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2. Research Overview 

Tb • 'flu:01·y group continues to be vi~al and prolific. Principal research areas are: 

• algorith : combinatorial, geometrict graph-theoretic number heoretic 
• cryptology 
• comput.a.t'onal complexity 
• distribut.ed computation: gont-h.m.s an.d semant'cs 
• randomness in comput tion 
• semantics and fogic of programs 
• VLSI design. r.heory. 

Group membc were responsible for over one hundred publica ions during he p~I ye::i , as well 
doz n of p blic: lettu.res around the ~ orld. The reader may re\'lew the individual reporl-, and thL· 

onrw tatt:d bibliography and leettt.rt ii t below for furthe_r, description 0£ t, e year's act ivities. 

The folJo-\ ·ing major res.eai:-ch accompli hment& merl bi.ghlightiog: 

L Go dreich nd . ficalPs proof that all prob em ' in NP have "zero-kno1,1 ledg pr-oor ". J a 
caru;equence, any cryptographic pr<itocol · ,ho.~ is correct with respeet to a very we · adver;;, )' 
c n be au tom t,ii:aUy transformed into an equivalent protoeol ~orrect i he a.st ad, er:mrlal 
ccnario 52], 

:.., . Goldw • r and IGl.ian' efficien, probabilistic algori~h m Co generating cen i i d prim es 
numbers [56 , 

3. Leiwh£oOn s :ininimax grid-m tching algorithm nd its app ication o average c.ase B.IJaly is of 
algorithms ror bin packing, dynamic allocation a d w er-.se e i.ntegration 93], [4-3,, 

4. Meyer et al. 's a.nalyais of polymorphic trp in prog am.ming and the nega.t:ve con equcnc o 
the 'type' i a type assump ·on [:!B) 107], [101). 
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3 Individual Reports 

3 .1 F a.eulty and Research Associates 

3. . Baruch Awerbuch 

Awt:tbuc 1 has been wor ing on d · 11ing erfich1 and reliable disuibut d prol.oc:ol . H t di~d i. u 
rela ed o com l ,·i y of di.ff r n dist-ribu ed oetwork protocols uch as ynchroruz.a ion and de:idlock 
res.olu ion, as well as some classic g:raph-theorc ic problems, like Breadth-First- earch and Spanning Tree. 
Ile also ,•.:ork do cryptogr phic pi:-otoco for im lcmcn 'n · :imultaneous broadcast ne wor.-s. 

R et1.rch on network synch.roniza. ion bas provided a ~mple and efficient methodology for elev lopin 
_ irnple and crricien prot-0cols in an asynchronous ne wor . This was achieved b. de ·eloping ., 
communica ion ro ·ocol, ref rr, d ,a ~ ynchronizcr, which ra.nsforms an arbi ary synch onous protoco 
10 .:uch a w.:i_· ha he resul in"' prowcol run correctly on an asynchronous network. The synchronuer 
i . in ,fr"<:t;. a. compiler o,r high-len:l :synchronous algo:d hms on a low-\cYel asynchronous machine. The 
prop ·ed ynchroniz r i.s prov c to be op imnl as far as i t.ime and communic:a ·on r~quiremen ~ are 
cone rncd. It a.I.so yields im rovement for existing problems, e..g. , distributed Bread •fir - earch nd 
~faximum Flow. 

The rcsC<arch o di~tributed Breadth-Fir - e rch algorithms -''AS conducted join y with R. c ~11 er 
, .ffT). Thi~ problem a.riws in rtlla.tion with e erricient ro ting of messages toward a eertain 

d tin a ioo od . • numb r of a.1gorjthms have been disco,, e,d whose comp1exi ies are clo~ to op .i l. 
. no h r graph toblern h.a.t as investiga d was he problem of cont ucting {di tributedly) a, ~panning 
Tree in h ne work. An optimal algorithm £or t..hi p roblem was found. 

R areh on de ee ion and reso1u ion of deadlocks in a communication net ·or.: was c:on.duc ed "oi ly 
with with _ 1.ii::nli . Deadlock 01:curs ir he amoun11; of work hat the ne •ork att~mp .. to perfor requi 
rnor resourcts ham he network ac ually h .. A.s a. result, differen net.work tran_ac ions - el _tuck in h 
rnjd lie, im:e no rnn~a.ction can ere enou b resources to proceed to i completion. Efficien solu ion of 

h.i · ptoblem would r ult in improYed performances of communieation networks, a d ·would preven t 
wasting precious rcs.ource.s like communica ion bandwidth and memory space. 'Ihe main coo ribu ion or 
th. re., arch ls a new protocol for deadlock resolution, which deals wi h he most general iorm of 
di?adlock. . lt complexities in communication , time, and memory requirements are op imaJ. 

Cryptographic pl'Qtocol· .in un:reliabl network \ ere investigat d jointl • with Chor, Oo]dwasse d 
, 1ica!i. The main problem being sturued was i·m lementing simul caneous networks, here th nbiliti of 
potential dvc aries are Limiwd. ~ any unda en al protocols (e.g., coin nippin , contrac igning, etc.J 
c.an be impl •m n ed quite e ily in siruul neous networks. The protocol which wa:; dev loped sim a. es 
imnl aneous n twork by a non-simultaneous netwot·k, provided that the number of adversaries is no coo 

big. 

w rbuch la.ns o, continue research in disLribu ed a.lgori hms n.n.d eomrnunica ion protoeol . e is 
mninl. interested in emcien al ori hms for pra.ctice+orien ed pr~blem.s. 1n particular, he plans o work 
on protocols for impJem nting atowc access to . bared regi t.e.r for asynchronous system or proces.<>.es and 
rin hierarchical ro11 ing ch mes in ne ,vorks, Another pmblcm he plans to work on is the d~v lopmen of 
modular way of describing dlstribut d algorith 1~. 



3.1.2 B~y Cb.or 

Chor wot ked on v arfous a.sp<.,c c.s or rnmlomii ed agrcemem al god thrn.s in un rnh,ibl e d 1...i 1·i 1 1111 , cl 
i~m•ironmenl.. He :s~udie-d the i1nri-lem~nta.tion of simultaneous broadcast ' n Byzantine em·iron ('nl (joc:,r 
wa1·k ·ith Goldwa.sser, Micali and werbuch). Together with Merl'itt (NIIT) and hmoy , h • <levl'lopel! 
proto(:ob fer di l'ibuLed tonsensu in const.a.n,t expe.ct d time w:h.h impro ed faw.t LO era.nee i11 v:i.r 0 11 

syuchronous and asynchronous failure-by-omission scenarios. Chor wrote a. survey pnper (jo"ntly vdt 
C. Dwork (ffiMa J)) on randomized alg,orithIRS for fault-tolerani:, distrib11.it.ed agreement. 

Chor invcsti.gat,e,d VlSI implementai~ioos of exponeniia,t.ious in rmite fields or cha:ra.cteri ·tic two, which is 
th computational bottleneck o! a public- ·ey ccyptosystem a.t, e designed in is thesis with Ri e;, . 

addition he worked on improving schemes, for ext:ra.ct'ag tw.biased bii.s ham ,,•ea.k aurces of rn.naomn 
He also worked on bet.t:e:r lower bounds £or probabilistic communication comp exity ( cantmuing past work 
with Oded Goldnich). 

3.1.8 Peter Elias 

Two simple-minded da.ta-compressioo rugodthm1, ha e been a.naly:Zed which perm.i immediate _:m:odin of 
~ch m age wi hou delay or ·nowledge or the t.a.tistica.1 charact-eristics of the- me · ge sourci.: 1-':i 
Rece-iver and transmitter need onl.y agree io adva.nce on a.n indexing of the pos1(b] m~g:e:s by che 
positivf: integers and on a- sequence of (Yaria.b e-lengtb) binary oodeword5 which repr~ent those tnte""er , 

rio ooe of which is the. beginning of another. In the "Ol'ith.m simplest to implemcn , the transmitter 
encodes eac.h message into the oodeword hicb r pr nt. the. tot.Bl number of mes\i:a sent since i ln5l 

e<:cu.rred. The dat-a. structure l"equi.ted is simply an array hlch stores in index ordl!r the coumer tea lng 
a~ the most r cent occurrence of e&ch message: an implemen tion could :nm very rast. A somew .a 
better scheme, wi h much more complex data structure :requirements encodes e;i.c. message- into ih(• 

codeword 'Which r presents the number of distinct mess.ages sem since its last. occurrence . It has also be!ln 
ana.lyied by Bentley, ,et a.l. ff a good s-ct or codewords · chosen to re.present t.hc 101..c er: chen ither 
.-: h m can do most as weU on l!Jl)' finite sequence or ta.'t as would an off~line Huffman encoding wb1eh 
measured the frequencies of the letters wa the ~qneoce and desi~ed a code to ma.~h , providing that he 
infon:na.tiou per letter of te:ia · no too ma.1.1: £or example if t e text. is a.ken to be a equence of words 
ra her th.an letters. Other adapt ve on~line schemes can do b lit1':T, but at dded cos in compkxit.y, nt 1 

of concep and or necessary data structure. 

3.1.4 Oded G oM.reich 

Goldr·ekb has been mainly intierest.ed in t.wo topics: iero-k owle.dge- proofs and sort.. are pro~ctiori. In 
addition he imprc1Yed the Goldwasse:r-:Micali-Ri\•est signa. are scheme, and has been wor ·mg with Cher on 
developing better schemes for extracting unbiased bits ro:m. wea. sources of random 

Together with Mkali and A. Wi den;on (UC-Berkeley), h h dcm.onstra.t,ed he g;enerality and w1 

applicabilit of zero-knowledge proofs, :a rundamental notion introduced b}• Gold·wasser, ·lica.1i 4-lld 
Rru::koff (Toronto}. Ze:ro-kno ledge proor: are probabilistic and int-eractive proofs that. dfic1en.tly 
demonstrat.e membership m a language without conveying 3-Il)' additional know edge . o far-. iero
know)edge p:rooL has be ·n known tor som-e n11:mb~r theoretic lnnguages in the inwrsection or rP . nd 
Co- W. Under i;he \'ISS.ump ·on aL encryption runc~io.ns ::i~ , h i shown hat U languages in :\"P 
po~ ss Z,ero-k:oowledge proofs. This .r uh . used to prove two rundamental theorem ia the fi ld or 
et·yi:>tog;raphi~ protocols. These theorems onsi kt of standard a.nd efficient transformations tha~, given 11 

protocol that i eotr~ct with respect to a very eak .adversary, outpllt a protocol correc in he mo·t 
a.d..-ersa.rial enario. Using no assumptions, zero-lmow],edgc proofs for both gra.ph isomarphjsm and 

raph nan-isomorph.ism, are presented. 
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ortwa.r prot c ion is one or the mos imper ant. ~es concerning compu er pra.elice. Th probl m is Lo 
seH programs hat can be exeC'Uted by the buyer ye · can.no be d plicn d and/ or dis ribu ed b · him o 
at.her u er . Goldrekb ma.de · he fir s p toward a. heore ic natra n of sof :wa:re pro c- ion , ) 
distillin and formula mg he key problem or learning about a program from i e>.ecutio , a; d •,· 

res n ing an efficien way of cxecu ing program ·.e., an interpreter-) such that h, is infeasible to learn 
any hin abou he progr-am by monitorin its executions. Curren cryptop-a.phk techniques :i. b 
applied to keep ch con Len of the memory unknown hrou hout the execution, bu are .no• applicabl • o 
h problem of hiding th ace pat ern. Hiding th &ec patten1 efficiently is be esseoce or new 

solution. It i shown how to implement (on- in ) t fetch instructions to a memo: of iz m by m ·ing 

I-mt ac ual ace , for every fixed E>O. A reasonable stheme that p1"otcct$ a.gains duplication foUows. 

Goldreich served on t.he program commit or Crypto85 conference. 

S. .5 Shafi Goldwass,er

Goldwa.."-Set ha.-; done research 
proof ~yst.etn . 

t;,; ·o areas: tomputational num.ber theo and the tud) of inte acti ·e 

Goldwasser and Kilian cle, ised a new probabilistic primality test. which outp ts a 1•shol"t" (detcrm· ist.ic 
polynomial ime verifiable), proor or correctn of its assertions of primality and compositeness, bus its 

ertion.s o primali y are ertain ra her than being correct with high probability {if a. air coin L use" 
or d pendent on unproven ert"oas :is in the tests oi Mi1ler Solo,•a.y~ ra.ssen, and Rab" fo • i~ 
assertions of rimali y are certain rather han being correc with high probabili ;y. The ,~t. termina 
in eirpected pol. nomiai t.ime on all but at. most an e:-.-ponen ially Yanishing fraction of t. inpu~ o 
lcng h. 

Thi result sho, · hat: 

• The.re exist. an in.finite e of prime, which can be recognfaed in e tpe,ctecl polynomial time. 
• argc ccr ified primes can be genera d in e,,,,']leeted polynomial time (a.II p:reviou methods 

were heuristics). 

l;nder a Yl?l'")' p]ausible co dition on the distribution oi primes in "small ■ interVals, the prnposed 
algorithm tan be shown to run in expected polyoomia.1 time: on very jnpu . This condition is implied b: 
Cramer' conjec ure. The methods employed a.re from the heory of elliptic cnrves over fini e fields. 

Goldwasser and Sipser examined the r ;\lt1ve po er of two interactive proof system_ genera.liz.ing . . An 
intera.c iv proof .system is a. methocl by which ooe part• of unlimited resourc , the "prover" , can 
onvince a party of limited resou.rces, he "v~rifier, a of' th,e truth o{ a, propooit.ion. The Yeri 1 r may toss 

coins, ask repea ed questions of the prover, end run e!ficient c.ests upon t prover's responses before 
deciding whether Lo be com·inced. T is e_·t.ends th familiar proof system imp icit. in the notion o NP in 
tha ther e verifier may not to coins or- speak, bu only ,ist~n and \'eri£y. n era.c ,i e proof :stems 
ma.:,• not yield proof in the strict. ma hema: ·cal ense: the "proofs• are pro abilis ic wi a.n xponem iall. 
small, thou h non-z~ro cha.nee or error. 

Two notions of int.eract"ve proof SJ m ha.ve be~n defined. One, by Goldwasser, ficaJi, and Rackoff 
p rmi the vel"ilier a coin a. _ can be toss d in 11 private" i.e., a secret source of :randomness. The 
second, due 1iO Babai requ"res t.bat the outcome o.f he verifier's coin toss be •public" and hus accessible 
t,o the prover. 

Goldwassi:r and ip er :;;bow that he two systems are quivalent in power wi h · espect to language 
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r1:cogmt10n. Thi r ult ha:s implicatiom; on the ease of design or crypoograpb.ic protocols, -as in ra.ctivll' 
ptoor systems provide useful [ra.mewot · t'or st dying t-he correctn~ o.f cryptographic protocols. 

Goldwasse.r has co-organi:ied an TSF spon.sorcd worksaop on the M thematic Theory of Security, v. hich 
was he] d in Endi cou house. in the past summer. She is cliU"rendy on e. program commi tLee or Crypto 6 

3.1.6 Leonard S. Heath 

Heath completed his PhD in oomputet science at the University or ~orth Carolina in Aug~t, 986 6i 
He has worked on Lhe book emb ddin.g problem, , h.ich is re!a.t.ed t() th realizae ;ion or array or Vl. "r 
pro~es:sor fauh .... tole:rsntly. He bas deVti1oped a.igQrit.hms for embedding various dasse - of g:ra.phs in boo.·. 
[6 }, [69]. Rece11tly Heath and lst,rai) (Wesleyan niversit-y) ha.Ye ohiained an efficient algorithm for 

embedding a graph of genus g in a boo or O(g} pages ['iOJ. This dispro es an im.pl cit coil.)ecture of 
Bernhart. and Kaincn that the page number of genus g gup.hs is unho nded . 

Bea.th will con inue research into a.pproa.ches for fault-tolerant. computing. He hopes to de lop 
approaches t.hat are both theoretically sound and practic:a.L 

3 .. T Tom Leighton. 

The highlight. of the year is the joint wor • with Pet.In- Shor {MSR!) and Ed Coffman tBdl Labs) on h 
minim.ax grid matching problem. and its application oo the a.•11era.ge ca.s-e ana.ly ·s o gorithrn for such 
problems as bin packingJ dynamic allocation and wafe.r-sc e integration. The wor also turn ou to 
h,we applica.tions to ;some pbna.r matching problems, possibly to testing p eu orandom numbe-

1mcrators and to some problems in mathema.ticaJ statistics. Leighton spoke a.bout some of lhis ma.tei-ial 
at last yea.r's review, and is in the. process of finishing off th related papers now. 

LeightoII is continuing ork on cbanne routing ·ith Berger, Donna Brow (U. Co oi-ado), and • 1arty 
Bra.dy (U. n1inois). They are in he process or improving the bounds and algorithm- for cbaon 1 FOuting 
in two or more lay rs. The results a.re not ye p:ra.ctical, bu a.re definitely gcttin closer. The la;;t 
1 actor of wo 1 froni the channel widths produced by the algoritllm he.E beeil eliminated, wid the focrus i:s 
now on the dditive terms. 

Leight.on is also continuing work on the development of algorithms for int.egrating two-dimensional a.ua s 
on wafers that con ai:n .faults. He is looking at bo~b wors case and a:Vel"age case models, and is opl.im· tic 
that recent resu]ts will prove. to be practical. Leighto11 is working with a. UROP student ov r the ,1.1mm r 
to implement the most recent. algorithms on realistfo probl ms. 

[n the coming ]fear, Leighton hopes to return to ca.rli :r work on e problem of cfl'ieieTit.ly i-outi ng 
m ag, in a. fixed connec: 'on net ovk, nn increasingly importan problem in parallel c:ompm.ation and 
an old fa,·orite. The probl ms i th.is area ha.ve mostly been solved 'theor ically" but most of t e 
solut,ions a.re inefftcien £or small values of (say :::;:-22

•\ which of course is where all the ac tion is. lt 
would be nice to find a theoretically sound and prac-tica.lly efficient sche:me for rout.ing messages in a hi~h. 
bandwidth, low diameter network S1..1.ch 85 the. hypercube. 

Leighton is a.lso planning to work on the d~ign and analysis of ethernd protocols which work well on 
a.¥crage. Currently 1 mos:t ethernet :systems use. a protocol called exponential backoff to dc.c1de when o 
etrn.nsmit a mess.age that got garbled because of imultaneous tnnsmissions. Wbile this has wor ·ed 

rea.:,onabl. ell in pn.eliice so far here is •ery ::.frong •jdi:ncc that the protocol wj]l s art to fail 
drama ·c.i.lly AS the t.raffk on typical e herne ron inues to increa.t::E!. He has an xceU m cnnr:lidat for 



7 

rrplacing C:."< onenti I backoff, and are currcn 1: rying to prove ha. i will rork, even ror ,•ery high 
level of m~ ag raffic. Th experime tal evidence is ,·cry encoura ing a.nd already H:astad (who , ill 
po:;tdoc in the . 1a h Dept. nc-x year) and Leight.on ha.ve proved some fml · posi ive lemm concer11iog 
p!i!rform nee. 

By for h bi " projec~ (both recen ly and in lhc coming rear) i Leighton's book on 44An In roductiou 
·e works, PacaUel Computation, and VL I D ign." The boo· ·s b~d on the c-our e 

ha h has augh for tbe las hre rears on paralh.11 computation and VL l design, and 15 planned to b 
u ·able as n tex ,book and a refer nee te,..; for people wor ·ing jn h field (probably a hope1t 
combina ion}. o rar, a.bout 100 pages have been writ en. 

3.1.8 Charles Lelse.rson 

Lei r on has con inued his work on Yolwne-uni rsal etwor-ks and now has s,e\'era.l improved designs. 
On ·imple ne work cont.a.ins only n mall , itches ro a ne work wi b n proces..~rs and i. a 
generalization or the Benes network. He and Gn:enberg have di -<:OYered gooo m ge- muing algorithm~ 
for his and o her volume-universal networ'k _ He has also developed wj h Mag a PR.Al 1-)ik'! 
abstraction of volum~universal ne orks. The new model, c led a di-stri6uted random-at 43' mac.hin~ 
(DRA..',·1) allows tile communication requirement of an algori hm t.o be. eff ectivdy measured. 

L iserson ha.s also been working wi h iili on 1rhe scma.nt,ics and timing .;}nalysis or doc ·ed circuit . and 
with Kilian and K.ipni on understandin"' the po,; er of mult'p e-pin in.te.rconnections. He was t.he pro raw 
chairman £or h r en ourth fiT Confer nee on Advanced Research in VL I, whos,e pr~eediags is now 
11 book from ).UT Pr . He alro on Lh t, Present.a! ion :ward ror his pa.per on fa tre at • b~ 19 .S 
fot.ernatioan.l Conference on Paca.Uel Processin . 

3.1.9 _ a.ncy Lynch 

Lynch' res arch is on theoretical aspects of dist.rlbu ed comput.a.tion . This involv · design and aMlysis or 
dis ribu cd algorithm , p:roof of ower bounds, and formal mod lling of distributed a mithm. ana 
y terns. 

A major efior was a system modelling project, with collaborator Dr. Michael Merritt (. T&T &n Labs}, 
in the area of dis ributed da.ta.base concurrency control and resili.eucy. Tb.is area i:s of critical impo:r l. nee
to distri.bul<!d computing1 but- be work was previously des,cribecl in hundreds of unr~la.ted esearch 
paper , with rio om.m.on rramcwork o aid in comprehension. Lynch and Merritt developed a satisfa~tory 
common fram work, and used i to presen a.nd ,•cri!y, a: importu e~eh.1~iv~locking algori hm for 
concurrency con rol and re-s.ilieacy . Th ;• are aow extending he resuJ to many oth r gorithm_, 

Other work im•ol...-ed speci£~·ing properti~ a · can be gu.aran ed br (non ri li:z.a.ble) highly available 
replicated dat:.i.bas -' ems. i\no e:r project, join wi h den Mark Tuttlet involved establi hm a 
basic model or concurrent. comput.a ion which could used in ca.rryi g ou h.ierard1i.cal correc ness 

roof for di$tribut-e<l a.lgori hms. \York with t.udent.s Brian Coan, Jennifer Lundeliu and Afan kete 
invoh• d deiermiain he cos of o1viog v:-\rious p oblems of reaching consen u in fa.ul -prone 
di ttibu ed n tworks. 

For further details and r ferences, s.ee th repor of t.h Theory of Dis ributed Cornput.atfon research 
roup. 
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3.1.10 Alben R. Meyer 

MC')' •r's r . arch focu - 011 the :emantie: nn logir or p1'-0~rnmming langmt.p;I'~-- Hr= r,· ,•nil) :-otv •d ru1 

upt·u prnhl!2m of :-.ome ycrir ' sta11di11g 11.hout iuio11 Lie ~cl nr.:. of rogra.111 [ !JU l Ii.-. JOi11 L p:1.pcr wi LIL 

Reinhold jlOl] analyzes th differing cri~ria desired or expeeted of t,yp~hecking di iplio and 
establishes that the. a.ppea'ling ~type of all types~ concept or polymorphic t:irpe. dis~iplin rio ates rna.ny of 
tnese c:rite.ria. M.eyer also gave a.n. mvited lecture on these issues at tih.e. 1986 ACM Symposium on 
Princip]es of Programming Langua: ~- Fo:r further iworm.ation on specific: research topics, ee Lhe 
rcrerences [10 J, [100· [28], [101 , ">7], and the persona.I reports of h.is students Bream-Tannen nnd 
Reinhold (working on type theory), and Bloom (on concurrency). 

~·t!ly r upervised two weekly research sumina.1-s, on on semantics and Jogie or concurrent proce es 
(jomt.ly w1 h Lynch) a.nd another on types in programm·ng (jointl ith Trakhte brot}. Both :;.emma.rs 
were attended by faculty from several local univerSities as we l as MIT. He was . rogr m Chairman of 
the m:wly o.rga.ni.zed TEE yrnposium on Logic in Computer cience held June 6-U!, 1D 6. He cont irm~s 
as Ed.itor{-in-OhitT) of' the journal Information and Oonr.rol, and is an Editor of a major Handbook L')f 
Theorc~ical Computer Science to be publ~hed ~n 98'7 by i Ol'th•HoUa,nd. 

3.:1.11 Si.]vio Micali 

One focu of Micali's research h been on the use or randomness [or pFoving t eorcms. Micali an 
coauthor- have explored new avenues for etfici •nt,ly proving theor•m ~bat ould allow one to ha.ndl 
mor th orem.s than in the traditional • r " framework. So far for example, it as no known wh th r 
a ~ prove'r'\ even having infinite powe.r, could quickly convince a. po1ynomia.l-t.i.me "verifier'; that two 
given graphs are not isomorphic. These invt>StigaA.ions re.sulted in a new, probabilistic .:md in eraeuv way 
of provmg theorems. For example~ this way is powerful eoougb to allow a.11 eC lcient nd inuratt:ntt 
verification of gya.ph non-isornorphi.srn. ·ca.Ii intends to determine the power of he theorem-pro ·in 
procedllre and, more generaUy1 to determine wha.t theorems ca,n be proved in any other cfficien way . 

Another focU$ is me.as111"ing and reducin the • a.mount of k.no ·ledge'' conveyed b~· a communication 
Thi$ ~ the basis of a rigorous and general study of the slippery riek of cryptographic protocols. or 
pa..rticular interest is a. new • c:ompiler-typell algorithm tha.t.. seem (undam.entaJ in tlte the design of 
crypt.ographk protocols w· th more than t\ ·o participants_ This algorithm given the spccirication of any 
protocol for tot.all' hon ~t, parties (which i usuaUy lrrivial to design)1 outputs a.n a.ltt-rna iv and 
equivalent protocol t.ha.t remain c.orrul eve.n if u,. to ha{f or it.s pa.:rt..icipa.n deviat £or their presc-rihed 
programs ii:1 an arbilrary (but polynomialTtime bounded.) ay. Micali proposes to extend his ~ compiler~ 
ro handle the case of two-pa.rlry prot,oco1s as well 

Re also proposes to develop theory in the field or asynchronous distributed sy:itcrns w en all parhc11pant 
are reliable. Here the adversary to defoat is he arbi rary .11.rrfril time or me-">l!ag . Th only g;uanin ee 
we have i that a ll mess ges wil be eve .tua.lly aU delivered. Howe\'er, messa.g:es sent firs may a.uive la er 
and we do not have an upper bound the time tha-t will t , . ~e for a mess.age oo reach its redpient . Cle::irly , 
finding robust good solutions in this extreme model will, a fortio'l"i , imp]y having round good solution~ for 
more reasonable models. 

s. 1.12 Ronald L. R~vest 

Goldma.n and Ri es-c h vc been investigating ways to impro,•e the efficiency of computing the ma..Yimum
cntropy probability dist:.ribution , ivcn ~ ~ of con tra.in:ts {in tet"ms of expe~ted valL1es for t.he un nOl•m 
di 1 ri ut.ion. They n.re working on improveme.n to a recent ap roach uggesr,eu by Peter Oheesem 
(::,,.rASA}, which is imibr in. spirit to he riil-in-mi.n.imiza.tion problem tncoun red when olviil" p~ 
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~m ~- The. ex ect th the technique being: deve-Joped will yield ,.,ery sub tantial improvem 'n "' 
time , in practice. ( ome ex erimerila ion is needed to va id:at.e thci:r id on r a.lt- Ii 

since b running tirne.s a.re cxpone11 ially sensitive to cer ain cha.ra.cteristics or the input..) 

Riv t has invented three new algor"thms for the con rol of a broad.cMt channel {of the lotted-. OR 
tfpe). The:,,e algorit,tnns nre called Bayesian Broadcas •, Pseudo-Bay ·ian Broadcast., d Reci.trs.iw 
Pseudo- Bayesian Broadcast. The essential character" tic of h~e a1gori bins · thal. e~h tat.ion w1 I use 

y ' Rul to ·:rtim.a. b prcbabili y, £or es.ch i-. th exactly r stations have a pac:.ke to trans 1 m 
the next tim lot. Her a.ch station receives r cdback as to whether each lot ·was empt;, ucc fu1, or 
contained a co Ii. ion. Experimenta.1 resulU) (conduc ed by Michelle Lee) show hat t.he Pseudo-Ba.yesian 
Broadcast algori hm has signirican y l~s dela.y han previo ly published. :algorithms. _t is also extremely 
imple to impl ment. ( fo e reeen ly1 J. Tsit.sikli.s (~UT) b.as proven t.hat i i s able wi a packet a.rriv, 

rate of up to •l pack - /slot..) 

Rivest has worked wi h Bloom on Ah tract Al" - t.he study or om:pu atio eebanisms at em m to 
learn an environmen into which they have been placed.. They d rived conditions on the environmcn 
which permit t.be n"•ronmen to be ]earned effectively. 

With Sherman and Kaliski, Rivest. has invest.igal;,t>d the secud :y o the Da a Eacryptio andard (DE 
L'sing a pedal-purpo e boa.rd for co:mpul.in DES quickly- on an IBM PC, the: r expe iment.s to 
d ermine whether DES suffers from being n. ure cipher. ( uch a weak ..: ould allow a yery err cie 
au.a.ck to be moun ed against DES.) They found no such weakne.o;;s. 

3.1.13 Da:vid Shmoys 

Sh mo • has been s udying :sever al p roblcms i o fa ul t~tolerant distributed computing. 0 _ e of the 
fundam nt.a! problems in this area. · 'Byzantine Agreement", where each proc,essor tarts with a. privat~ 
inpu and a termination all processors that opcrat.e correctly agree on an outpu ha dep nd non
trivially on he inpu (e.g. U all correct proces.50 have the same input bi b, hen t e o I put- bir i 6.) 

hmoy , in joint w,ork with Chor and ~1. Merri . (MT) gave a family of prot.oco ha t.erm·nl'l e io 
constant expec ed time: while tolera ing a linear rraction of the processors ailing. Tb.e results hod in a 
vari ~, of computation mode , botb synchronou a. d a.synch onous. However th.is al orithm tolera e:s 
onl. a. benign t.ype or failure, here messages may not be delivered but messages w icb arrive are corr,ect. 
In epa.rate wor · Shmoys also prov·ded a fami y of protocols that could band]· arbi rarily malicio s 
b havior by fa.u! y pro or; bu for th· appro.ach to tolerate a linear fraction of faul y processors, the 
expec ed completion time grow to log log n. 

hmoys al."O con inued hi investlga.tions in the design of provably good l:ieuri ic procedures for the 
solution or io ractabl opt.im.iza~ion probl ms. Th central notion in this or - ·i:; that of & dual 
n.ppro imation a gorit..hm. raditio al (or p1·imal) approxim.ition algorithm .seeks a. feasible but. 
subop imaJ sohnioo for the problem ,.,h e t.hc degree of ubopt.imality possible is bounded. A dua.1 
approximation algorithm eeks a sup roptimal but.. miea.sibJe soJution fort e probl m where the degree of 
inreasibility possible is bounded. m ad.di ion t.o heir immediate application, Shmoys has shown tb.a.t dual 
-pproxima ion a!gori1.hms are oft~ useful in the design or prim ) approxima. ion algo ithms. Thi 

gimeral rate . was applied in tbe case of se-veral ·chedulin- prob1ern.s. For all or these problem the aim 
i to · ign a given set of job to a et of pa: a.I.let processors, so hat all jobs ar completed as quickly .; 
possible, H he ma.chine ron a. idrn ic-al speed , or if he processing requirem n for each job varies 
uniformly on different machine, hmoy pro"·ed I.ha here .i a polynomial approximation sch me, t.her by 
showin.,. th:i: solu ion !IJ.'bitrarily close to the optimum can be ob -ained. In. addition, hmoys showed 
hat iI b processing imes n.ried a bitra:rily from ma.chine to machine, hen here ,,.1a,.,: an algorithm ha 

produ ed solu io:n within a ogari hn ic fact<>r of h optimum. 
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3.1.14 Michael Sipser 

.Sip er bas been continuing his work on qu Lions in compJexity theory. Recent. r ult.s in~lude: 

• the cquh•afonce or publie-coia and pr"vate-coln interactive proof -s:,•stems joi t with Gold,vasser 
[59] d~dbed in het see ·on above, 

• a. ~onnection b~t.'V,een expander graphs an<l tbe reh, .. tive. power of time versus spa.ce [119 ]. This 
second :re~;ul :;ho,w that explicit. cornstruction of cert.a.in kiPds cif eXpander g;r phs would 
enable t.heu- use as "randomness magnifiersu ror simuia.ting randomized computation . 

Curren emphasis- is on developing ne me hods for proving the inherent c-0mputationa.l compleJ\ity of 
varie :Y cf problems in different. settings. This Fall Sip r ill conduct a emmar to ti. rvey the la t 
results and to discuss furthe.r directions. 

3. l .15 B.A. T-r khtcnbrot 

Tr-akh t..en brct.' re,ni:rcb focus is on computability , ooquentinii ty, and .inv aria.nee of functionals OD the one 
hand, and the language constroe hieh are able to expr.ess them en the other hand. The goal. is t-0 
develop a lllill. ing approach based on the theory of typed lambda,-i::alculus and logiea.1 r lations. Current. 
pl3.I15 a.re a.bout. the comparatin study or diffuen approad1.e:s to sequentiaJjty: 

• the :semantical a.pproach (as in ear· er wor • with his students}· 
• th syntactical approach (as in the rewriting paradigm); 
• inu.:rprer.a:tions used in Lhe theol")' of ooncurrency. 
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3.2 Student and Visito 

3.2.l 'HHam .A:ieHo 

Aif'IIO bas b n wor'·ing wi h oldwasser and Hast:i.d on open problems concerning Arthu1."- 1erlin ames 
:iud ln •rl!JiiCt1ve Proof (IP). Recen ly, they eon tructed an oracle which sepa.ra ~ the d u gc~ 
re-cogniz d by IP from th polynomial hierarchy, particular this impljes that relativ to our orae 
more la guages can b re<:ognized by IP' (or nbur- erlin games) with e. polynomial numbe of 
interaction~ hari wi h a constant number. This ill lll'n gi,•~ evidence tba b.e unr 12' iviz-ed sta men 1~ 

also true. ,vc also hope to show hat Babai' met.hods for proving hat the Al hierarchy col aps at the 
'concl level are optimal. 

3.2.2 Dave Barrington 

Barrington has b1en finishing up his Ph.D. research under ipser in the Math depa:r -ment. He ha; bee 
tudying branchin programs, a model or computation where the ettings of Boolean inpu ariabl 

determine a pa h hTough a directed ac:yclic raph to a. final node bieh a cepts or rejec he inpu . He 
showed th.a branching programs of consta.n wi t.h and polynomial size are much more powerful han 

r .,.-iou$!y belie ed - they c:an simula e aU of the parallel complexi y c ass NC1 (Boolean circuit of fan
in two and depth O(log n). 

Further work bas _bown that this unexpee ed power com.e from the ability of branching progr m of 
width a le/\ t riv~ Lo rep·rescn non-solva le pcrmuta.tion groups. Recently, with Deni;s Th e ien ot 

1\. cGill l-niv t$Lty 1 Barrington has u ed the connection be ·een branchin ~ program and finite monm d. 10 

give new characuriu.tioos of impor an su c ass of C1 . He has also applied his ain r ult, Lo how 

thn. Boolean circui or idth four and polynomial size can reco.,.nizc exactly C1 . 

Barrio ton has been worki g with comp]e,xj y classes with very constrained resourc , such as • C 1 or 
lo pa.c Turing machlnes. These classes can serve as an importan la.bora.t.o:ry !or developing in;.ight5 
about more eneral comput.a.tions and he b"g question - wha do non-det.erminism, random 
paraJJdi m, or non-unirotmi y add to compu ,ntiona.1 power? 

In Fall, ' 6. he will take a., facult.y posi ion in · he Compu er and lnforma ion denc departmen or the 
Uni •ersit.y of !'1.·fassachuset , Amhers , but expects to be a freque ; visitor t.o l\. 1T. 

3.2,3 Bo,nnie .• Berger 

Berger and Leighton have worked on achi v-in better bou.ods and algorithms for channel ro t.ing. 
Channe\ rout.in pla,ys a. crucial role in ilie developmen of au oma.t.ed la.you sy tem for inte rated 
circui . Join Ty with .Brady ( . .) nd Browu l . Col.), th y h :ve developed algorithm for rou ing 
c:hann l with s:e\'erru layers l 7J. 'l'hey no only have achieved sub ·amtial new resul , bot hav pro •id 

unified framework in wbich many prevfouslr known results can be obtained. 

For h un· -vertical-overlap model, t. ey have developed a ~-la.yer channel routing algorithm whi h uses. 

l\ mos~ d-.O(a'1l 2) tracks o route wo-point net problems and 2d+O(d1l 2) tracks ro rou e mui ipoin 
net . Th . · h v also shown a d+n(log d} lower bound for routing two-point nets on 2 la.yet'$ e\'en when 
um·estl'icted ·er ical ov~]ap i aHo,.,ed; hence, heir upper bound is nearly optimal even in a mor g neral 
e tina. . 1oreover, hey hav demonstrated he robustn of their algorithm by Mhowing how i can be 

d t.o obtain he k:nown bounds for he Manha tan and knoc:k- nee model . 



Finally, hey generali:z:eci the algorithm to 1mnstricted multilayer ?'Outing and used only d/(L-1) ...1... O(dl 12) 

t.ra.cks tor two-point nets (within O(d112
) tra.c:ks of optimal) nd rl/(L-?.) + O(d1f2) ua.cks for muhip-omt 

net problems (within a factor oi (L-1}/{L-2) times optimal). 

S.2.4 Bard Bloom 

Meyer and Bloom are studying lhe de.no: ationa.l semantics or par lel and nond t rmini:stic procc cs 
Dana Seo t's -ver·y successful models for ihe e.manlrics of equen1ia!,. deterministic :programs do no ·xknd 
naturally t,0 the mote general domain. Thue a.re a. number of proposals fol' a replacem nL; ~!eyer and 
Bloom re i ll'!.'e$tlgating :;.evera1 of these morle1s. 

1 leyer and Bloom are also investigating t e complexity or t.he operationa] •manti~ or 1-filnet\ ~cc~·. 
They h.a.ve proved tha.t the problem of deciding if an arbit.rary progr:tm can take a sini:;:le sl.ep 1.s not 
recursh•ely enu.merabJe, under S10me barely re3;50nable assumptfon.s about the set of actions. They are in 
the pro-c~ of extending this resu t, to completely reasonable assumptions. 

3.2.5 Ravi B. Bopp.an.a 

Bappana. bas worked on proving lower bounds for several ra;trict.ed model oi Boolean circu.i • His Ph.D. 
thesis [23] on this topic was completed in . fay 1986. 

he first circuit.. model studied is monotone tircuits. A major deveJopmenL appeared i [A. A. R.azborcv 
"Lowl.l't bounds for the mo11otone coinplexiey of some Boolean l'unctions," DokL Ak . :-:auk. SR ~ 
{1985), pp. "'9S.. 01 (in Russian}. English translation in ov .• fatb. Dokl. 31 (1985), pp. 35-1-357] " ·hi h 
showed t.ha.t monotone circuits detecting cliques in graphs must h.a.ve superpolynomial izc. Alon aud 
Boppa.11a •2] show t.ha.t the lower bound ean be improved to exponential size. 

The second model is that of Boolean formulas. [L.G. Valiant, bort monotone fo1"mulae for the majority 
function," J .• A.Jgorit.hms 5, 363-366, l!.984] shows that the nia.jority function l,35 short monotone fom:iulas, 
his const.mction uses the general teehnique: of combining independent copies •Of probabilistic formulas to 
amplify the pe:rformance of the formulas. Boppana [22· showe.d that the amount of a.mpfirica.1.ion 
obtained by Valiant i actually best possible. 

Laga.rias and Boppa.na. [25] studied the computational complexity of cheeking a. rela.tion versl1s evaluat111. 
a. refo.tion. Hirseh.feld and Boppana [25] w-rote an. e.,-pository paper on pse.udorandom number gener-a.tor 
and Lhei1· l'elationship to complexity theory. HDSto.d and Boppirna [24] studied approximation prnper 1~ 

or constant. depLh circuits. 

Boppana. plans to oontinu work in Boolean circuit complexity. In pal'ticulru- , he ill mnstigale w elh'-!, 

c.he recent ]ower bounds for monotone circuits can be extended Lo the nonmonowoe case. 

3.2.8 Val Bl'.'eazu-Ta.nnen 

Brea.z.u-Ta.anen has studied equation tiype disciplines (see [27]} and X-ca:leulus with least ri.-:pomt 
opera.tors. He served as organ·:2~r for tihe TOC " Types in programming' seminar when~ he atso mad· 
several presen a.ti.ans. 

His current. intel'est.s include: 

• C.on-ervafr'ie extensio Ll eorems in typed >.-c culi; Polymorphism and . ccond-ord i.::r 
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>--cakul : Dependent ype and the calculus of coostruc~ions; elations bet-i, eeu ypc: 
cfo,<:ip]in . 

• .>.-calculus wilh equational ype di iplin (e.g. types sa isiying domain equations : Typr 
cocrc1on. 

• X-cakulus "·ith ]e{I.St fo:point operators. 
,. 'Iype heory; Higher-order cat,egoric:a.l logic (cartesian dos,ed catego.ries, topoi)· Higher-or t"I" 

algebraic heories. 
• Lcgi~al relations and representation indepcndcnre theorems. 
• Learning about concrde prograJIJ.min vironments to which the ideas of the above rtelds or 

heorc ical inv tig.a ion apply. 

Breazu-Tannen's current research foeu es on cons.erva. ive extension beo ems about prog mmin 
lnngua c da a ypes. The history of programmina la.ngua, e design bas see a pr-ogressive dditia of 
powerful fea u.res such as high r-order ~ pes, recursively defined types, polymorphic ti&• es, epe denT 

rpes and others, gh•ing rise to more and mon:· complex type disciplines. Such ea.ture:s a.re theoretkally 
inod led by various typed ">,.-caleizli. Adding a new feature corresponds to .s,eceing he new cakulus as an 
e.xtensian of an old one. H the old calculus is con.siste.nt, is he new one too? . stro er qu · ion i : are 
:ill o d program p ases that. were nor; p ovably equivalent in the o]d ca.le lus still not provabl_- equivalen 
in tb 0 ·tended c.alculus? (i.e., is. he exten ion censer atin?) An affirmative answer pr Yides fo maJ 
vidcnce for th orthogonality of the new foature w'th respect to th. the old ones. a wJl-establuihed 

d · d ratum i programming language design. Both model-theoretic and proor-t.h"°retic tech iqu ~ have 
been s d to t blish consenra h•e extension, t.g., finitely ~ped >.-a:alculu is conscrvativ over an)' ri t
order equa. ional theory, but un ,yped >.-calculus is not. 

3.2.7 Jona.than Buss 

Bu ' resca.r b has been in the area. of rela.ti ized complexity theory . P evious work in this area ha., been 
1::u-gely concerned w· h polynomi . - ime-bounded ma.chines. In ·· be case of spac bounded machines, her-e 
are se "eral possible mode]s in the literature, none of which is en irely :sa.ti.sfa.ctory. In particul:ar, r ul 
connecting time and space do not relativize in I.he previous mode _ These definitional problems ha,•e 
ob_truct-ed pro..-re in this area. 

Principal work h. been be formulation of a n w motlel for .alternation orade ma(h:ines. In th nev. 
model, he co ncctfons b tw~n ime and pace bounds provided by al!..erna.tion (ALOGSPACE-P 
AP=P P C ) hold relati e to an· oracle. \ rhen t e model is re.<luced to the c of det-e:rro' i ic 
machines a - i htly differen modeJ or reiath•ized · e and a ne mod ·1 o relati-vized spac esult. These 
de armini tic model ar better-behaved t,hai1 the s andard models. Several results on the simulation of 
time b; ~pace and he simulation of mul ihead Turing maichin ho d for all ora.cles onl. - in the new 
model. This work i. reported in his doctoral t,hesi.s [30]. 

Continuing work is concerned wiLh he im lication of the new modeJ for log-space hierarchies and wi b 
rclativiz.cd robabilistic macbin . 

3.2.8 Tom Cormen 

Corm n has continued his work in VL I design' of concentrator switch building on earlier join work 
wi h Leise ,on in designing a. fast hyperconcen rat.or switch. Addr ing the p oblem of pin bolmd dnes,;, 
Carmen has dem ned an (N,m,o-)-partial concentrator switch based on a. recent technique for sor m on a. 
me h. Thi 11it.<:h uses ~he arlier hyperconc uin.tor switch as a subc:ircui , requires a most. 
'.'! ,\ l/'l - 1/ '2 log j data pins per chip, has a= l-O(/lll4/m)1 and can b packaged in three dimcn ion. 



with volume 0( ,3/2). Tbe switch can route 
output ires. A signal in urs &t most. 7 / 2 log-

3.2.9 Paul FeJ :man 

y set of k < am bit-serial m :age from i u wir·- to 

+ 0( ) gate ela.ys in passing t :rough he switch. 

F ld m.an has been working wit ficali on cryptoi;raph.ic protocols ev D before transterring to MIT from 
Harva.rd this. ear. On result of this col abora.tion wn.s an algorithm for reaching Byzantine agreemen i 
constant. :q,,ec e ti.m whenever fewer han a thil"d of the proc ors a-re fau ty [4 '. _-\.nother resu t. rui 

errictcnt scheme for verifiable s.ecret ha.ring, iti expected to be included as pa..-t. ,or his doc co al th is. 

Feldman, obtained some results a.bout connec ing network 
Pipp"nger at 1B I-San Jose. 

] working with Joe Friedman an 'ic 

Feldman .a.s been int.eres,ted in the field of interactive proof sy tems1 and bas s: own that if any prov r 
n oonvinc polynomial time. verifier about membership lB a. certain language, then there exists a 

polynomia pace prover that can do the $a.me. 

3.2.1'0 Andrew V. Goldberg 

Goldberg as been working on network flow probicm . He coau ored a pa.per 5.1] t at int.roduc:es ne, · 
me~bod ror solvin a dnssical max-flow prob e.m. Current y be· looking a other ei vork now roblen ·, 
including 0-1 Clo , muH.icommodity fiow , load balancing, etc. His other inter inclu p rallel 
algorithms, paral el archiwctures, and comp ex:ity theory. 

3.2.11 Sa, ly . Goldman 

Go1rlm3n has been wovking v.iith R'vest on theoretical aspects of artificial intelligence. "pec:iueally, 1cy 

ar- study'ng he problem of calculating the maximum. entr,opy distr'bution uti fying a giYelJ ·ct or 
constrain . hese cons· raints may he given by a.a ex-pe!'t or d' co.-ercd by a. learning program. hey 
h ve compared everal roe hods from the literature we as begin mg work on de" eloping new 
met od . Th ir method simplifies maxi UJn entropy eomputa.tioiliS by adding ex ra. con r ·nts. 

8. .12 Ron Greenberg 

Greenberg has continued bis inv igat'o of the fat tree arc itecture for genera -pu!'po1 parallel 
~ percomputing. The randomized routing gorithm for r trees which he developed with Leiserson 
demonstrates that at-trees are universal routing networks [60. . That i , in VLSI mod I equat ng 
bard ,;a:re cos wit pby ·cal volu.me, any routing network can be efficie t y 'mulated by a fat:-tre~ of 
comparabl hardware cost_ 

3.2.13 Johan Has ad 

T i.= two m jor topics or Hast.ad's rese ch have bee inwgcr lattice a.nd lower bonds on circuiL 
compl xiry. 

The wor oo lat ices consists of t o differ t I:; pes 0£ work. First applying oid techniques to n w 
probl and con Jy t-0 find new ..ec oiqu • In \.62 th1: LLL algorithm L applied to prov tha 

11 ·ud111 liuearl)' rdo.te-d m es •itb. RSA with low expon nt i.s insecure. In ~h rea. of new ti.=chniqu ~ 

th• joiut paper ·ss] proprn;es a polynomial time :ilgoritb.m hie rinds in ger rel ·on amon<> 1 ea! 
number . Tb algorithm works iu th model whe,.e real ar.il.h.mer.ic c n be done at unit cost.. 
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The work on lower bounds for circuits has been ooncen rated on sma.Jl depth circui .s. Ha.sta.d has 
e5l,ablished :i.lmo·t optimal Jo"'' r bounds for smaJI depth d:reui computing functions lih pari y a.nd 
majority {63). H bas also proved hat for any constan k here are func ions which ba,·c linear s.iz.e 
circui or dep h ~- but which require exponential size circuits £or depth k-1. Thi~ work · included in hi;: 
rcceo ly completed Ph.D. t,hesis [64]. 

Tht>se lower bounds have im.p1icatiornil for r lativiz.ed cornpJcxity. With Aiello and GoldwM er [11, Ha.Had 
has used imila.r methods to prove that there i an ora.cle .4. and a langua~e L(A.) with th follolli in .. 

roperty: L(~-1) is no in the polynomial tim hierarchy rela.tive to A, but given the oracle . i is p ·ihle 
ta dfoc ively pron member hip in L(A) using a randomized interacth·e proof. 

Futul· plans include trying to prove lower bounds for circuits with less l!evere r rictions on he depth. 
For instance to prove tha some a1>lici func ion is not in C1. He also would like to rn.ve.stigate f r hu 
the no ion of int-era.ctive proof. 

3.2.14! Rafael Hirschfeld 

The topics of Hir~chfeld's research are pseudorandom number generator and complexity theory. He: ha.!, 
inves iga ed necessary and sufficien!.. conditions for the existence of pseudor-andom genera.tor ha. c:annot 
r asibly be di inguished f.rom true random sources, as well ati. he implk tions of t.he exist~nce of such 
generator for he relationship between determin· ic and p,robabilistfo compu ation. Boppana a..,,.d 
f 'rschfeid {25] have written a.n expository paper on this and related work. 

3.2.15 A1exander T. Ishii 

Ishii, in join work wit.h Leis~on bas be n studying t.he analysis or clocked multi-phase VLSI sy t ms. 
Progress to date includes the de.velopm.en or a. n w emantic mode) for the functionaii~y of VL I sysr.ems. 
Promising aspects or the model include strong corr p-andence ,0 widely held imuith.-e notions of 
functionality. and freedom from a priori assumptions about the relat;ionshlp between differen dock 
phases. Io addition, study of the model ha..s re:sul.tied in the identification o · a number ,of clocking 
phenomena., which r ise questions about th ability or standard simulation and analysis chniqu to 
\'erify a.n optirnaHy clocked circuit. I is hoped th t, continued study will result in the formulation oi an 
algoriLh.m o compute provably opt.im.al clock phases for any specific VLSI system. 

3,2.16 Bu:rt ,aliskii 

K.a.tii,ki completed exp~rimen a.I. research on the Da.ta Encryption Standard (DES) and st.udkd applies. ions 
of dliptic curves o ttyplography. 

Tbe DES re.s-earch, wi h Rivest. and Sherman, involYed the design, implementa ion and est.ing of speeial
purpo c bardwa_r £or an 1B PC o p rform the 23•2 or more DES encryptions per day necessary for 11. 

v ri y of stati~t.ita.1 tests. In ummer 19 5, Lhe board ,.,,as used to perform eight experiment , mo~ t of 
which confirmed expected proper ies of DES (i.t., tb2L it behaves like a. se of randomh•diosen 
permuta. ion~)- The experiments also uncover d fixed points for the 11weak key 11 in D 

ome of he mo t interesting recent. de:velopmen in coPlputationai number theory are rela:~ed to elliptic 
curves. H.W Len tra.'s algorithm for in e.g r fac1.0tiaa.tion, and two oth r related algorithms (by R n e 
. choof and \"kt.or Miller) all were published in h last vo years, following a. century of theorc ka.l 
dev lopment. The elliptic curve study, w1 h Rh•est and Micali, and helpful insight from Goldreich, 
.:ough to apply h elliptic logaritfim problem to cryptography, ju t as several ot.he,r hW'd pr-oblem.s 
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(fa oriog, dt·c.ret~ Jo rithrn) ha.ve been applied. The m ·n result is the const.ruetion of a p rnJa-r-o.nd011 
liir g m:rator u.sing dliptk carves. Two ela.t.ed results of independent inl..er t. e e also dcv lop . 3 

method of det;erm.ioing the order of an element im an arbitrary abelia.o group, with ne1;ligible evrcr-; and 
an oracle proof met-ha.cl for the simtdtaneous security or multiple bits or a discrete logarithm in an 
rbi rnry abelia.n group. 

Future wo1·k will include he documentation or t,he ;pe-ei -pn;pose DE hardware, an ext.en ion of tl1t· 
results on elliptic C'lll'Ves. The latter may involve generalb:a.tiom to more compliea.t.ed gebraic $lrUctur~. 
an attempt at a .sub~e>.-ponentiai time algorithm for computing el]iptic logarithm , or he u c of cllipti<'.' 
eut'\'es in 'cert'Jying e1emente that generate a cyclic gr-oup. 

3 .2.1 'f Joe Kilia.n 

Kilian's chief work bas been & joint paper- with Go]dwas!re:r {56j in which they apply he theory of ellipue 
c n•es to solve some open problems- relating t.o prima1ity testing. 

He is also wor-king on a paper with lGpnis and LMrson applying elementary group theory to ome: 
problems concerning th power of multi-point n ts. 

3.2.18 Philip KJein 

Klein has been studying parallel algol"ith.rns for language-the-oretie a.ncl gn1.phwtheoretic problems. He h " 
r vi~ d hi join paper with Reil' [8 ] on a parallel algorithm for- recognition of any fixed dete-rmim~tie 

c:ontcxt-ir 'C language. Previou.sly a.. paraUel a1go:rit m exi taoo for gerieral conl ext-rr )angua~ 
recognition, but thi algorit,hm was slower and used many more processors. 

For l is {asters' thesis Klein bas developed, in ooUabora.tion v-.ith Reir, a ew parallel al orithm for 
findin a planar mbcdding of a graph [83]. 

r ein wil continue to work towards evciopi g n v effident para. el algorithm . 

3 .2.19 Shlm:no Kipnis 

During thi firs year a.t MIT, Kipn"s wo.rked with Leiserron on t eoret.ical VL I probhm1:s. They tried to 
investigate multip pin nets, where eac net may connect :more than two p1'oc.essol"5 (chips) . Attention 
\"'35 given mainly to ne works hat re..a:.lize some gl'oup of permutations among the clips. Together ,,,,,.IL 1 

l '"lian some ilieore ka.l results from gro p theory were. applied liha characterize some net.works. 

Cutrend~ he is athering: he results on this oopic ioro a. paper wit;h Leiserson and I-i:il an, I-fa intend to 
continue re.sea.re in this direction and rciat.e VLSI problems. 

3.2.20 Bru.eie Maggs 

Leiserson and ~ bggs h1we shown tha.t many graph problems c:a11 be solved m p!l.l"aliel , not only wi.!1 
pol:logarithmic performs.nee, buL wit efficient. communication a each s ep or the compu tation . Tbr: 
t'om:municatioa reqttkemen of an algorithm al'e measure.d in a. parallel r ndom-;1cr. • ~ macbin r odt I 
called th ~ ributctl ra11dom-access machine. which can he viewed as an. abstraction of ,·olum ~ and ar a
universal 11 work such as fa.t-r.:rees. In his model, communicar.ion cost is measw:-ed in rm of lite 
tongcstion ;ic:ross cuts of t.ke machine. The gr:i.ph algorit,h re base on a. generaliz.ation of the prefix 
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computation on Li to trees. These treefi - eompuLations, which can be perFovmed in a eon1muniea1ion-
rficient fashion usin a variant of h tree <:ontn.cl.ion t.echniqu"' of :Miller and ir, implif) many 

p.a.rallcl graph algorit.bms in the lit.eratme. 

3,2.21 Miller Maley 

fo.iey continued his work on lu ma hematical founda ion of wire rout-ing. Usng ideas from alg br:iir 
t..opology, he began de.,,-elopfog: a heo of planar wiring under bomot.opy constrain . Thi resear,..h aims 
to extend he scope of p~opo ed algorithms for 6ingle-la:yer r--outing and compaction of VLS layou s b 
new lhc.ory f cilita.tes the construct.ion and rigorous justification or such slgori h 

3.2.22 Seth Mal"tz. 

MaHt.i has established some surprising fac ~ connecting measure- and graph~theore k pl'oper j,...s of "nfini. 
graphs whose edges are reprcsen~ed by points on the real unit square [981- Future plans are work with 
Go]dw~ er and ipser on interac ive proof s~ t ms a.nd with Bjorne,r r.i,,llT :i. · ath.) on conti uou.s 
analogues or rini e la ices. 

3.2.23 Yoram Moses 

ee the r •por of the Theory of Distributed Computation group. 

8.2.24 Cynthia PhUU.p 

Phil1ips comple ed her Mas r' Thesis on space-effieien orithms for computa iona geometr • 
[109'] sup n ' sed by Leiserson. he is currenl.l~• investigating several o:ssible topic for hel' Ph.D .. res,·a.rch 

includin par 1 1 da. ,a st.rue ures, th ory of VLSI and parallel computation, d pscudorandom p rmu -er 
ClI'CW • 

3.2.26 a.ti.sh Rao 

Rao is continuing work on a aster's t esis (begun · t Bell a.bora.tories.) an Cinding optimal para.to for 
planar g:raph . He currently is working witb some su.:::c on restrk~ d versions of 1,he p oblem, bu hope!> 
o cvl'n ua.lly .nckle the more eneral problem. 

3 .2.26 Mal'k B. Reinhold 

Dep lldcn function typ<:S, which originated in the t. p heory or in uitionis ic mathematics, hav rec nt.ly 
appeared in programming languages s~tl, as CL , Pebble, and R ell. {A £unc ·o hns a. d pcnden YP 
when the : of i result. d p els upon he value of its a umenc..l 

ln [101 , Reinhold and Meyel" iov ti ate the con equeoees of assuming ilia here ex.is a typt: of all type 
in a X-cakuh.1s with dependent fonctio11 types. The type of all types is the ype of v ry typ , including 
it.sdr. \.Yb n a language with depe den function typ is emich d wi the yp of-all-typ assump ion, 
enormou expr ive power L a.ined n.t ,., ry 1itt.1e appareu cos . By r~on true ing and .a.nalyzi1:1 
paradox of Girard, 1.hcy sho that th1s combination leads to several s.e ·ous prob1ems . The tno t 
·ignifican of hese ar th for uch a langu9,ge (l) ;ypecheckin is undecidable. and f2) classical 
t<•f1SOlllJ.1 al>ou pro ram i · 11ot ~und. 
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The technical propcrti.es il' }.~cakuh1s with dependent types are complex, and Reinhold is currently 
d~veloping the b[l.Sic theory of conversion and typ cheeking for such language:. in hi aster1s thesi:s. 

3.2.27 A[an Sher-man 

herma11, with Kalis ·i and Rivest, has been investigating the relationship be.twe,en algebraic and sernn y 
properties of crypws.ystems [80 1 '79], lll- Using special-purpose ha.rd i.•are, the:i,· carried ou a series of 
cyeling experiments on the Data Encryptio Standard (DES) to see if DES has certain r:xtfi m algebraic 
we knesses. Their experiments sho , il.h ove:rwh lming confidence, th3.1. the set oi DES transformation,, 
do not form a. group under fu:nct.ional coinpositfon. Their exp~rimems also deteet-.ed fixed poin for th~ 
so-called ' we.ak~key" transform.a.ti.on , thereby re.vealing a previously unpublished additional weakn~ or 
the weak keys. 

3.2.28 Jeffrey Mark s·s ind 

Siskin.d's research interests ha.ve centiered aroUDd t ree dilfe.ent topics, namely silicon compila ion from 
firs principles, generalized phrDS-e structure grNnmars, and logic programming and con traim 
propagation. 

Silicon Oampila.tirm.: A.11 p.resenti ili<:oo compilers1 including lacPit.ts, genera la.you~ by using a -set or 
predefined module generawi . There a.l'l;: t-wo tu:ndrunent.al problems with module gem:r . toris. First, th') 
a.re cap:i.ble of producing only fixed classes of architecturt$. econd, th!.:y are c.echnology depcnden aud 
require a ignificant effort. to rer.iuget to n ti!chnologies , The new approaizh, like & acPit , scpara.tl!:S 
the silfoon compilation task into two phases, a transla.tion from behavior to structure and th n <1 

trarudatioo from s ructure to layout. U like MacPitts however the intermediate structura.I format is a 
imple flattened oetwor-k of transiston, rather than pecifica.tions for speciali.:ed module nerators. 

Exp rimcntation is de.rway 1rith two different approaches towards he. translation of this tra.nsL cor 
nctwork to efficient. layout. The fu-st uses a divide and conquer min-cu~ placemem algori~hm follow d )" 
a. combi.rmtion of Lee routing and slice and expruid muting. The seoond more sophktic ted appraarh is 
based on planar graphs., This work · being pursued under the supervision of Leiser.son. 

GPSG: Generalized Phrase Struc ur Gramma.rs (GP G) are a. Lioguistic formaJi..~ de ·eloped by G raid 
Gazd:n for describing natural languages, They con ist of sma.lJ base .set- o( cont~;,;:1, ree grammar rules 
which are expanded by a.pp]icat:ion of ruJe :.themas, metarule transformations, and rea ure agreement to 
form a. much lar-ger se or conte:o free rules which can be used ro parse sentences. eYeral approaches are 
bein

0 
exp ored towards the goal of testing the accuracy and adequacy of this formalism. for bot 

desrribin and parsing English. ~ GPSG grammar of about 100 rules has been coast ucted w ich can 
handle a fairly large subset of En,e:1isb. . system which expands Lhis GPSG represen a.tion into a CFG 
r-eprese.nta.tion has beeD constructed, and produces around 6000 CFG ru.les far the above GPSG rule t . 

The CFG rules are Ced into an "mp]em.enta~on of roe. Ea.rley parsing algorithm and run againsL n ·mall 
corpus or test sent~nces. This app,oac has pro •en to be very unwieldy and has prompted the 
con~ ruc~ion of two alternative systems. The first is a. modification or the Earley parser to handle re tur · 
agrcemen directly by using a. unirica io a1gor"t un internally a.voiding the need t-0 expand the rule s~t. 
This alone is not sufficient. ai::: cape.bi ·t) to ha.ndl11 derived rules without expamion mu t be provided , 
Th.e second approach is o use Prolog based definite clause grammars whkh imply a d~pth fir · 
backtracking pproac rather 'ban the breadth first approach of Earl y's algorithm. This work is being 
puniued u der the supervisio of R.ober-t Her ck (MIT} and WilHam Woods (Appli d Expert . y~tPm-~. 
Cambridge, . I..\). 

logic Progr1.1m.ming~ Two different paths of resea.rd.1. in logic programminv ban been purstte.d until 110\~, 
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Onl'.' f1 h, c n ered around Prolog, pro ·ides unification and cbronolo i.c.il back ,rac ·ing as i main 
•nant., T e econd path, hat of cons rain propagaf 011. ocu ~ on dependency directed backtrn.cki.ng , 

bu do no provide th necessary da -a and program abs raction ca.pabiliti · to form a u eful 
r,rogramming 1an age. Tbl research cen cni on a ew language, Conlog, which merg the concept or 
uniricat.ion (for provi ing data d program abst:ra.ction) with constrain propaga ion and dep ndenc; 
di.rected ba<'k racking. As he new Jan u ge i purel functiona.1. imple syntactic tran orma ions low 
Contog to express the lambda cakulu as wen, ri.th he added benefi tbat. many funct-ioo hu de-:r ibed 
ar r versibl Thel'e are two new fe tures: hich th above framework supports. he rlr l ; · t1,11 

e.:t!insioll of he dependency directed be.cktracki.ng componen o support. enera\iz.ed search of he 
~o]u ion spac for minima, ma/ma, etc., 1n addition to jus ri.nding so\ution . The . econd i. a e?"Chnique 
wl1ich i. called nt ·n ional mod v . exunsionaJ mode predicat , which allow a w, y of d ·la~·rng and 
radi_ng off i:-ompu tion. a rm benefit, view-in logic programming in he lig t of con.: raint 

propaga ion allows an impl m nt.a ion of Prolog for Cine gr: in ma,ssi,;ely a.ra lel compu r archit ctur ' . 

3.2.29 Bob S1oe.n 

loan's major esearch activity has bee:n to a. alyze sever definitions o[ sccw-i~• or proba.bilist-ic public-
key ctyptosy· ms. H has en wor ·in with Jvlicali, and ha.ve proved tha.t. some a.ppa.rently di tinct 

defini ions are equivalent.. His mas el''s Lhesi.:; on this top·c • io prep a: 'on. 

3.2.30 Mitch Wand. 

\ "and has r cently obtained ul on he comp eteness of ype inC,erence S)Stf:ms. extending the hne of 
work published in he last · hree POPL conferences. These resul concern h completen of ty -
infor-cnce s , ,ems, w icb infer t. ·pe declaration trom programs withouf. them. \Vand was a I r-0 
formafrz:e th proof or complet ness or th ask sys em in a way hich allowed easy ex ~nsion~ more 
complex ty r sy ems than had previou.:;1y been consid re<l. ram h·s ~ork, the folio ing pa er. ar in 

pro r 

• A imple gori hm and Proof for Typ lnference 
• D riving Ty-pechecki11g Rules for • facros 
• A Complete Type Inference ystem for uimple Objects w·th Inheritance 

3.2 .3 Su- ing Wu. 

· o, bis • tas •r's hes· • \'I: u will wor with 1 i ali on algori hms ior finding maximum ma.tchin in 

enera graph· 
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l. AieHo. \ r., G-cldwasser, S., Hastad, J_ On t.be powel" of iatera,c~iori. In 2ih IEEE ::::iymp. Found of 
Comp. Sci., 19 6, 00. ubmitted. 

T ere exi~ an made which separates the class or languages re.cognhed by interactive p.roofa 
from. the polynomial hierarchy. In particular, this implies that mor languages ca.n be
recogn.iz.eci by inter ctive proofs with a poly-oomial number of intet"action than wiLh a 
cons tanl. n u.m.ber of in teraetiorn;. 

2. Alon. N., and Boppa.na, R.B. The monotone circuit. comp exir;y of Boolean fund ons. Oombi ,wtor ·c. 
0 (1986), 00. To appear. 

Recently, Raz.boro-v Qbtained superpolynomfal lower bounds for monotone c1rcui¼ that 
detect diqucs in graphs. Here his arguments are modified to obtain exponential lower bounds 
for monot,one circuits that detect cliques. 

3. Awerbuch, B. A new distributed depth-Cb-st search algorithm. Information .Pr(J(;f;Mfng uiteri: 20 
(19 5}, H7~150, 

.A new distributed Depth-Firat Sea:rch (DFS) algorithm for an ~c ronol!s; communi~a.tion 
network "'" hose comw. nnicat.ion and time complexities are 0 ( IEl) and 0( IVI), respectively. Tho. 
outpu of he algorithm is the DFS tree ·ept i:ri a di£; ribnte<l fashion. The pre,Tiou 
algorithm due to Cheung required O(IEI) both in communica.tion and time: complexil:.ies. 

4. Awerbuch B. Complexit.y of network :syncb.roniiation. J_ CM 32 ( 985), 804-8:!3. 

Th problem of imulation of a syncbronou network by a.n asynchronous on . We propose 
u. new simulation technique, referred to as • Srnch:roni.i r" which is simple m~!.hodology for 
designing erl'icient dist.ributed algorithms in asynchronous networks. Our Synch.roa.ize.r 
exhib1 a tra.de-off between its coummnicat.-ioo and time ¢omplexitie$, which is prov d to be 
within a. eons an factor of t be lower bound . 

5 .. ' wei-bueh, B. Reducing complex:iti of d1s~ribut.ed mB:l!..-i.mum now and breadth-fLn,T search 
algorithms by mean of network syuchroniza.tion" • etworki! 15 (1985), 425- . 37. 

_ ·e :.imple di tribu:t d Maximum Flow an Breadth-First Se.arch al ori hms for an 
a.sy11chronous coinmfillkat·o et ork.. Our al.go ilhms improve the best known gorit hms 
both in the commi:mica ion and time comple:citie:s. The basic idea. i first to A synchronize' he 
net.wor ,c and chen t.o apply synchronous algorithms which ure efficiently the para.Ue ism of the 
model. 

6, Awerbuch, B. Oommunication-t.ime tit.ade.-offs in network syochronfaation. In /It A.CM ymp. 
P,.i.nc.iples of Distrib11.tlll Computing, Strong, R.H., ., 1986, 272-276. 

Communication-time trade-off is in!.iri.nsie to the rumire oi asynchrono s net~ orks. \Ve 
exemplify th.is. phenomenon by proving a lower bound on the complexity or a ver-y fundamental 
problem of network ynehroniza.tion. 1.undy, we s ow that Bll.Y solution of this problem 
exhibits a. ce,rtain u-de-off between its worst-case communication and time complexities. • hi 
lower bound m.a.tebe.s the known upper bound within a. constant factor. 

7. Awerbuch, B. Optimal distributed spanning tree ~oritbm. 1986, Unpublished. 

uew d1stl"ibut,e spanning uee algorithm ror an asyuchTOllous commuojcation network. 
This · one of che most (Md.a.mental and most s~udied problems in the field of distribut d 

et ·ork algorithms. Tb lower boun& on coounankatioo an.d ~ime eomplexh,ies of any 
algori bm for this !Jl'Oblem are !1{E -'- V log V) and n(V), respectively . Our new algortthm 
aduc.ves these bounds. The c::omplex1ties of die best previous algorithm~ are 0( V log V) in 
commun.ic iion and O{V a(V}) in time, where n is the inverse of the Ackcrmsn• runc:tiou. 
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8 . . Awcrbud1. B .. Gallager. R. Dis ribu cd b ead 1-Cirst.- earch algori hms, In £Uh IEEE Sgmp. Fmmd. 
of Comp. S ·., 19 5, 2, 0-256. 

Two n~w di tribut:.cd BFS algorithms. he first has comple ·i y O((E- l2JJo .. V) in 
communica. ion and 0( r3 f:?lo V) ·u tlme. Th second u~es the e<"hnique of he fir· 

recursi,·el_ and :icbiev O(E1H) messages and O(V1 ..... t) time for any c > 0. 

9. Awerbucb B., Gallager R. Co;rnmunication complexity of distributed her es path atgori h1 ~. 
Tech. Rep. LID -P- 473, 1-fi , 19 

A nc distributed shortest. path algori hm for finding shor-l:es pa.ths from a giv n roo o all 
other nodes in an asynchronous communication net ork is pres.en ed. \ P me nit edge 
w igh , so hal the hortest pa.th problem is e e tially eq1,1ivaJ n to constnu:•ins Breadth 
First. Seari:.b ee i.n he net.work. The communication compl i y of ou algori h i~ 
O(Vl.6-E) where V is the numbe of nodes and E e number or ed es. or dense ne ork 
with E = 0 ·6), Lb.is ordet of eo plexity is op immn. 

0 . werbuth, B., Micali, . Dynamic deadloc, resolution protoco In eth IEEE Symp. F(Yl.n d. of 
Comp. ci., 19 6, • To appear, 

The problem of deadlock resolu ion na urally aris in concurrent ')'Stem·-, i:.g. 

communication net,wo:rks, dis ributed operating sys em and distr·bu ed database . The 
comple:i y or he problem stem from its inherent cl_,na.mic nat.urc. ince dead ock r olu io 
protoco must opernt 'ori-lin, ' \\ithout any knowledge of the futun and using onlv loca 
inform:H1on. W are concer ed with ffici nt deadlock resolution protocols h pt Y nt 
wasting pr cious netvl•ork r-esour-ees, such as bandwidth time, $pace, etc. Tre a i1 
contr'bution of the paper is a eduction of he mo L general dynamic problem o a co cep ua.lJ) 
simpler static oH-line problem, in which ~l reques ar gene.rated simul an ou l.' and a.ri.> 
known a prior-i. Th complm . of our reduction irs O(E -1.. V log V) in comm icatioa and 
O( 7) in ime. ince the sta ic deadlock resolution r-equires t ]e.ast fl(E V o ) in 
conununic tion and n(VJ in time, OUJ" reduc~on essentinU_ shov.~s that th r solution o[ 
dyn mic d adlocks is no any harder than re-oiution of the static ones- \ ~e ~how here a sim I 
and optimal algori hm for atic- oif-line r e, which1 together with he abo e reduction yield!? 
an optima.I dynamic d~ad!ock resolution protocol: e(E + V og V) m.essa.ges aa.d ') ume. 

Barrin on, U.A. Width 3 permutation bra.nchiug programs. Tech. Ri: . _ -293, . 11 C 
December, 19 5. 

• rest.ric~d class of width 3 branching proKT where each column of nod depend· on a 
ing1e variable, and he 0-edgcs and be 1-ed out of each column form a. permu ation. tn 
b. model, arit:1· Md he mod- unct-ion arc easy o crucu a e, but. the and-fo.oc ion is ha.rd. 

Any ruuclion or n inpu can be cula.ted in length O(:fi.) and t.hat t.-he and-function in 
particular require ten h O(:?n) if ~h branching pm ram has one aeeep node and one rcj~ct 
node. 

12. Barrington, D.A. Bounded width poiyoomial size branching programs recognize ex ctlt hose 
languages in £ ·c1• In 1 'h ACM ymp. Theory of Computing 1986 1-5. In,·ited or a specjal l~~ue of 
JC , o a.ppe· 19 

Any Ian uage recognized b an •cl circuit {fa.n-in wo, dept.h O{log ·) can be r cogni:ied by 
a pa.r icula.r t pe of branchin program of wid h fiv and polynomial siz . any polynomial 
size cons :mt width branching program can be simulated by an NCl ciFcuit. the class of 
!an"?uage:; recogni:ied by ruch programs is exac ly non-uniform C1. This rerut.es a conjecu.ire 
of Borodin d al. that majority could not be cakulated by uch programs. imilar .r ul hold 
for b 1.: uniform setting of Rm:zo a.nd Cook. 1.'he mer;hod of proof ex ends to he oomplexit of 
be word problem tor fixed permuta ion g oup. Journal vel"sion wiU includ he never r ~ ul 

L- at wi 1 4. polynomi 1- ize Boolean cu-cut recogni:u: a.c Jy - 0 1. 
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13. Barrington, D--\.. Bounded idth Branching Progrwns . Pb.D. Th., tr.UT Dept,. of Mat, ., HI 6. 
upervised by ipse:r to appear as MIT/LCS TM. 

The branching program model of eompu ation and in pa.rticulM the classe of languages 
,~·hich can be recognized when the width of Lhe programs is bounded by a: con nt. Co ta.ins 
the rcsu1 of the 1986 STOC p::iper and MIT report TM:-293 and add~tional mar-eri . 

14. Bcn~Or, .. , Goklreich, 0. 1 1 lica1j, ., Ri11·est, R.L. • fair protocol for signin~ conrr-ac s. 1n _ 11 

fot 'l. Coll.. on • urcmafa1 Languoges and Programming, Leet . ot~ in Comp. Sci. J.94 Brau r, V., E<l .. 
Sp:ringer-Yerlag, 9 S, 3-52. 

We argu · for a probabilistic pproach to e problem of exchanging signatur to a contra.ct. 
A. contra.ct. ·igning protocol is c-onside:red to be fair it, a ny stage during i ' xecution lhe 

following old: t.he conditional probabilit.y t,bat party A obtain B signature to .he ontrac 
gil'en hat B as obtained .4.s signature to the contract, is app.-oximately J. We pre ent a 
t, •c,-.party conl.rac-t signin protoco that is fair under the aflUmption the.t one-way funcr,ion.s 

X.I • 

15. Bentler, J.L., Lei hton, .T., Lepl y, • t, tan.at, D. Steele, ~- A randomb:ed data struc: urc m

ord red ets. ln Advancea in Oomputin9 Re..&earch, icali, ., Ed., 19 6, 00. ubm.i ed. 
A ·mp e randomized data structure for r presen ing ordered sets, and giv precise 

combin orial analy is of th time reqtfred t.o p r orm ,•arious opera.t.ions. In a.dd.ti,on to a 
pr-ac kal data structW"e, this work provides new and nontrivial probabilistic lo,; er bounds and 
an in tance or a practical problem whose rando "zed complexity · provably 1~ than i ~ 
deterministic complexity. 

18, Be.rger, B. New Upper Bounds ior Two-Layer Channe Routing. ~t.er' Th., MIT Dept. of 
lectric:tl Eng. and Comp. ci. 1 Ma.y 1986. VLSI emo ~o. 86--312. upervised by Leight-on. 

An algol"itbm for routi:n channels "th two layers. \ econ ider a. generaliz d version of the 
two-.layer ·noc ~-knee model in w ·c wires a.re allowed to overlap for one •tettka.1 unit. By 
using this mod l, we achie ·e b tan · al new resu ts fot wo.-Jay r cha el rout n , h.ich ar~ 
01::ar optimal . Moreo •er, he algorithm present this report ean be exundi,,-d, o reprotluc:e 
many previo\lsly known results. 

17. Berg~r, B., Brady, . f., Brown, D. , Leighton, F.T. . almost optimal algorithm for muluby r 
c •a.nne1 roming. In etli IEEE Syrnp. Found. of Comp. "'ci., 9 6, 00. Submitted. 

A less r rictive (b till re · ic) model of 2- ayer channel outmg, for which 1mpr<wed 
and nearl · tig bounds o cha.nn i id pro\>red. The results are extended to ult.'p l 

layer models for which much improved, a.nd nearly ~g t bounds a.re also proved. Provides a. 

unified frame\\·ork in which many previously nown resul ca.n be obtained. 

18. Berm n, . Johnson, D .. , Leighton, F.T., S 1or, P., ny er, L. Generalized pl ar- matchlng. J. 
_-Vgoritl1m O ( 986), 00. ubmi ted . 

1a.1;imum planar H~mclftcbing is NP-com. le for any connected p anar grRp H wn-h c nee 
or more nodes. \'-/e .a:Jso show that perfoct planar H-matching is NP-comple e or any
connecc.ed ouwpl na.r graph H with three or more nodes, and is solva.ble in polynomial t.im • 
for any l ia.ngu]aud planar gr-a.ph H with four or more nodes. Th nsu sub tantial11 
genera1iie pr vioru; 1·esuh:.:s in the lite.ra.tlire and can be applied to etermine t.h complcx·tr o 
evera.l n.ppli d problems, including the optimal :Je sru age problem Erom VLSI esi nd th. 

classic chiidrenJs game of Dots and Boxes. 

Bh:lt.. , S .. Chung, F.RJ(., Lei bton, F.T., Rosenherg A. Optimal. ··m a.tions of rce m 11n · • fo 
<>7h IEEE ymµ. Found. of Comp . .,r:£., 19 6, 00. ubm.it d. 

Embedding::. of arbi ra:ry bi a.cy trees into he ypercube :SO that he odes or 11 tr a.r 
mapp d on to-onl' and onto the nodes of -he h)-percube and so t. 1ti.t djacent tree node:. ore 
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HI pc-cl to nod · which are on1y constant distanc apart i the hypercub . H nt!e . we sho\, 
ha the hypercube is universal tor binary Lrees. \;\,' also construct n bound d di!gr c grap11 

wluch ·on ain all binary trees as pannin° t:rces hus e tablishing the e.:·is ence of bound d 
degre ere umversal graphs. 

20. loom, !-.-fol ·i-wril.er a o,m.ic mcmor . 19 6 npubli:shed . 

. An o imal construct.ion or a. mo-wd er atomic memory cell from t,•.-o 011~wri~r cells in a 
completely a:,-ynchronous model of computation. The construction permits an)• n n her o 
read .:. 

2 • Bloom, B. Md Rives , R. Le~:ning a.utom La.. 19 6, npublisbed. 

A class or ivorlds in which it i possib]e for an automaton to lea.ro. 

22 . Boppana, R .B . mplification or probabilis ic Boolean formulas. In ~(!-h IEEE ~ymp. Fom1d . of 
Comp. ci, 1 19 5 -0-29. 

The ampli ication of probabilistic Boolean ormt1.las reie 'S to combinio independ n epics 
of ~u<:h formulas to redur.e the eITO robo.hil.ity. a.lia.nt used he amplification me hod o 
produce monotone Boot an formulas or polynomial siz for he m jority [unction . \¥e show 
-ha h amoun of amplil'ica. ion tha '\ a.lian obtained is optimal. 

23. Bappana, R.B. Lower Bounds for 
Elect,l'"ical Eogin. and Comp. d., 1'9 6. 

lonotone Oircu·ts and. Formula.s. 
upe ised by ips.er. 

Ph.D. Thi, , T Dept. of 

Study or th computa. ional complexit, of monotone Boole-an circuits and monoliOne Boolean 
rormulas. Monot.on means hac • I\.'D ga es and OR gates ar allowed, bu -oT gates n..re not 
aUowcd. Detec ing cliques in grap i shown to equir-e monoton circui~ of exponen ial ,.j:;ie. 
The ::unow1 of amplil'ication or probabilis le Boolean formu as obt.aL"\cd rcccn ly by Valiant •~ 
hown o be bes possibl •. 

24. Boppa.na, R. B., and Has a.d, J. App1,o/ma ,ion prop rLies of constant d pth ~ircui 
ptcp ration, 

Hl 6. ln 

Two a proxi a ion properties or con ·t.ant depth ci:rcui are studied: how ,.,e.U a. con an 
depth ircui can appro ·ma. e he pa..ri y function and algorithms or approximating t e 
number of sati fying :i.ssignmen or constant dep h circuit. The Ii s rtsu.lt. · · that a 
con:si.an depth circui of no t-00 lru-gc ize 4:an agree with he pari • func ion on only ·li h lr 
more tbcm one-half of the inputs. The second esult is hat t-be numb r of sa isfyio 
as ignm n s or 1\1. const-ant de th circuit can be appl'loxima ed by a. det.errninL 1c gori hm 
using little pace. 

25. Boppana, R .B. and Hirsehleld, R. P ·udorandom generator and ooniplexity classes. 1n .Ad1.,ancce~ 
in Computing Re ea.rch, ficaJi, ., E<i. , 19 6; 00. "ubm.i ed. 

A notion of compul;a 'onal. randomness and its irnp1ications for compJe:ti ;y theory. The 
probabilist.it:" complexity cl= BPP is :sho v to lie wit.hin subexponential time if h .re ~is 

pscudorandom bit g· n ra ors whose out. ut.s cannot be distinguisbe<l from random trin s by 
polynomial-time ta.ti tical tests. Some or he r ts included here have been published 
previousb· wi hout proof::;; hi paper colle<::ts tb knov."11 results, pro' th m, and e ab!i. hes 
~ome new tela cd results. 

26. oppann, R.B., and L garias, J.C. Oo way funct.ions and dn:uit oomplexity. In AC.M trucrurc rn 
C:om;ilerity Theory Con/., l'9 G 00. To appear. 

• fonctioo J can be checked if ~me polynomiaJ :3·ze circui with 'nputs :t and y can 
ct.ermine ir J(:r)-y. A function / can be evaJuat.ed if a polynomial size circuit, i h in u x 

c-an com utc 1(2:). Can aH function (in a. cert.ain class) which can b checked aho be 
cvalua ed? Rela. fons b tw n t'.hi question and he exist-ence or one--wa.y unctions ar 

e:s abli -hed 
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7. Ilreru:n-T.ann n, V. and Meyer, A.R. Lambda ealeu.lus with constrained types {Ex ended abstract) . 
In Lagir,;s of Program , Leet. oks in Comp. Sci. 198, Parikh, Rohit Ed., Springer~\ er-fag, 1985, 23-40. 

~fotivatcd by domain equ ions, we consider t.ypes satisfying arbitrary (.'-qUationnl con t.ra.in 
thu generalizing a range or ituations with the fm.itdy typed case a: one ~treme and t-he 
type-fre a.s a th· other. The ahst.ac 1J11.odel 1.heory of t,he P•1 type-free ease is general\i ·d 
\•Ve mvestiga.te the relation b1:: ~n X-ca. culus icli constrained typif..>S an c.artet>ian closed 
caite'°ri (ccc 1s) at proor-theoretic and modei-t eoretk eves. We find an adjoint equivalence 
betwe"'n tb~ category of yp.ed X~algebras and that of cec's uch tha. ~he s.ubcalegories of typed 
>.-model nd concrete ccc\s correspond w each Ol u. A,U results B.l"e pa..;ameterized by an 
arbil.:ravy set of higher.order constan a.ncl an arbiY ry se or high r-orde.r equ t"o . 

28 . Bruce, I<.. 1eyer~ A.R., and :vtitc::heU, J.C. The emantics of second-order polymorphic lamb a. 
calculus. Jnfr;rmatian and Cootral (UlSG,), 00. To appear. An earlier version authored by Bruee and 
::Vt _ er appeared in pringer Lectu.re. otes in Computer tie.nee, vol. 73. 

The second-ordi:r poiymorphic l.an:1bda~caJculus formally models dependent polymorphic 
types in program.ming la.ngua.g-es. Types ru-:e values - though not quite 'first-class' values - in 
such langua.ge.s. In pa.rt.icula.r a function which takes types as al'gu.ments may be applied. to it 
O'l\'n type. This kind of iruiiTeet seU-a:pp)kation is inc:onsi.st,ent with a naive Interpret tion of 
fun t1on a.nd types, so the mat.hema.tical meaning of polymorphism aeeds a--planation. This 
paper e pla.ms wha. a. mathematical model of polymorphism should be, exhibit :some model~. 
and prov hat the propos.ed notion or model implies a. completeness theo:rem o:r Lhe s~a.nda.rd 
inference rules tor p-oiymorphic equalities. 

2Q1
• Dui, T., C !i.Udhu:ri, S. Leighton, F.T., SipseF, M. Grap hiseiction algorithms with good a.vera"'e 

c c behavior. Oombinaforica O (1986), DO. To appear. 

__.\.lgorithnu for gra.ph bi~ection which alm0$t alwaiys find t-he optima.I bisection of th graph, 
along with a proof that th proposed bisection is, ht fact, optimal. The a lgorithm work for 
! Tge class.es of random g-raphs ith sma.lie1· than pected bisection, and ean h-e demonstrated 
t-o ~ ork much bett.er than tandard approach on th e graphs. 

30. Buss, J. Relativiied -4..lternat-ion and Space-Bounded Computat-ion. Ph.D. Th., MIT Dept. of. lath., 
1Q86. To appear. s~p~e:mbe:r, '86 . uptr"vi.se<l by · ipser. 

31. Chor, B. T, o Issues in Public-I< y Cryptography. MIT P:ress, 1985. Am..1 Dis.r:.inguisbed Comput.r 
Science h.D. diS&eTtacioo. 

32. Cho , B., Friedmann, J. , Goldreich, 0., Hasta.d, J., Rudich ·r and molensky , R. The bil 
c:,.i,r.:ittion problem, or t- r,e-silient functions. ln atJh IEEE Sump. Found. of Oomp. Sci., Hl85, 39~-101. 

Ex~racting unbiased independent bits from a. trtng cont:,a.ining :,0me random bits and some 
predetermined bits, Specifically, let n, m a.nd t be arbitrary illtegers, a.nd let / be function 
from n-bi st,ring-s tO m-bi strings. An adversary, knowin t-he function /, ct.'l t of lhe n 
inpu~ hits, while he rest (n-t input bits) are rhos.en at random. The adversary cri to pr vent. 
t.he outcome or / from being UDifonnly dis rib ted. The question addressed is for what va.lueE 
o n1 m and do.es the a.dversary necessarily fail in biasing the out.ooqe or /. The problem has 
application to distributed computing. 

33. Chor, B., Goldwasser, S .. Miea.li, .1 Awerbud1, B. ~rifia.ble :Mere haring and ~imul .a.neon~ 

broadcast. In !HJ'= IEEE Symp . Found. of Comp. Sci., 19-85, 383r395. 

Two ew prim.itiv : verifiacbl se<:"re sharing in he are& of crypt.ographic protocol a11d 
simultaneous: broadcast, w the field of fault toJ~ra.o computing. . fany probl ms, uch lk 

distributed coin nipping and N upinfluenced E vat.ins, can be reduced to th solution or our 
pri litive prob emi;. 



3 . Chor, B., Leise.rson, 0., Rivest, R., hearer, J. An ap lica: ion of number hcor:· to the or anii tion 
of raster- taph1c, memory. J AC.133 (19 6), 0- 0 . 

35. Chor, B .. Dwork C. Randomized rugori hms for distribut,e.d agreemen . l ti, ur -.. r p r 
.:-ubmi ed for journal publication. 

313 .. Chor, B., Goldreich, 0. , nbia.sed bi s from sources of weak randomn~ and probn i!Uic 

comm tnica ion complexity. In etfh IEEE Symp. Fa-und. of Comp. i., 19 5, 429--442. 

37. 
00. 

. ne ~ model for weak random phy icai sourc ~ presen ed. The model strict y cncra ize: 
a pr vious model of Sa.ntha and Va.:ii.ran.i. The sources considered outpu strin ~ a,:cordin to 
probabili ~· distributions in which na sin••le string is too probab)e. Th.:: new od I rro •i 
allows lega.ot and frui ful :;en ment. or proble s studied previously, ueh 

• :i;;trnc ing a.lmos~ pede,ct, bits from weak sources or r~domn 
• Probabilistic Com mu ica:w.on Comp} ~xi y. 
• Robustn or BPP wi respect to sources oi weak randomn 

Chor, ., Ooldreich, 0. An improved para.lid algo i hm 01" integer GCD 
ubmit ed 

A ne,v parallel a.lgoritthm for computin he greates common divisor of 
The run ime or h algori hm in terms of bit operation: i O(n log :i.J. usin 

A{gor"rlmu:a O (l 

'O n bir,. int ge "'· 
1.i.t n - processo . 

6) 

38. Chor, 8., Goldreich. 0. On the powe. of wo-poi.n b ed sa.nipling. J. Complt:xity O (HI 1 ) 00. 
~ubmi ed . 

• ..\ new sampling technique and some or i properties. The techniq e coru;i of pie ·ing wo 
clements ar random and dcte:rminist..ica1ly genera.ting r;rom them a long sequence or po.irw1s 
indep ndent e}eme-n · . 

39 . Chor, B., Goldreich, 0., Go)dw er .... The bit security of modular squaring giv n par ia 
fa.ctoriza ion of he modulos. In .4tfoam~t in Cryptology: P,.oceedin.g8 of Crypto85. William·, H.C' .. Ed .. 
Springer 'er lag, 986 8-45,. 

The difficulty of ue ing a bi of he square oot or a quadrat.ic r~· due modulo N remailll' 
as in racta.ble as factoring, even if a.l! but two \a.rge p imc faetors of N are also Jeno, n. 

40. Chor B., erri t, M., hmoy , D.B. Simple cons ani- ime co sensus proroc-ols in rc.alis ic failur · 
mo<le]s. In .jth AC, of Symp. Pr"ncipies: of Distributed Oomputing, trongt R.ll. Ed .. IO , 2-162. 

Pro ocol are given for achieving conse us ·11 a otmtially faulty network. The a gori hms 
all toler:i a linear rrac ion of faulty processors and 1.ermioate wit,hin expect d constant time. 

cv ra varie ies or synchronous and "yncbronou omi.~ion model ar considered. 

41. Chung. .R.l"., Leighton, F.T., Ro enberg, . Embedding graphs in book~ a layou • pr-oblem wi h 
appJica.tion t.o "\ [ desi,gn. 1. 1 J. Algebraic and Diser~lt:. Methcd6 0 (19 6), 00. To appear. 

T chniql and bound for embedding graphs in book , a combinatorial probl m that a.ti -
in a · .. ri ty of applications, i dudin 'L ] design. 

42 . Corfman, E.G., I'adota, T., Leighton, F.T., Sheppi L. tochastic a.naly is or soorag, fra m n n.tion. 
1 fnt 'L St.m. Td traffic Analysi· and Computer Per Jormanc~ Evaluation, orth Holland, 9 6, 00. To 

app ·ar. 

A umma.r-y of most or Lbe ·nown rese rch on e d.~ign a:.nd a.oaly is o algorithm for 
dynamic s:tol'a e alloc:a ion , hich work w ll in a. stoehast' c: sense. Drarna. ic progr= has 
rccen Jy been ma.de in thi.s ru"ea. 



43. Coffman, E., Leighton, F.T. A pro ably efficient alg:orit m for dynsmk storage a.lloca.tion. In HP· 
AC \.I Symp. Theory of Oomput,ng, 1986, 7 -90. 

Description and analysis of a. fas and surprisingly efficient algol"ithm for on-line dynamic 
storage allota ion. Given :my distribution of file sizes and a Poisson a.rrival/dep~rt.ure process 
for t,he · tlc.--s, I.he algoritli.m will ·a.ste only 0( l/'J.log3f◄ ~ :.pace with high probability , •here 
V l t.he e:,,:peded used space. T e a gorithm is close to Be,,'"1, Fit in structure but :superior in 
performance. 

4. Carmen; TH., eiserson, O.E. A hyperconccntra.tor sw'tch for routing bi serial mess.age;:;. In fa' 11 

IEEE Conj. Parall.d Proc~Ming, Penn. tate Uni,•. 986, 00. To appeu. 

In hiE;-h y pa1"2.Uel message muting networks, it is sometimes desirable to conccn rat 
l'c ativdy few messages on ma.uy v.ires onto fewer wires. We hav des"gned a 
hyperconcenw-a.tDr- switch for his purpo which is capable of conccnt:ra.ung bi ·rial m-· --~,..·
quickly_ The S\\'~tch h.as a h.igbly regular 1 youi, using rat'ioed n.i\10S, and h a.me 
architecture wo:rks For domino CMOS as well. Out circuit t.a.k~ advantage of t.he relatively 
fast p rformance of large fan-in OR. gates in these tedmoJogies. .A signal incurs exact.ly 
2 lg n gate delays t :rough the switch. 

4o. Elias, Peter. lnt.enal and receoey-raok source coding: two on-line "dap ive variable-length chem . 
IEEE Tta,u. on fo./ormctfon Th~ory (19 6). To appeari so available as MIT/LC /TM-301. 

46. ven, .• Goldr-eicht 0., Shamir, A. On the s.e~urity of ping pong protoco when implemented using 
R . In Advance c'u Cryptology: Pr=dinge of Orypfo85, WiJlial'!lll, H.C., Ed., pringer Verlag, 1 G88, 
5 -72. 

The obvious RSA properties, such as •multiplic:ativity •, do not endanger he securit}' of 
ping-pong protocols. Namely , if a ping-pong prot«ol is secure in gene:r-al, then its 
implemen tion using an "ideal A II i!5 also ~eeure. 

47. Feldman, P., Friedman, J., Pippmger, ~ . 
Oumpu.ting, 19 fi !N7-253. 

•k Ton-blockirig networks. In 18' ACo .f Symp. Theot1J of 

48. Feldman, P ., ~ ilea.ii, . Byzantine agreement in constant expected tim (and trllilting no one). ID 
~dh IEEE Symp. Fl.?tlnd. of C.a-mp. .c -., 985, 267-...,76. 

A n01r·d cryptogl'a.phic algorithm for By:umtine agre.e.m.en in a. nctwor-k with t=O(n) .a.ult}" 
processo1:s :and hi the m.a.$t adversarial setting. The algorithm :requ·res, once and for all O(t) 
rounds of preproc:essing. Afterwards it re~c es each individual Byzantine agreement i 
eon~h:int t!Xpected time. The solution ®1!$ not make use or a.ny truste pa.rty. 

9, i1more, P .C.; La.wler EL., hmoys D.B. \ ellwsolva.ble cases of the traveling salesman problem. 
In Tiu: Traveling Sale.sman Prab-le:m, Lawler, E.L.J Le:nstra, JJ .1 Rinnooy Kan1 A.H.G., Shm-0ys., D.B., 
Eds., J. Wiley and Soru, 198 87-143. Discrete Mathematics. 

~·fany special cases of the t:rave.h.ng salesman problem 
are given. addition, a heocy'' or well~solvab]e pcci 
of the previowly known re5u}ts. 

hat c n b solved ·n polynomial tim 
cases is presented tha unifi sev!!ral 

50. Goldb rg, .Ji.. V. . new max-flow nlg:ori h.m. Tech. Rep. 1 T/LO /TM-:?91, ?\,UT Lab. for Comp. 
Sd., November. 1985. 

mali-flow algorithm that abandon Dinic's lenl network method used by 1 other cffic' cnt 
a.l ar1tJuns for the prob} m. A new met.hod is int.roduced that result.s in a better parallel and 
dist,ribnted 1 orHh.m . 
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5 . Goldbe.r , AV., and Tarjan, R. _ A new approach to the mll.Ximum flow problem. In u/1' .-\ . I 
~•!Jlfl1J- 11, ary of Oer. l1puting, 9 6 136- 46. 

A generic algorithm ~or the ma.."<-flow problem and specific imp] m ntat.ion of the n m: 
gori m hat i e he be-st known seq e.ntial, parslle1 and di t:.ribut.ed mn."i-now algorithm . 

52. Goldreic-h, O .• Mkali, ., ~igdcrson, . _ Proof hat yield nothing but then· validity ;ind 
methoclo1ogy !'or c-rypto .. raphic protocol design_ In tfh IEEE Symp. Found . of CO'mp. Sci., 986, 00. o 
appcm-. 

Demo ration of the ge-n r&lity and BPI limbilit. of zer&k.nowledgc proors, a fundflmelltal 
notion in roduced by Goldw er Mkali and Rad:off. Zero-knowledge proofs a.re 
proba.bili -t.ic, in eractive protocols ha efficiently demons ,r e membe~hip of vord$ i.n 
lan ua. ,. withou conveying a.ny additional knowledge. Zero-knowledge pro.of w re known or 
ome munb r theore ic la.n un. es in rP Co-'.'JP. Z o-knowl dcre proofs for bo h gta? 

isomorphism and gr ph non-isomorphism (which· is not known to be i:u NP) a.re pres.en d. 
Under he assumption that nc:rypt.ion {1Jnctions xis , it is ishown hat all languag in rp 
possess zero-knowledge praoI: • This esult. is used LO efficiently transform crypiographi 
protocol hat ue correct with resp,e-e to a. very eak a.dversar. i to protocols correct in he 
most ad .. •er~-arial cenario. 

53. Goldrcic 11 0 .. Shrira, L. Th erf'ec of tin f&i.lur on rompu at.ions in :a..synchro11ous rin s._ n 
AOJ"f Symp. Principl&.s of Di~trifi,u 'ed Computing, J. Halpern, Ed., 986, 00. To a.pp ar. 

The mess.a_ge complexi y of di ribu ed computation on rin of asynchronous proce£Sors. In 
such computations, ea.ch processor has an initial loc v e and the task i to compute --ome 
predetermined function of all 1ocal values. Our work deYiates from the tradi iona.1 approach to 
complexity of ring computatiollS in that we consider the feet, or link fa.i1ur V show tha 
the compl~lty of any non-trivial func ion is 0(-n log 11) essage when n, he number or 
proc ·ors; i o priori known; a.nd · e(n2

) \'hen n · not knm n. n eres ingly; he.:l' ti~\t 
bound do not depend on whether he identi o leader is a prforj known before he 
computa ion starts. These resul and in ~l1a.rp con ras to -he 'tua.tion in an nsynchronolli 
ring with no link failures. 

h 

54. Goldreich, 0. Go1dwasser, ., 'ca.lit S. The czypt.ogra.pbic applic_a, ions of random r nc ions 
(ext nded abstract). In .Adtm:ncts in Cryptology: Proc.. Orypto 84, Lee!. 'oh· in Comp. St·• 1 6 
Bls..ckley, C.R. and Cha.um, D. Ed., pringe.r-Verlag, 985, 216-'l&8. 

55. Goldreich, 0., Goldwasser, ., , icaH, S. How to <:oostruc random functions. J. ACM O ( 86), QO_ 

To appea.r, October, 6. 

56. Go1dw er, ., Kilian, J. Almost all rimes ca.n be quickly certified. rn 1rJh A.OM Symp. Theory of 
Computatio,. 10 6, 316-329. 

o,,. o cnera.te short ce ifica.tes of _ rirna1ity1 Pra. · howed ha a.U primes have hor 
cer ·ricat , but his proof does not. yie d a comput.a.tionally userul al orithm. \ e e.'i".h.ibit an 
algorithm which wiU generate short cel'tificatcs of primali y in ec d polynomial ime for all 
but a \'ani bingly ama.ll fra..ction of the prime numbers. Furthermore, un.der a. s oong!y 
believed hypot.besi about he distribution or prim numbers, ou:r algorithm will quick1 
ge eta. ~horli cert.ifica.tes for 1 primes-

Our n.pproa.ch differs radically from previou wo:rk done in probabilistic primali y t.est.ing. 
Pre ious probabilistic tests ma.y be thought of ~ composit-e.ness prove , and cannot rt 
p imali y wi h 100% confidenc:e. U iag both cl.assicil and recent resu1ts on he heory of 
clli ic rnrv , we have developed a uLas Veg~" aigori hm which u~es randomnes , but 
n ·ver hel i alway correc . 

Our wor - has num ous heoretical on qucnces. One implication is ba.t there i · rm 
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infinite set. of primes tbat can be recogni;,.,ed in expected polynomial time. Anot ,er i Lhai 
genera.ting cc.rl.i.fied primes can be done in e.xpected polynomial time. Th e: esu1ts have 
gencra.ted excitement among researchers in the ficld and even i.i th press, and have ali-ea.dy 
led lo impleinented algorithms which bavt yielded new !arge p1·im · •. 

57. Goldwasset", ., Micali, S., Rae ·off. C. The know edge eamplexit.y of interactive proof system5. J 
A.CAI O (1986), oo_ .ubmi.tted. 

ii8. Goldwasscr .S., Micali, S., Rh•est, R. A signature scheme which is secure against e osen eyphertexl 
n. tack . J .• 4.GM O (lD86}, 00. Su.bmitted. 

5-9. Goldwa.sser, ., ipser, M. Interactiv proof sy~wms: public vs. private ooiru;. In 18'11 AC. I Symp. 
Theory of Oomputolion, Hr 6, 59-68. 

60. Greenberg, R.I. and Leinrson C .E. Randomized routing on fat-trees. In efh lEBE Symp. Found. 
of Comp. Sci., UIS5, 241-249. Also avail ble as MIT/LOS/TM-3O1. 

Fat,..trees are a dass of routing net.works for hardware-efficient pa.ra.Uel comput.ation. '\ e 
present a t·a.ndomized algorithm for routing m.e-SSa.ge on a fat,.tree. The qua.lit,y of the 
al.,.ori:ihm is measured in t.erms oi th1. load factor of a. set of messages to be rou~d. which i a 
lm •-er bound on the ·me rl!quired to deli er the messagies. We $how that if a. set or mes.sag 
has load factor ). = n{lg n lg lg n) on a fat-tree witl'l n proceSS<lrs, h numb r or d liveri 
cyd {routing: attemp ) that. the .tlgorit,hm requires is O(> .. ) v.ith probabili ;y 1-0(1/n), The 
b~u previous bound was 0(.\ lg n) for the off. line problem where sw1t;c::h setting can b 
d t :rmined in advance. n a VLSI-li e m.odel where hardware e,o .t is equated with phy:.ic:a1 
volume, we use the routing algorithm to demonstrat~ that fa ~trus are unlversaJ routing 
net, orks in ~he sense that any routing networ can be emcienLly simuJate by fat tree or 
comparable hard.war cost. 

61. Halpern, J., Loui; M.; Meyer, A. and Weise, D. On time versus space m. J 1ath. !J,5'tems Th eory 
10 ( HI 6) 13-28 . 

. .\11 ingenious general program transformation to Mve computation spa<:e (at- the r:o t or 
repeated1y recomputing subresults) b.icb .is app1ka.bJe to any progr-am whose space 
requ "rements grow proportionally t.o its time i-equi sement.s. (This is o d result or theoretical 
intcrt5t which has taken awhile to write and publish because or its subT.ilety .} 

62. Httstad J. On using RSA. ·itb 1o ex-ponen ·n a. pllb1ic ·ey network. SJAJW J. Oomput. 0 {1986), 
00. To ,ppear. 

Encrypt ing !in.early i'elated messages by RS. wit a. low exponent. is insecure. T e ma.in tool 
is an algorithm :sol i:og si:mult-aneou. moduhu· C<J,Uations of low degree. 

63. Ha.smd, J . .Almost optimal lower bounds for - mall dep h circuits. In uJ" AC\J ymp. Theory of 
Computiug1 9 6, 6-:!O. 

~ most. optimal lower bounds tor he size of small depth circuius computing functioni; like 
parit.y and ma.jority. The main tool · a lemma. which say that by ~igning random values to 
a random subset of the variables i is po ibh: with high prob bility to change a depth two 
circuit which i a.n .AJ\'D of ORs to an OR or · · ID without increasing the hie. For an· 
constant A: t.hei·e is a function which has linear siie circuit of depth k bu ,i+11ich h~ 
e!\'.ponential site cireuits, hen the depth is restricted Lo k:-1. 

64. llas ad, J. Computational Lilllitations ro.. mnll D pr.h Cireui . Ph.D. • h., MIT Dept. of r..rai..11 ., 
10 6. upervised by ipser . 

E. ·ponential lower bounds for sma.11 depth circuit.s computing (;e tafo fun,:; ions. The 
ri:Jnt,ions to nil at· ized oompl~~"i.ty. 1'he pro bl •m or inverting XC0 pt:rmt ta. ion:: i~ ·l O\\ n to h · 
P~h rd. 
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6 . Ilas ad, ., Ju.st, B., l,aga.rias J.C., and chnor1·, C.P. On findin in e e relation anhm r :ii 
nutnb ~- Sl.•L f J. Comput. 0 (19 6), 00. ubmitted. 

t polynomial time algori hm which finds an in ger rela ion amon 
Th · modt!I of compu a io is that renl arithmetic can be done a unit 

a set of real n umber,- . 
t. 

86. Hru.tad, J. Leighton, F.T. Divi ion in O(log ~ dcplh using 0( 1 t) processor . Under rwi ion / r,r 
publication (Hl • ). 

The main result decreases the. numbet of processo · needed for the Beame-Cook-Hoover 
ilivi.sio circuit from N° to siightly more ban linear. The paper also x ~nd the BCH metl od 
o fiad simple roots. 

6 . Rea h, L. . Algorithm for e-m e<lding: gra.ph:s in books. Tech. Rep. TR 5-028, U11i,· . . Tor h 
Carolina, Chape] Hi l, Augu..s , 985. 

, gr ph · embedded in & book by ordering its •ertices on t-he spi e ( ine) and 3$igni 
ea.ch of its d to a pag! so that, in any pa"' , no two edges cross. Thr al orit.hms or 
embeddin raphs in book are pr ented. The firs embeds a.ny pl ar g:r ph ·n a. book oi 
seven page:::. he second embeds an;• -rivalent p anar graph in a book of t.wo pages. The th1r 
xbibits a. trade.off for he cl~ of ou -erplaDar graphs be ween the nu ber of pa in an 

embedding and the "wid h'' o the pa es. 

68, I eath L. . Embedding outerplan r ~rap m small books. SIA 11 J. .4.lgebrc. · and Di~ re ~ 
Jr-thod6 D (rn ). 00. To app ar. 

An O(n lo·· n) Lime a.lg,ori hm for mbetlding a.n n-ver tex outerplanar graph i a , ·~patr'-' 
hook wi 1 O(d log n) pagewid.th. Th.i rc&ult exhibits a significant trarleof bclweell 
p geoumb r- and pag;e ldtb for outerphma.r graphs. 

89. Uea h, L. ~. Embedding riva.lent plana.r graphs 1n wo pages. SIA J J. Oompu . ( g _.s). 
uhmitte-d. 

Th rela ionsbip be i\Veen · he valence of a p]an.ar graph a: d the umber or pa es sufficienr 
iot rnhedding th graph in a book. \ c pres.en a. linear time a.1 orithm fo embeddin a. 
ri ·nl ni planar gra: h in a wo-page book. 

70. Bea. h, .S. , and 1st.rail, . Sur ac ,embeddable graphs can be embeddl!d n a boum:le u 1 1 er of 
p:iges. In eih IEEE ym.p. Found .. of Comp. Sci., 1986, 00. ubmi ted. 

Any graph emb~dde.d in a. urface (orient· hie or nono:rien.table) of positive enu g ca.n b · 

emb dded io a book or O(g) pages. 'Jhj compa.r to t.he lower bound we d;o i,·e o O(g11 ) 
pages. Our resu.JI'.. i construe i\•c h: D r!icien algorith.m. impor am. ~pc-ct of ou 
cons rue ion i a. new decotn.posi .io of a graph embedded in a surfac in o planar :md 

onplana. pa:rts. 

11. Hu W'd R. P eudor:i.udom Generators and Complex:ity Classes. {a-,ter' Th., 11. T D p . or 
El'-'c rica.l Eng. a.n 1 Comp. Sci., 19· 6. ~ upcr,·i!icd by • fic:ali. 

e ref enmce ab-ove to paper ith ame it.I by Boppa.n and Hirschfeld. 

-2. Rochbaum D" .. is.hbieki, T., Sl:imoys. D.B. A he ter han hes possible' algori hm to edge color 
mu tig aph.. J. of Algorithm~ 7 ( 9 6), 79-104. 

o :1lgorithm ha. edge colors any mul ,igraph with at 1:no~t (9 OPT+6)/ colors · • 
presented, where OPT i the minim.um num.ber of colors neede<l to color h multi raph . Th 
core or he algori hm · a. pro-e dure which colors a certain wide dass of muhigra.phs op imally 
within polynomial tim . 
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3. Hochbau.m, , ., Shmoys, D.B. • .!in 0(\: 2) algodt m fol' the planar 3-cu lToblem. .':J .\l 
J .• --Ugebruit: and Di8erete MeJhod.6 6 ( 985), 707-712. 

A imp) algorithm ba.sed on breadth-rirst search for the problem of ri di11g a. rninimu n 
ca.r<lmality set of edges hooe deletion disconne,cts a planar graph into hree connerted 
components. 

1'4. Hochbau.ro, ., Shrooy.s, D.B. smg duaI app.roxima.tion a.lgorithtn:s or sch:dulio probl m ·; 
theoretic-al and practkal results. In ed-"' IEEE Symp. Found. of Comp. Sci., 188-5, 79-89. 

A polynomial approximation scheme is given .for the problems of minimiz:ing the eomplerinn 
time of a set of tasks to be scheduled on a set of iden foal parallel machines 'thom pi-ereclencf" 
constrain or pre:em.p · ion. In other words, a family of polynomjal- time algoFithms is i;i,•e 
where for eac:-h value e>O, there is an aJ orithm in this famiJy th:it produces a. chedule taking 
time no m.me t.ha.q ( +f;) times t. e optimum schedule. In addition, special cases are 
considered, giving ext.r,emeJy efficient lgori~hms that produced s<:hedules guaJ"!lilte.ed t.o finish 
with.in ~0% and 16 2:/3% more than the optimal sched le. 

7 .5. Hm:hba.um, D. ., Shmoys, .D.B. A packing prob em you can aimos:t solv by si ting on yoill" suitease 
1.4.M J. of Algdro.i' and Diseretc Methodl! '7 (1986), 241.7-257. 

. new type of' approximation algorithm · im oduced: instead or sea.r-ching for uboptimal, 
f :isible so utions where ~he degree of suboptima.lit. is bounded, a dual a proxima ion 
algorjtbm ·eks s.upcroptimal, inieas"ble so?ution here the degree of infea.sibilit.y t- bounde.cl . 
Using t.his otion, we sho,i 3. t.rooe-off between the tdegree o( r-..T?-comp eten ' or a cel"tain 
packing problem and the performance of the dual appro:..1ma.tion algodth.rr.1.. 

'16. Hoehba m, D .. , Shmoys, D.B. A unified appro.a.ch to approximat.io-n algor-~thms for bottlen.:;ck 
prol l,m-·. J. AC'J f 33 (1986), 00. To appi:.a.r. 

A general technique based 011 the concept of a power of graph is presea •d th t pro\·ide 
a.p_pro..,"<irna.tion algor"thms for a wide range of probe s from r,outin eommu ·cation net.woi-k 
design and location t eory. ~Y or t e algorithms presented her ar he besl possible in the 
s.rmse th.a they deliver solu fool! that. a.re guara.n~ed to be within a facLOr of k of l.he opti num, 
a.nd if here cxi::;ted a polynomial- ·m algorithm wjth a i;uperior performance guarantee1 t.hi.:n 
P would equal rP. 

77. Ka.klaman.is, Christos. A pecial Ca.se oi First-Order Strictness Analysis. Bachelor~s Th., i 1IT Dept . 
or Eloclrical Engin. and Comp. Sci., 1986. Supervi.sed by eyer . 

. icyer showed that strictness analysis of fi:rs order d do.rations was of e'.>.-ponenrial 
<:-omple::,:·1,y. Here a coarser analysis, ,e:ssentia.Uy one in which all functions, even oond"tionals 
are treated as strict. in aU arsuments, i.s. shm\•n ~o be po.s..«l.ble in a. J"near time for decl at-ion 
ot first-order fupctions. 

78. I afo;ki, B.~. Wyner's 
CryptoJayy: Proc. Crypto :_., 
Springer~ Verla , HJ''5, 83-94. 

analog encrypt.ion sc eme: 
Lut. r.lates in Oomp. ,1. 

ttu] - of a $imulation. In Admmc:<:$ ·n 

US, Blakley, G.R.. and Chaum D., E 5 .. 

Results of a simula~io of an analog encryption scheme. The s-c eme introduced m 1979 by 
A.aron V. yner of Bell Telephone La.hara.tones, pMvides ecure, 1lccura1e scra.mbhug or ~peech 
waveforms "' · e conforming Lo the b ndlimitedn of a dcphone channeL The simulation 
confirms th scheme' theoretical. properti - , based on numericaJ measur~ and on lisumrns to 
encrypted d deerypi.ed wavcfonns. 

79. K~l.iski, B .. , Rivest. R.L., and ~ Jerman, A.T. Is DES a. pure cipher? (Results of more C"}'dim.! 
L·xpo:1·iment.:s: o DES). n Pmc. of Cr-ypto 8,5 pi"inger-Ver a.g, H}85, 00. To appear. 

Eight cycling experin1cnta on the D ta E ci-yption tanda:rd (DE } ~ e..re per-formed to sec 1i 
DE has certain W'"Cbl"aic 'il"ea.criesses. Except for a· weak keyn experiment, our- i-esuh ,vere 
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cousist~nl. with tb hypothe. ii. Lhat DE acts Like a._ t of r-antlomly-chosen permutation The 
wea.k ke exp •riment produced a shor cycle, lhe c-onsequ nee of hitting a r, -ed poin for ':irh 
wea - ·ey. 

80. l';ih Id , R .. Rinst.1 R.L., and herman, .T. ls he Data. Encryption Sand d a group? n 
.4.dvo., cc in Cryptology: Eurocrypt 85. Pichler F ., Ed., ringer- erlng, Hl 6, 1-95-

Two tati ical tes - for d1.nrmining if an indexcd set or permutations acting on a. fiuil'! 
message space ·orms a group under £unctio11al composi ion. Each yields a known.: la1nte-x1. 
at ac.k against any fini e, deterministic cryp osystem tha gene:ra.tes a ma 1 group. sing a 
combination or softwar and special-purpose hardware, ea plied a. 'cydin"' "' to rhe Dii i1 

Encryp ion Standard (DE ). Ou.1' experiments show, with a high degre,e or confidence. that 
DE i no . a !rroup. 

1. Karlof, H.J., hmoys, D.B. Effiden parallel gorit.-hms Ior edg co)orin problem . o. 
Alnorithffl<8 (1986), 00. To appear. 

EfCicien parallel algorithms. to edge color simple graphs of maximum de ' ee d with d- l 
colors are presen ed; or gra.phs of maximum degree bounded by a poly-Jog; runctfon of •h~ 
inpu siie, thes~ are ·c algori hms, requiring poly~)og ime using po ynomia..!!y m y 
processors. In addition, a R! C algorithm i given to edge color a.n. simpl imple raph with 
d+o(d) colors. 

2. Karp, R. ., Leigh.ton, F.T., Rivest R., Thompson, C. Va-zirani, azirani, V. G?obal wire 
rou ing in wo-dimensional array . Algorithmica O (19 6), 00- ubmi t-ed. 

ResuJ on channel width when rou in gate a.rra,ys, including IP-complet n ,._ 
approximat.ion algori hm and igh worsl case alysis. The resu.1 extend to a wide da:: or 
in ·g r programming problem , and have ccen J been imp o ed in a very nic p p r by 
Ra l:rn.v::i.n and Thompson. 

83. r· cin, P .• Reif, J. An Efficien Paralld Algorithm for P anarity. faster s Tb., 1VfiT ep . of 
Electi-i al En . and Comp. Sei. 1986 In prepa.:rat.ioo. 

JJ new parallel algorithm for finding a p]ansr mbedrun of e. grapb (or · eporting that none 
exis )- The new algorithm · almost. as eificie.nt as Lheore ic:ally possible. .ln contrast, he. 
pr vious be t algorithm for plana.rity used many more p oc · ors o a.c.hie. e t.he sa.m time 
bound. Th mo t significant a.spie.cli of · he ne parallel algorithm i,:; its u of a. saphi ica cd 
daLa rue ure for representing •ts of' embeddings, he PQ~tree or Boo h and Lue r. his 
data. t. ucture was d Yeloped h. Boo h and Lueker and used in a equen ial algori bm r 
pl3Jlariry; however1 no parallel algorith for the da.t.a st.rue: ure were knO\.\'n previously .. Th~ 
1..: join work with Reil'. 

84. r iu, ., Reif, J. Parallel time O(log n) a.cceptanc of deteFministk CFL's. Sl..td..M J. Oompu . 0 
(Hl 5), 00. ub 1itt d. ]so available as TR-05-84 Center for Resea ch in Oomp11tin Technolog:, 
Harvard llni ·er~i _-. 

85. La.ga.rias, J.C., and Hast.ad, J. 1mul aneou~ diophan ine ap_proxima ion of rat.ional by Ta ionals. J . 
. \lumber Thrn , 0 (IO 6). 00. To app r. 

~tudy of he number or good diopha.n i e approximations to a. •eet.or of rational num ber . 
he resu.l " are crucia.l to the be na1ysis of .. hamir s a tack on he basic rkle-HeUman 

knap$a~k crypto system. 

6. L wler1 E.L., L ns ra.1 J.K., Ri.nnooy Kan , A.H.G .. Shmoy 
Probl m: A Guided Tour o Combinatorial Op imiza ion. 
\ r.ithematics. 

D., (Ecls.). The aveling: alesman 
J . Wiley and oos. 9 5. Discre c-

gradua e textbook in combinatorial opt.imiza.tion. .All of the a.specl.S of this field, such as 
compu a ional complexity polyhedr I combinatoric:;;, and probabilis icr won~ca.se nd 
emµmc perform ance of heuris ' ic proced r , are dis ed from the poin of i w of he T~P. 



32 

7. Leighton, F.T. An Introduction to _he Theory or etwork , Parallel 1Computation and VLSI D~ign. 
In rogr~. 9 6. 

A tcxtbao.- basecl on t.lie coll'5e. ta ght. Hl83-1S 6 on theory of paraHeJ compt ~ion and 
11.. .. J dc..o;ign . 

• Lcicrhton, F, T., Lei erson, ' .E. • a!er-scale integration o sy:sto le arrays. IEEE Tran. , mi 
Uom.put,rs 0 -34 (19 5)t +1 -461. 

'"'everal ne"' and nearly optimal algorithm;:, for in.te ating one od t,wa climen!>'·onal array 
of processo on aw er containing fa.ah.s. Th.e algo:ri m.s ares own to work with very h.i h 
prob bility when cell fai mes are in epen ent., -mini.mi.zing maximum wire ength d nvera, c 
channel width. 

89. Leighton, .T.1 Leiserson C.E. .4Jgo ithms for integrating wa.C r- cale systolic array . n \, l,. "'I 
Circuit and A.,· hitcct re Design-, warti.landet E., Ed., larcel Dekker, Hl 6, 00. To a.pp ar. 

ummary of most- of the known tedmiques for int.egrating one uid t o-dimensional arrays 
around faul on a waler. The techniques e an :zed in erms of maximum wire l ng b and 
average ch0.0oe width nee· ary for a. cypical wafer · , random]: located fauJts. 

90. L ighton, F. ., Leiserson, C.E. A survey or algo,ri hm ~ for integrating wafer-scale syst,ohc array . 
IFJP Yorkah-op o, Wafer-Seale Integration at Grenoble, Saucier, G ., Tru· le, J., d ., ort 1 oltand 
HI 6, 00. To appear. 

Essentially the same as the pape.r in the. VL l . s.~ book. The pa.per mm rizes mos of 
ht: nown techniques for integ.t-a.ting one and two-dimensional array ar-0und fa on a wafer. 

The tcchniq1ies are ana,lyz.ed in terms of maximum wire length and average chann I width 
nee ary fo a typical wafe-:r wi h random y )oca,te-d fault.s. 

9 . L ighton, F.T.1 Rh•est, R. Estimating a probability using finite memory. lEEE Tran6. on 
Information Theory O ( 986), 00. To appear. 

Tight boun on e probJem of est.imating the mea.D cf a Bernoul · random ,,ariable wiLh a 
fini e scate autom.aton. 

92 . Leig ton. .T., Rosenberg, A. Th.r,ee-dimensiooal circuir. layouts. S1.Alvf J. Comput. 0 (1986), 00. 
To appear. 

TL.e pa.per describes nearly optimal tecbn'q ~ for connrting wo-dimensional layoul.5 into 
more efficient multilayu byout.S. Both the on a.cti\·e- ye.r model and many-active-layer 
n odcl a.re con i ered. 

93. L ighton F .T., hor, P. Tight bounds for minimax grid m.a~ing, with appl"catioru. to the a"·era e 
case allalysis of algori1.hms. In 1811 ACM Symp. Thwry of Computi11g, 19 6, 91-103. 

olution o the minim.ax grid ma.telling problem a:. r nda.mental combinatorial probli: 
~ ciat-c: wi h t-he a.verage c analy i of a.lgori luns. The res s ve application o a 
variety of problems, i: dudi g bin packing dynamic location, wafer a e integration or 
s}'St.O ic a.rra.ys, testing ps-eudorandom nUJ.Uber gene.at.ors, p1anar discrepancy and ma.t.ching 
proble . and mathematical statistics. 

94 . Leiserson, C.E., and Magg: BJ.L Comm.u.n.ication- Cticieot pa,rallel graph lgori hms. In J98() In,'{. 
Con/. Parallel Proce8 ing, 19 · 6, 00. To appear. 

95. Le..,•in, L.A .. ve.rage. ca.se comple e problems. SIAM J. Comput. 15 (19 6} 2 5-6. 

Many "nteresting combinatori problem~ were fo nd to be lP-complete. Sine" her i liu;I 
hope to olve them fast in the worst case, .researchers ook for algorithm which are fast ju~ 
~·on a.ver,ge '. Th".s matter j nsitive to the choke of a rpatticul r J. - complete problem and 
a. probabiliry disc.ributioo of ·t.s inst3.llces. o e of Lhes t.ask were easy and some not. Bur o e 
ne s a -w.i.y LO distinguish the. ,;difficul on a.ver:age p oblems. Such ga. iv r ul e t l not 
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3. l\fany progr-!lmming !anguage:i allow proccdt1rcs which ca.n take thems.elve:i as a.rgum<Jn 
This kind or ty-pe-Yiolation yields a contradietton in three 1.i.nes, e.g., r.he fo.nction P declared 
follows: 

... unction F{.I) ::= li' Jl.1)=0 then l else O fl 

By definition, F{/)i is not equal to An for all functions /. So let / he P. Them F{P) b DOl 

qual to F{.P)t Why isn 1t this contradiction th.reMening to Computer Science? 

101. Meyer, A.R., and Reinhold, M.B. 'Type' is noti a. type: preliminary report.. In 1ffh A.CM Symp 
Pri11ciplu of Programming Languag.e..s:, 1986, 287a295. 

A func~ion bas a d.ependt:nt type when t.be type of its result depends upon the value of i 
argument. Dependent types originatied in the type c.heol:} of intuitionistic mathemat.ics and 
have reappeared independent.ty in programming languages such a.:s CLU, Pebbk and Russell . 

ome of these !a:nguages make the assumption that. there exists a. type of aU lypt-, which is. i 
own type as well as the type ol all other types. Girard proved in 1972 that this approach is 
incons1s1.enl from the perspective of int,u;tionistic logic. \Ve a.pply Gira.rd\; techniques to 

1..ablish 1.ha1. t.he type-of-all-types assumption creates serious pathologies from a prag-rammin 
perspe,ctive: a :system using this assumption is not normafuing, term e.quality fa, undecidable, 
and the resulting theory fails Lo he a consc:rva.ti:ve exteru;ion of 1,he trbeory or the underlying 
base types, so that. classical re&"JOning a.bout programs is not sound. 

102. Meyer, A.R. and M. Wand. Cominul'ltion semantics io typed lambda-calculi (Summary). [n Logic1; 
of Program~, Leet. Nofes in Comp. Sci. 193, Parikh, Rohit, Ed., Springer-Verlag, 1985, 219-224.. 

03. 1'-ticali, S. Knowledge and efficient computation. In lilt A.CM Symp. Thio,-dical .48ptct.f of 
RFlll:iouing About Knowledg~, Halp~r-n, l .. Ed., 1986, 353~362. 

D4. 1\Hcali, S., FiS<:her1 M., Ra.ckoff, C., Wittenberg-, D. An oblivious transfer protocol. 1986 
ri.:paratio11. 

105. Mir.ah, S., Galili Z., Gabow, H. All O(E V log V) algorithm for finding a maximal wcii::hted 
mawhing m general graphs. S1.A.M J. Comput. 15 (1985), E!0.130. 

106. ~licali, S., Rackof[. C., Sloa.'l, B. The notion of security for probabilistic cryptosy:;tems. Sf.-tM 
J Comput. 0 (1-986), 00. Submitted. 

Goldwasser and }.·licali's defirutfon.s of polynormaJ security and semantic ~ecu1:i1.y, and ·•itao' 
information theoretic defioition of security are aU shown to be equivalent . 

107. };l1tchell, J.C. and AR. Meyer. Second-ordet logical relations (Extended Abstr-act). fo Logiu of 
Programs, LecL Notes in Co-1np. Sci. 193, Pa.rikb, Robitt Ed., Springer-Verlag, Hl85, !?2~236. 

effort to forma.Jize the notion of ~representation independenceu of ab:::tract data t;rpes m 
programming led J. Reynolds in 1974 to discovel' logi.eal re-lotion6 and pro,,.e a ,•ersion of what 
c;:1n now be recognized as Statman's 11 Fu11damenta1 Th.eor,em of Logical Relations". Logical 
relations are t.o arbitrary systems 0£ finite types what homomorphisms (struuur~preserving 
maps) are 10 ordinary (first,-,order) algebras. That is, they a:rt a basic concep~ in the semantics 
or finite types, and their t.heory on firute t,ypes has been developed extensively b;• G. Plotkin 
;ind R Statma.n. Reynolds' cffort.s w generalize the Fundamental Theorem to polymorphic 
t,ypt>s were stymied by the semantical problems of polymorphism. Using the notion of 
polymorphic model developed by B.ruce, }i..fitchell, and Meyer, this paper demonstrates that. the 
d~ired generalfaat.ion of ]ogieal relations an.d proor of representation independence for 
polymorphic types is relatively straight'.forward . 

08, Parikh, R. , Chandra., A. , J.Y. Halpern, and A.R. ).feyer. Equations between regular terms ari tJ :m 

a1>1>licn tion to process logic. SIAJvf J. Ccmµut. 14 (Hl85), g35-94 

A s~•ntaclic3l!y simple problem of satisfiability of equations between regular c>..'J)ressioll6 with 
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only save ·'posi:t.hre" efforts but may also be used in areas {like cryptography) wh~n hnrdn 
or some problems is a. frcquemt assumption Tt 'is shown in the paper tha.t t-he Tiling problem 
wiL-h unirorm distribulion of instances has no polynomial "on avern.ge" algorithm. unle:,--s e, cry 
1\1P-problem wilh every simple probability dist.rib1nion has it. I~ is ir1teFe!lting to try to pro\'e 
~imila.r statements for other I\rp-problems which resisted so far Haverage case" attacks. 

g 6. Levin, L. 
appear. 

One way functions and pseudora.ndom genel."ators. Gom&inatorica. (HlSG), no. 

Pseudora.ndom generators trans.form in polynomial time a. short random ••seed" into a. long 
"pseudorandom ., string. Th.is string can.not be random in the dassic.-al sense of [Kolmogorov 
65], but testing that requires an unrealistic amount ,of tirn~ (sa.y, exhaustive search for the 

ed]. Such pseudora.ndom gener-ators were first discovered in [Blum, Micali S2] &"-Sum.ing that 
the function a:z: mod b is on~wa.y, i.,e., easy t.o compute, but hard to invert on a not.icenblc 
fraction of instances. In {Yao S2] t.-hls assumption was generalized to the existence or any on~ 
way permutation . The permutation requirement is sufficient but still nry ~trong. ft is 
unlih]y to be proven necessary, unJes.s something crucial, like P=NP, is discovc:recd. Th 
paper, among other observaltions, proposes a. weaker assumption a.bout one-wa.y functionst 
which is not only sufficient, but. al.so Df.-cessa.ry for the existerrce of pseudorandom ~ener.a.tors.. 

97. Magg5, Brute. Commu.nicat.ion~Efficient Parallel Gr~ph .i\igo.ritbms. Mast~r's Th .. 1\fiT Dept. o 
El1.:dricaJ Eng. and Comp. Sci., 1986. Supcrvii;ied by Leiserson. 

118. Ma.Iitz, S.M. Measlll"es of graphs on Lhe reals. H.186, In preparation. 

Let G be a. (continuu:m~sized) undirected graph v.;th vertices in the Un.iii inten·a1 ~0,1]. 
each bijection of f0,1] onto itself (i.e. each relabeling or the vertices or G). t.here corresponds 
ubseL or the unit square which is essen~ially the adja-cem:y ma.trLx of G under the given 

labeling. We establish some s.urpri~ng r-elaliooships between the structure of G and meast1re
t.beoretic properties or the- corresponding family of adjacency matriees. 

4il9. ?,,1l~yer, A.R. Floyd-Hoare logic determines sero.antks, [n IEEE Symp. Logic :11 Computer Sdornce, 
1986, ..J.4-48. 

The first,..order partial correctn.ess assertions provable in Floyd-Hoare ]ogic about 1n 

uninterpreted while-program scheme determine the scheme up t.o equiyaJen~e. Thls fettles rm 
open problem of Meyer and Halpern. The simple proof of this fad carries on!ll' to other partial 
orrectness axiomat.i.zations given in 1,be: Uteratur-e for- wider classes of ALGOL-like program 

si=-hemes. 

·oo. )·ieyet, A.R. Thil"teen puz,zlcs rn progra1:nmiug: 1ogic. In Proc. DDC tVi,rk$hop on Fo,rmal Softwar~ 
Dl!t•elopment: 001nbining Specification Aletiwdc, Led. ,Vote~ in Comp. Sci. 0 , Bjorner-, D., Ed .. Hl86. 
00. :-.:yborg-, Dc-nm3.J"k, (May, 1984). To appear. 

Prograu1ming languages attach new c-omputational meanings to familiar expressions. T he 
computational meaning may have unexpected propert,ies, and reasoning about it can be trick). 
In thi,::, tutorial paper we descri~e a Cew pu,zzles which illust.ralie why reasoning a.hon~ program 
behav[or raises some logical cha.llenies. Here are some samples: 

L Exhibit a dedara..tion of a proce<lure E which takes no argument-, and returns an intc-t1ter 
,•aluc .such Lha.t I.he c:ondit-ional expression 

if E=E then O e)se 1 fi 

evaluates to i in most programming Languages. 
:?. Exhibit a simple context into which !!it her of 

can be 5ubstituted so tJla.t. tn 
yield <llffcr~nt, results-. 

(1 - 2) or (2 + 1) 
nt.iaUy all programming languages the resu1ting suhstituLiom• 
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free rn.rfa,ble i hown to be • decidable. The resul impli ,. tha a a r-act.ive im liu.n ion 
of the syp a..x of a system or .modal og-ic used for re onin about concurrent proc « ~ won1d 
d roy he po i ive d cidabilit.y orope ties of th logic_ 

109. Philips, C . .:\. pace-Effkicn l\Jgor1th.ms for Computa iona! Geometry. ~1as r Th ., !\iUT D, t 

of El ·ctric Eng:in. a.nd Comp. Sci., 1985. Super ised by Leisey.son. 'LSl memo 5-270. 

An lgori h.m for determining · he connecti, ity of a :s:e or rec ang es in th plane. Based 
upon :i cchnique called canning, hi algorithm ru in O(J\

0 

lg 1 "me and requirts 0(11· 
primal"}· memory space where l is tbe ma:cimu number or r e a.n .. Je-S to c o a vertical cuL 

ecal.L5€ we use :;i. machine model thilt exph -tly incorpora.t. secondru-y memory, t.11 111:w 

conn cted components algorithm a.voi une -peeted disk hrn.shing. ,ve a. so in roduce in ervaJ 
1..re ; a simp e, pa.r~e, da trocture for manipulating sets of ine se men . 

110. Ri,·es Ronald L. etwork com.rol by Bar ian broad.cast. Tel"h , Rep. TM-287, i T ah. for 
Comp. Sci. Sept~mber, 198-5. 

Ill. herman, A.T. Orypt.olo • and VL I (a two--part. dissertation): . De e-cting and exploitins 
a)g braic wea. nesses in cryptosystems ll. Algorithms for placing modules o a \1. I chip. Ph.D. h .. 
:-..nT D p _ o Elect!."ical Eogio. and Comp.. ci. , 986. uper.ised by Riv t. To he completed in Au~1i 

wo independen parts. Pa.rt I explores relationships be e n aJgeb aic and c ri ty 
properties of cryptos tem.s, focusing on r i e deterministfo crypt.osyste whose encryption 
r for a ions for-m a. group Ll.nder func ional composition. Part II explor the problem oi 

placing modules on a. custom VLSI chip, focusing on he pla~ement. a.1 orithms used in h , -HT 
PI (Plac m n and Interconn c:t.) y em. 

112. ipser, 1,1. E.·pantlers, randornne!lS, and ime versus pace. In Con/. 1 1 rture n Com1Jle:x.i y 
Ther>ry, 19 , 325~329, 

113. Trakh enbrot, B Selected Deve opm n in ovic thematicsJ Cybernetic • . el hie 
.Asrocin ' . Fall Cnurch, \A, Hl 6. Io ogra.ph erics on Soviet mon. 

A urvey or thirt. yea.rs' ovie research ln ~he reas of au om , combin t.orial cornplexi1_ 
al ori hmic: comple.xi ty. 

14. Trakht.enbrot, B.A. Logical re-ations in progra.m se.m.an. ies:. In Can/. Mathematic.al Logi and i t 
Appfit::atione. Pl num r , 986, 00. D nzhba. Bulgaria, epi. 19 6. Invited paper to appea.t. 

How logical r lat.ions ma~ be used to characterize in•rariance properties of functionals, which 
provide he meaning (in the style or deno a.tion:tl semantics) or pro.gram.ming con tl"U I.. 

1n par icular he following · :uations ar considerecl: 

• c:hematologicaJ a.b5tra.ction fot languages which use a. first oli'der signs. ure. 
• The invariance or co tructs in Al ol-li e languag with respe<:t i.o memory locations. 

115. Vitanyi . P., A erbuch, B. Atomic _rea· t..cr access by asynchronous h rdware. n erh IEEE Sy-mp. 
Found . of Carnp, d., Hl 6 00. To :i pear. 

Th problem addr-esscd is rooted in hardware d ign o! concurrent regi te~ a.cc by 
asynch ronou componen a!ld also in nchronous int.c.rprocess oommunkat1on. \ t.o 
con ruct mul ivalucd re is e whic can be read and written asynchronous.. ny 

uch a regL r i called 11.n atomic re · ter. We are no 
interested in a lSOlution tha requir one prooess to wai for anoth r, e.g .. mutual exdusion, 
ynchronizntion. execution rounds and so on, because such a method slow the sys m o he 
peed or he slowest processor. t was known previously how t.o co rue tarting from h 

mos primit.iv a.synchronous (hardware) components, an atomic register which ca,n be read b~
on proc ::-or and i.vri ten by one other processor. Using thes:e a. omic 1-rea-der, 1-wn <>r 
re L wrs, we con ttuct atomic: uJ ireader, mul i ·ri r regi:l, ers. 
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5 Lectures (Annotated) 

Barrington, DA. Bounded width po]ytJomial z branching program:; recogniie xacdy tho • 

s in ·c1
. 986, 18th OM ymp. Theory of Comput.m ; rv.nT Lab Eor Computer cience; ID.\! 

Rese:u·ch Cen er, a.n Jose; Mathern t.ical cience Researc t.itute. B-er eley; U. Chicago; W le. ., 
.• fass., Amherst: Amber.st College: U. Toro to; ontreal. 

2. Berger, B., L,.'gb on, 
R ·catcb Review. 

1n,1• hounds and algorithms fo channe rom.i.ng. l 9 5, F 1119 5 UT Vl.. I 

R ~u! a.st,er's be.sis. 

3. Bloomj ectur on denotaiion sema.ntics or count.able nondet,ermioism. O 6, a erie:. of 
lect ures, MIT CS Theory of Computation Concurrency eminar. 

Papen! or Pneuli, Milner, • pt and Plo kin, and de Bakker and Zucke:r, and refated work by 
the lec:Lure.r 

4. Bloom, Bar , e.!l Rona.Id L. Rivest. Abstract. Al 1085, Workshop in 1achine Leaming, Sk_'l-O 
P en n y lvania., 

S. Boppana, R.B. Lower hounds for onor.one circuits. l9S-5, rIT Lab. for Comp. c1., e. 

6. Boppan , R.B. Amplificatio of rob bilistic Boole formul . 19 5, :?6th FOC Bell 
Commun·ca.t.·ons Research. 

7. B ea:rn- annea, . Conaerva.,fve extension. sit.ua.tio in typed. lambda calculi. HJB6, Bell L bs; IB~I 
Yorkto '11 Heights; Brown U.; Cornell U. 

Programming languages ar modeled by various yped lambda calcu]i. Addmg new 
1 nguage feature corresponds to extending the calculus with new _phrases and con"ersion rules . 
• re all old proo-ra.m phrases t a.t were not, provably equ·vruent in the old cakulus titi l no 
provably equi¥alen in the extended ca.lcu.lu ? (i.e. i the exten ion constrootiv ?) \ e r ye" 
ev r· l amplcs in which cons a.t.ive e:;.:t-ension bolds an.d ail . 

8. Chor, B., Goldwasscr, S., :ticali, ., Awerhud1 B. Verifiable ecret hari 
broadcast. Hl 6 'orkshop o Security MIT Endicott House . 

and s1m l oeo 1 

. Cl or, B. Godre"ch, O. Unb"ased bi l"rom sources or weak randomness an probabili~tic 
communication complexity. 1985, WT Lab. for Comp. Sc· . ( 9 .5)j RI, 0-Berkele:t·i ffi). an-Jose 
• ..:earch Center; Marseille, workshop on gorithms, Raudomness and Com.plexit.y. 

10. Cl or, B., Goldrefrh 0 . Effcient ps do-random bit· generators based a factori g/R A. HI b 
• 1ar: ·ne, wor · bop on Algorithms, Randomness and Co ple:xit._ . 

11. Chor, B .. Goidreich, 0. nbiased bits from souttes of we k l." do e.ss and probab HsL-: 
.::om I u ica.ti.o complexity. 985- 6; Harvar U.; U. Toronto; Tel- viv U.; IB , ··orktown; lEEE :mp. 
Fouml. or Comp. ci. 

l . Corm en, .H. and Leiserson, C.E. A bypercom:en .l"alor switch for rou ing bi -serial m 'O!;t:s. 10 5, 
Dn.rpa YL I contractor's re ·iew, U. tab. 

13. Gol r •ich, 0., • icali, S., WigdeiSOn, .A._ Proo s baJ yield nothing but t: eir ._.alid1t.y, or a.I 
::rugua"'i= in 1 !P bav..: z.ero-knowledge proof . 1986, i{ T Lab for Comp. ci. ; Ya.le. 

I· • Goldr •ich, 0., • 1.ic:ali, ., \\,rigderson. A. Methodological theorems for cryptographic protocol d d n. 
Hl.?H L. Toron o. 
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15. Coldwas.~ .. r. Encryption and signatures in pubhc key cryp ;ogmphy. !985, •ri "' of alk:.. ..-ivcn n. a 
co11r e 011 cr)·pto ·aph.' b Id in Am' rdam . 

18. Goldwasser, ... , l ilian, J. A provably correct and probably a.st pdmality te . 19S5,. Nl l E i hth 
Columbia The0t·_ • Day. 

7. oldwass,e1·, . Kilian, J. Almost aU primes can be quickly c r il'ied. 1985. U . of Toran o; l\-1.a.rseill 
Workshop on .. gori -hmic Randomn a.nd Complcxi y. 

8 . Goldwass.er ., Sip er , ·f. Cnt.tractiv roor i,.ys ems: ublic vs. pri,·ate coin . 1986 Yale; Brown· 
~ C. TOO. 

9, C rc nberg, R.I. Randomized rou in on fat-tre-es. 19 5. , UT: 985 IEEE Symp. Found . of Comp. 
Cl . 

20. H:i.s ad J. Almost optimal lower bounds £or small depth circuits. U) , • HT; . , York own 
Heigh _; CIR1'.1 , ~arseille-· 1SRI. Berkeleyi IR , San Jose · UCL ; U. Toronto: Bell Commnnic~tior 
R e.arch. 

21. Has ad, J. The bit-exii-actfon problem or t-resilient unctions. ia-g·, 26~b IEEE Symp. Found. of 
Comp. d . 

22. as.tad, J . On md"ng integer relations mong real numbers. 19 5, Oonf. in Compo ational Nu er 
theory ~t . rca a.. 

23. Ua.stad, J. On using RS with low exponent in a public key oetwork. 19-S.5, Crypto 9~5, Santa 
arbo.ra, CA 

24. lea.th L . . Algori hms for embedding graph in ooks. _986, ·nisymposium on Book Embedd ing~ 
a.. t,h 3rd WI Conference on Discrete at.hema i . 

Two efficient algorithms for mbedding graphs in books. The first algorithm mbed.5 any 
tri alent phma.r graph in ~ two-page hook. The second algori hm embed d- •al nt -v rt e:,: 
out..erplanar graph in a two-page book with O(d log n) pagewid h. 

25. Ifaii ·k.i , B... . A pseudo-random bit cm::rator based on elliptic logarithms. 198 .. 
Comp. ci. 

La for 

R.:c n r,es,earcb in cryptography bas led to he construction of ve:ral pseudo-random bit 
gen.er.a r - program producing bi as har-d o predict as solving a. hard problem. , 
pre.."'-C'nt a new p eudo-random bi generator based on elliptic curves and a new oracle proof 
me hod for simul ancous ~curii y of bit.s of a. discret-e logar-i hm in an arbi rary abelian group. 

26. " ii ki, B-~. Lenstra factoring a ori hm using iptic cun-es. 19 5, Tufts. 

On o! he most rccen and in :resting r ul in computll.it.iona.l number heory i H.\V . 
Lens ra ' nlgor.ithm for factoring int.ie:g,ers u ing the gJi'loup structu.r · or elliptic cunres. We 
present r I va.nt back round in h.e ~t udy or lliptic curv and ivc a -en ral outline of 
Lenstra.'s al"or1~hm concluding 111th an arutlysi.s ot i running ime and some a.pplka.tions. 

21, 1 · nl iskl , Burton Ronald L. F..ivest nd Alan her-man . I DES a pure cipher? (Result of morr 
c:cling experimen on DES). 19 51 CRYPTO 1985., an a Bn.l'bara, CA. 

28. Levin, L . · . 
Work~hop 01 • 

Homogeneous measures and polynomial ime in aria.nt- . 
ori hm$, Randomness and Comple ity,. fa seille. 

1986, French 1a.h. 

Th· usua. probability distribu ions share a :retnar ·able reatur . They are concentrated on 
strin ~ which do no differ no ·ceably · :tn)' fundamental prop r ies, cept Kolmogoro\' 
com ple.'< i .'. The formali.: at ion of th is sta.te:men t di t-ingui h a prom· in g class of 
" homogenoous" probability mensures. In particular, i suggests a genera.h-zation of he 

oc., 



mayer11. r-ase lP completeness~ results and explains wh)• they ar-e so mces:ur(!' independent. lt 
e1l o demo~tra.tes a sharp dii'fer en<:c between pseu o-random strings and the objects known 
before. 

om h act.eris~ic of :.l""in.gs, like length, change dr maticaJl. when t e r1n!5 unde~s;oe:s 
triYial nan formations (like padding, doubling, cu:.). I\llore fondament.&I. ch r cterbt1c J, 
cal1ed p-in ariants, have. /(t(:i:)j-1(:i::) bounded by constant ror- any tra.n.sforrnatimi 
comput.able an.d invertibJe in polynomial ti.me. Obvious exa.mpl a. /(%)=log log lzl and 
Kolmogor-ov complexity K(z). The function K is not computable and ignor~s sud "mportant 
i ·.ues as runnin time. Howeve , only exponentially small fr~tion of strin~ may have other 
p-mva.ria ts, not determined by K. I, Th.is holds for a broad class of probability d" ·tdbution:,. 
called homogeneous. 

Th,orcm. • ll meru:ures with distribution fonctio computable in polynomi;il 
ttm a.re homogeneous_ 

in \'je,,y of this theorem, it i quite a. chaUenge to find an efficient way to construct ob ect~ 
which a.ve inva.riants no(, de1-ermined by K, l. It is interes 1ng hat. t.he p eudo1"and.om 
generators achieve this goal, t.hw; br-inging new dimensions to the computational properties of 
strinws-

29. M lit.z, S.M. }ieasur of graphs on the reals. Hl86, " T; 30l" ~,tj\.fS Conference. Johns Hopkim -

SO. Meyer, _l\..R, The co:mpl.exity or now-aDalysis: applic.at.1on of s fundamenLal ·heorem of dcnot.a.tmn 
semantics. 19 5, Dept. of Comput.e.r cience, . Pisa, Italy. 

Call-by- value st.ra.tegy sp-ecw.es t at evaluation of th following: functional press-ion \'ould 
nol t n:nina.Le. 

et.rec 
ffir:,y.:z:) ;:"' if x< o then y else !Cx-- 1, z: .y) fi; 

g(z) = ! - s(z) 
in r(2 2, 1.g (O}) ,l!lild 

The source of the Lrouble is !.he divergent a.rgumen g(:O}. !n contrast ,;:.:i.ll-by-need st ac egy 
post.pones eval at.ion of g(O) until 1 i needed in 'valuating the body or J - wh1C"h 1t 1, n' -

nnd ultimately t.ermina.tes v/th he ,;aluc A func ion is operationally trtel in its · h 

argument jf its ,all-by-need applica.t..ion lo some a.r m.ents fa.ils to termin. tc '"'h nc,·er 
e,·aluation of th actual kth a.rgumcm fails t,o l.ermim1.t.e. I.t is OK to evaluate operationalb 
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