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lEST ANO E\IAll!IA.TUIOII OF A 01STRI81JifED PROG~lE Sl.GML IPROCESS(II: 

liL F'. Roberts llM w. R. L,outet'l'SOC:k 
Mir;:CQr:i11e1 l l!(iu.;Jh~ Corpcr,at1o:n 
Hu 11t1 rig ton Seacn, Cai 11 f on, 1 a 

Al>.s ttact 

N!;ltmnen D:11191.as. Ast'll'O~ut1cs Corrpany (MDlC} 
MS d~el oped a hi g~ ptl"((l'ji1~e n!a 1 t 1 mt'!! , d9111a 1 
'l)tOC:eStor by f1.mctionai1 ly d·h1trlbutln91 botn_ 1-oft~ 
'illilre 111d lria.rdwafle ::,rocl!!S.s.1 f19 '«lffl)O'.nen ts . 11 h 
distrf~uted processing ~rc.h1ttCtijre coneept per­
mits~ simglei ~uitably ~es1gned~ micro~s~1ng 
moduh to be nrterco1111ected to fon1 an rntegrmtt!d 
netwrk of p'l"'OCHS 1n<J a::tdul es. lM~ l)iper de-
s,;ril bes tn:e l.4!!:5it and e-val uath1,,. of tihis: progrill!ITl­
ab 1 e dhtr1ibuti!d UglMll pro~·.l1ls.or w~ich was de-v l ­
oped for l"elll tfioo ,1"11Cess1ng of opt ical ~enjor 
d&ta . Tile t.es. t method:O 1 ogy was stn,e:wred to 
~r0~ 1de t est resu l ts to e-va1uate; (l} t hlt per-
fo1r -anclft M' t nd hridu itil mtcropr-ocessing rrt1d1.1les,: 
f 2) tile d h tt1 bYted i!Jrc.tri t.-ec lure coocef)t. ,1nd 

( 3} tf!e ov,eull p!!lr'f'aormar,c.'! of t;he distrii~tedl 
$ f !JR-iJ, l, l)l"OCl!SSO r . 

!.:_ P. OC@tsor IJHC:11"1 pti 0'11 

The Ml)II.C signal proeesso~ (Fig~re 1) i~ ~ 
phys11eailly int,egrated . f1.1m;thma.l1,y dh t rll>i.lted 
(11'10CH51119 '5~ t en, d~ 1 gned ftH" oi:rt. 'jUJ 1 Set'IS.Oi" 
pr,ocCJuor a1pplieatfo11s, Th.e a.rcM teeture p ovi'dH 
for growth i ,r,,li fl e:., it)t 1 i ty by ac.colllllOd~t i ng par• 
~l lel prcces.s.1ng1 ud util 1:zing hi ,gh ipeed pr,0,­
gr&n11.11b• e, pt'l)Ce-s s.1 1ig mod111 l e5 . TJ!~ , m gna l proc,essor 
consists of a 11U 1t h.hge d~. t gn f;fihere ~c '1 1t.a ge 
i s cOfl'iJO'Sed of 011e or mar,t!I tPtogral!fllail>l e MMC l'l!Oelel 
67 3 mkl'Dl)l'IOCE!'S 501!'5, with d ed 1cated efl'()Ty. These 
proc!e~·s Ing stages are i nterc.:onnec too lby ml!IIM of 
fh-H iin,J f 1 rst out queti es as shown i n figurre 1 • 
Eac;.h quewe has four input ports and 41 output port'!i 
with f i x.ed priod ty, to lilillndlle conflicts.. Each 
proces.a ing st.age pe,r-fonss ill part 1 ti o ~ 1 e $.et o·f 
Pr"OclMS,111g funct 1 OM, aind ta.Ch proe~s ~l" 1 r:i ill 
511 ven str.51e, perform; tM sa~ e- flJ net ion [ s) . Ttle 
design of the !i i gna 1 processor J>erailts up, to foot 
1673 •i,c.ropit!ce~so ... s to Ille used i ri each stage. 
Shges ~ b-e illdded,, 1 f de1i rie,3, t o ,IC(;l)ffll)fi'l;ute 
add1Uona1 iets o( ,n:,ce--s:sing funi::tton~. Ttle 
hall'(lware- 1 'S phys t ea, 11 y Q)al"t; t ioned to be, cOIC),at 1 w 

ble - ith t~e architec.t~re. Tmere are~ for hample 
h«J cards ( d r1;:1,11 it board-s ) compr i sing each HO.OiC 
673 ia1 cro;proce-ssor. 1011e urd f' or e-aicirl 4000 Ml!>l"d$ 
of ll'lel!IIJT"'J (Ntl!i ch may be 2000 AA_M a'M 2000 AA(t-1 ~ 
or 40(!0 JtM) 1o and one e11.rdl for uc h [/9 ~tue. 
Thus a part t cr:.1111.r col'lf1 !Jt1 ra. t1 on Of tfl 1s a ron1 tec­
wte un be deriv:,1!!11 b,y s.imply defini™J :. e re­
~111irl!d funct.1ooi111 partitioning , tlhrouiri ,ipu,t ra. te. 
.a·lld memory 5tori11ge- requii r,ernerit1: .iJ.'nd se l ee:ti ,-g tile 
r,es pec.t hre oomber airu!I type of n.a~ re cards . 

C'awi,"'!Jlrm e Aan'N!Mi lMlll .. 11 ar Ml!OIIIIIMIA illi!MI 
All1IOftll!llici. 11:1;,, 1 llir'I'. Al alpii rCSCt'f,r,d. 
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rh311rt, 1 . ICl,AC Si grm 1 Processo,r A.T'<. 111 tec:ture 

Progtilli:"-.a.ble Proc•1si~Llibdule 

Tile Mo,.t 67~ mi~rop~OCds&r arcbttecture 
( f iglol'nli 2:') 1 s bued on a di.Iii I bus structure, Hd 
fealul'\!!5 pair-a.1 h 1I h11 airid pi1pel i n~bi l 'ity. T11e 673 
·f,s. i lt,i,gh speed (]67-l'lanO'l!,~lld cyt;l e tfrae), 
mterol)l"OQl'i!l'llla-bl e, 16.-bti·t clltg1 till 1 p-r,oce5 50,- capa• 
b~e of pert0min9 fixed point &ritlWlettc •nd 
1 a,gte operntoms. 

It i l'IC1u:dH ai C1P,U <:-0115,i:s,tin.g of H gl!!11i!!ra1 
p~rpose 16-bit ~eg~suts, a 16-bit a~~1a11.11 ~tior/ 
llalding r4!9'Htef', a 16-btt h1dec; regis.ter, ni 116-
bit:: base iregi ster and 116•bt t •rf thmetie: logic 
~n1 t (ALU) . Alsq i ncl~ded is a high speed hilirdl­
war-e u1 UpHt'1" ca1pa1bl e of ault.iplyinQ t.o 16-b1t 
wt'ds., r-esu H hg i1 n a 32 lb1t prod1,u: t. in 667 nitlno­
second!i. AUi, llllllll 1 plier an.d, 4ddii"es.s 9e11entil on 
0peratio~5, can i!ill be perfonned co11t11n"ltl'ltlyt 
~sul ti~g 1 D ai s 191ni f1 c•nit incre~.s,e in ~L'.l'l'il41Mi!!. 
S,1)etial 11t0d111o addl1t1on logic. h provfdl!d fo,t 
data memory addresshi.g to aillow aut 0111a·tirc. addM!ss.­
; rtg of 5,equerrth 11:, st!)'J"eid di!ita i 1n c'ii r,a,11 ar 
lb,J '( f r s ~ to 4 ~ OCIQ lt\rll)T'G 5, of IP ro g i"iJlmai b 11!! re1,d w 

01111 l"lfBIQ' ~ PMi11). iilndl 16'1 l 0(10 lrl!ONS o'f rM-d}wri ti!! 
·r ,flinlkm-acc:es.Si IIIM!mOT'Y ( rw.1.J c:ai11 be di,i-,ectl:, 
addressed. Th.e i npiJt/output i nterface 'W5 
dlesi gm red for ease of i r:itetfac1 l\lJ w1 th :111eci a 1 
p11rpose fnl'llt/out p111t ml)dules. Jt consh:ts ,of a 
Hi-bH paTallel dau i riput port. a H-blt panlle.l 
d.Ua output por.-t., 1,t-atus inJlUt liJteS .. iniHw i d1111Hy 
setabl e and rt-Ht8-b11,e statu,s, output. lines ,. and one 
l!li;l5ki'lble i nterrupt i nput H~~ A.H ~T'Y and 
loiri c tQmpGnenlsi a.rt! Schott11cy' or- 1 ow power 
scfiottky m. Only $ec:ond wurcedl, ~ I and 161 
b' pol i't' ,~.,t~ 111rt· ut i l 1z,ed in the con,struc-
t ion of t h& 111icr~proce$50r. 
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U . fest Fa.cil i Ues. 

fen f,ac:Uit1es slmwn 1n Figure 3 J>rl)V i d!e the 
eap,a.btl1ty to test and evaluate- the• ~c sfgnal 
l)foa!Uor and HS J)n)CtH tng lladu te !S,' lhese ,f 1h: 11 ~ 
i ti<e5, Pll'OVi d2- tlle ae~n$ to siml ate the pl"GICt!ssOIF 
at the functi or:la!l leYel . ~s$ecble and develop t he 
!'19 l t 1rne so,fware/f"t l'l!!ifilr,e, illnd to f1,i1 1I1 y e'll'•iJil uate 
tb Op!eHt1ngi s.oft!il\lire/ft rrmiairl' ind 'liUPINU"t th& 
testi119 ~f the sigma1 processo~. 
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The softwre/ fi rn1r1:ue dev,el l;lilfMPlt ~stem f•or 
tfJe fillJjC lltldt!!l 673 11rocnsor h a cmpl ete devel Of:I"" 
.ent. tool. It il'!~Of'IJOYat'"5 H ,$:Mlbly. deb4.lg!fing, 
opt·l.t z:.at.1 on and \fl li idU. hm ~PiJbH i ti es w1 tJ'i 4 
rt·l 1 ibhi 1nd ef f1 c tent l!t!de•I 6731 s i l!IJ j,i!Jtor- prograi 
thillt em ti@ operated i 111 ei tiler ttle t ntel"aic't1 ve oT' 
bat--ch IIIOde. 
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ii"i1e Ul!!liet· <l,.il,.lllflllj fil i t}clll,t!:5 Wl r.n 1:, , '! Oe'le I Op!lent 
sy1m 1by.. ea ins o,f ai s. tn.actu'l"led set of e1 t ll'ler 
1dHr11g ~nds or' runn11ig COOl:lands. . IdJ h1g 
c.onma !1(!1s. are used tic i m1 t 1 al i :te th.~ state of t e 
rproc s.sor; ine, ciw!rig ~. ·541e and restore t~t 
s.U.t<I! i dee 1 ar& f ni:tit and output dla·ta fi 1@1; ~@t 

ond re~et birealkpoinU. traps ~nd traces, and 
otl,er operati ans i n(l 1,1if 1 ng $tart i r,g 0,r coot i 111,1 i 1,g 
tM running s1rr111at 1M. i«rnni ng conma1nds IP'l"0\11do 
su~h eapabi11 ties as IIW!1ting the run~i~~ ~11Til1 a­
tfa111 ~ sill'W l .a.ting the gmt:!rait 1 o.n of a II i n teirTIJrpt , 
and checking t~e s 111J,Jlatedl proces~or ~ithoot 
1 nterrupt:11 ng the MJ nru ~ s ill'llll a t i tllQ. Tlli 5, sys t 
1$ Opt'l'lbh on tile DEC PDP-10. 

Cod i ng , ~ dOI\@ 11$tliig a fl"~!:! fonn.11t mi cro 
HSierLbl y l illfl9'>J age, ai$~embl led wi 'th a'f'l Nli'.IAC 41Jeve \ -
oped ~onfi guri1ibJ e meta i!S-Semb 1 e:r . Ille mi cro-
au 1 y hl'!911ge for ttie ~ de 1 613 pr,oc:es.s.or h 
a it01T(1)8.-et, sys. ttflla tie ; .on i e lan9m11ge t hit 
a 11 ows, t he micro j)ragrmiler to eodrC' ai11d th I nk in 
terms of tile functiams af tllc- matJ11'ne . thus elilll­
i~ ting concern a.bout the d etai 1 s 01" Tl"i crrci ns truc;:­
tilo n c.ont rol fields. 

i hle !JOTS (.Untv e.-.s:~l D191it~l ies.t Set ) 1$ ~ 
i,ro-gr,BJ!fflail>l 1e 11W H:1 p h1· purpose t H ler ca1N1~ le: o·f 
testing indt ~1dual card~ ~nd' groups of eard\ , 
i lilC 1 udi 1151 t he 67 3 i cr-OpNc.eS.!i.Dll' B ~. lt\-'e 1 ! tis t.h.e 
MMC signal pra<:essllr. l'h~ test set is also 
V:ied to $1i1pport the sQtftWiJre/f•rnM11Jre de'l'e,loi;c:e11t 
for the 111i1eropro<:e$10n ro1l ~w1ng ~~e detl.!g 
a~ t~st1ngi, ~11ng t~ siml~tot on UI~ PDP~lo. 
t he 0ode is executed on t lle bardwate wi t th@ 
a i dl of th.e u□rs.. 'W"l"'i t-e-<11b l i:! eont,ro 1 store is 
av.aOable Ol'l t.ne WTS to hoU ttie 673 microcode 
for neair rreill l t 1me ie-,:ecut 1ori . The UDTS a 1 so 
eontili1 n, a dual dr1Ye f l oppy dhl!. f'ot storage 
of t est: programs and t est rcs.1.11 ts. fhe PDP-H) 
illnd UDTS are i nterco m;j!C C.Bdl by a 9600 IM!ud 1 i ne. 
pennitting din!!et tra'1<sfer ,of objec't c.oo,e afld 
data between t.l!le tW(). The UOTS pr ov ~dies a man 
~• • - e· 1nterf!Jce oetlfwleen t Jie user and Die- li73 
very J•11ar t o t he- mlJ II mactth1e i 11te-rf11c,e "'it 
the 673 s1rwlatof? wh1c i ncl ~des t ~e abi lity 
to exami ne aind c;:hange re9i $ tel'S a.1111 ILE!IOOr y, 
5:i mple step~ set/r~et hl-ieakpoi ints ,, run, h.aH 
exewt1 on and save pro(Jr-0111$ iilfl.d d ~ ta . 

Aflo ther test UJ)tl lli11 i ty not ~ho - 1 tilte 
f 'S gLII"!:! I 1 the a.bH 1 ty to i nterf4tC t.llr:: iHDAC 
$i gni111 processor di T1eCtl y to tl\e PDP-1 D, .md a 
tapce idriv:e., it.is p-nwide5, for ~;i.{il·; rt9 sensor 
dab ( recorded 1111 ,n.,..g11etf e tape) Jct t he s, i ,91Ba l 
proce~so~ . prooe~s 1fi9 t~e res.u1ts in real time 
111nd storing the re-su l t!i on the PDP, l O sys t for' 
off 1 i n~ ,ev11l wt1on . 

lll. Process1nq ie5,ts ~nd Eval~~t1on 

JM ~st i Tir1J of t h.e MD.AC s i gnill I proces S(Jr 
ws struc·tu red t-0 e\la l ua te : ( l ) the pr-oc,es si ng 
eap~b111ty of the i nd f~idual bufldi119 blotk 
1110duil e, (673 fcroproce5sor] t ~at a~e bas i e to 
the s.1gna1 processor; ( 2} tM operation ud 
'J)ll!rf.orin&ncie of Ue, ~ i qrna. l' proc~ss:or di str"i l:rJ ct!id 
a~chi tectijir-,e (a ne twork of 673 microproce$!i0r 
rriodu l ,e$ - see f 1gure 1 ~ ~ ai111d ( J} the over a 11 
eapaib1 l ity 6nd adequa.cy of ~orformance of tin!' 
s.i gnl!i l proc,essor . 
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A review of' al 1 the U~t. data lrtd ica ted t ha t 
the proce:S!.O!" u:siig~ the higM~t p..-1orfty , by 
cel!lns. of i ts. c:0-:iner:Uon to 1i nterfa.c i i1Q Qu,~ H, ~ IJ,,a.-s 
a '1 I ghe.- u ti Hza.t fon than the o tM!r pr--ocessot . 
For a configurathm of tihree of foul!" pl"'Oeess.ors 
per $tage:, it , pvpected tllat proc ~~Of' ut1li.zatfon 
WO\l l d C.Of'!",es.pah ' ::io as·s igm!d pr~HO'r" 1priori t y .• 
Di~abl ing o~• of tJie ~ei;.orld st4ge proc~ss.org, 
while 1 t. r;,,H ~eout lng, 'resulted in tJlle othu 
,1)1"t1cesso'1' p!rfonnt ng al 1, t~e prtr,,ic;.eni11tg for the 
stage, . Thi s was. ill$ tl!.Pl!'Cted ~rwl pnw fdes. for t.hle 
Jl()i$$ibi l'iity of bui lt-in r e&lhdUC}' and 4lut~t1(: 
5WiU:hir.g due to f ai1ure . 

Evalu~tion of the test r11!$ults iiso s.hinis 
t.lie u !ie of (liJ,tves. 1, i}I\I effect 1 ve ¥AasY to i rnter ­
(olfflll!'C l proc~ssl ng st~ges 1n an asynchronous 
manner. The queues aiho aillow f'or- ~en1ent l;)I' 
adding processi ng st~g@s ~ri!O iner&a~i~g or decT"1eas­
fo9 processing ,capabi H t, lll1 tMn a '5 tag:e. Soft-
w,a r"fl/ fii r'flliiillre 011ertie.td is. a. l 3 o rec:hJU!d 1 n t t:11 Si 
ardittecture, iince nic.ti of ttte oontl"Ol h BIii'" 

bedded i n trie l'iar~lll'lt e, a l1ow1 'i!ll ~u toll!'Jlll01l15 
OPN1Cion of ,e&eh icroproe t'Sor . Each _pnx:etsor 
h a. gben st.age l'ias 1d ent1c11 1 :lOftw.ar,eJ f 1irinwa'r'e, 
wit II th e excepUan of ident1 f-i ers nel'!lded, f ,ot te!i t 
1J1Jr~ se5,. The price pa id f n· thi s roodqhr ,ca~-
bi l ity h. of c:ourH • . allditia~,1 memory it lld non• 
opUlff.!m proces.~r 11t11hat1on. ,ie, ()BYoff ~:s. 
hf$~ s~eed perforntnce and f l~ t bl l itf . tooa,'s 
51.'fnf -coD:tuc:to,r techoology p its thfs. tr,a,,de ctr 
to be- ,~voraib 1e fur t his. iiit<;li1i tiect1.n·4!! . 

CNen 11 S 1 gQai 1 Piro oe-uor Perfol"'ll'li!IDC e 

TU o,,,e.-a11 ca.1>1lbi ·1 1 ty ~nd adequaey of per­
f om ance of t he MMC ~1gnal pro; ~sSi~r ~&$ e¥alua­
ted by compiari™J hs rresul t.~ w1 Ui resull ts obtai ned 
from r uns of ii ti 1 g h f i del f ty . non-reai l t i Yh'• 
~ion ,of the s~me fum:li ons progra111TIIE!d an 'the 
DEC P(lll-10 h 36 Mt ~ch,h te) used aJ$ ill truth 
ll(Jde 1- I de11t i Cll! l ta ta we-te used ii i inpu t ta, U te 
PT'0Ce$S1M on b<Jth maeh i~es. The thresholdi ng 
and pu 1 H: ma.t chiing ful'!Ct 1 (111$ , 1 detlt 1 f'1 d (!~ f" l t,el" 
weT-e i;od.ed, and e 11,ecu ted 011 both nae hi n $ • These 
f ~nct~0~$ ~eni ~o4oo 1n Fortr~n fot t ne fOll-10 
a11d 1n 67J mi cro as54lrtbiy langua~ for tlhe MDAC 
s 1 gn& l pro,cessar- . 

Ihe key issue addn!~sed in t Mi t p~a5e of t ~e 
@'i'a I 111,d: f 011 "Mas ~cc.u trill;}" ( h ,a 16 t, t t rea J t ime 
i fTlll e:reri ta U on adequ,ate?'),, The· CQrtfJil"-1 son 
i1r1i1 l)'sl 1; was d f rec ti~, towa r"dl~ Ute II i ff ere1u::e.s, i fl 
ttie puhe rnatcner p-ll'OCes$ i ng, i . e.~ the compu,ted 
Ydit 1 l!"ICe a ~II pet11k ampl ft11,1de of the I i gna 11 tillill =-
111--er-e ou tipu t. fr0111 tt.e d ire-Silo l d funct1 on. S,1 nee 
t he thll"e$hGld f~nct1o~ 1~ P'f"1 t1ly a da t.!I 
hand1 i ngi f".11ct fon, tilwl re!iu lts. o,f prat ess i n,g i n 
the s i gna 1 ?r-oe-es Sor ll'ld tl"u tlil A1Gel ·were i derat i ~ 
Ct!il . The a111al y!ih of tile two sets ,of pul s:e 

tcher r~sult~ showed a very favorabl e CQITl)alt1-
so11 . Oil 1 y rn , nor d iffeil"enc.e'S ex i st ed in tile 
co"puted ~a l ues for tile varia~c~ and peak~- l i­
ltucdc . ibe va1ues differed 01nl1.:, 11'1 the hast 
sig,iH1cant place and w~ wf t h'in t hree percMt . 
Biltt.ed on t,he.se resu l ti, 1 't a1Pp@-ar-s that a 16 
b'I t m.ic;h tne meeu tile acc1.n·acy reqyii renenls . 
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Jlle l@:s;t and @'Vliluat.t on of t M s.1 gllill1 ~ -
1;:us11r ~hi not l)a,11e been po.ss. 1 bl e w1 th01>1 t ad•-
qua te, 1 nstr1111ienh tton a1 ds but l t i 111t.o the hairdw,are 
i;l!n@ app l ia t .1 ori sof tl!lir@/fl ~re., Est abl 1 sM,ng1 
Ht1d a¢tory t,est and e-wal ujt'IOl\'I a.1ds~ cflfRoil'led 11111th 
a COIIIPlleU teit i i"" fe'li h!ilti0.11 fa.c.tHty ttlll t in-
c'l 1.1dH biotl:! hardware· ~nd software test ~ eva·t 1111,­
t. ion U!!S.t'S • a:te M)' f Of' a suocessfiu 1 teit pl"Og,J"'iffl 
oo a. dis t r1 buti!d pr.oc&~til:Pt . Thit t nst'l'Umtnut:1011 
aids s.erv~ a dua.] purJ)o:!iia. sinc:e- tl'ley ,1r,e aho 
d~s.tT"-ablie ope,rathma111y, to ,11,~.'lyse. ~rf01111'141'JCt'!! 
a.M to estlb 11 s:h ,C(HTliliete Qj:!_lfr-iilM U ty Of t twe 
proci!s;sor. 

The MDAC dtist-rf lbuibedl 1pro,;it',el1Qbl.,e s.t,g,.al pro­
e e i$Dr is ~n e,)Ctr-.ly poti1er-ful ~i gh $petd pr,o 9 

eenor. Tt-e: r-ea. 1 time procecj~ bag resul t s of the 
signal proc,es:soT C:Of!IPire f~womly wit~ re~1ts 
produced by t~ tru th modl'Jl program i■p,1 aaented on 
the D!C POP-1O. ~ three p~oussor- ~ersion ,of 
t ile s igna l pl'()l;e$$01", uisedl 1 n t ~ e,va l uatton ,, wH 
aib le ta e1<:ec:ute t he s i 9na 1 p:rooess 'ling functt,oiu i n 
rea I 't 1ime. 11 1111 strr-atilng t he de$1 retbi 1 i ty ofl a 
di'S'trU11Jrted ueh1 tec:wn for- tihi-5, clns of ~ro· 
~i!$s1ngi. The modul,air arcM ·tectur-e- of t111 s1gna1 
prfl(:~$tlrr l:JTQ11i dl!-S. fior etH of 9rawth 1 n tile• n1111'1ber 
of procening s.t,ges. .. n ire11 ,H till.! nu!l'HI' 0f 
pr-ocess1ng r:o:lu1es. per suge. Tl\e teu1ib1Uty of 
th1'$. ,arc:flHect.ure h di.it- primarily t o tit~ :s:t ilte• o,f 
t oday 1 !i- 1il!il!tii-~.id1rctor technology.. TIie at 613 
11f c roproc:essor. u Sied a:s tM JJNCH s.t ng, fflOdu I 1: in 
the MDIIC si g1,-a 1 pr,Qcesi:s111r. 1 s- a high s~ 111 cro­
lPll"Ocenor, we l 1 :s.u1 ted f or 5-1,gna i pr cu;:e~s1 nt 
appl i~attions ,, ind h pn,dyyble ilt r el4t fvel y 
1 O'!II cos.t . 

~. Ac kn,awl, edgffl!e:nts 

The, aut bor.s w1 shi to a.ctoolfl @dge, n1 eHorts 
and s.1;1ppor-t pr ow ided by Messr:s . John la.11e, 
Marti n Flett t g.. Torn lli llS, llow, G n !li)yhlsor:i and 
Diek H11pp of' 11:0onnell l)Quglas As.t r,on,a.u tiic.s,--Mes.t 
on t~i s pn.1 ect. 




