
~·'. u l t i c s ·1 fl c n n i c 2 1 '' u 1 1 f l, i n 
lintc• ~i::inc:;:'.Jcrr.ent i.;oe,.l~' 

To: Pistribution 

fr on~: 

1',J_/1'(/htJ 

S1ih.iect: 
r.iC1na~1 ement CAPal11lites on ""ultic:;. 

I L 'f I~ U Ii U Cl l n t; 

This docur:•pr.t will SPt i'ort.1·1 thP .ru;-,1.~ ot the (iF.tE; n;<HJ8P:en:ent 
effort in i";ulLics. r;o~ds 1Jill I'(' f'rt::'iPnt.er; in ph;-ises, son:eHhat 
lo~~ i c ci 11 v div i cl inn: t I 1 P \H, rt-~ l·J c w i I I ~>l' t o 11 t to cl o • In th P 
followinr: sPct.ions, we will discuss the scrvicf:s aata 1nana!1 cnient 
S~JOUlci nrovioe or:d tf1P <;sr•f:CtS oi' d;Jt,;. lil;)tlCl~1 G!flent. 

'f h e i s sue s re r. e:1 r cl i rw s <" r· v i c t~ ~; 
toucLed on lJrieflv, an(; will t·e 
However, these cir·'~ the ~>frvice~0 

ff'Pl for the tonic: 

® k el<'! ti on a 1 int.Pr I a cc ( i l· U :-· ) 

of <i<1t;·: :11c:1n;:::Jc~rnent will only be 
U1e ~;11 tij ec t · o i ;-i s u tis en 11e11 t t-.'i'L. 

'' s 1-J e :. t~ e t ii e rr , t o r'. i v e a fT c n e r ;o J 

® [;;:iturnl l;rn:ru<H'f' int.err;.ce (J1:Tt.Ll.l-.C'l') 
® Co•ii·"!:.~no-levE>l enc:-11SE-'r inter-trice (l.lNU~)) 
0\) : I-' :: t, () 0 l s 
Oil 1 !1 o ex n~ P n ri "e r'.1 en t 
® forms 12cilitv 
® ~~cro tacility 
® Corf· or !;~ii'. J,:-:J?d1 
® iRt~ oiction~ry 

. f·ultics r>ro,iPCt interu;-iJ '\•JO,rki'tif; ci()Clllllent2t10n. f<ot to t;.p 

rRnrod11Cf'(l or di~trit·ute<J 01it:si<H~ th~· i'lUltics r,roject. 



1·.,q l t i.c:;· lccl1r: icriJ L11l l {tin 
I ; 1 t <! i', :" n r! :'. f· i•" f' n ,., 1: ci ~, l ~; 

Possible ·extE-:nsions to the pl CJtHH•cl 1·::.11 cor(: cc!rf': 

® J; at a t; <'1.S-~· rn i'i ch i n es 
oo li:SA Ext;ern!:ll Ac<~ess L;;iver 
oo Concept llP 1 sc hf>n1;::i 

Some honed for, tin:e .. pert· 1 itt1n?. <.iprortunities are: 
® l[)S ... like i,r1tErt'c=iee 
ll!! c;oo<! re!')ort rren·er;:•tior. 

'.·d th e;:ich i'1SfH•r:t wiJ l tie pr-c-~:i ritc,<J r-" I ;1t1-cJ j trrr•5 \.'~lien in ~~0!1,P. 

w;iy descril:e U:~~t ;1~:pt~ct ;1:-; it wr;tll(i l•c i<11·<1J lv, 8'3 it is 
c11rrPntlv, :,nr: in tPrr:1s of' P(1;1ls. tr: ::d.tf'1"pt. to nchiev~·. irf: 
·~oc::ls rire phasPd, inc1icatlt1P: tho:;<~ 1',o;d :> ;_,r·p to lw <icr1if'veo 11~ 2 

St"'t, ;ind in whrit orr1er UH:· phc:.:sp:; · or ·'ii;-, I:> c;_;n b(' C'X Df'CtPc: to t··f' 
:w11:Tl1t nfter. In some casps il i~; :wt r(~<'listic to phasP n>al.s, 
a n t s o rJ r e n o t . C o a 1 .s r; r e c e u e r: t; .v [; 1 " ' ;-:i t e c o n s i c'. ~ r e d t o b P 

1n0re iniport2nt th;rn 0U1ers. 

~ D;:ita is nevPr lost. 

CU II hr:tn'l. Y 

® IJatri is lost on nrocf·::;s ter:i1ir!r>tion 
® Cn user hittinr: ri1iit. <lurin". i·I,:...:: titocessin~ 
® 0 n E ~; D f n i 1 u r E 

~ rrn media t·~ilurP 

11\HC~.TED GCJ/\f..~; 

Ph;::isc 1 
® *Data is not lost on pr<rc<:s<; terr.inc=itiCJn 
efo *" On n1iit 
® t< On systen; crash witt1 succ .. ;;;f11J 1._: 1, 

Ph<i se II 
® L;:it;:i is not lfJst on U~L (;,iJ11rr 
@ Un meai8 Iail11re 



[''! U l 'C l C S Ho L: I I I I 1 c; i:J l. I :. tJ .L .l c· l- .L ll 

U a t ,-, i•' 2 n a r e rr; e n t l; o Gil s 

ii e cover'.' 

11 1r: I\ LL Y 

{I() HeCOVE'ry rroCf'SS yirJr.:s ,, con:"1;;\,t·1-.t, us;•l'lf' <12t?'0Cl.SE· in thf~ 

statP it was in <it l;ist. t:(lf·111it, 
ls ;,1 uton:at1c, 
ls List, 
l.Jo<-'s not r,row in co~:\'.:·.'; t'.t' 
!\l l (J\·U> LI! p ll .s c () f u r; l ii!,.' cl,, l: l 

1:;-r.:;: ;•;>(" ·'r'O\·JS, 

r 1 ;1t·,:1 l 1. t iH-" j_ tit t' r in; , 
oo ~· t t 1H) or ts c ! 1 e c l< r. o in t Ir u l l L; · "~ '~ , 
oo Suri nor ts n ct ii or;, in i'. 

c [J): !.!·. f:'l l.l. 

@ clun1ri0r 
@ s 2. v (~ 
00 rFlCt:i\1 
@ uuiesce 

hi,, ~:;p J 
• hccoverv nroc~ss 
s<w0 st2te as ;:1t tt1e 

Fi1;1se II 
® Is re~son2hlv last 

.I P n v e s '' (' r; r 1 ~'· i ~- t er: t. , 
t1•1e <;t' J;!st. co1n11;it. 

® A 11 o "' s us f' of u no ::i nw .~co c1 ;1 t ;• 
00 r' () e s n 0 t rr r () \tJ i r, c c s t. ; : ~ ·. t h (c d f! t , .. ! . ;1 s E' r r () \-,' s 
oo .Sucports checkooint/rcJl.lt:ilck 

f-'h;1se I I I 
: , u c :; o r· t s ri e t w o r k i n f' 

I l:U\f.1, Y 

oo J 1 P t P c t d ;:1 ! r. ri " (: · i\ ~-, :1 I·' 
ill1 L1 n n: ;:1 <" e o o 0 t a i ::-: n o t t , 1 r c 1m n w a " 
® L «Pi c1 f' e C1 u ~J t;:} c ,, :1 he ;1 ti r1 l v 7 ,, (~ l (): r 1 c (] l. 1 v 

(, ., (• 

in 



h '1' l\.- Li r) 1 

CU rl h u:'l'LY 

[.,1.iitJC.'> 1f'cfinic~i] J··ti.l.Letin 
I :it;: i' nn ~~" \:1•:en t. «;o;-; 1 s 

oo Totally blitH1 to exist~nce of cint~'t ;i:;p,s 

Ph8Sl· I 
® i. J\l)le to r-in2lyze llacl ct;:1t2 .LoPic;,} 1 v 
® ]; f~ t e c t fl ci m r.:1 " e /:, ~; j\ I-' 

Phase II 
® Localize cl r-1r1ai-'<' 
© Invok·e recovPry n:f~:c·l1<:1r,i~;irr: 

® t:ser exit~> hi ~inlv('::rer 

t er forrr•ance 

I U. A Ll.Y 

® Compt!ti t iv0 .with t"·est svsti-:r!S 
® 1.;se of parallelisrr. 1,.1he,rever· pc;ssil;lt~~ 

CUhH.!!TLY 

® i:ot con1peti·tive 

11-'·liCETf.JJ GOA!.~ 

PhasP I 
oo *Competitive with v-e.nt.r;:il p1irpofH-· ~'.vstf·!n~'• define<1 t1erE" c::s 

five ('J) tirr:es as i'<:st i!s ;1·hii, 1i 1-·1.L:: in vcpu ti!11<-' i-H!d 
possible to act1iE::Ve sorae ~;1!·1.rl<: updnt~: in lf'ss tllnn 1l' i/0 1 .s 
on dc:itc;h<ise paa.r!s <Hi<1 control strt:cl~t1rPs, in <i bcil<ince<i 
cont'iP.'.tirP.tion. 

11 ~.!'.I.I. y 

® t.10 li111its 
00 Lo (jep;ra~Hiticn of' rwrtor·:1i;)~)(~e hE'VOrJCI v1'eoritic'3l lowE-:r li.r:1it 

2s datRbase prows 
OJI ho CRt:::istr.ophic citseontinuit·.; ;-1~; o~.1t;0 t:<1.'iP c.7ro~;s 



l'I U l L l C S 1 tc' C 11 11 l C n .L I; U .1 I t-: I., .L 11 
\,;:i ta ~·an ;-Jf',PmPn t Goci 1 :s 

,,.... CUhf~r1;TLY 

® hhfJS lirnits: 12i rf~Litiori~ r:<>r 11:!l.;c1b;:ise 
1 0 , n 0 t ; t u p 1 e s D er· r e J ;-1 t 1 o n 
;>(il' ;:ittributes per "'OCl<·l 
64 datribase npenin"R 

Tl\ kCElFI; (;0.il.L~: 

Pr1 .::i se I 
t·•f-:1 ~· lir:•its: 1< rPl<d~lOtl"O r,er ('.;1t.;1 t;.1SE' 

1 lHi , Ou() , 0 o 0 t 11 p le:; rH: r r (; .l ;1tic1 ri 

H·~- ;:;ittr1h;tf"s ner "·odt'l 
1 \' <l <3 t ;1 lJ Cl ~; P. () p e t I i Ti ! ' ~; 

i) h ;~ s e I I 

t", 1 J;- •t c 1 I 

::atisfy rt•qu1re,.1ents !or :,CJt1or:;<J Li t .. rrirv o1 :-:enicine ;:ir1C1 
lhS's r1~;; syster:i; t.t:f~ '1,".:', rl;·r,; l ;).";P. f1~1s ntout lU1 files ot 

Vi1rions Chi:.lracter·i~1tic~~; it !::;'.; <1 tilr •1ith H'h rr!illion 
records, ;:inother 1.;ith i;.· t::il lien rFr.or<Js oi ;:in CJVf'rri:'P lf'nP.t.h 
of 1 K ( e cni iv <d en t t. o 11 h t·, i l l i u ri 1. y t cs cir· 11 i' ,< 1<~. r' con: non t-~ n 1~ s 
or 2(·.u C:isk n<lcks (lhl t.vpe)) 

f1 r: n; i r. is tr at iv e 

® I : y n ~.1 rr1 i c n: P t E' r .s 
® L y n a rP i c r e s t r u r. t u r i n " 
® l.'·ynriiric t11ninP 
® L y n a !T: i c r e l o c <i t i o n 
® P l <'J c E:· rn e n t 
'>' C ": ri tr;:; 1 ;:i ci 11· in i st r ;1tio11 i: r .. ·1 ; , I· ~.I · :·.;. 

CUnhF!1L't 

Oll t.on-cJynarnic rPstr·tictur:lr::r 
Oll helocritior: by t:;:rn,; 
® l-'lE:cPrrt€nt t.v i1rn1d 

Phase 1 
® * Doc111nPntation tor <.•\:·1:1nistr;.tion, i.ncJtidi.nir tunin« 
® * f:uiltin rneter·s 

! I~.' (1 E~ l_) • 



l'!Tl'-LIKl 

F'hase· I.l 
oo Lyn a rn Le re str u c tu r i n r.' 
® Uynamic re1pc8tion 
® P L?. c e rn e n t 

t?llase Ill 

f' u l r i c: '.'· ·1 E' ct: n l c <1 l ! : ii l I Ft i r: 
l•citci f'.;:rn<i'H'r::ent 1:0;,ls 

Incrf'ment;,'Jl. (Jt:·1jnition or cl;J\,2t.;.1~;c;S ;.;; <JlternritiVf~ to C!',r;t· 

;in G r m <i L) • 

Net w~J r l{ in rr. 

® u::-: .. 1\ corrin2ti.L<il1tv 
®. Perror'.n corr:r"etitively. 
oo ·1 .. ! or ks tr ;ir1 s.p2 re rn. to 1i s·er 
@ AccotintinP., security,, <Hlu·ini.f:.t,rr-it.,L<Hi 1'.tinctions i.n 8 net.~.rnrk 

r"·1 vi ronrnen t addr.essed 
oo he(iunuant stcir-ave CJrl(l cor111••1rnie<~ti.01: JjnJ<s qt.ilizec 
oo l<ot comi!11mi.catior1 link dfrier:u~~nt 

® t.etwork optin1izatj.on F'V.?.i.licJLle to r':.:'nini~:tr<lt.or 

CUhht:hTLY 

~' l.othinr: 

~'.ha se J 
®· *;, f'.now t:ull stor~1 (neL~ior;ln.ri:• in. r~cqFr<d and ·1i:-if\ nlr<n~ in 

SOE'CLt'ic) 
00· f'rOV:i<lE' intern~1l ~llP!JOr't 1 r,.1. 11 v;tr i.i•lltl::«i cj;!U11!3SP SV!';tf-'11, 

Pti.:>sP. 11 
Qt,, ::~11pport L:::>A lJ~)&h <.H1G n1:t~wr:l;111f' 1'.linct,ions i.n ~'PnPrc;l 

t-;on a <letailf'cl de1.i~ii.t1011 01. t!'H' v:-H"ic.ii~ rori:1s ot 
i-:n(le,pen<ience which. 1'.oJ.ltJ1.-1, SE'c :·:- ,\ L:;: . .t,,;:. :--~tnr;i;rt:· '< h~tri·0vr-.1 \/ol. 
I: & LL 

-



~iu l tics J f•ctrn ic<:1l 1-,u l. Jet, i r1 
J_;at8 f'1p.ri:1°,err:ent (;o<-ils 

I U L·. i'-. I, L ~-

@ f-'rovide i°ormat it1<iPUf'r,n':'riCP, 
oo ( :nix c cJ ) !'le c i a in CJ c: r, e ri ~1 f~ n c e , 
oo r·1ooel indeoenrJer~C<'', 

® •n '1 chine inc e p P n -:i c· t: c e , 
® unit of rne2sure it:\lt'Pf'rH1P.nct-·, 
® vie\J im'.cpen<ience 

CL: JI Ii!:. N Tl.)' 

® 11 ;:-iv c f' or n: 2 t i n c! f-' rH:: n d <·' n c <' , 
® l!nit of' r~p2sure ir:c1er·:f?r:dvnce 

T /\ h '; r, 'l' ~-: L G c I\ 1.:; 

Phase I 
co I-' r o vi u e s u l.i set v i e w; ( v i rt 1_.1 <11 r <' 1 <1 ti on .s ) 
® synonvrns 

F n ~? se J l 
( 1•, ix e Ci ) rr: e c! i ;:1 i no~: r1 P n ct E~ n c <c' 

Ato'1"1icity 

ll r !\LU 

® 1-r.Jvice CCJP11Lit/roJ.l1 ;··ci'. t:-.<:1litv 
® L·:;<:r-<1et'ine<! 2torr'icitv unit:; 
oo ;\J.101,,1 re8cls to t;r no:1-:1tor·:ic~ 

oo l'rovi<iP cr•eckpoint/'r<:st;;rt 
® Provirle son1f' cie1;:iult <:to11;icitv 

vt'ilf· supriorts ';tcn1;icitv on '.-'innJp C>r.:r·r;;tior1 

l'hc-1.'->e 1 
" Provi:JE: c~1t:ck:ioinL/rt·~·.t;rt, co1.0::·1it/rul.li';:-:ck 
;. :; ll n port ::1 to [11 i cit'/ ~) v" r ; : r: v 11 nit ( set o t u n i ts ) 
:Cd1r1:0rt i-ltor-1icity OV!'r· Pt1lt.1nll' llati'1t1;-1ses 

r'c1i'C' '(. 

1": 1 ! )- j ~ ( l 



Concurrency 

llJE!\Ll.Y 

r··: 1 d t. i c s l P c h n i c <: l l ' u 11 f; t i n 
l ;-;t<: :-.anaiT<-'nient (;o\'ls 

® i-lrindles :rox im;:Jl numt;er <~t' :>i:;11ll t<1.r1<·0\lS 1iserE> 
Oll Is comneti~iVf' (per1\iri1;~rncP <in<.1 t'1u;cti.ori-~·1is~:) 
Oll f!ot riroc,·ss i<i cJer;i:nucrit 

Oll ~.hJ.IS s1.ipr.ort.s concurrency op ;, rwr r\' I ;.t.ion b;,sis 
.io vf1le suports on pE'r record, p~·r o:ier;:tion has is 

Ti"hl~f.H.I' GOALS 
' 

P r1" s e I 
® * ComnetitivP 
® 1: Use p h vs i c ;:-, J. rec c r u or 1 o F i c ;i I r c· co r<.i 1 P v" J 1 o e i<i rlf' 
® * Ce ad 1 or. k detection , i 1 <1 n <! l i r 1 · 

H1ase I I 
oo Per f i e l <1 l e v f' 1 J. o c k i n f1 

Sut;set level l ocki n° 

Security 

Security rrmrnl2ritv to l'lt~lu in~;t;.nt,ic-1ti.or1 

[-.o<1eS cible to di~ti~'1i'.lJiSli t>ct. 1·H·:~.·r: ;,11. functions 
Control uele1~c:taldt', rPvoc:1r)t, 1rn~.:1l_;vf·rt;·1LlE,, at rn;:-;n11 ]Pvels 
::; e cur i t y i s r.1 i' 1.1 n c t ion o 1 '; l: r ~; o r~ ;~ t .<! t w ! c t i or: 
f!ncryr.tion 

CUhhE!rlLY 

90 r;prnularity to field 
qi) hinPs, AC Ls 
~ Is t"unction of per~;on 

@ f.ncode procs 

f'h<'Sf~ 1' 
-~ - r.ot yet sure or v1hat <1if'("ction Lo t;:ri:f· on tl1is ~111b.i\~Ct 

-



l"J lA .l. \..t J. ~ .. ~ .l e \.~ j J 11 ..L ~a .J_ I 1...A J_ ..1. !.. .. \.... . .L I J 

I) i'.l t (1 ~·1 an c:i a em en t r; 0 <:: 1 s 

1rnnsriction nrocessinr1• ('il') 

II 1-:Al.l.Y 

\::0tc. m;-inagei"!ent \·Jort;s ln r.ran:".2ction 
( ? n cl v i c e v e r s ;.1 ) 

© Hot nrocess id c:enf!nC:Prit 
oo Works over nPtw0rks 

ct; k \, \;: i1'l LY. 

IJses current t.r;:ns;1c1~1on n1ocir:> in vl'il(• 
of ir,s r-roblern.s 

I- irn s e I 

nrocPssin" t~nvironr:1Pnt. 

;! n d is s 1J b .i e ct to a· 11 

oo l CJ t ci ma n 2 a c r-1 e n t ~! o r l~ i n l 1 · e r 1 v i. r o ni, ! <' 11 t ( a !1 c: v i c e v e r s ? ) 

oo i:ot nrocess i'-1 cer•t't:( ,,~nt 
!' h ;is e I I 

oo ~arks over network 

1,oc11mE>nt<"tion 

J [ • ~. I\ l, l,y 

® >: u 11 i c i en t o o cu n· f' n ti~· ti on :i r· ~" 1 l ;1 r f\ ;:: s • 

Ci..h h1.f,TLY 

J-'(i;=,gp 1 
® ;. Sur f' to n o c 11 pi!' n t 1 i r:· l t <:1 i, i on s < t. ri 1 i n i m t 1 :r1 • 

oo Jnclude 11.ser r'11i<JF:'l, rr·cFr<11q lo;.ic ;:,<1n11.:=:l~;, r<·i'{'rcncP :r1.-~ru;ils 

;:ir~d 2dr>1ini.str;1t1vf• '.:·;·r111;.l'o. 



t· 1 'il';-4/:' 1 !-:1dt1cs '1ec~uiicnl 1 ull(·tin 
f,;,t;-: f';·?tlW't'n:r:·nt Co;ds 

!\cc() llti ti rl p 

I L· r I\ I, f. Y 

® r; r CJ nu 1 ~1 r i t y to f i f J. n 1 r: s t ::int ic1 ti on 
® Corisirler user tot;(; ir:vokPr 
oo Cons ia er rer- sor~ to iit: Lil J cu riot rH'Cf' <;.<-:<ff il y in vo~\e r 

CU;, I\ f-: r,Tf. Y. 

® Provide l100Ks to tJC-: uscii t1 y fTPt1t·r:d necouritin"\ svstem 

I n t ~: r a c t i on H i t ri \; ~-; 

Jt.'-ili.J..Y 

Oneratin?" systt·rn uses data r!:an<Hr,e111ent services 
U a ta ma n ci µ e n1 P n t s y s t e rn pa r t o 1 o p e r• '1 i. i r: "· s. v s tern 
Casu<ll creation of o;:-1taLnse~; riossit:Jf• 
All (ione unr1f'r ;:111~~nices of en\'. sirPlc stor~'"'e system 

C 1; :. h F /.; T f. 'i 

Uperatin;:r svstern sho1.1Jc1 t C'! I( t' i r: to c=1cco1.int 
ch;:ir;:;cteristics of c1;:1tc1l.c:!se:, 

liistorv 

I U f'. i1 T, LY 

~ 1i~ed versions 

speci;:il 

~-



; .. 'i 1 tics ·1 ~'ch n i c <:1 l t- u 1 J. et i r; 
[• 3 t " 1 • .::. : I ? LT f' 1: I fc n t I ; 0 c' 1 s 

oo No s1ich facilitv 

J !I h c; I< Tr: L (; 0 I\ LS 

Fhnse I 
oo Online, uscit;l"' ver:-110:1s 

::-~ o rn P o t h e r 0 s p e c t ::-; \.JET e to u c l i cl: 11 : 'o ti l i r. :1 t 1 y • Th e v 
n r f's f' n t Pc~ ;:1 s rr o;, l s \·,cc; 11 ~< e t I 1 E' v ,, c r· c ~ \..'f' re riot <I is cuss c <1 
lc~vcl of <if't::i1l. 

; .. '.i' f· -1\ ;.: 1 

2rE: not 
to Uirit 

1. o ') i c ri 1 inter r ;1 ti on o 1 lJ? L:J 1-1 i LI. r 1 r; t b <:: n r o v i c 0 « • ·,,· P de i' in i:: 
l o F' i c n l i n t e r~ r ic' t i on ;1 s t I ; r ;.1 t' i. l i t v to l o o l·' ;1 t rn u 1 t i n 1 c d D t CJ b ri s f; s 
of c!ifferPnt tyDes (c,1'., ]i.<'. <.Hl\ 1 :·1 t:~) :is ii th1.:v werP one. 

Li'" ta c1 i ct ion<-' r y c:i r. d ci 2 t , .. t. :: :-:-. f' :i 1 a ch 1 n f-: s u 1111 n r t 1,1 i l 1 tw n r o v id er.I i n 
SO!""' ~is VPt uncler,Pr":inPc; w;:iv, /\ dc:1t<:1 djcti<ir1;.1rv tor t·'ultics 
( I n I <' r '";:;ti on J, es our cc l. i c t Lon; 1 r v ~;vs t ~; 111 ) i ;.; t· ~' in P: <1 '°' v el or. <o· fl ,., c •,: 
rit t<iu. 

I ' a f' c 1 ·1 • 


