St"°' ' 
I ,. l .. -. ... 
( ,. (r,tp, 

,,,,.,. Cl •• (,,,., ,~_..t') ; 

• · • "-<11•,••' •d 
• • '-,)Kt ,., 

" """'"'' , , • l.«tcO <1, .1 .l.fl 

a.Joi~ •• · · ·• · ·•· ' ·()i 

"-•f"'" .- <. u 1cil • / lltJ'Ct , 

f4j1 • llt,l~U _ .. _ , 



1ffll,ftnal Qf!UIUOl!t, g_r ,pc,c.u'il,g ;adU,,,,~li.l(;•· i D :~u ,~;.., i!.;'..;; ::! 
OffiJf lci,vt, flt ttillt MJ'IIC:lurc AR ■pecilied, Of\iy ■' U • IIIICI' ,option. 
1ia l4'.IIM C>lhaMmct~, U'i! IW:n 11iiiipcafil:dl. lhc Ulffd 11eq_ulred 
to apec;U'y1.~llarfunctio■. The primitiYe contro• JliliUU11raof 
AXB arc cumplet of n~ l!IIIOR bollo:m .~lti .Jtt. 
~11111 funcuom (A,ppcnd~ J}. Now ■upp~ dt.1ri111, n,c 
~OIL of N&VJ!all: lhc u.er ~ hit Option to tcrminaR 
Navpel:. Thu it. die '\i-1ilhlc of "'a'" ii R:tjcct , •. Rejec\ ii••.~ 
mue of ni:IJ' dala type iri. AXIES, tb,: mndicua an innlidi value: 
(ApPQdi,. ,I)). lili thil cue, proeaain;I of lhc function ~ptUP:rlr!d 
by "'Pirocccd"' in Fipffll ~ till i11itla1ed. If a it v,11_1id_~ 11im the u■cr hi■, 
i11i di'~. ~ed •• option llio li:rmi.natc p:mcHli111 aftd 1hr 
,mutant f1a1aio.a, .Ka.- will be olloteD, ,o 'be ci;ceuled\. Ole t!haA. 
1· ui ddiled1 to lie ol ,ln rumpi:eifliCd data type. T,"1,t, Lea'vu 1be 
pu:tic:ular lype •~tio!I iO be ldt ,o 1M 'taef, 

ll!e N'IYp&l lllnicturt', u ~ will ace •bonl)'., it ~11nive.. heh 
time a p11rtiiclllar Lal'idmut hu •~rtlll.,- bee1I updalcd or 
~ . 1'f0Ca!RDI m'liffll *" 1he lftHI RelffliW! !N'a,.,.,.k ~QB 
within !he N1aYpalk !l}'tkffl. When lihe 111er bat d~id'.ed ,ocoounu.c 
~ 'IM fflll)' fml ,chooac: lo OvaTidi: lhc: d'dwh: COYar!afl_Ui 

maim ~ speciJ)'in,1 • va_t.Qe of •,co\l'"' (f"iP!R 6j, WM!:l!tcr ne 

/
···~ - ·· .. , 

, .. 
•• ·/•-······.::::·~· ' -~ • • _ ..... , ... 

JJ • • M f o:!. L11 W I • ... t I 1d 
[0• ' 111tJ"4.t 

, • • l)lcs&UH!C'L.(C&-, JI.,, ,I I .I, I ,i:. I 
r i;," , i:i.J,e-~1 

..... .Al (:.:.■.' J ~ f .. ~\d,fi . 

!II . . .. k ll'l'tfl. 

1 , 1 L .. 911"4o , 

C I ll- tJ,t,i, 

c!br I; a ~!U,r tlnoh UnU . 

P iil fl ii, p,a!I '. i lll'1 I 

t1 li,-i 11: 1rlrc::t:ll,1, 

1 •• 11: ,...l\H:ull, 

'[ '"' • ~1 .... 

_.• it P11«N11
1 
I, "°' , I 11t11C.011 I 

, • • O,,!,;il.LL'l.r I IL~, Uiv . ~.• , 1l.\ , I ,c ! 

PiirtJI! I ~ D P ( il,,,.. 1. t ,,CljH , ■ "' I I.I 

nJJiu " ca.- ■ , cO'i"(~ .. ~ t I 1C I, 

'"''" tMI • ' • l), \~\41!1.,!(~ ,. , I ,d • 

11, .. ::. .. , ." ,tilT■• • ► I t.0• r iiJ-.e;L , 

21, , 1, . . , ... , ' I I CJJ• • lli!Jo~ ; 

I!"~ p._d; 01,, 

F..,.... '- IMlnlliN, ol !Utlr 0,..•11 to ~ 
• n.ua111 CottiilUH M11irls 

0~ t be ckr11uh or n.8', p:roces1ia1 will ~Ofllirn1e witb 
O■!oSlat<: il:cK\lll!d .ti. Ibo.ti ~ !!iii o.f-Pl'i!lttf:d 1 ·, lf he c:bOOla 
llO accepi the dd■ult · ·atuc, O;ntoS1i14:e will be: K~wi udnt ~U 
dclauh v,a_riabllel.. If li1loe ~ se~ts. a MW C:O\IIHilan!:lc m■tPx, 
OnioSiau:· is s.clCieitd with die UKl"dm11.ed tQ\iUiil.fllCt matri;11; 
~ ciai ·~ dl!fault Yl.l'iit, Nott that STIUJCTUR£ ~ d 
doca IUll c:bcck 611)' laOrlllRi tits QI\ 'tb~ ,,,,hie or dx_ dd•_~ .. 
!;(l'l'AflimQfl l'!R~ri!\: odl,t.r tbai,'1 if ii. Hilil& or nol. Ut1'11: speci.fJ~non 
'lftR to be 11dju.s~cd 10 d*cl more t pi!dfic- coMirainu, only ti:!~ 
"On'tioSt.ttl" loQllled 1-1. th~ tdt-m0s.11uhnoch:: of .. Pr~1'"nccd 
ro be replaced. The rc:m11im11a l"llaYpalc !l1ruct11n· Med not be 
modified. 

t"T~ u,,:-"" 0 ~ nr;~nS,u .. !'.I""'~ 1111: llKr wj_th lb option to 
llYCrrldi!' Y.tilidc ltaitc .~ tFipR ,~~ A1 iltii point, 'tllc 111,PU[ 
'\'Wlbla UIMllCiated wita ,QmoSu.te 11Qy Np~m a coinhl~n 
of 1111tt lllp~ &llid dda■h Vilva. NCM tha1 ■iDQC y .lul 'bcicn 
dd'mcd ·robe II VehldeS1a1e. ,he ckf.mnlon ot ,he lypct ~ 
with 1he mmp(liienll of 'Y c:a:n ht- ,llOQt,:,4 by nft.rring w tlk 
Vehidehllc dcfwoo■. Aiiim, rurtllt:r COIUUti'lt(J OA 11H: llsct 

nay be ~nterudi M tk lldt•mosi nod.~ bellolill' "OnloSta.te:i'". a., 
4tslred, .-JdtN impadiq aaouicr part ohu Navptl ~11~ 

• • - ,11!.~~c h .. a , ~r!wrr, .,C!ll,.P"• .. 1.,,,.1 . c 1 

.,,.._,. (.11 .■ "' J ■rir. n •tH . 

.. , • • ')a:.,....,, 

I I.I L ,■•lha~­

( 1 • i;>t11;.. 

,- " • If<''( lfiHU • 

~ ~. ~,¥. , I r.,.r...,. ,;. 
Ohtf lml l • t tjl 11 11 a: 11:::,...""il!■rl •wi, 

I f ~J<l'I~ 

• • • l)nl-t,5(.4'&! I~ [t,l"Jl\MN~I i "'ff ,C • •,JI,.. 1 ,ti n.., un-

lK~ f<ril45Utc , 

'Q ' ' ,, lilrJf'"~' 

tQ, p ' llfJtl\, 

11 • • a-\Q".~"'• zc11.1i,.1 ,, 1 .. 

IFfph! 7. Um iOplioli to ,Owrnat \r~ SiMI· 
Dt&lfl f~ 1 II ,■ 'Vd!klt Saillrl 

STRUCTUREOn~nS~itt Clfi~ ,. prav.i:!H 1hi!i 111tr wid11 lhc 
option co offl'ridr-1h(" i11itial,dcfal(lft :scc:nc. On s11~qu~ •~ 
iMtanm.11K 111<er wiU ~~ • new!WlmEi b)' UCJ(:IIUlg tllLS .JOII, 

If iJM option i• not. a:crcncdl, 11.10Cbcr llridrutt ftt:tfli •be LlllllCl 

~ne (;1111, tie oblWiMd (1~ dtt:0mp<1silion ,of OntoLandm,irt 
s.ho.wn in Fig1n~ 9, Ji1ao lhc u1ic:r the optlm! to st:itt1;11 lla~m.ut). 

If ■ ii!N!li' NS !ltkcud & ritw KCDI: (i~ .. IJI ,t Rtj.m m ~,~rd}. 11 
d tec:t ii, ~.dc:to • ·tertlliue mf 'ffl" l..andJDa?bca.n be Ne■ r[Qm1bi.i 
SiC!llie Let U t'hlC lahtlldc of •be ecru« of die imM. 41,- ui ;> ua111e 
~ • ., r,tjcded. i:Dd 11\e if ~:Ill ~i\$Wll:!t of Navpat. ii i:ni~ll•ed 'lliih 
1he originaL der.u'Jt IK.lfflC qh1 IJ'ii ~. M l\&WI •~eel heft I , 
.,~,. or 'Naw,l:)lilc 1)y lptci()'iq ~ l'ffllniire •IIY«a111on ,o1 lbc: 
Na.,.,.,.t ltll\ld,u-re, A c:hdlC ~n au.tomatically be 11111dC' 011 l~e 
Ya~ M'~ l«lltl idi:ntffii::-loggfttileutefM hu llllldc: ,a~dl 
dwoillC. Tbis i;btt}:, i1 Indicated by 1hc iCt o:r ilfqlld ,ldctrnsn, 1, m 
Fipm:·&•. . 

M lf'-t. ne-w !iCi!!lle is acecpt&bJc- or ~ dekult ■ccnc ma 10 be 
wed.STRUCTURE O~l..udmad: iii inilia'!:e4. H~. ilie ui:r 
~y el\Oolti a 11ew landma-rt OT ~pm one ~Hhc de&.ul.__ 11H ?f 
lam;lma4,. Jr a n~ laiDdmark: H Kil~~ (u._,. _m "' !&,:pt m 
F~9}. S'l'RUCTUREi ti i:fthialed.. STRUCT!JllE,l!.dcfincs 
(!)we 111,gdi~r:li: c.nraction pr~1 tPd llhe manner ~ ~bid\• 111H 

c.■n irrtiel"lll:I dutln;a I/ht ~ - Bt:R. the wer can 1ricotp0r111te C<N 

~ deiired "'t' can lie~ in IM &tnlctw'IC Uld uted i lll tMl,YllW 
tJl a.. oiiroS«oe ft!'1l[lt\lR! "' lhll II llltff ll!!llY :idelltify dilii Id of 
addmtc$. 

•~--,-------------■---i[llii-iilllJilJll!riliilltil'.fiiiiSiiliii,,i,1;tliiWlii: 
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no« ~14!) ai llHI lalldllll&, and !li\11, •l)date U1t pc!flllllDCllt 

N._vpu 11m1e. [11 tbei ,~ 1h11 • lDftl land11111rk LI ■ot kiioelMU:le 
•i.e., if 11• ii, Rcjc,et dcKnlicd -., '1\.e r:lpt~1D11111. nod1 111ndcr 
"'Ontolandm&J'li , i. the AXES Failure STRIJCTU~E it, '1Stld !Pi 
!In m--,ar ~ ~mmii. l'bi.t ~ If' f,; faill md •· new 
l&lldlllla 11114 tilflitlll dloten. th,c nut inmlllX of • ~ ~ 11\e 

~ 
, · • O,,u;,So<eq1l•,,.,1,c.,\il ,.~ •• lsnnt,c~. ~,1.tl 

~ • 0t10L~1--ut.l 1,1-.I ,ti I '4l • 1.f:;«c 

, • r),•d<-cc~_,l ,• ,• , I , c ••7! • , illiJKI 
_;--.___ 1 

I • Ont ~ <-ri( •·It,; .c I t . 1n r 
L 

"~ . 

I I • L -#11 . 

( i..S<'J .11n ~ , , H. 

, , .. ,
1 
_u, ,..,...-.,;!:1~oon1,0c,H ,t1, 1n1 c, Dt. 

n ,-11 Ill 1mnl◄ rl,,r 1 

, • llnc~n.., 11 • ,,-. 1 ,t,1~1 

I • 0,,. t a!.fffll~ 11 ..... , (,<,I,( H iNr 

------"'-"'..:.' ,_■ 1 un .,., ( .11.• . 1.i:: ••:r• • • ... 
1 ! ■ ,S,l,(,,_.z, " \ , it-.,;t(l, 

i , L , • --~ • • , .. .. . i: .'l1, i.. J \. ,w)t(.1., 

1,} • 11!1.r •ftl l tt..1- ,1 .. tl.. 
i 

" ■ l)i;nc...■3-t1Mrt1 I 11 • "', I .. c.~, 

Ft1,11n I . n. Smcdcw!1 of• Nff Sc.. 

uatt-, x., (wMCh tna)' lie mitt: oripul default "-ll111c: m tbc onc­
obm.aiftn;I by mile uer OMerriilk) 1.llc: l\u1 cb0:tM1 !9CtM (PO:it~bLy tbe­
onJiul ,dd11111ll Ol'IIC:j Hd tbi! der.-.if l Kt g( llm:lm■rb. If ,I, 
pcrmanm1 ua1t upd•t,e iliN bcffl HCOOlpl~h.cd (i.t:., • vatld valut 
of•,c .. ~ ~um:d!), lh!C' 11tc1ill j1manoe ol Nav_pl: is fo1tl~~ Ulin,i 
tile updated ua.tc, ,.. 'tbe ™' ~me11 ~ ·. a,:oo lht dcfauilt sc• of 
ilaDdmatb. 

h!! Flpire: 9A. 
m I.I 111· ufld~tl; 

Tix dtsipl,. in its preK11I form, dOC1. 11101 ai«ot111l lblf 1i Jl'(l'SStlik 

Wet op1fon 1Q i11pvt iill i:omp~te obitn.oj1.io11, A 1,11er ID)' ,.,.111 Uris 
tlpllioo if 1tb!C' WIit lt very imprcc:iac. To mocHry lhil N,aVN,li. 
Rruc:tUJrt; lo a~'-1111 for ,Mich ;t. !ltw Uillil' option, onl)' Om,obind,­
rna.tk1, •nd m Medi be~- fgr u■mpl'.e, 

m '1 an O~tion; 
'WOlllid R;P-~ 

111 11 • l.u1drnull:; 
•tiidl ~d:tNJr.k., 1 wo1,ll.c! Ille rcpbad -.itl!i Of!1oi..,-:idmart·1 1, 

u 111:e■ in fipR IJ'O, 0ntol.&1'dmark",·1 would! ~l to !Jee if CM 
Ot.llH'lt!lmlo■ piul ,m,tcd a, mot. H if did uwt(l..,.111 Olllcrvalioa. 
11ml .,.. 11.ejm in f"qwrc , ·J),, ff'RVCTtlR£ OMem w(iWd be 
Ulililmd, Hem, die pttmallfflt lltatc would be u.pdaml 11,y mlcu~ 
lllilli 1hc umc ,of 1:lic: ~on from ~ec-<Kliider.tio111, 
bypuam, tlw. aialomalic 1:mKl■tion fuution, and bJ procndma: 
10, 1,ipdatfi lb!: permanmi tPte ~po• ljU1' ~Dea- H 01e :m 
()becrvatioo pix.el dCICI nol C'Jtiat., Ontol.llndrmrk'1 1 wouJd be 
ini«I.~. No~ ati11 Oirtou111trurt·,, ihati the ~e ~ilfflPOIL• 
lion a1 t'bc. o.rililllil OrlloLu!dmu 1 ,of f(IIUC 9, 

II a ey,, llindmar]t ma not: been ktccaid ( ii.,e., ffl • R-QCIC1 jn, 

rl,llltti 9>. • ~ , d~ °"' ,11e. Nw.,pu: •rmm 10 c:11oar1c ., 
landmark 1ivtgmuiaU)', NO!te tut 11111c: da.a ~'!kre of l Iii 
,defiMd 1tll AXIS l)'!HH u 

€Ii. h) ,q,ldtt I 

L o La11dmark; 

ddintt I ro be • :K:t or la.lflid!Mrb (r1:fer ti;, l.ancfmlirk STR'U:C• 
URE in fiaun; ,f), In Fiprc 9, I I ji, 11. L&n/J~n tlldl I 1 ~ I. ~I of 
laitdltli'rk The :Kt or Laadmub,. It. c-xcludc l1 b-J· uainJ chc inti:11 
o;~rtC0t' ... .. , ■n gpcgtlo:n ,,..r.lcb ~111 be-di!rl"<red frmrU.'hc uioim 
61' dl!il l)'pe SET lltlil, hue been defined :irn{ 17], Tl'li1 ~iiba II U 
■n or:dtrcdl te'\ of Ult"ll\ltl:II. TIit· d11p nrui.tun ol l !Cl.n be 
desmbcd •• the fll'II landl'llfft, h, •lid ... u ~be rat'",. b , h , Ln l\Jjt~ 
~f'I bit ftiJlirDelftcd by II daia 1.truc:tuftl 1h11 c!ncn'llc■ LI ,u 11n 

ordt~ ,.Lr or t~ finm llrul 1-U mtic: rut. :! (!.!!In be i!'IP1~ed u., 
flit whr.R h ii llhc fint m:ordl or the file- ■NII iSO on. 

Ht1,~. dtli11•1-11!1 I ~ L-Wmark k.aire-t open tbt apuo.n of 
.imp!mi~n,t:&tion (:n1eh 11 .an ■rri)' or lilc) .- , b!C' 1!~ure lim. If 
the utet d-~sitt1 • file 1vo bt uted bett. in ihe 11K oi 1hutn»eturc(Lc:c. , 
1Hi11,1 tllc 5.fTllall: Q/ the Jtwct:UJrc:). llie 1,aaer <:an ~ify !liii! ff!ptrt 
\iliil'ilblt lha,t repllCH I 10, II(, "'on,'" a ifUe. 

Wbcn tt,t dcfal.ill lamlmu r-n ittjlC'C! i f! Fi1i.1re 91) 11 selected. 
.f TRUCTURE E U1N (!Mi lfilflSI t!,d'a.ul't lamlmark.. H E f11ih, tlhe 
OC:"'lf · ~ oi iN11vpl,li: .Iii jP.itgc,:.d tilmj tlic di_Oiitj!, tC&t~. the 
chosen is«IK, 111,dl the 1Gcwnder of lh.e dc:favll l&nd.'mm:a. 
W~lle,,,er ,Ii ~11dltHr~ iJ .. Qil:He t(l il,J,d■lt- U'ie JUJ6, .k (Le· .. ll:'" '#; 
Ricjm dc~l!cdl •• ·the: riplmo&t nock under "0111ol.ilnd miirkJ 1 ~ 
Jni Fipte 9), IM IIUI j1111ta.110C or . Hptl: iJ, lnltiated ~ir:11 '"" 
llpcD~ &tatc, 1he 1::boten Wlel'Je, ,ll'ld lbc rcmilMlc:r of lhc dd11ult 
.laridmatt!I. Nott t ha.·1 i:f tlM:re aill'CI no rt.11Wn.:11gde(1cult landmaru, 
N,1,vpa.k. pt'(la:~iil i, i~tminl!ted ■u,tOrn111tcall)' (,;,{ .. .. Ont.0Un.d!­
marik1 i 1,. in Fiprc 9). 

H w u~r hg sde~ a~ lmdtpa'l'11;, rn, STRVC1'1J/l£.E, ,ar 

tbc ri1h1-mois4 111odc:: uDlkr '"On10Landmart1, '".. anr:mpu.10 UK m 
to update, tlhe permam:ru sw,e. 

H ~bi.,, f■1h, ihe l'l~KI iutHKlC of Nravpat WA llh-c CGm;plc!te 

de:rauJt stt. of b:iidr,wt1. r.11 m ~1: • pod ilfidma~ •n.d 1- vailid ,...ruc 
or .. ;c:- °"11n,, 1he nc-iu irnt111cc of l"tavpat i1 in:iti;a_tcd wi1a'h die 
dtiJaull •• or taru:I rrwln. In d1i1 w11,-., 1. i11H ~ )' eu11p: to an 
a,aq1q1ic mode M my lime. 

D\liri11g 0.1c:. pr~s of dl!U'ffflLaLng if the 'laridmr.rk mu111re-­
mt!\t ii 11,1lt1.ble tO be ~ . tD 11pd1le thi: I-ti.le, Im Ukr u• conm>I 
in th11,t be· inay ,oYC:mdc: the -au_t,omatic <:orrel'a1io1:1 proccs1 at 
el'Uieial dt.cillon potnt, (F"'s.pre FI). 1lhe, tallllfmarl ek,fra.c;tioa 
(1111!:l i.011, 11.mk:rp,. inlc:tr•rts the: vcbie]e Jt&tc lllld eovairuinc:e 
ma1ri1i m 1be; tl:m.t o:ftbi!riarlldlMli: ~d pT(rllid~ tM 4ll'D!'11iioi!I• oJ 
tbe Mwl:ndo.w"", dl'ipsc, wllic:h d!CIClil!a t!!i: unc:ert■ inl)' in lbc: 
11tcawrcmcnt The daia 1.tn1dllre of elliptt ~dudtt 1ht· t;Clft­

liif:-lt . .r, ilnd (lg{-c)'f.pktie a-:n,Je, !J', wrum p(ifnetn~U)' ~I 

lfflc:l'C lhe; Nlelli~ i1 ar:,d where it it jpoi11.tin1 with ra,pcct iao lhe 
lal'idmarlr obsiervatlog, The landmark e1traii::tiloo liune1ioni ma)' 
~F' Ute IDCUll:r'ffllfflt atom1ti~Uy if i1 CHllOl find du: 
landmark in ihe <:h~ ICei\iel. ltr lhe la11d1J1Ari; e:KUli(ti ori ·It, llM 

~acaui11L~ STR. UCl'URE I: n r-c:jcc.ted. ff lbc: llrulrurl J.tne­
lion i! i!UftlCW~ lhe 111.tUIIMJ:l.etil ti auto!Mf!allj' com-~wll 
wlm • P"P'~ ima,ic of Ille l&nd111111rt Uo:u:od in chip), in an 
,1:ttc111pt lo find ,Ii bclli-r lllCUIJRIMlli time within i.he"wUMlow."' Jf 
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•• • 116,J .. 1(,, \ ,ll'd ' 

• • • lli.,JKt. 

F,._. t . A U• r Opllcle 10 $lhct • ?11', w l.uMI~ 

• nepaive corrda1io11i, /h, i• found , the mea,urcmcnt i , rejected 
1ut01MlkaDy. Ir a positiw. com.la.lion is determined ( tee "'ller­
•te, Fifurc 12), tbc u,cr bas 1he optio11 to incorporate the 
meatul'ffllil:M immedillte.ly, o r if ,tu, optk,a is not uttrised, 
avtontatic Pfooeaaitla: con1it1ues until the cllip,e is considered 
compldel)' tcatchecl. If at any step ot t bis process, ~ Jud.mark is 
rrjcc:ted. the c:nor fihm MC1k 11p tbe E Jt~urc. Subsequently, if 
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! ,. , . ,,( .... , 
1-,1,}fft 

• • • (e.\0..,.1( , . , . , ., .• , 
• 0.\t' •" - 01,11, lltJt<I 

E fails, ctror ,rco~ry is acble\-ed, as sttrt in the higher lc:,-d 
delini1ioos for 1he Navpak nNCCurc, 

At «di. '"better"' cornLuion, the user cnaydccidc:to incorporate 
the muw,emcat (sec ·1ncorp·. f il\l,e ll). Whc-n tbc "-bc«M 

c::orrelation i1 determined, the mus1,1Rld &Ctn. t'", a.Dd o ut,ol~plant, 
.Y. angki are com.pattd to a C1)11'1puttd sn of SC1n a.nod out•of· 
plane an;pet at node F, i.n Fisurc- 13'. Tbc computed angle, arc 
utcd 10 co«11l~ a new ellipse:: and tbcmcasurc-ment is tcsacd 10 see 
ii it can be fouod within the ncwdlipse(cJ .. "QA .. in Fi,ure ' 1). If 
the musunmcnt is noc within ll'tc new c0ip.se, 1hc o~surement is 
rejiected aiw:I tbe next instaf\CC of Navpak. i1 inrli&tcd. If t he: 
rnc:u uremcnt is computed to be: succ-cssfu.l. the user may uacisc 
hk option to nj«1 the: ,nc:an1rc:mc:n1 if he i, n.ot u ti,ficd with the 
results. rr he docs not uc-tcise this option, the pcrma11ent state is 
updated, a succ:nsful instance o f Navpalt has bcm eomplc:ted. and 
the: IXXt in.suncc of Na\•pak u~ the: new ,tatc: fo, it~ nc.xt 
mea.wrc-mcnt. 

•TM sublll0d11lc1 of f t UR muy or the lllodiil« de$C'ribod ffl ll'llltrp . 
n-~ 1vt,,sioch1lts. de:srnbcd as operation, 111 AXES. can the:• be 11tod 
10 dc:tcn11Ult tlac 511'\ldurc of , , , 
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LE,S ,JI,( ... II •P1«) ~ .... q. 

[ t,11,, , t i n tH..,. 1tll lp9', 

4 1 J_.. JLl----1.AI; , 

~ J• • lllif llll I,. 
iii J_.11 ~ ~ ~}fl!!!! il"f l'l" I 

.. ... I' II 1.1111 1-J ji I I 

LIi) I lllo_j~C'\, 

d• I~ • 111\j~~. 

,!'aJD-1111 111 .. . ,· ~:• • 

~JI") • a. 

f,)li>z:,Q, 

~""n:hl , h1 , • •• 11 11115 • • , • ,.,. , , 

n--,C.!!!,H " • • lnt orp11 I ~ii !t At:• 1• · , 1 

Uli IU:f o.U . ", 

9. R«1111b 

fftun 12. lllll' OpdN Ml [aitntM ~ 

AldiilllUliki ~ ~ 

A ltnildUR or the 5YJl;Cm illat .relaBJ a Navpet IJIU to ,& 

machin~ s)IJ(ea, ho l;ee11 prneoledl. The litNCturn: 'IIQI■ ~ 
from pmimiruny ■mt,ail [I SJ of av-ai.labJ.e docwrien_~11-:111 lrom 
Got\dard S~ ~11~er l[.2j] -ind com-c_ra'ti.om wilh Mllrti.n 
M&r~ .. -■taff. Wnh lhil llm~. WC wnw- .at,le lo d~ 
tcct111iquu, whidt could be il'!Kr.!mllcd ( or DIIIIWllll' verifyina: 1he 
~~ti-111, die: 111111nnc:r in wbic:h 1111Cr ogtioiu: can be i111mfd 
inlo & r.unmonaJ speclracation and tk i=a.e ~ lb ·'!l'liicb. nwdut■ 
Qlion, C'Ollld k IUII~. 

In addin_on t& ~ -- tpegfw.11iou pRKmed ~ -..~ 
ifl~IA'ted tlk: li.nd111111t c~ludi.in p.roccu in d'et&il :In ordu 



-• c• • t~i -\,,i .a..L• .r); 
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I J■ • S,;,e•e, 
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~ 1!11 af ■D.• IC~r 

rd .'; ,c ,ti ,•pf.■ OII! ~11111~11-. 

:II JJI I! 5'!.IJ..J.A. 
t u • 'll ~U.i; , 

(L,tl l:IW K.IJ.E~I 

l!'.wn ia1 l• lilzll,-, ·]2•111tl'-ili"il-z11n1<-• • )(11,•~• 1, 

"! ,. , .t ... n tpn·,• · .• ria 

,.,.n 1u~ .,, 1.iz, ■ :"l , 1 

Lcq,..■• 1111
1 

• D. 

.zCqr·•· ► q1 I o; 

~- , °"1 (241.~I c,y,.,.., , 
, , J · 1 \ "2 '~• ii LI 

• I ~,p. 1.·) IP ; i.Jtu, 

b tiaz ,p.~~} 11" • fMcjttt, 

··~ 

, • 1
0 

4i•ll 1jn1I, 

, . • [flollRel tq1l; 

r-..,. U . M._tiiir!dNtll IM!JIIPOftlllM!! _.._, on U1111 At~tr 
d Qalty-~(qA> liilll 11 .. ~ s-.,. u,.,, 

to; eu111t,ti1.b t~ l1tt~r!aee betweim ir al'Mt the 11\ . 311: stru.ctuw. 
ck!lc:rmiM modularity of RJ'.bf1111Ctioli1. determi.Dc: d■ita 1~•pcs; dla1 
mi.&1'l be: ~iul ro • dH~JDc:f ,of Na'iPB.k:~ allid iiittermi•f\C poimtial 
~011.lrol fttnterura 01111 'llfOUldl be uc:rQI to an m ,11.neer in j~fymg 
ttt<n':!Jh~. 

·we were: ■bk to, ,determine cm i111eri'11ci:· bicl 11ri!i!fi , Uii! laridmadl. 
Ml~~ prc,c:e:u a:IMI the Nairpa,k IStructure. lb~ rewlH u-e: gi:n 
jn Fip:R: 11. 

We IIJ'effi able· !lo d.etum•ix w: moduJa:riiy o$ t fu: ~11dmar~ 
ntr.ctio11 pro,c;ca .ar:id lhc r~nil'il, -~~ l!!Kd tto furtbtr :spt.::lfy ihc 
IMUW'tfflt!flt il'Cmponiticm proa:u ro.r modul.'es ddtmd 11, AXE:S. 
Opc-.ra4ioa1. 
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.'?;., ,~:': .:_._ : ': .,!;:-~~ :.:, :;..;_ ~ I M,-:fl - -, '"' ~ - .. ..- --·~"·- - - • " Iii"~ • Al 
which lu.\'e tici:11 ;,eeifii!d if! [ I :Sj.. ~ .. w •~ - •• •• .,. 

An eAmple of :a .l:iO'tmtiial ci:,nuc,m ttnKturc rtha.t w ~11mincd 
~ovld _be use!uf •~ •n e■~r in 1pceifyi111g ·iijyjp_go11a.fi al90r. 
ttllm_s ~ <me for 1r1ttf_qlJOO. Wllat ii ~ cd here-. l1 a w•)' L , 
5~}' wha_. rllii! W-""1Q lo lrllcgt,ii.'le iepu.a_4cJ)' ftom now one '11\i!Db 
~,o t.n1e11a1e. ,'.]Jo. ~eh .a ~c:twre w~ldl ~.vlde the: {lc-xibillty ,1 

~lllql'atc IU ml.If) 19f11&t1AJM u dtt~d wiU»11t modifyilll ,11,. 
1ntqnmlio.11. A l!X'ID'tro~ it11t11:~ would be de-vised tlllt woulu 
tpeieify ll-hor to ill~. A. use,- could ~ Wliiti:., in ,a, ~a:rd 
maih~amql ! i:mnat, tie t,g~IJC)!il desired 1,0 in~• Thi: 
d-truntion of U1e coru,."1 :stn:1ctur,c: would spe¢ift hr;,,.- the illu:-• 
gr.uor wouM. wQr~. f 1uunp'lc: 5,)'IIIJIJl f en sYtCI! a 'ltrud:llNl 111,gtu be 

bi/ft1ren1Jor~ f-rom ~ 10 1. b11 l!. I o,r 1R11111t:l.u1t11: 

Dxf Dt • M~.~ ,ii). 

lh.J Vt = f;z(1.~. 1 .~) . • 

~·llcr-c wria'b.les ~ a.~ i , !!lre ro, be: ir1Ci:grated and 1Ru11geK·11tt1. liJ ii, 

ll5er i-npl:11 1ir, tlle ex11Jrnplc. A mc:c-banism Jimlr.ir 10, tllil ,.,,.5 
~va~blblc: H pan. or die progra,i;n:1uqg lintlllll,IC u,~ mginttr 11scd 
d11n111g Apo□o (26,) C1ltbc:rui,ll in the vc:rston used d1cn, rl'le wi:r bflil 
to C'4Jatrol bo4h tbc toop dt11 •indi~ticd rl'le ~0111r JAl!tllic:li, 1hro11,gll Ote 
fourthi o rder RLUJg,c;Kuua (lll'M!~ •-as only oni: iml:jlator e.va.ilabbr 
to 1hi: lilSil!ir) as '!Nt:ll 115 ·tile integration k,0p]. 

V. SlJMMARli 
w·c- \IRidl I A4c:ll'i~c- na.viplioo ~m;pJc as: a dcm011U1ra1ioJ11 of 

dmgn. aDd vrrif1a.tion 1t...llO!o(ll!!i wbi.cb •~ 111ti:odeit to be used 
foli rw .... rnc 11iu1Ai propammcd ,or m1l11if~ sy~tc-ms. Toe: 
speeillcatton la:~g,c. AX.ES, was 11.ud u1,:t~ll • dm1l!:t-111n.,plt 10 

d:emonstiraTi: mi!~hods rm cli:si11:mng \-c-fi;l'ir.:. ·~oa out ol: ii S)'iEl:m. 

We pclfo.rmcd :static anillyiili of t1t~ spccaf fttions ma11ualty tty 
follo1Miril!I a dttd.lm 11'11im ool:111!1. Iha,,:: bttn ~rfoffl'lt:d by H 

!1lU.4ml~i; d~$igr, 1~lyzc-r. s~b !WR Hal)'ZCr i;Quld be di:,~lgped 
to analyze a set of AXIES lltalllm.t'ltU: dcflne-,d f Jr a family of 
HlO!]K:J t)•,lttim, *IIC:l;i iH " lt\"pP-

[11 a. i}'Stcm dc_fmiu~ .. "'-e hl.vc .;cMi11 fLrts .,~ m,11,1 c11.plK illy 
stall' ail:iout obj,ttu. ,a:mj tlil1m f11:ili1iol'Qlhip,~. Wit. ba~ .smKturc:s, 
~"hiclt-'arc- obj~s abcmsch-~. mto "h:cb .,'1: •Qll " 1plug" objects. 
Wit. ha'lt't ,utts HI go w1mb ~ s.trliflW"Ct a11d chclir rcspc~iiv,; 
objrd!i 10 cn!l'lm fut ,he: intedaces &enr.1C1C11, Lk$e obji:ffil arc 
oorttic;m Wmmtl re~l to bo1h communleation and rcr-01111,:i:, alJQ,dl· 
ti-c:n. In t he pro«u of di:'11111111 z fIJUctr;i~ 1)1 abjtcu ,o go ...-ith ~ 
s.t!l'Uc-tun:. the d:csi,gne:r d~,;:n; mi@i:n;a. i~i.sll~nt, or mhm­
a11, ~11, In dli:1 •rqy, dte mttll.00010,gy ruppons U1c dcsiJPi:r 
in doi111!1 tbin,p he migll1. 11ot hrne ~ 11.1 ~ili¢k.~ . or. io facm.10 do 
$012letll rig,be miJM .ha'Ve- f or~tc11 ,1,lbo11t c;iomp ~ br-~ mctho­
dolot)' " " •bo ]i:!!id tr.e W!!(f ro dc:flni11s a 5-)'Stcm 'llt'hid! is 
lllodUlar. llri dain,g ~o. tht Jl'T•r1D ,CJ£ m~'\l-l~t'lly Ml only l"ilJ 
p:r,o-vidc: .a: me,c:bj,oldEii to m.ah Kll~nt~r .i,Q ~ha11£d, al1tr a 
dcsq:ri i!, c.oo:iplcilc;, but IIICK 111me i,rupi:ril•~ are even more ~sdill.l 
ii.LOqj 'the w.~·' and C1pteiall,y ia lbc my ini~I Magt!il of dr;sun. 
When tile- deK,pc:r 1-1 r:~toqmd kl d1iuing 11~t or d.dioiJli!I 
lltW dua typci .a.ftd slnLeture ddi11rtimt$, lie win ■bitrRt mmit 
qlllcldy 11ad !li1;11 be iit>l<e 1.0 Jpccd up hi& deqn procn!ii. ff or 
t.u.mplt·, it i5! c.ii!icr lo won wiU1t .a. IJ)flll'ilX. flt' ii lairtdm&rt nlthtr 

~ inth'Wiidul. elffllmts. wbcn it ii ~om"blc 'lio do so.J hw dc:fi111ng 
obFlS. the cJ~r,pier w;i]J dul'Ll of o&hrr useful s)'Uttn dcfini4iom 
that ma,y not hi.Vt @alril'Ni to him prc:cvit,wly (foli c:u,111pk, t aime 

new opcraliom ,i;ould ~ ,der.tved from ,11 data~t1~ dtfi11itioo (Ill' • · 

Mtnbi!ll.Han ol eontrol 5-4~urell)-
Kavir:11 ~'b-lli •n ,errechff mc:&bodoiOlf rn, suppert lM 

•ilant.r· i 11 dCCll!lllposio.g • 1,y~111. 1r11.0 llllllliip.l.'I.Jb! fllt:CCS, is a 



----llllil-· .............. IMw. ...... _ 
...... --- • .-..---.-iflll! 
ia 

11111tw1t..ta..U.utdarau11ol6MmeilMlllld,.._,. 
uaillMl m CJ1111111t.. llnilll•-••• ._,..ar.:: ,,.,_ 
11d q e .wt d A.X:m alMI Iii Ila ltffl1II II ~ 

..... WIIJ' ■-llld-, - ............. _,_,.,.... 
•vdlilallt to - lapedGni!IUll .... dbWa ..._. llil:ltlll ate 
alillil:l7htl,1D_...._,,, rall[Jf]t 

H ,W hOW' Ir• N tllj■--■ IMIJR Riil lDipHif)\ I .. I 
,_....,.,...,lhi■l,aaaeal.itokoi:nl'la«da'tollll...,_.._. 
ol:litd.lllldil'roukllDWbowtordmlb■lalljatm.,..dljeania 
• r---. fltllllillt aNt ~ ...,.., lbllll die .... 
p:; '' .r,,. IJjL!allmolljad.clada 11111' af !Jldi 11,kia NiallJ, 
lbe r.ct. Tlil .... -~ tn-af llllilkuma ., ... TIit 
nnt ,,._ ,af wrim•inw.. .._ Wi:ilal-., Ii ail IO 6'dl: a 
1,-ifkla•10 AllbN11 iibMfalknrll[lda..._ot.nl■■_.flllliKI 
to ,-;,. 1qgg1 uc1 __,...., la dw: 1WUll'e w e:avlrioe 1be1 ,..,_id,.... ..... -.,..~ ad. .. ■-ll■tm'S nd 
o,and• .,.._-. It muc•..,.. llllClt cenaiG kl!"IIIII, d 
wriftmliH ll•t llllls'. ■I ry willlcnd dill W af far■lll mtdolll 
wftl:pngpl!!:•r rm !'11) lh■ -■ 4fargJ......._. 

A.FfiDIDr.• •• 
Pt D t r1n r/1 lfDII 

In IIOS. lh■ ft1!11Mi!M 11'.0CW b&l'flll:O!lftl!Mlltlip •If@ 

.■fflll!U • NJ t:,ilCa. fOOIU 
~by~-- ii widl ■ --,,,-n, (a putinlar 
p&rul nads and al of. II■ ...,... wtir,h ..,_ • 
-~-of 1R foot. Ta do:.NllfllllllliH pnc;m. 11111 af 
Npliallii ■ mk1illi Ii iii iiiiil iiii..uy.m liiiciiiiBiiiil iiibl Qi 
... .,.. hu ,-. -,.:ifled. TIie ft:MdtiniJ11te ~plc■dU Ille: 
_...., .,-. ~ r r,i, "IM 1■a,._ mpwnt prilu,, 
lil'C:a,aadau • im4al.l 1.,.,_ rep.ONMCd 'Jlkflri■iWaat 
._ ....,_,. b -, MW (!flt W - m dRibmpdin:IM 
pm(INI a n:qumli■.IIID'wn to ••P'(IDN•ot DlaiQS. In•• 
a-. ■n ••dtm Jttliil! ~ ._..ifliim ii Hifllftll 

TIii 111i1C1t IIOdrt ul tk nodal lllmily a11!1Mk 111 ....._. 
W11e1i rda aiaatotnlCOllfflll ref!ld1ml1ip, tllePlftill DOdwwill be 
.W • ,_,,.._ uit11aalf8priq wll • mW~Jlbl 
_,,.,..,arlllcllCldllfamlJaredttfwaM1requ,at1Upa,._ 
W ~ ~ fu,tnwm (MCI'} (L.-+ 1 .. 6-:tiCIO .......... ,,anr,.,a.•. 

I■ .. ...,._ 1'111 rauow,t a. ~ - '~ .... 
d1■1i,-dcmc■1■.flfaftudlNl6nfetred1o .. dit-._..,........,,_ 

nd r:1, 'w 1.J "1.~ 1.-.;;i. rc:r:i"f'\~r1r.;. ,,. i~:1J,!f' i:- i:- 1: 117 : 1:"I , •• : .:i t'·Jr.;,;L1,1:1 : 1 

1 r-·k ii rd l1 1 .1.•, : r.:"" 111J1\· 11-. 1 l'Ll"i" !LJ·b:-':'· 1:•.! 1-. 1d u.:: :! f1m21 ~1 1L nd r.tn Rf: 

di: r.~ r: L• 11• ;h '.:.: . .:1.: le..:· r.r·.i :., x:1d I) ,: r 1: I I ,"·-.pi:-1 .. 

• , ,·,r:,j,_,.,r, 1r. r:-!"r'nrr:, r,p. 1; ,. 1 •f:,t1(·1:.Jr·1~ • .i:1,.!1• .. n, ~-11:·Jrc .ii.I 
11 ., r~r•:l'Hib!.- •,,: ,_·,:-1~r~1:;n1r11 ii ih.:: 1:i~.1- "f(f h-:l ~I,:- r, 1?1~ 
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1- 111U, far --,pk,. \Ye """ ta- 11N ■ IIIIIJMl lhd ~ tMI 
................ - ..... .)n.----~ 
Ul[ld far 11n ii,~ .,.,_ ~ _.,, To follll GIi: 

- ol•Ol'ID--(«WiiiUawmal•lllf ~-i'JCIICIII 
t111 ....efw .. Mf}ia9Gtal:ioa.,.._ (!win• hdd-fll 
o1.,.11Cia1...., eM be ... l'n 11110tto t■UE: •■-... ..... 
..... a1--. ■---u1-a1-.) 

lfJi AXIS. 1. dlllnllllll .,_Ltolil lbe ,_.. ar ■. fllticulm ftllle. 



a.I'd crn-, :~pond.s 10 a proper noon hke .. John ... A i'Otlabl~ is the 
nam.< of more 1Jun one pouibk vt1ue and cQrn:spondii to a 
common noun like .... man ... 

SllftXIVI'( f • $ ' • • OW' .... ,.,. 

°""'""' s;w1,, ~.,,,..,ew .. ,.11, 

"'" 

MRAUllt o, • Co>1a:111-() 
',lll!UI{ d o t-o. ,,, ~ 
JCIII O,• ~It ..,lllll'I 

I • $1.,o.,.,.c,, f~CI 
(li()~ec:11 

Flpn: All-I. An Eu •plt Olf AINolnri,.Coanol,Strwct•• 
1)dWlk,e U.)'ffl .tlh A"ptel 10 AXF,S 

For example. in Fi&urc All• 1. tbe to~mQst box il a descrip11Qn 
of pan ()( AXES iudf, The 1op-mo,1 bo,. dclC'fibcs the AXES 
obP:tll rtquiml to dcftn<a STRU.CTUBEin AXES..Ibe $5:tUcncc 

.. STRUCTURE: .. y __ .. s -rx-):" 

ma.k.d a stamnen1 •bout veJues by usins 1he vari.abk"'y-... -;", and 
.. "' .. and about c-onstar'lt iyrobolt by w ing 1~ quota1ion-marked 
$)1mbols such as .. 'STRl/CTURC ... and .. .... .. 

T~ mid<lk box cr1C;lo~s an AXES obj«"I itself; chat JS., the 
miC:dlc box eDCIOlCS tlK dditiit.On of a language «atement deriw:d 
from the definition of an AXES moduk, The Comp(»iti-On (Cn) 
STRUCTURE. OCfinccl 1n Figure All-I . ii on< of 1bc: 1.hree HOS 
primlli"'C control strlJCturu. &ch prim1tivt contrOl lltrt.teture has 
been defined al• STRUCTURE wi1h AXES f18 J•. 

Tht rniddk boll tMIOSCi an innanc:e of tlK layer that tht 
topmost bo.-: rcprcsc:ncs. Jr we could describe aD of the struccuru 
thai could poisibly e.xist, then 1hc complcte set of Sll'\letures wou.ld 
be lhe layct that the top-m01t bo,; dew:ribes, 

·Nl'lcn a STR.UC7URE lft AXES II ddll\Cd, the dc,igncr 
iupp!tc.1 lhe syntllll for description) so 1h11 a ll$Cr of tbal Sltueture 
Qn describe pa.n.cular mappings, that stanod in the rtl&tion, Fen 
uampk. the bouom•mos1 bo.a. in Figure All-I endoscun AXES 
obJecl th~I 1i an iMtancc QI c.bc: Cn suvcture dc"ribed in 1he 
m~k bOK of Figure Al I• I: that is. the boltOtl'Hl'IOSI box ii I.he 
dtfinmon o( a system dcri,'C'd frQm the definition c.,f .a language 
smcnxnt. dc.n,-ed from die definition of an AXES modufo. ln1hc 
bonotn•MOlll box, "b = Rdatc(d)"' describes a particular function 
that -y • Coi(J )"' represenu in the: m)ddJc box.. Li.kc11•iSJt. "'d = S\I• 
pervi.sor ta.er reprucnt:s an instanc,c of .. , • C ri:(ll.)"'. In tht 
mMk box. the c;,!tjcct& 1h_a1....'.::y"._:g• and ""K- r,:pft&Cnl are 
described in the statemC1\t 

Wh"" ll. .Y,I au of SO~ ,ype,: 
Tbl.$ sl.ucr,ncnt rncaM lbat 1.. y. and g art variables whose ,·.alucs 
arc of an ul'lspcclfled data type. In 1he OOuom-·most boll the 
WHERE n1ucmcnt it U$Cd lQ specif}' a patticular data type. a.Dd 
tht opc.ra1f0n. Con1aet, is- a panacula.r mappina, 

Ocher control litrucunes can be deri\>ed frorn already defi.n,ed 
control suuctura and oi,<:rations that operate on \·•~bles of .any 
type. Operations 1bat opeutc nn variabk:i ()( any l)'JIC art' eaUed 
u"frusol up~1atkms. Pnmitive universal operations art ddincd a.s 

• The l)'ntu for k1 p1111hon i, 
~)' C f1(

1ll.) (}llat-,wiu 1y • (~11,)~ 
""'fllotMT ofl•.y) it 1111)' f>llflllitM; 

Hcce. llK lcCt w.pcncript tfl<h«i• , a member of a member or" p...ni1ion 
of••-
TM $.)'TMI lof clus paniti()ft is 

Y• • f,1.-:,) l~lud# y: = (,(111). 

"' = C,Qne1 (ll.) 

.(,c.ll.) = Oont, ( ll.) 

COfl = K.,.(X} 

X1 • id i(K1,.ll.1) 
X1 = idf{x1.llt) 
{ll t,ll.1) • St(ll.) 

ll = T(11,A1) 

( I) •n.d (2) are used to rpecify mo~ Iha.none vari:able with the same 
value~ {l) is u$Cd to choose a constant symbol. (4) a.nd (S) are used 
to ,elect the vaJue or one of a set ofva riablcs. (6) and (7)are re.la led 
by T(Sl(x)) = J:. These att u&ed to create a value of a data WllCNtc 
from • ,·,ilue or a data type (i.e., St) o r to create a vaJi,e of a data 
type from a value: ()( d.ata structure (i.e .. T), 

Univerul opcralions have, as their bottom nodn. uniw:ru.J 
pritniti,'C opcratiorn. Unrv'Crul opcratM>as are defined u 
STRUCTUR£in AX£$ bceautc tbey optrate on vaJucs Vifhie-h are: 
"'uiables.. 

We can no•· define I ruucturt whose s-ynt.u can be used to 
define more th•n one system having access to the umc value. 
Herc. •t use the uttivcnal operation . 

y = id:(x) 
which is used 10 stl«t particular variable$ out of a Sd of variabltS 
u well as- lht uni\lctsa.l primitive opcraiioa 

(X,X) = Clo~~(•) 
to determine 1hc meaning or 1hc rebitionship amona 11tc unspeci­
fied functions that appear •• bottom nOclcs or tbc str\lCturc 
ddini1fon, 

STRUCtUR£: y • J(x); 
Whttt y.1,w.h lllt of .tomt 1yp~: 
WMtt b & o NATURAL; 
Whrtr .a is a SEi Co/NATURALS); 
y = J,lg,w) Join (g,w; = J;{x): 
( g.•·) • .lu(x,1.J Join (K.~j = OQne1(ll.J; 

" I • J 111(llJ :11tl,,u,k • • -S:(~); 

g = J1,,:th) l<nn h = id~(~): 

SYNTAX: y = J.fg,w) Cojnin g • J,,11 (h); 

£NDJ: 

In using the syntn of a &lructun, an instanu or 1bc layer or the 
scructure definition can be obtained. In the Co)oln s.tl'\lcturc. the.,«,_ __ 
arc a.cttAa.lly four unspccifiiiihnappinas bciidC$ the top node: 1. 

J,.11 . id:.~. But in theuk'.ohbe COjoI"· tbo-alue or'""W"' and•,: .. 

uniq_uely determines- tbc p.articulat id! ruooion, Likewise, the 
Yaluc ol"'h" and •·x" uniquely decumil'IC$ tbc particular i~. Thu,. 
only Ji. J110 nttd appca.r in the syntax ori.bc Co join definition, 
The tolkctive n t of ,·al UC$ that replacc& the vu\ablc& dtKribred in 
the synt.u can b,c. ua«d to each node of the SU\lcture definition. 
For uamplc. if 

fa.b) = F(r,t..s) 
is dcfii,ed as 

{a,b) • A(p.q,r) CoJ,oln (p,<t) • B(r.1) 
The fint and &econd natemcnt ro.lkctivcly (Mman imtaace oft.be 
Co}Oin stnlClUrc, 

In this example, 
..... has tht: v .. l\lC "(r,t,&)"' 
"J .. huthevaruc·A .. 
"y"' bu tbc value ·(a,b)" 
-, l\u the val~ . "(p,4)"' 



'"w" hat the value .. r" 

" J un " bu the value "8" 

and, !i~ce lhc input 10 Fhas threecompoacnt,, "b'"in lhc muaurc 
defiruuoo has the \taluie "r, since ...... ha• the nlue '"(", • 'bicll bu 
oac component, ..... in tM nructurc dcfiftitioft bas t.hc: value •r, 
and s.o o~. The nructurc ryntu 111mc& the objcc;,s ne«n1ry so 
~hat an 1n,1ar,cc or the nructur-e dc:fiftition is obtaiDCd. Any 
Lnstllnce of a structute mutt itself be 11n KOS syr;le'rn.. 

In t he Cojoin sin.,c.turc. systems that communicate wi1h ucl\ 
othu can acotS;S tM same value, Lik.cwi.s<., ~ dcfioc other 
5trvct urc,: one ~ 1ha1 indtpcDdcnt 111blur,c1jons can ICCH$ the 
same vatuc (the Coinrludr), and one so t~I subfunction:s •hosit 
ini.·oc11ion depends on the vatuc of the co1urolkr'1 inpu1 tel need 
not access 1hc en1frc 5e1 ori.•arilbln of 1hc inpu1 set (tbe C«t,M,) 
()lJ. 

If 1he oontrollc.r'S; funtt1Qn 11 y = F(x) and y = (y,,yt): 
g • id~(~)~ 
h = i~(lt)~ 

lh<o 

SYNTA X: Yi "' A(g} Coindudr Yi = 8(h): 
S YNTAX; )' c N J) C'otllh,r y = B(h); 

Sm1c1urC$. in •dd ition co the primitive conirol s-irl'Ctu1u, e.&,. 
CoJoln: Cf.ti be used to ddinc o ther ,;-tructures. Fo r cumplc, t he 
Wh#:r,bJ', defined with the Coj(lm. gwc:s us rhe r, cihty to 11,.\e 

constant symbols u operands (If a function. 

S YNTAX: Wht'fdJJ' y c W(h .CON): 
Tt,c WMrtby is used as in 

y= , + I 

Herc, the c:on1C&11t symbc.>I ..... definu tJle p.11rticulll r K­
op,.~ration th•t ma.kes 1hc. inSIAIIQC of the Whtttl>J· st nicture a 
fu11ctiol'\. Note , .lso that the opera to, · + " (an i nst•n~of W)is u~ 
as an infu o pcr11tor. In AXES 111,e • ~ free to use c-it.hcr prcfi• 01 
infi• ootation, as desired. 

"!'c a.n vis~litc. the instanoe or a Slructu.re "s bein,g cithc-r 
wn uen do"Wn Oft a p,eecofpa.pcr bya human t,,clna. °' toa resister 
by a S()ftwarc c:i-r ►,rdwue prO<l«S, To check an iM liU'.ICc in an 
HOS S)'Stc-tn, the we of• STR UC1'U RE i, w mparcd wi1h the 
STRUCTUR£dc6 nition iuc.lf by an 11n.a}>-icr. All in.s111.nces of a 
struetuN can be viewed as being ,upplied 10 the s1ruc1ure 
dynamically. Tbc STRUCTURE For an a,yACbronolR syPcm, 
such asat1 operating system or the H.igb«Ordcr Machine( HOM) 
(Jl). i1 a rewrsh 'c- relation rclatins each state of a machine to 1 
previous sutc of tbc same rt1achine within an instance of a machine 
system, To check the instances of an asynchronous mu:hine io 11 
rca?-1irnc ct1vi1onmcnt, an uial:ytCT it u:scd 10 cbeck not only d ie 
uw: of the STRUCTU R,E with the. STRUCn 1RE defi nition, 
i1&elf. abo to check to tee that aU thcu.scn 0Ctba1 STRUCT URE 
arc consistenL 

We iftdicatc the potential happcn.in.g or each machi ne iM1ance 
by sped fyin1 a URr system to be "On" the machine system, c.1., 
tltc 1yn1..u WNrt A on ROM specifies tltc initY.I nod11l fami:y o( 
system A to be used by the fint machinr iftJtllMt and the nodal 
fam.iJy for each DCX.I reOlln ii.'Cins\ancc ortt.c HOM function K~ to 
bt d«cnnined by the orckriog n:Lationships of tbc nodal f, milies 
within 5)'51.em A. A nod.al (amiJy it 11 ).tuple whose mrmbcrs lit 
!unc:tioru which stand in a particular 1d ation(c.r. Appendix I). By 
indicatin, only"HOM'"in the •Yftlax of thll stru«urc, ra1.her tban. 
fOfu.a.mpk"'y= HOM(x),'" tbcs&ate ofU1e HOM rcmeins hidden 
rrom the user. 

n. Lntlt. uwl La1N1 .. AXES 
In AXES ,.'c- emphasize in our ootation the kparation. of 1he 

Layers wilbin one syt1em 01 t.ctwccn systems. The la )'cr relation• 

ships 11'1' ~ 1,ned wnn t l1't ,....,,,,, su11,.,11, .... , ,., ;.. ,: ;.,:.. 
In pa.n~ular. 'l>C d~inaui,h between ,n in.nom:, of o toytt 

(rcprCSCcnt~n, one performance P4J.S q{ • t )'Stem}"' and a '""" 
(reprncm,.ng alJ ~rfo.rmance p&IISCJ of a syt1em). We dinincujst, 
bct..,ccn commui:-1r01,c,, w"1,in o,u, tof rr, whicb a)way.i. reprc­
kll.ts the .a.me tnscanee. a.nd rom,,umi(;(Jti(Nt l,,.tto't'fff l1tJ Nli, 
• !',1ch ta~rs platt when an in.stance of one Jaycr communicates 
-., th aa 1rut11.nor o_f ~noc~r l• ytr (e,a., rcal-1irnc asynchronous 
proc~•~s). Wi: d lSunau11h betwttn (I) th< JYJlrm and the 
dcf1n1tl0n of that •~em., (2) tbc S)'ltem and the description of that 
system, (J) the synffll and the implementation of that sy11em.and 
(4) the system and lhc exect.1tion of that systc,m. 

A_ inaehinc ls as)'Stem whiicb ei1.ecu1es another systein. There are 
ded1~1ed macblnn. QyllChronous macbiacs, and asynchronO\ls 
m&ehlM:i. A dedicated nu.cbil'lc always pcrfomu the saft'IC ful!IC-­
t-:On, Th~ the,"'l'l'la.ppi.ng"'_of 11n AXES FUNCTION could be 
~, cwcd a, a dcdteatrd machine. A sy~hroaolA cn.acbinc m11si only 
c:xccu.te OftC 1)'5tffl'l to compk1W>e before another S)'itern 111« that 
macb1i,c. Al'I AXES 0 P£RATl0Ncould be 'lic-.,,cd asasyndlro­
nous machine.. An N)'N:hronous machil'IC may execute instanc:n 
of m<>rc then om l)'Stcm before either sy51cm rucbct uccution 
completiot Thus, an AXES STRUCTUR£c:a.n be viitwc:d aa 1111 
async::hronous machi.ne. 

The environment of a nuichllle must be tce'1rc in that ( I) a usc.r 
1;hould not hive 10 be oor,cerf'Wd 'llith aoy of1he dctai~ that have 
10 do with iu o.ew.tion, and (2) a u,cr shoubtl not be 11Uowed to 
ha"~ visibility into ai.otbcr user's eo.,;ronmc:1\L 

In an 11synduonow machiM there arc several type, of dat&, •II 
~f whi.cb mu.st be m,iint11ined as secure dalll througbo\11. all 
1nst8ncc, of the machine. Tbck typtt o( dac. indudc: ( I) 
temporary \lll\lH which exist for one or more usc.n, (l ) vallle' 
from ano1bc1 machiM with respect to the machine itself as• USC1 
(3) values. with mpect to the \t8riabks ol thc maehltle its.:lf. {4) 
¥aluies which arc functiOtWly related to a preriow iruta.n.c:eol lhe 
nw«:~ine !)'Item, (S) values whidl arc functiolWlUy rclltcd 1c:; a 
previous 1nS1111'1Cc of the mad1ifte ,~ a gi\ten itasta.l)()C of a l.lSn, 

and (6) values wbiieh arc functioaally re.lated to a prci.·iou, i.n,, 
st•ncc o r the macttine for a gi\'Cn i.MtaDCC of an°"hcr ma.cit.inc. 

The ikftni1lon (dfMd\k SI.ate} of a syitem is equivalent to the: 
formal semantics of I system. The. dt,r.ripll'on hatic sc111e) or a 
S)"&tem is equival~t to the synw of a tystcm, The implt"'1ff'II0-

1ion Ht.at.le m tr whiicb ineludct a t)'Jttm., a machine to run tbat 
, ystem. and chc mccbanmns ncussary to ttLate Wt f}Slcm to 
1hc machine) of a system tt cqulvalcnl 10 that same system tt"dY 
to bc exercised. The u«u1ion (dynensic $Cate wtuch ind udn • 
,yucin. a machiM runl'li"I that i)'!tern.. and mtch.tfliScms which 
relate that systc.m to the machine) of a ~·stem is that systr.m being 
t Jtctcdcd by , iracbine. 

NOi only musa ,iic be a watt: of tbc typn ol sy1t.em Lare.rs, but 
we aho musi be 11warc or how many diffecrcflt ddinllions. des­
criptions, implcme11tatioos. and CJlC(.'\ltions arc possible. or po­
tentially pOfsibk foe one system. MO$t lmpqruot. we mud deter• 
mi ne tho~ suites which arc ~ry • nd thole which £1e not 
only unnecessary but wti.id1 arr causing 9Cri°"s d ifficulties in tbe 
dcvtlopmcflt of a syg1em. To-.·a1d1 thi, ci,ct it is nc.ceua.ry 10 hi Ye 
availabk a means for determin.ina both t he types 11nd the natun 
and number of stat.ts witbin each type ()2}. 

Soo:ielimc.s tbc Med ro, the dcrmition olthe la.yen of a syucm 
depends on h-."W the system is to be dC'~lopcd and uccutcd. 0 1'1 
ooc project the u5c;: !"li!ht ,.,i,h to compile ,ourcc code before a 
tarac1 S)'Jtctn is ready 10 be uccuted, On another project U$C:t5 

might wish to interpret the cock in real lime. Thu,, not only must 
the Yyer5 ot • system be determined. bu.t •lso it must be dctcr­
mlni:d when. how. and where uuu!o,n nat'°ns fro m one layer 10 
11nothu l•ytr telte place. 

•u 09pc>Kd 10 • Jnvl wh.K:h ls • $1(p of refincmcot (ot l'll<>t'e uplicil 
definilion) with.in• Ji.-c:n lt1M I\ICC of I la)~ l . 
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~ -::.~ :-:-~ .:; .: . .:.. . !1.:;.;..:~ ... u .,, ~ M! .. i11 • ..__~ u iihi'.l._.,W w, "•i"~ 
or 1 .,,,hie to• ·a~ 1.~Llfflfi rulocation ialw inc~ t~ 11biH.ty 
·ro rep.liaar. .a 111unc b)' •n1 ~~Yilllcffl name or II v.Jue l>Y ■n 
cqJOvalm.l Qlm. So:mttimH ilnc layer i1 ll'rod~ irlllm an-othu 
la,-er by ■ 1bird la,-er. So~1'its 1ht- d.HcriJ,tioo m • layer, ID 
op~ to 1he kyer i.oelf, bceomc::, tlx o'bjp;i; q( <;ommu.ttlealion, 
Soi!lttima tbcamc !.~'":ls ~11rcz·allosa1ri .u • funccioa tc ~n~ 
la:,ier and at da.'la to anohr lay=-. 

1ihc: Ffienll «.DQl!pti, ~ -ta.yu communiao,n1 ~n ·1,e n:11•-td ,_., 
f11auliar eumplH, When t\llO .. ,'!KhtOflO"' ·p~ Ii.ft iD the 
r:Acc:i;ition mode.• .-al11e ftom III givco _process. in1siJnc410 1 na~ 
(or Vilriablt) uaom.tcd '9il:b uwv•h~ p~l. Coitw:~1)', that 
otllcr pr«a-1 auips a valuri 10 tbr-name u,ociat,cd m1h tfJe fmnt 
p.tt,C,t:!51. When Afll i111c,cr iJ implemc:Dleidi. 11 :"r;,eciflC tqllli!tllltllcion 
for val,y;c:~ far ,1- t~(iJtc machiH i! au:jpcd co !he nur.e 
rrprac:n1in1 tl'lc imepr. Whr:.n • ('mnp!Ji!r GOl!lplk1 an KOL 
_f:i!'IIJj:t.lffl, Jt aw,ps. 111.mc1 jor ~tcrs) to ¥Whla in o;du t>O 

tnllJllate from one d~np1i1;1ii ilO 111rim:her_ It ■ho fulfill■ an 
.impkmerualto11 I1Jn.~ 0n in ~hat opc-ntiom-1111i14--tl! •~ m,lli~ 
111111 ,pedrac mp;tin,e◄L!pc11dejl,t Ya!l11n. A eompiln, in ord'cr t-o 
,oper,11.c- on 1111 HOL pr()l,lllm. mmt be &'blc to rel4 tlie ~i,eripHon 
la:,er or IM Pffll,l'■ l'I! u •n11ut fot' the ll,&mllu011 pr-0<.ai, lln 
111.ddi.;on. it rcquilft f,mher itipV,t rd ita; o~ '" order 1~•r;,ro'lidc. lhr: 
implclmc11Uitii:n1 ilal'ff or rlx prot,ria1111, ,;l,111 OS 1yalcm ltas I nti;ir,e 
<:omp!l,_11. jD'b 1t1. ~t 11 ~1 Wit11.Ll)l' nqui rtid 1.0 oommu11atc .,.itb 
batll chi: dC;Kri,plie" of • m1Cll'I •rid d:ici 'Yft<!::ill ~11'. When • 
rmnrtiot1 is rc:filled to a l olifff kitr-c-1, of mom ,dcuiikd fgnetiMu, the 
•CQ11ttom 1niq,-l'ty ol 1hi:' v.1h1~t .imd n11mM from tlN! pannt ~ y u 
mlH4 ~ nwnwincd ■c illi: layer of t lK- ().11,prin&, 

Mcatlly, ,,.,. wan.t 10 be able a.o ddr,c: a 1~-stcm. H abttr■rady .u 
paspb~: dewcribe dial t ,)'lttm ~n~ syntllll: 1t1-e i:ao ,11 rilau> 10,: i;c-rify 
tham dC!iimpli•:m.; implement Um system for I mKlli.ne tb11 will 
tallk di.rtt:tl~ t o, that 11pum: and collect. iihe· ma.cltint mcchani111m, 
aild OJiJ[y "IA03e' ~bartiJ~. lhal ~ IIC~' to He<!l;IIC I l ~'W'el'I 
. .-yncm. [n 1110h & ,,.-.y v,,r: c11111 elimina.1.'t! dllpmdmelet o:n a 
pllll'bClillailt prliirull ft: .. du~ 111111J lhe ~..,. end or. di::~aprnenl 
praccA For w.iJicn 111,~ p> fifom oac d~fii11ftion i.o another. lfrom OM 
1h:scriplion to 111n(l,1ihltr. from (lfwt; l:rnplet11e.11t-111i!r.111 ~ • rJO<thell', w 
rrom qfie e:Q1;1,il4oo t(I ~l'lorl'xr, M 11rc really molllr«: 111l~1io1 to 
1.1101hcr ma~hioe In-et ThU!I. lh,e;rt sbould be IIG n!!~d to reoutte 
.aJloca:ce ro, mott lha11 ,011t ~n i.,~, ~t !Ii time. 

Al!'PDIDlX Hf-
Sotnt Spt,dfkatlionl Rtlatint TIMI: 

In ~AXES :Synr.:ti: Dc:Kription"' [~8) Wi! prov~~ il1tbfiK 
ipE;ifa.tial'IJ for 1ix b~ri-Mlc- abstrai;1 d11ta ,YJ)Cli: booJ~n.1. 
pro;pel1me1. Kli. lliillllrai11o,, IIIICIJ:1$., .rtrMI r.a_t.fo1'i11(1. We h~,-e ft.OW.' 

d'Ciwkiped ;al&c:bruc spttifica110111 lor iii number ,or otbc, abJtr•ct 
dl la typa, ihlll Ml!' or IJ,lrtl~r 1,1RfwJJCM in, du: !lpl!tillcauon "' 
opcm.Ll\,g ~:Ytttffll &n0 otbn ma1:hinM1!pende11t ,o:tt1/111r~. 

T ime .is .u csst"ruial ,d.au ty~ in ,a·ny informa1i1>111 p11ottul:n,1 
srstcm. It 11t1k._o. [lilliJP~blc. the sd\cdulln,g or irl'retu1I ,~ .-nd 
pra,•i~ ;an iilC-c-rf■cc betwctiti 1bi! comp!ltcr and ut:cmal evc-111s, 
~ ~ntial cl'l•.-.ctemtia. of limes art: dp.\ U1e:y ain be 
dis.tiopmiied f t'4)m CIJCII Oi.her ( this ii 1 ~vu111I ~Niriie«rlrrtic ol 
all d'alii lyPCS. 1r;s. :far u we g,n tell); tho they are li~rly wdi:ri:d. 
so l'IYI, pVEa two dill'i:n:111 timt!li, OM alwa.yi; pm:cdc:51 !he oilu:r: 
a_r,d dm they 5u:pport • · 11.0lill!lf!, of time Dow, 

T1lie dlila type Tl ME i.i!l:I be ilpccifiul! In A.)(if;S u im f'•l\lfe 
AIU:L l1111wi_:Spetjfi(;lll!lion, AdVH~ is lhe Jll'·!Klell ofbcpnin:gll!r 
1bc ome 1!ldiqtcd by 1.lln! rlT$t ■r,umeril and ad~n• 1,y U11: 
amt111]l.,. Qf Clmt il.'ld~~ b.r Che ICCOild •itJ:uMC:ltlt, N'otaftcr ii lhe 
ri!laticm Uw ti.olds. brtlftffl tfiW) t ma, if tllC flm II ieulier or­
-lim11IJaDi!t1i.g, 1'ith the :SalOfld . .Eq11abi ii! tM ttlw011 of ~~lily_ 
U~n• Notaft!r' r■.tliell' lhH IOrnttllao,: lit.L! PRClMCI, ili:mplifiiH, tle 
Hl(Jllll i:OJIAdi:nihly. p~ ~- d_e:f!Md Iii!« ., &II O.PKR. 
TION, 11-i ■ccn in Fi,urc AIU-2. 

• ·!lUillptl!dl fll'il!QII [29} ad [30} 

.a.J,i T.ri ;-,:-;&. iiffl~, 
Nt/lW.{TtJfE O,flEIU 'ffON:S: 
rime~ ::: MQMl(ume,. QIMJ:t. 
l:,ool::u Noullrr (iai .. 1,dirliea~: 

AXIO'llS: 
Wkri' 1,, t,.~ .t:i -.a TIMES. 
inltn No11me u • wmflll'I, JIM E; 
I. Eq,.lliLII 0,0 • 1'nw, 
2, ~ !Ct,ld '"" 'Eq,qaJ {t,3.i,;)1, 
.3. EI\Uilti (f4ulil (11 .ta) .I Equa1 {Q,'1.~). F.qi.-1 ·Cl1.-tJJ1 • Tn11, 
.c, )(G4afler{t.0 True; 
:5. Eruill INOlidtff (1:,~tt) a: JQ0111fcu (h,,hJ, Nawlt.cr ( t, .c;l) • T•NCi 
6. Erwtaill CN01aftr:r (t, ,b) a N~r •(IJ,ta). •~ (4.1.,!;i)} ·• 'fr,c 
7. N.ow'm (t,,~a•r Nouf1tt (tJ,m,) .., Tf!IC( 

:B. ,W..,,11!11!;1r (t Jloti~ • t; 
9. Mv.allCI ('t,,.til :,: Ad'li'UI.CI! 01.Jd; 

U)1, ,\dv■IIQ!! O, I ~ {1:].t,') l!I Adrinm (Adff!!ll!(t,i.tJ).~ 
Im. •iUft_u {Adv■IICl!f:c, ,b),t,) = Notaf41,Ctg.N'OU111Cj,j 

E,'l'DTIMIE; 

o,ERA Tl(JN: b P~dt~h ,.lz); 
111it1,t b I b, ,l►,i ,lb-t II# IOOUAN s, 
WlwN1 11 ,b mY.' TIM!ES; 

b == "Dd lb1 .b:i • J-t,111 Cb, ,h:i) = r aft, ,1~•; 
b\, E: • ma1Hr(l, ,J;) Coinc/inh llioj = F(lr,l;Y, 
'bo "' No,t(bo ,Joor1 bi • !Eq11&J(t1.1.J),; 
E-ND PRcctdt?: 
DCRIJIED Ol'ERA TTON': 1im&1 • Rnenalti11W1); 

w.,~ ' ts. • TJM E; 
A.dnACt (flnftK(l),J) '"' Nocimt; 
£111!> Re\-ertr. 

Ol'Elt.A 110~ • l) == Rqffll( .113)1 
li1vr.r li..Jz.Jt,.1.1. an 'DM!S; 

·t~ = Adv111CC(c1 •"-l CoJoiit ,_ = R.«-.,;1~,d, 
CfllD R~.ru; 

n,..AIO•J 
~ikii'II lJIUI Daill l,tM IIME 

Aitiolllill 1-3 chatic:tCrizt tCqWlllliiy limply ,U 111\ tiQLiWd!!II~ 
~1:,on. t,em~ Uw1 w.iittp•v.t• ~i.lR of tlk1timei Ro4iof! it n~ 
rich cnocip lo support a ■pcrif~ cquliity ttlalicill!. 1uch u tJle, one 
OP !'lll\Ua~- A:11:iorn• ,4-6 lmp• • 11tn:il!I orderia,1 oo Lilia ■Dd 
Axi.om '1 mal.11:! lhc: o:rde:ri111 t otall (till!Clir), A:limn fl ,cba,.curiJD 
'N oclme IQ tbe tii~ for Wl'hktl Ad.\laDCe liU no drcet. ~iom9 .. ~ 
t~ AdrYIIIOC: is commllllllir,"e. Hd Axiom IO •)'I it iii ~live.. 
Axio:m, :J and 9 Lq,1,t~ Gl-~Me,e ,'bl, Nr,tlme lidll~ u Ii lini!C' 
Ollllflll •nd Ill I- nvll limc i!Gmnr:m, A.itiom 11 rclal.CI Advance to· 
tbll LiDRr time. O!Nlftina. 

REF!RJ:NCES 

U] Ram&nioorcby, C. V, and So. H . H_ • Appmcli:a A to RcquiR• 
mcat1 E11gtliNri111 ~~Ii lt~lliJjil*-fflllll• .. , $1fi/lit,y[lit 

~ir,r:mu111 Md S~q'"',imu~ Sun.ru Md hr3P"d'IIU, 
Aupat. 1977. 

[.2) J'u~ M. A. ~Jplu of hogr4m Duip1, A~ 
PR-. N.l'·_, J9'7S_ 

[l) ~ . R.i, &nd Tl! mpt0.n. 1:.·w . "'A Modale lldcffacc­
Spccification La~, .. ~IIJOffl'!I!~ S~IID a.-~ 
u'borauw)', ltllUVCmty ati 'tun ,■I Awltin, 1f:ecbnlml Jle­
l'Olili No. J6:J. Decanbtt lt7 .. , 

[◄] GvUq, J., Hwcnriu. E,, andl Muucr, D. "1bc J>.aip of 
IJ■ila SiNCLUtt ~Kaf.lont, • /l!rw, hid /irttn»liom/ 
C,pif~~ M Sof~ FA,lrwri"I. Octoller l976. 

l10 



('JI llobin.toilll, L and Hok, R.C. "'formal ~tioM rm -
Sobltiou lo S)'IICllr'Oouatiaa Prioblmlt, • Computer Scl­
~ ~. S?Qford ~ l11ati1uic. 191~. 

[~I C'.om.tJIIIH Scimcct C«pomlioa, .. ,. Ulm 1(iuide to 1111 
tba:adt ~ii\ Syam,• Ncmmlbcr· .1973. 

[7] Allard, MI.W. "'lt.~Ncta: A Oapli MClddfor .kell~TI:meSon­
QR I~, .. ~- MRI. ~vm,ol'ill Cunyrut~r 
&J/fl!Mn E;,plffn',.-. A7ri1 l9·'t6. 

ll) Dam, C.G. i,M v~. CR.. ""l"hli Softnn- Dc:mopmm.t 
Sywm." PrK. 1n4 lnkmlltitmld C~ ~ SP/nnrt 
~. Oct~ 1976. 

[9] Hqtin Mremft Compuy. • J975·Hll:O~ffld [)Nip 
Melhodo'loty", 'VOi.i!! S1fl,lCWfed Delip.• FR 76-H-lH. 

"''-(10] Tmb.rciew, D. and Hmlley, E.A- Ill. "fSLJ PSA: A Com. 
P,Utlf-Amidl Tedu!iiquc ror S1ruc1um:11 Doca:mm1a1i011 and! 
~t• of hformapon !ProoeMl.q; Srtuma,"' JE.£E lhf,u. 
M 's~ l'.ltrJ,wrlng, Voll. S!E.-3. No. I, J■nury lt11', 

[I I] JIM, "'Jl!.rFO: I>mp Aid tfid ~liofl. Tao]," ~BM, 
S!lt»-9413..0, 1973. 

[1%) llou, 0 . "SCni;;un,d Anal)'lii (SA); A La~ for Colli• 
muruceliq itdlal1."' JEE.E Th:aru.. on· So/i'fWltt F.lqtllttftng,, 
Vol. SE-J, ~o- t, J&Mll!qr 1917. 

[13] WilNn. M.L .. The Jnfom1116on A11lom111 Appwa_cb to De­
- li'lld! llmplemewaauoo or C'omr,;,,r.er~lucd SYIU!rm:.." 
IBM, llcpart IBM-nD, Ju11e 1975. 

(I'] El•~ M~ ,ud bldm, S. ·Smne· Prelimi.111.rie• on Sya. 
item SpPfflawa,"' BMD1 Mcmo No. 2. l'lipcr Order So:fl• 
'!ft,.,, Inc., C'ulbrid.,c, MA, Sept. Ui, 19'77. 

( I SJ '"A De111.G01tdcio11. ol AXES (o:r MAVPAk..'" T~rlicaJ kc. 
,an No. 9, Hl&Hr ·Ordtt Saltwut,, IJllt., 0,111,'lnlid.J,t. MA, 
~lembel' I f17, 

(16.J FIKhl, A.F., V,dft, C.E .• 1tfld Goad, CC. "OtbiLl.f!d Aui, 
tude 'S,,a~ IR'~vem f'fom 1Andm11rk DI.ta." 1M Joumal 
qi A1_1~1 Seim~~ Vol xxm. N11>. • • Oc1ober - Dec­
mm'beY J97$:. 

(I~! El•miLtcJo• M. IUld Zcldltl, S: . .. H"_r On!ler S0ltWUti - A 
Mtthodoloa ror Ilief'.:®D; kfc.,.re,"' /'£££ Tnm.,. on S<!ft­
....,.. ~rm,. Vol. SE-l. No. I. March 191'6. 

[18] H■milion,. M. •lid Zeldkn, S,. "AXEs Syngx Di::Kriplion"', 
T~I J:_cpot1 No, -4. Hr,hcr 0.rdn Salwate, l(nc_, Cam. 
ib.riclp:. MA, DK. 19Ui. 

(19) Cuabi111. S. '"The Softw■n: Scc11rliJy !Prol,le.m md How i:.o 
:Solw It", Techa:ical l,epo11 No. 6, ,cwion I . d i_pcr·Ordct" 
SIDftwtN, la!.ri C-&mbrid,c. MA, Ill.Ly J 917 _ 

(10] S.tle·. JUt, ".le*• at· J.W. :S.doct, "I:oq,J o f.i,ww,k 
11-lwry ,of S/Mffh k/1."' UlftlUIIP JJ, 1976. -

[2.f] P,1~a, fl. "'~tio11, L,n~ Mcllio No, I ." 'llx 
Chara Slark DrQcr Laboratory, Inc .. C.mbridF, MA, 
~tnbet 11 , t9~. 

l[:2l) Stra.etu·, T. '"MUST (M11llti;p~oae Ull!r~ Tec:hnot. 
0$)'' ~ Piao Pmmina_f)',"' NASA/ L.allf,ky Rac:■Kh 
Center, RamplDllli, VA. Oi:ltoba 2.1, 1!n'6,. 

[lJ) Fundirmmtllb of M•lhrl1n11rks, '"Aul)'.lit"', Vol. lH, ,eel_ 
H. Jehnb, H -~ ., ..... S. Ii . Oou~. ne MIT Prei,1;, Cam• 
brid~ Mi"., l9'7, pp,. •11 -47S, 

(,2:4] Elamilton, M. ud Zeldin, s. "'The FOW1Reiom for- AXES; 
A SpcciflCillic>ll l.a.nguaae a.ted Qil Coll!p~t; 0, 10,Qr 

m,1* 0~ lt,-964, D.nipe:r £..'bOOlt-lllf')', C.mbridp, MA, 
Marel:I 1916. 

[ts] 0 1NelJI. E. M_, ■DII Stalt H.E. "N&vp11I: bai,an ror Larulilat 
■nd mt.Iman F.ilu-r -~•pplicatlo~, .. CS:C/ Tlht-77161U2, C~­
H-.er Sci~ Ct1fpe!R'tian. 1~17. 

(26J -Oun Gulde- to M.1'.C~:!60, R~ i\qWC 19n.- The 
Charle11 Start Dnpe.r Laboratory, Inc., C&m:b.ridF, MA. 

(17) BaguL'tOI!,, M . .and Zelc:li~. S. "'ln~lnled 5oit'WIIR ~YCloP., 
meaJ S:,umJ/ ffil,bcr OJdct' Softwue CoDCl!Jltul Dncrip­
tiori." Hlip-r Otdet Sori.llflrt, liie~, ~. MA, Nci,,. 
l976, 

(:?MJI ffagtlttat1,, 'M. Ind Zelld:ln, S. "'The MIDl9Cr u ■n Abltr■<:I 
:Syalmil El11siMetr."' IEEE Cat11J09 No. nc Hn:S&-lC, ~pt 
1977, 

[2']1 Ke&tb, w. "Some Sptieifim.tiolU for rbc O~,atiq S_~t<l!'i of 
tbt- Apollo Gwda:Me C~i:i~ (AGC)" m l"ffill'lifW~Jqr 
~,11111'i"' s,nnn Mdrlllrw1. Hlqher Ordtr sortwaffl. lli,c.., 
CambridF, MA. Jut~ 1977. 

[ JO] Cua.hins, S. ■nd flea th., W. '"Some 0.1.1. Typet for Oj,en.tlq, 
Syt1lffllll."' 1n Tdniqa,r,t for Op,rr«lliv Sr,M11t Mtklt.inu. 
Hi~ Onkr SoOw:11R. lnc:,, JIii)' 197'. 

(31) Cutim■ n. M.W. •.!\11 Jn~i'\iel/l' vntJI Prof. Eda:pr W, bijli:• 
10.- /)otamo•um. Vol. ll, Nm. S, May lt17. 

[ll;J Hafliil.1.011., M, •fld lcldln, S. --Gpcr:a<lin1 S,)'ltcm Maich.i11i:: 
wilh R·apcet to IRc■oURC: All'ooatioii"' [n Ttdtlti~/01' ot,­
utHfrlt' Sy1um ilttch~ 1Jj1ber Olde.- Sortware, Inc., 
C.m'tiridse, MA, Julf l.977. 

[Hj El!Wh, W. • A Hil,ner O~r Mkbirx UIOM) ·for Ripa 
Order Soihun (BOS),"' in Tullttlqt14/rJP' Oj»ratiFJ63y,ttm 
.,'J.th:111.n~k. Hlgtil!r Order Soft~ 111 , Cacmbr:i;J1~ MA, 
Jul)' m-»1. 

ACICNOWt.EOGIMINT.S 
Wei "Would lite to Q,PRII appree.iation to A.nd rn Dam. Gail 

IL.opes•~ Ro,,er .Stolt:t for ~p 11\ P~l•Cm or 1ru, paper. 

371 




