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SO~E ~Ell( ANALYSIS 

s. G,. O.Od'o.,,and G. J. !Engels 
But~ l\eJ"1HJ,1tc.e Co!n!M-"'Y 

Sflllc;e Sys•it.eff$ Otv1 s i on-lkluston 1 '!ie11;ais. 

Abstract 

Ari O'l'ervi1ew Of the d•ve10J1H11t 1r:,di appl ki!II• 
tton of 1 :s)'Sitans. flinalys.h t~hn1iqu111;! 111n 1 be 
prHented hli t M ~ paper . f he u,;hn I qu~ is. bised 
cm an ililer"'05~U· dhcoyery tll~t t o·pologte111 
c:r-it,er1ia ,Q. 'itit wMcb cH be wSJed ui reoogn1.H 1.1n­
rpllanlll!dl Opet'iltOi\11 11'!10de$ of .. ~yste,i. SOftwi_N: 
Sfteak A1\alilh 'is btHd ~ :$&:ICJC.~lfi.11 elect.-.1ea.1 
:S11e1.k Ci111001t. Atialysis tuhliihf!Je$. liitl,t cl'I IH'V'I- bt,tn 
11pplied to 1)\1,er 70 ~ta.1,. miUtar.)'• nuc~eu·,. 
.aiM s.pa,e& sys,teM. 1M s im1111ir1 t. ti's: of' e-1 ec:trtc:,i 1 
cutt8'1t ,find s-ottwa11e i 09 h; flow· 1111-i,1 ted tfle 
ponlbil1,ty of' an ,ilBalop-s tecbr:ii(Jl!re for sot~"• 
i!il'lill.)'s.h. Tin: t«;hnic,;e ~rnlOh'H '"'"'=" il1119 softw 
~n da n tor e(JlllfUter '?!"OCUS 1 ng; rt,e C:(IIIJM.ltier 
prociMs jn_g p1101f4J4,es s tMp Uf1ech topo 1 og iiu i net­
wrt tree$ vhic:h l'IBJ11•1e1e11t ~e Hftwre S.)11t•em, 
The ne'bwnrt tri!!!S art ,U\I l .)'z:ed by the 1 1pJ1 foltt on 
o,f sne!lk cllues IJl 111tnt1 f)' lil:Jld re1111rt 1n sn l!at 
condiUons,. lhe"t have: bet" st't'en 5vec:essf111 
11)J 1 teat iODl· of S"OftMlre S,ieak ttnailys i·s to 
C.off!,Plltff" 11nt11s., 11'1:'tolwing O'VW t111elv1 dl1fhrtflt 
(:_(lffi~'te'I"' 111ngu19es + Tbe resul ts 0btai1Aldl fl'IQ!ill ,!I 

variety ot comp'I e:x. el ~tr1 ci l illiid H f Mj'it 
sys t4ffl5 a_na lys~ '-n 1 •l so bi p~itlted ais. 
pos11tive eolllalb(,r.atio111 f.or tMs anai1ysh 
ttchni,que. 

S~a~ Cta::,cJ1___tt llnal )l'!iis 

l!__acyr011ind 

A 5-l'lttlik <:111"CLl1 t ts • h .tent patll or c0111d i 9 

t ~on 1 n ,a-n etectri« 1 / e-l ec:t1!'011ie: syn.em 111trilch· 
inhibi t$ 1 de~ired ,cond1tio:n or initti!lltes an u11--
i ntendl!!id or Ur:l'illiinted act. ic;}'n, A sneak c;;i rc1.1 i ::: i:s 
llDt CilllrSed by (Q81)Dllelli f a i 1 lllf'l!S, ' 11:11.11 i 5 a cmnd t ­
t fon t2hlllt hais. been inad'iel"'U'rrtly c!H ii!ilnid into a11 

el«tr1ca]le\ectlf'O-nic. system. Snu k. cfroui U 
of ~ r1 e:ii:i 5;-i becus.i!! nJi¥ sub1y!l t1!IIII de$1gnerS 1 ililc,k. 
ti-le ovetnill s~!!'rtli! visU;iHt.t re(f.ltr-id to e1H­
u·1eall1 1ntertau a.11 s:ub~ystfllis. IX!"Operl _y.. Some 
5-!'IMk rt 1rrcu I ts are· ~ i dttooad1 IJS, 

11,gi i'ldHK '' 01" 
s.pur'ious: operation lfll'ldes, aiidl e1n cuur tni tur-e. 
thoroughlJ tested s.ys.ttms af~tr lofi!ii uH·., Sane~ 
t111!fl snflk$ ue tn1 r-ea,l e,auu of pl"'Cl),l 4111S bla111ed 
on el ec:trQ1Bg11et tc 1 riterferel'lc:e· or '!lln11Jnd1ing1 
"'bugs•. 

Hut un-predktab,le r~ture of s:neak c. i11"0Ui t 
condit 11;1n.s jJf'onpted the ~ti i;n,..1 ~rorm.t,Ul"S ,111fld 
S,.te Ad.inis.tr~tion 1(MSA) to fund an h ves.t1-
gathm to c,te,temi ne a rnethod otf f dertt:1fy11~ S.l'IHk 
ct.-c111t colldhio111s ~ rar e their occurrenc~: ,00111d 
pose 1ny pos$ibU Ulreart to the sillfetv of .~pono • 
Slcyl ab ,or A'.Po•l fo•Sgyuz Test Proj ed ,c:r~ meml!>ers. 

lri lkl¥mber of 1967, the Boei 119 A~n>S.pilCil!I 
Col!JiH.)' bes!Jn develosment of a tec::lln1que of 
ci1rcuitry a.n11,ysi'!i to deteet $neat eil"C'JiU 
~sed on be· s 1 gntfi,etnt ·HJll!C:U of bi nor1u 11 
s11fllk ,c1'ircu1t.s: n ) ~n~ t C.h'tuib ,a'!l'le universal 
fn ca.,-plle,i ehctt1ca1 s.yUm$ o11nd, tlie•'lr ,nailogs 
anl 1(2'J1 To:pologtea1 icrUei ·a exist whie:t, ena6h1 
rec,omn,t ton l!lf ill p11nnld o~ unplanned oper•­
Uom 1 axles wi :ht" I SYltri!llii~ Tlill!• tec:lmi !Ill! 

*Eti,tnl!ff', Space S,s te9i5 0-i, ,s ton,, Boe·l n,g AE!l"O~pac:e­
CO.p,1~·, ttMJst,11,, Te;ii:u,, AS.SOC iiiltl! F,el l tJ1111 AtM. 

1 nttohed: (1 ), l f'lt $111f-1 if1c:aU0«1 iind '1"4!ductf ori of' 
ehetri~tl :s.y5.tl!lii d@U.i SCMllilrttcs to topological 
11iet...:,rt u-ees.,, ( Z} The rte-<1'9nit1ol'i of lb lblsic 
t11J10grilphtea,1 _,.tttms 1~t 1 ri al 1 c 1rCUJ1ti')',, 
and (3)1 "l!he appHa.t 1on of Ult li~Pf'OPl"iltl c:lU:t!I. 
Mtl id! l'lave bHn f;ound to cblncttr tze 1nti1t 
cfireuU c,ondl1"t1'oris. . 

:Snuk ,u raa1 t Methodol ogy 

~et\rl!M't f'l"e~e:.JNdlte._it:1 M 

The f1 r$t NJl!Jr· ,eons-tder•ti.on thllt irUSt ~ 
Httsfted to, td'enttfy 5,ne1k c:1 rc!i! it «ind1\ tons ·11s 
to 1Mtlrt thil!t die d1u being u, ed for ·tti.t, inililys'h 
rrel)re,e,,ts the 11:lHl •a$;;1,u·ili1 t• .:. i rwUlry ,o.f tllr1 
s,ys t«i. fr1u1c:t tanaJ sch~ti i.:s • tnte,gnitiedl s~he­
mattc:s, and s.Y5UII 'len1 Kfl8111th:$ io no"\ ah-•y-s 
r epre!ii~t the aetlilal eilni~ieud, ta,diil&ir!!, Deta·1l 
rna,r:111 f1,et11r11'111 arrldl 1nst11 ht'~ on $C.l'!e1111tie5, 1m,$\ M 
uSedl b-(!ellJ51!1~tlleS.e dn11111'19$ ss-tfy h:llttll" wt 
'l!lalSi 'bl!lil t t c:o:nU ng@111, Oli qua Ht)I' cc:muo,l dNc'kl,. 
tests,, al'ld 1 ns,pect 10i11.$, H~it!l",. ma nuf:actii1ll"tng 
find 1ns.t■lhtion i!idttiilU C:!i taR!li1'l 'lillGW ,c«np1au 
ctrcults. 1lb.i! stol\llmitfu are l r11tdi Gil,t t o futl t­
tate hookup by tll!dlnic fan !!i wttilmu,t regnd to 
e1ilcult °" seg11ent f111nct.1on* As a. r-esult, 4'llll~Y$.h 
frc:wi dttll U SC:IHfflltic:1, ts: Ut'J"inely dfff1 cult . So 
lllal'lj' dl!ta 115 ,and Ul\l~l"'en't COl\'t:i rwt tte, (JI, t !it tn 
then drtw11'195, tMt an IMl~•st bec.C!lle'S iet'IW1'gl eid 
i!llnd lost in the rntze. Yet. theH! ·5,:IM.,!1t.1e:s are 
the darta that must lbe used iif anai]yti re1l .-.es1111 ts 
are, ta be bl'Sied on tnre elec.t,,i c:aili olfflt1inu1t.y. Trhe 
f 1 i'st taslk of tie s.111!!1 k ara 1 y~t ts,. tlherT'l!fOI"@. to 
COl"lvert t Ms d)tta 11,l!d. ICCU'f",IIU 1ftfonut 1 on into 
I for11 tniHll•lle "ft)r ,lfttlyttca.1 IIIIOtt. fbrt 111119nit11de 
of' diiiti - !IIIM11!t! l a,Ur0A ~tlif'«I for tihil CDIWIH"S1on 
neees.s.~tatu th us-11: o,f' COlll)Utff' a~t.o1Nit1o-n tn 
IIOit CUI$ . 

~tOMt io,- ill-I$ been U$td il!'ll 5,11e1k ci l"e\! it 
u 1al 1s,1s. s tnai Hl'10 H tile lbH,fo mttt.:>d ,of t.NI 
p~oduet 1 on fn.im 1111,rwftctur1 ~-deu;l 1 dna. C-omw 
puter progJ"ams. l'llv,e betn d~loped to ,1111 i:,w 

encodi ng o:f ·s.tmpll rCiill'lit1n;i1tirl!I" h i d1'scm1 11(rom­
t o"' seg111enu utr•~l«l f'~ ll4t;d l s.,Clli1Nt:ks, 1,nd 
111 ire 11 st.s.,. Thil!I enc-odltng C,l_fi bl! &C0Ci'llpHSfllld 
wit1!011t k,,.,..1I,edge of c h·c.u1tt. f 111nc:t1on~ The 00ffle 
rput.e1r C:OI\MC-h l!ii,we1.nedl 1por11nts. 1 nto p,e,tll$ ail'ld 
col 1 ecu t!he Piths ·1 nto 1rme sets.. Tbe node Ht$ 
re;Jl"e5ent 1 ~t er0on!'leeted Mites t"'•t N~t: up eaeli! 
c i r-cur1 t.~ 'Plottef' ,0ut1»t of node s~u ,u.-fI otlrier 
,-,eporu a,r,e, ge11er1ttd by the ca111111ttr to tfla'bh· 
the, iil!!nallyst to e.stly jkfetch 1ec:11ntrt tol!IIO•log1ea1 
t-ree:s+ t~e, cc;ni,ytet" r,eport$ 11$0 pnvide ei::ap1 e,te 
i ndexinv of ewery ll)Qa!poni:nt ~rid di!IIU poi 111't to its. 
H:!iOc 1 aited tree+ Th is; feabl re ils; e$pecit. 11y 1,1se­
f~l tn cros~•fndi&x tn9 funct lonal ly rel1tl!ld or 
1nt.flitd•P81d•nt tr;ns, I II ii ne.orpont l ng c l'lln.ges. 
a_f\ldl in, t'Ji"OUII; 1 esllOot 1 ng dut1 ng oi,e'l"tt ian11, s;ul)l)Ort. 

roe,1 qg f c::&] e,atte.rl'! J.d1e11t1f1~t1 on 

Orice dl1 • nea10rt: trees hiliH beff, pra<luced. t ile 
next usk of the al'!ab'st h1 ·to 1!1er1t1fy U,e, bls1e 
topol og1ii1;,1 l " turn$ tl\it IIPPHr- fn ftdl tne .. 
Fhe bas ic: H1ttc,rn$ ai:it: (11) The stJr'l!ll le H111e 
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(no,,~) ·topbgnl!tl~ {2') lh• ground donle, (31 
lM l)lli!Mll' cf011e., {0 flt. c;~t,it111Uol'I ct ... 41'ld 
(S) • The 1H1 patt.ffn. lhe:sie· patterns &fl: 1HH~ 
trated i 1n F1 gui"I 1 . 01111 of thHII p11tt:1rns or 
sevl!l',i 1 In ci:M1lntti,1Jn lllf1 l l ch1ncteri.H lthe 
ehwitry shi:nffl 1n tl\V 1glven, nltW!Ortc t.rtt, Ale 
tnou11t. at f1 nt- gl1ooe, 11 . 91 wen c trc11tt -., appear 
a:ir• CCIIP1 e,c thn tP11eu, bis 1 c [Pi11Uer11s., ~los.er 
1n~~tfl011r r-ewe~ls that the circuit is 1c:w•lly 
ccnposed cf th-e$e lb,as1t pattffml 1n eQmb,i~tiion. 
~ th•· :IMl'k c1r,cuiU •r~l.)'St e:t:rlffl11\fi HC:11 f!Od_e hi 
tl'le netwo,-,k ~.. Ire ac _ fliltnt. tf Y' tile toPGQrtrphi • 
ul 1P1ttem ff pattffn-s thlt tlie l'Kld-e 115 Pli"1. of 
Hd lPP1 y lite bils·I~ d lie$ tN.t haft bett11 f 'wfld ·to 
typify :snu~ c;:.1irc1,l'lts imto11W t :r,gi t"8 t: Nft f,c,yl,1T" 
l)lttiern. 

fmllill'r-'11 blX .,,,. "'11£111 

f iglh'le 1. Bu1c Topogr.aipn.s, 

Cl Ye (tep1 11c&t i on 

V 

A$soc:. ta ted with Heh pattern b 111 11 s.t of 
clues to hel~ the ,niJil yst 1demilfy sneaik coil'Kl1-
tiDn~. These cluti ar• Q11estt0n1· that ~n.1 ana1yst 
fftllt ask. lllcJut the cireu1try in q.115t1,on. .i\s H 
e,:lffl])h1. ~t11,e- :s1ng1 e lint tcp0graph ,tFi 911re 1) 1 

l«lii 1 d ha"il C'l 111M such .as,: 

(1) Ctfl s•1tc~ Sl ~•· c?fti llillen loiJ.d Ll i~ 
des1i~r1 

{2) Ctn ~t t.c:h SI be ~l OHd .. en load 1.1 ts 
IIOt dts ired?' 

U) Does the 1 atu~•l of S1 refl eet ti1'e tnii& 
f\.lncUOfl of L 11 

(·O IE"• 1teterr1, 

Obf fous11 s11iYk eireu1U ire r1r,ely e~un­
tered tn1 tM:s to;pogr1pb ~illlse of ~ts s.1111pHti~+ 

Of CClll'i'H·• this. t:s 1n e1~11"Y examp1lll alld fis. 
g1ttn pt'lllillli"t ly H the ,defult CIH wbld! ~-·" 
t:11i"CUi tty flOt tnc ludtd by the Other t;Qp0gr.,p11, , 

M1 tll ... ~ SUOC'eH tve top0gnpl'I, 011 -chi• 11st 
bl!!Comts 1ot191" 1.r'lll 11!1!0're c0111p1tc--1Ud. TIii! eh•• 
lht for the 'II' pattef1il 1nehr.des oi;er 60 c1un. 
This. p11ttem 1 

1becau$ie of 1b cc:aplex1ty,, ts assa­
e11tld with I111ff,e· snetk. e,t'IN;.U1ts than 1111r1 of the 
prevt l!IUS pa;tt"'r.s. Al •t h•lf of the: cf'tUc1l 
s.ntlk <:1ircu1tt1 1dmttf1ed to di!te Un lbe at,trfb­
uted t'O the ... I a,1·ttffrflS.. 'S'u:(:11 • 4H1tn C011if11gu­
ration shotli11d be JV01d1.ed. INhenever poss1b1 •• TI!11 
pon11ri11 tty of current rw1rwl tltrtugll tlle 11

1i11t 

cronblr- 1s tbe ll:!5t ~I'll,)' U5id d 1g1 IHK11tlld 
with I HI~ p,1tt1rn Jn11t c.11"0111 h 1nd ~ 1111 be . 
t.n111trned 1111 tile u:a1plec belo-.. 1(FiguN 1). 

:Z: : . 
. 

F1qvre 2. Reh1ctent ltedstme S111pHf1ed SthMlltk 

Th~ Reluctant Reds,l011e 

TNe ctrai1trt pte:$inted tn f19Ure I rQre­
s.ents. put of tPie, 1g-,iit t o.n control c1 rcu1 try f,or-
1 Rl!ds.t.iof'le boos.tat u-.sed dm-1 ng tilt Mercury Progr• 
hi the Hir11f 1'9158 's . Thh 1-dh-ti e !fiOill,d not be 
enooded f 'm- sne1t c, in;uit. a.1111 l:,s U bli!CIIIIH 11t 1's. 
not oons i dell'eil to be a. 111111.r»f&ctur 1 ng 11en·111 

sc::1ti•u.1c. lt does. -~er1• to Uhs.tro1t11i hol!fe-ver., 
tile ~fff1e-uU1 ilnvolved 1'1'1 s.e,iant:1ing a t 1wef'I, 
cfr-ca;11t fll'CII '!Its sutill'l!Ll~tng cbc11it"1 1.nd 
Sf ~ tf ytll\g 1 t t:0, tbe rHtent 1ntc"NHr1 for 111, 
efft!l;ttve ,,nalnH.. "IM l'letMOl'l'k tNt1 (Of' tM 
drc:111trry outHned -1th dotud Hnes iii. pnsented 
1m FigJJIJ"\i! 3. M Ctn be- Htn 1n tMs tr'fft tllli 
Cfflp!il'Ut i!iuppri1!5:!.H ,illl 1l COi'iMC:to·t'S • ttnl1M l 
lb t10c:11.,~ ~i'lliKH$ilf)1 Mdes • spHus, 11nd l(t,Y Othell" 
1mltl"jn91)11S. C 1 l"'CII it e,1 MMtnts tlllit. cfo no,t 11ff ec:t 
tllre- 1ctu1l elect.rr-11n1 con,til'Niltties, tnvolved.. Only 
«t1v11 ci rc1111t • 'l -,itt .,._1n on the eQll'lplet.ed 
~-.oll"t tree+ When tlt!e "let lll!(lri( p-,ee ~r1$, been 
ob--U1nedt ill sneat cYrelJ1~ 1n,1y---:st nDlPIH rYdli 
l'l(ld,e i ri $equenc,e, ,detftffli 111t1"19 which, OJf' the bH,1C: 
to;po,gl!'aph5, the IIIQde, is ii .,._rt Of a.fldl r1pp,lyt 1191 
tliei G1Ufl!li Ulat pett:i1n tor tllOH to~t•phs~ After 
.aJ1 $udh cfo~ h&ve beil'I 1ppHMI, 11111 1:nut 
d.-cu1U p.-.-sent tn that llilti«M"k tl'ff wH 1 l\lv.e 
been 1d1nttftld, [n tlli' R.ed1to111e baos.ter case, 
tl'Jfil pertinent clue ts the 1H' pett.-n clue t-t­
l,tt11fi9 to rw.,..ff c:11rN11u H 1Praffi 01Ustr dh<CVi-5,1N. 
Tht s c;'lue, ll!Ou'1 d be statildi H : 

•ts 1t JPOS:5-ib1 e fOl" ~Ml"t!llt tr::i fl11111 ~ n 
both d1lree-t;iOD$ tlir~~ the, 'N 1 c,l'ilH 
bar?• -
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H'fis.t:or, 

In 1170, aftl!r 3 Jei1"'$ of :succ.essfu 1 11pp11-
,cat1011 a,f tht, SftM!k C1tturtt '-nalysb t,e;t;hniq,I! 
t'he &Ming Afflll)Hr& 1CGIIP1fl1 beg.ifll ser1(Ju51y· • • 
s.tud,Y1ng Nthods. of ,1n11lyzing s.oftw..N s_ystas 
• ·1th 1n11agous tec:hn,1,_e~. f/'o. ~ Slf:'Lll'N1 ysn. 
rg1111r,1l iPJWIOICMS to SoftillN S'l"el.k lnll!11 b 
(S~) WIN 1l'lll'Htf g1ted ud eu.e hhJtoT'ia tDfl 
$0f't1ilare pnb,1 tlJI$ ,i~I! ·s.tudi l!!Q4 In 19115 • a 
l'eH1b111\)'· n!Jdy wts pl!rfonned lllllrich resuUl!d 
1n, it'll <fetfe,l Opttnt. ef a formal uchnt~e • in\lolving 
the 111-,e of 111tM11Attcal gr,11ph tlleor:y. el.c-t..-1ca1 
s.nHk t h«lry • .and CGlllll,ltm-1 Ziedl SNirch ill 90ritlws 
'!tl,h::11 lite IP.Pl ltd tai I m'\llllTe l)IC'Qge tQ 
id1rit1f1 s:of'mre sn~k5., It 1oftware sneak is, 
d1fi•ed t$ ~ logic cofftrol parttl1 wliii ch c•~ses an 
uriwnted l)Jli!r atfon U ,0QC11r or lllfticft l>ypas·ses 
<1 de$ ired QIJt!T'at'i on wi t~t .-.~ to fti i1 uns. 
of tblll! 111.nhrriillre: :sys\M to rHpl)l'\d :ars. progi'IIJINJII. 

llur1illa the, f•s f 111 l 1~ ,w~. tM Softw.re 
Sn.ea in.111ysh teclin quH 'liltrie ,,.,11ed to sMera,l 
test SW)f'Qift 1inH , n t~nt ,dU'feJ'dlt ~•5.M!lltl 1 er 
l 1ilglitgH,. n.11 s11bntit1,ne11 cont,ei111ed1 a mmiier 
,Qf ~II prdb1 • INH 'lllh1ell wel'le ~u:eiceHfllll}' 
1dent1fi t:d by ti!,. SSA t:eo1-11-M~ In l.ddt t1ori 1 

•6 softlriiN [Pf'Obhm nol pirev ,ours.l1 1denit1f1ed 
'6j' oither Mthacts wen 11n1QC'.n!1r ed. l 11le fq5 i bn 1 ty 
st.u(br concludld thlt: 

. (l] S.SI. h a. viable Rfll of hJeatH/11'1!11 
c:emi n ,clla:'&.~s. at 'S.Oft.\lllllre probh!lns . 

[2] _ '$,'$A Wl'ks •llllJl11y wel l 011 dtffettnt. 
H~re 1 il1191r.11fts .. 

{3) SSA does 1not ll"equii ..-e txec11t1H orf 
tilie saiftW1re· to dll!t~t pnllb1as. 

SSA WI$ $IICCe~$fully apr;iUed c.MllY tt> indivtdHl 
S-ub1"4M!,ttries dllrh1g Ute f'eest b1Ht,y stlilljy. Si IIC,e 
m111t111le $!Jbrrouthie $0ftwre mt9M •" 11~·11 



tu i,,,i~] ;,., u ' ff1114._fli:. ._al-4:gOr i~ Df IP'r0i.i ~ Tl":Jl!II 
,ill i,i fl'ille Slil>r®tine. it WH f lt thillt SSA ~Mu1d 
not be ~?Pl i id to ;11 tota] o;per..at1 ng ~4;1ftwa1-e 
~5-~. Jn Augu5,t of H7'1~* u 1 ani!ib's h of the 
f l!!nninal Conf1gi,red Yl!'hi,c:lle (Tr.JJ) so-fblare sy-stllffl 
.is perfrilrined f'or" m-. lart91l ,ey Re!ioetreh tent.er. 
~r1~ tMs. ~~lys1s ,, thi!i $~ tech11i~es wetae 
mcd~f1ed and e,cpandedI to, 1~clude subrout1rr1-to-
hl brout 1 ne i11tera..:tiOM to e"ab le a"' aina l tln" of 
a toU1 50ftN&-re s)'st.tiili paiehge. The tecnn1que 
~s. nod if1 ed to p■OYide s11ff 1 c 1ent crm:s:5 r!!ferem:-
1 "111 to 1:11 ow tl"aci119 of both 1 c,g1ic. flow and data 
fl CM through the ,seftw.11il network trees~ 11'1 
this ma•rrM'I"', the etfec,t of a gihien piece af data 
ear:i be traced tlinl'!lfl'I the network tr@S to 
e'l'ill luate 1 ts ,inpa,-ctJef'fec.t on t'he t11ta1 ~oftwte 
$)ft,tE!11 . 

At Boei11; the S<lftvtre Sneat Malt s.is tecih­
n1q1.1e hills evolved along 11nes very simi lar t-0 
e 1 ectri,cill Smi,ak ll:1rcuH: Ana. 1:,s is. J,opo 11a91t~.n. l 
nebrork tr~ ,are used with P-lect~fcal s.,Yfflbolog.y 
represent 1 ~ tile 1of't~re >Ci!Blands t o ~ now HSY 
eron 11n.t i ~ ;~ Ln:l■eeiu 1'19,nl..-arii tlli..:I ~0fb!1nre t1"ee: 
a.nd to a11 QW u,e use 011' a s·1 ng1 e, nandair4t:z,edl 
t~ ly,s 1:$1 'prG-e'edLIM!I,. 

SMtw.11"1 S1tea k:5, IMetJiQdo 1 m 
S,tnc.e topolQCJicail 'pattern r-ecopi tton 1s the 

(!J'S toMI of both S11ea.lc. t trc11 it Ma 1 ys 1 s and 
Sof'twa·l'le Sneail: Ana,ly~tt, Ult< Olierall lllttllodol ogie-s 
are quite ·s. ihn'i llir. lta ioftwate p1c:~,ge to be 
a11a ly,z:ed 1111 ,1 : {l]) be cod tf 1e(I and ~ueed to 
a stil'A46tdh:ed topo,gr,a.phtea·1 f Ol"TM t, (2) the 
ib'u1e topolog1eei1 l)i!tteri,s identified and f>) t lhe 
ap,propr 1 ate [Probhm clue:. a prpU ed to ,each paUeT'n, 

two rt r,,ee, fl~UJ on 

U"like eleet~•cal $ystem e]Mellts., softw!~e 
el em!llts DC€:lilll" f11 a wide variety o,f f,onna.tt~ 111911 
l •ev•1 hil'lgHge~ :s;,u:;h as fortram. Cobol • Pl l a,liMI 
it.lit' l Ol!fii!f' hve l hn!}\llges svch H ·U!e il41nj U ,iUfflb 1,y 
l a.Tl!J IJ ages il!W'S t _ a 11 b)ei r epr-es e11 tad bi)' s.om@ «llmll)n 
symbology to 411aw ~n ~ff1e1erit arna.lys 1s. For• 
t~111t@ly.r.eg:ar-d less of the 1a11gu~g;e used, ther~ 
are on 1 y 1 11 imU.ed rillm'ber ,of d'i SC'f\ebi aper.a.ti ons 
that a1t1 g 111en camn_nd ca~ 1 n'l'~e. Ar 1 tl'fflet i c 
,operado11s t lbrancte:s.; CCli'ldi ·t.1011a 1 lbr111ches 1 <IBit~ 
m!lini pu lat ion s.t:ai.enu ~ e-t.c: ~ f orm tA!ie oo 114 11119 
bl ocks of a.11 other c.~nds . Si l!IC:e a $ing1e 
Sj'111bology IIQS. to ~ dii;i,:se11 aore or- less arbitritr111y 
·to repr,!!:~en-t t $le> btisk ;el ement!., electrical 
t:ir'Q!tt ymbois. w!T-tl cilosefl1 to f.tl.ciliitate total 
syn:em llMb~1s by Mv i ng al 1 ti!\!! sy-stem 1s 11~twork 
trees appeairf rig1 fo a stngle fO!'fl'l&lt. Table 1 
U 1 iStll",iJ te5, the bits: 1 e syffib(I 1 ~ used. IJ'nu$uli l soft~ 
~&re instructions. Cjn l\av~ ot~er electrical 
S.)1111'.tolls. ass.i gned f'OT a gfven ania ly1i5. Ccd1lfig 
tecl\ni<JJ l!s , eanliQtier pl"'OCess t ng t and! net.war« trN 
proiiuc:t ~on , s perfon,ed i n !lllleh the 5~11'! ~1111.er 
as 1,n el ectri c11i 1 sys tern 5, us i f!1!J t l:li 1, 11Yfftio logy. 

;,;;--------------

El.CtftlCIJ., 

ml■-

~---* 
Oto 

• 

OlTA Ol 
_L-OG!it __ 
illNISFP 

'IIHf 

P,HNI 

MHlfitTIC 

Tilble l. 'SofMre/Eleetrical A111.hlg1'M 

A ,5oftvaire- nebfa;-;k. t:rH appRI"'$ the S;,111!! a,s 
its ,11 ,ec tsr1 cai 1 CCkll'lt~~rt ~ f igure 4 llelorw 
n l ntrnes Di $0 f t.~ire $nl;!ak. wt, h:h occurrrH t~ 
the np!!:rat1ng softwarie of a il itary ain;;raft. 
The rie\.~I: tree of the ictual sioft.waN code 

~l:es. the $1t~llc. readi ly appuent, lhH h1storh:fl1l 
IP:'!"Ob11111 WiS YIIC-Otii'tl'led ll!Qriing the so-fbue s,s,tfffl 
U1itegraited testing whel'l bad 01,rtpl,lt frlllll a 
part 1 cuhr subroutine ""'s det,ec;,tedl. Obv'i Ous. l.'I, 
it '1110111d be ptefer.a_b l ~ to td~tt fy H N111¥ 
piatent.i1l :so,ft.waire i;ircible11!5! a,s. po!;i.s:ibl!! before 
~e ioftYil'l'"4!: ts, ll'tlA . 
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fable 2. Typical PNbl• C:.t■,aarllS 
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rt"' 1 ~- i''1n 'l i "1 ~ ,, I rt \il i' 1 ::een o=: r = oF-et :)r , 'J~"'1 

/" t,in1, 

~ h~- • it€-,-=.~ ': ns of t.hr- h,1rd ""~ re "'; !J ti";; = 'i= ti.111 

~ ~.: :•~,, ···;: ,: .:i re,: i l ~• l18 ::1it erl'11 i r1e,j . T ~;: '1,11 ·,·•, I. 
r~;;; ~t r "' • SPC•',,J] •~ 1i!1;r,1:r1:1! H. "E!pres1:·rt-~t ion'.• 

I ti ~; tWJ e 1 e!'le ... c, ::•f t I" I· ·,:,·•., t.""5· r ii 0::: 
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ope.-~ticr ~-1~t i·- i" i t.1,1 I.• ~•re ~~rjw)rt: 
e enf~ ·: ::. = r be t-.~ _ ed th-c•J '• r.h-!, I M·f,.,.il r'E t•·e;:•, 
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