
MIT/LCS/TM-404 

THEORY OF COMPUTATION GRO P 
RESEARCH SUMMARY 
JUNE 198,8 - JULY 1989 

Theory of Computation Group 

July 1989 

54 5 TECHNOLOGY SQUARE. CA 1BRIDGE, MASSACHUSETTS 02139 



Theory of Computation Group 
Research Summary 

June 198,8 - July 1989 

LT. Laboratory for Computer Science 

July 1 1989 

K yword : Algorithm om l xity cryptology, di tributed 
loITTc of program p e dorandom - LSI routing emantk 



J une 1988. - June 9 9 
A cademic St aff 

B. Awerbuch P. Jias . Goldwas r 
. Lynch F. L ighton 

A. l eyer 
D. hmoys 

. Leiserson 
. 'licali 
I. ipser 

R Rivest (Group L ader) 
E. ardos 

isito rs and Pos -Docs 

W. .1 iello . o ma<lakis 
1. l earns L. Levin 

. I trail 
N. i ·i an 

. afr a . havit . ,h rman 

G raduat e S udents 

' . Ashcroft J . Aslam 11. Bellare B. Berger 
B Bloom . Blum T. Oormen L. Cowen 

repea.u C. han ~ . Dhaga R. Ehren'borg 
B. Eisenberg , ortnm,• J. Fried \V. Goddard 

Goldman K. Grav R. Greenberg - ,1. Grignl 
C. Haib 1. Hansen R. Hirschfeld A. Ishii 
L. J a egaonka.r . Jim B. l(aliski J . Kilian 

. Kipni P. K lein R. Koch D. I ravets 
B. aggs falih: Y. l'-.fansow.· ntzer 
1 I. Newman 11vI. Pa.paefth. miou J. Park C. Phillip 

. Plotkin .Rao J . Riecke . Rogawa.y 
A. Rudich R. chapire E. chwabe 
J. i kind R. loan L oclof 
\\•I. Tut le P . \Vang 
J. ang 

Und ergraduate Student s 

M. rnst . Fernandez R. Kaseguma 
D. '\VElliamson . Trowbridge P. \~lang 

upport St aff 

. Bern C. Brownli D. rowell 
D. Grupp B. Iuhbard .. 1:erri t 



Contents 

1 Jnfa·odudion 

2 Faculty Reports 6 

3 Student Research ssocia , e and v· sit or Rep or s 15 

Anno ated References 36 

5 Publications 8- 89 69 

16 Public Lectures 88- '89 (Annotated) , Q 



TDC Group Repo 

1 Introduction 

he IT Theory of Computation( 1 OC) group is one of he larg st heor tical computer 
sdence resem-ch groups in the world. I inclu.d faculty, tudents a:nd vi i or from both 
he ElectricaJ Engineerin & Computer cience depart:men and th pplied Ma hema. ics 

departmen. 

1 h principal research a reas investigated by member of the TOO Group ar, 

• algo.rithms: combinatorial eome :r1c gra.pha heoretic numb r heo tic 

• er p ology, 

• computa ional complexity 

• parallel computa ion 

• distribu ed oomputation: algorithms and semantics 

• ma.chine learning, 

• semantics and logic of programs! 

• VL Id ign lheory. 

Group member were responsible for over one hundred and fif y publication and several 
dozen public 1ec ·ur around he world during he pas year. The individu.al reporls by 
faculty and studen sin the next sections and the annotated refettnce and lecture Usts offer 
furlher descrip ion of h year' ac ivi ies. 

The followin major research contribution s meri , highlighting: 

• werbuch Mansour a.nd Sha: its polynomial solution to th basic ne work problem 
of end to nd oommunication . 

• '\Ve huch and ip r efficien implemenlation (constant time overhead) of the new 
notion of a 'synchronizer for dynamic ne , orks· impl ing that d na.mic network are 
as fast as staLic ne works. 

• Elias' eometric demons ration hat reliabl communication. at a posi ive rale is pos-
sible over a channel which introdu, a. fraction 1/2 - f of errors so long as .he receiver 
jg allowed to list O(l/e-2 ) pos. ible ra.nsmitted codewords rather than just on . 

• ortnow and . ipser's oracle collapsing the proba.bili tic polynomia.] ime lliernrchy. 

• Koch proved a decade old conjec ·u.r abou th e..'\pe ed throughput of he diJated 
butterfly ,vitching net • ork that has applica, ion to the optimal design of n tworks lik 
hal used in the BEN Bu t rfiy I a hine. (PhD Thesis) 
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• L ighton and Maggs developed highly effiden packet routing algorithm for a wm 
bu erfty. 1 he algorithms a.re the first faul toleran routing algorithms for bounded 
degree switch.mg networks and appear to be upenor o cuuen ly u ed algorithms even 
if ther are no faults . 

he following are special a.ward receiv d: 

• Lynch was chosen to deliver- he keyno e addr sat la.st summers sympo ium on Prin
ciples of Di ·1 bu · ed. ompu ting. 

• foyer wa chosen o presen an Invi ed Lectur at th 
Logic jn Computer cience, JuJy, 19 

hird IEEE wposmm on 

• ipser was chosen as the p1incipal lecturer i:n the American J: fa hema.tical ociety 
conference on circuit complexity· o be held hi August in hicago. 
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2 Faculty Reports 

Baruch A werbuch 

Awerbuch ha been working on designing effici nt and reliable distributed proto ols ,;.,,i h 
emphasis on i su related o dynamic networks. 

werbuch has pu a gr at deal of effort into developm.en of efficient compiler for dynamic 
ne work protocols. In [9] he u d · echniques of amor iz d analysjs to impro ·e the best 
known compiler :for asynchronous protocols. oge her with ipser [16] he introduced a. nmv 
conaept of Dynamic ynch-ronizer \Vhich allow u to apply ta i synchronou pro oool in 
a dynamic asynchronous network. This pI'otocol is very fast. r q_uil"ing 0(1) iroe overh ad. . 
hus showing ha dynamic a.synchronou network are as fast as static synchronous on.es. 
·na.lly working wi h Afek and Morie} ( 1-. viv [l] he has discov red a compiler whose 

overhead depend exclusivety on he overheads o[ he original protocol. 

Awerbuch also worked on many pecilic problems in dynamic networks. Together wi h 
ha,rit and .;bn ou1· (151 werbuch bas discovered the first polynomial solu ion to the 

end- o-end co.rrununication problem. Th.is is o:ne of the basic network ptoblems; it v a.s con
jectured in {2] ha i ' has no polynomial solution. Toge her wi h Goldberg anford) Luby 
(ICSI California) and P lotkin ( tan.ford) he has found a n w echnique [l"J] for removing 
randomness from distributed computing that has yielded :fas deterministic algorithms for 
~ laximal Independent · eti t:,,, + 1 Coloring and Breadth Fir 'ea.rch. oge her with · ut en 
(IB1 orkto,\•n) and Cidon (IBM Yorkto1,1;n), he has discovered an efficient algorithm for 
main a.ini~ a ree in a. d;rnamic network. Together with Gold1•eich and Herzberg ( ch. 
nion,Israel) [13] he has developed a quantitative framework for a.nalyzin performance of 
broa.dcas pro ocol in d. rnamit ueh 'orks . 

. nother area of werbuch s research has b~n distributed gra.ph a]gori hm . ogether with 
Bar- oy (, tanford University California) Linia.l (IBM Almaden Research C nter. Califor
nia)i and Peleg ( tanford Univer ity, California) [llL he discovered new rou ing schemes 
'' ha use only bounded space have fow conUin.mica. ion overh ad an be con rue ed. on~line: 
work for weighted graphs, and do not require chang in nod identities. He discovered a new 
,efficient BF and hortest Pa h algori hm [10] which is efficient both in time and in com
munication. This algorithm has an in eresting recur ive structure. , ogether with Goldreich 
( 1 he Tedmion Israel) P,eleg ( tanford niv r ity), and Vaini h (The Technioni Israel) [14], 

werbuch udied performance of broadcas pl"o oco] in poin - o~point networks. 

P ter Elias 

The paper on the zero- nor capacity of a bina.r channe] under jamming u ing li t decoding, 
·which was ac pted for public.a ion a .he time of the last annual progr r por has ince 
appea.l"ed [61]. Its app arance led o correspondence with Korner, who has b n working 
on related · opics with Marton and imonyi. Their work aro from a. paper on hashinq- by 
Fred.man an l\omlo [67]. They have publi hed one paper [10 ] a.nd · ubmi ted two m01,e 

whi h indud t re ult relevant o zero-euor capaci under li t decoding. 
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he -econd paper men ioned in the last pro,ll'ress report. which ha~ to do no wi ·h zero- rror 
capacity bu ,v.i h e.rror~rorreding codes under list decoding has appeared as a t ch111cal 
report and has been submitted for publication [62]. 

Curren work explores iterative coding schemes. hese chemes generate oodes ,•rhich differ 
from typical error-oorrec ing block codes in that they are not guaranteed to oorrect all se 
of less than k etTors ou of for som ju egers k n but only mo t uch et . Onl~ oode wi h 
trus propert can be used to communicate at ra., s nea.r channel capacit_: as discussed in 
[61] and [62] the ,capacity of a. channel s bjec to a. jarmnex who ca.n al, er any k ymbo]s 
ou of n is significan 1- less than that of a hannel in which bih are subject o tatjstica!ly 
independent error with probabili y k/n. 

The fir t analy is of these codes appeared in [60]. It showed that they could be u: ed to 
nmsrni wi hout error a;t a po itive ra; e by u i , g check symbols to correct ach row of 
ransmit ed. symbols. rows of ch ck symbol$ to correct ea.ch column in a wo-dirnensio□ al 

array layer of check ymbols to check preceding layer in a -r ctangular solid and o on. The 
fraction of the symbo1s used for checking is les than l in he limi if the sizes of successive 
diruen ions increase= e.g. in a. geome ric seri . 

]n [60] each order of check symbols is used oniy once and then discarded. That s1i.iffic-ed 
to show that commun.ication a.t a po itive ta e i p ible bu he proof gives a. rate sub
s a.ntially beiov. channel ca.pa.ci y. he rate of iterated code ome much closer to apaci y 
when lower or · e1· check bit are u ed to mak further correct.ions after each use of hlgher 
order check bit and the proces is continued un il a sta.bl stat i:s n:ached. ince sh.ti ·~ 
ical independ nee disappear after uch recycling, ge ting tight bounds on the a;moun of 

improvement i difficult. Both analysis and simulation are being u ed o e:iq,lore hi domain. 

Shafi Goldwass,er 

Go,ldwasser ·s ~ ork focused on designing efficient digital signatUI,e schemes and on designing 
multi-party secur,e cryp og:raphic pr-0 oco]s. 

Don B aver and Goldwasser[l9] designed a. protocol for n processors a majoritv of which ca. 
be faulty lio compu e any polynomial 1me function defined on he proce or priva.t input . 
The function is computed preserving privacy. ameiy, o coalition o faul y processors 
can di cover mor a.bou non-faulty proo sors inpu , s hw implies by he function -value. 
Moreover, the faulty ptocesson, can find out the function value if and. only if the non
fault proces or find out the function value in a. rong proba.brns ic ell e. Thi is the 
first solution in the case where the faults constitute more than a majority of th ne work 
proce.ssors. 

Ben-Or Kilian, Goldwasser and Wicrde:rson[26] designed tl ·o extremely efficient user identi
fication methods (using na modu]ar multiplications and based on the difficulty of he ~P
complete subse -sum problem). These schemes work in the two p1'0 'et in eractive proof 
model introduced by the rune author in amel~t he prover (e.g Bank Card holder) i:s 
plit in o wo agen s and the verifier e.g the Bank eller machine) guaran e ha the t\ ro 

.agents can no transfer inforn:iation to each other during the identification process. 
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ellare and Goldwasser[20] in roduced ne,v paradigms for digital signatures and message 
a.uthentkat.io hlch are a comple e departur from h digital signatures schem based on 
Diffi.e~Hellma.n trapdoor function model or the mc:ent diaitaJ. igna ur ch m of am·~Yung. 

he ne, cheme i based on h u e of random functions and non-interactive zero-kno\\'ledge 
proois. 

Goldwas er ha also been d ve]oping a monograph of Jectur no in cryptography an 
on growth of h r l c ure:s in the 11 a·yptopa.phy and cryptanalysi das . Goldwasser 
chair d the crypto conference held in anta Barbara Augu t 19 he was a member of 
the QC HI 9 conference oommi ee a.nd toge her with Prof. Rives wrnte a survey .uticle 
on. er ptography for the handbook on compu er science. 

Tom Leighton 

ogether. Leighton and his tuden s made solid proa · s on packet xoutin algorithms fault 
ol ranc in ne ,vork . and on graph embedding problems. t thi poin hey a.re get.ting 

do to asymptotically optimal resul s that also appeal· to , ·ork well in realit_-. In fact he 
b.ighlight of he coming summer and Call will be o help de.-sign anrl la.y out a mul ibutterfly 
net ork for Tom l{ni h s ne machine. \1/ith a. l ittle luck heory wiU be able o pla.y a.n 
import an rol in he d v lopme t of a ·a e of the ar machine. hey are also, or king wi h 

ill ally and his s udents to s if heory can b h lpfo] \vitb h routing protocols on his 
new machine, and have b n al.king with Ian. Bantz about h possibili i ·of implementing 
ome of he new heory rollting al,mrithms on the G 11 so that it can become a general 

purpose mu ing machine. 

Ano her highligh of the coming year ,,;ill be the new ACM /.mposium on Para.lid Algo
rithms and Archite ·ures that Lei hton has been helping to organize. The fir . :meeting will 
b in Santa. F, in mid-June, and here hould he a large contingent from 11T at he meeting. 
Papers to be present cl range from heory to practice and he meeting hould provide a good 
forum. for int rac ion b tween people who hink abou pa.r.allel machines hose who build 
hem1 and those who use them. The 1990 meeting is in Crete o now would be a good time 
o tart thinking about ubmi tin a paper! 

atish Rao Richard Koch and I lark Ne, man ar all g · ,ing hei1· PhDi thi 
year. 

Leighton is con inuing work on his book on parallel computation. He xpects to have Volume 
I done by early next. year. Anyway, hell choose a publisher soon and maybe that i.,rill help 
him ta home enough to de i done. 

Charles E Leiserson 

Leiserson returned from a leave of a.bsense at Thinking Maichlnes Corporation January I 
19 9 where he worked on the design ,of a. parallel computer. He wa.s a.n invi -d speaker a he 
... 5th Anniverary mposium for Project 1£ at HT and a he Decenniru. Caltech L I 
Conference. He served on the program committee for the IE' Founda ions of omput r 
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cienc · onference. .· e also served on he -firs program cornmi tee for th Ci I ymposnnn 
on Parallel . ·. lgori t hms and Architecture . 

Leis.er on ha. pen · mud.1 of his time io the pas year working on a tex book ntitled In
troduction to Algorifh:ms ooauthored with Corme:n and Rivest. The ex book attempts lo 
provide a rigoro , bu el men a.f) introduction to the area of analysis of algori hm . will 
be published jointl b 11T P ress and kGraw-Hill la er hi year. 

Two of Lei rson1 Ph .D. studen s completed their degr in hep year. erg Plotkin' 
hesis is enti loo Graph-Th,wretic Techniques for Parall l Distributed, and · equential Com

putation. Plo kin as urned a postdoctoral position a ·tanford and will be a.n as is an 
pr,of sor there in the fall. Guy Blelloch s thesis i en itled can Primitives and Parallel 

eclor Mod l . Bl ]loch ace p ed an assi taut professor hip at Carnegie Mellon. 

Three student compl t d heir masters degl·ees under the supervision of Leiserson. Alexan
d r fabji th ·sis ' Digital '11/odel jot Leud-Cfocked Circuitry. James Park hesi j J ote-~ 
on earching in Afo.ltidimensional A.-f onotone Arrays. Jeffrey Fried s hesi i L I Processor 
Design Jar Com munico.tion J\ tworks. 

Leiser.mn has also been :supervi ing ormeu. Greenberg I ipnis Maggs. Phillips, and Pa
paef hymiou. 

Nancy Lynch 

Please see her en .ry under Theory of Di tribuied ystems. 

Albert R. Meyer 

• !eyer research h.as focused on seman ics and logic of pronammiug languages. During he 
pa year h '"·orked on the following particular research topics . 

Research Top ics 

• mar:.tic of concurrency. l fe_1er. with Bloom and Isha.il ('Wesleyan.). question the 
foll.l1datio· of Hoare's C P and Niilner s C heorieE of concurrency [34 36, 351. 
They propose a new notion of proc s equival nc and sho,v i lies s rictly between 
hat of CSP and CC . ee the report of ard Bloom for more compl te di cu sion. 

• mantic of Terminating Evafoation. Research \vith Bloom Ri eke~ and · o mada.ki 
(IBl I V,latson · ab.) on he general connection between operational and denotation.al 
ema.ntics focusing on repairing ·h nrismatch. between seman ics in \ h:ich expres

sions I and Ax..~~,f mean he same thing even though evaluation of { diverges but 
,alua ion of ).::.r.J\1. termina es immediately! d. [127 53 37]. ee the r port of Jon 
·ecke. 

• Da,tafinw emantic . , h repor of n Rudich. 
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•· Th ory of S qtten.iial Functions. ee he repo.r of ' r vor im. 

• T'JJ'P -ch. king for 1" cords with inheritanc . ee · h report of Lali a Jategoaakar. 

Professional Act iv it ies 

• Ch amna:.n MIT P ro j ct · rl C wi:m tl -fifth Anniversary Cele bra.tio□ 0 dob er, l 9'"' . 

•• Conference h,airma:n IEEE ympo, 1um on Logi,c in Computer cienoe {LI· ea -
le, V\ . rii.fay 9 9. 

• Modera or for h.ree omputer dence research email forums on. (1) T p (2) Con-
currency. and (3) Logic. 

• Member Program , ommi tee, In l. 'yrnp. Logic al Botik Pereslavl-Zales ky U R 
July l9 9; Kleene 90 Logjc ymposium~ ha.ika Bulgaria~ une. 1990. 

• r ll is upervision: 

Ph.D. Ba.rd Bloom expected eptember, 9. 

S.M. 

B.S. 

1. 011 Rieck comp] ted January J 9 [1.:t.:t.]. 

2. Lalila J ategoankar e;;..-pected eptember, 9 [96]. 

3. Trevor Jim ,expected January 90. 

4. Arie Rudjch expected January '90. 

L ~ icha l Ems : oompl t d May ' 9 [63]. 

2. r hu.r F . Len expec ed Ma: T90. 
3. Jeffrey Siegel , expected eptember 1 9. 

•· Editorial • c ivi y: 

Editor-in- hief Information and Computation· Managing Editor, Annals of Pur and 
Applied Logicj Editorial Board * lemb r IA i\.f J. Computing J. Computer and , y·
tem Sciences. TherrreticaJ Computer denc . and dvance in: pplied ~fathemaiic 
Advi ory Editor Handbook of Logic in Computer cienc and Handbook of Th oretical 
Comput r c·enc,e· o~Edi or Proc . Logic at BfJtik [129] · MIT Pr~ Foundations of 
Computing eri Co-• di or; 11.HT P ress: Editorial Board iember. 

Silvio Micah 

1/licali's "Nork focused on cryptograph and zero- ·uowledge proofs. 1n pa.rticular1 the follow
ing resul s were ob ained: 
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1. Gold.reichr 1icali , and '\Vigderson had previously proven tha all h orems in NP pos~ 
s a. zero-knowledge proof. xt nding hat ork, [24] hawed what can b effidently 
verified can be proven in zero know Jedg . 

2. [131] con rncted a. very effiden I password scheme. The person seeking identification 
is r quired to perform. the equival nt of 'wo multiplicatjon modulo on an integer hat 
i bard to factor. These pecial ' pas words a re hard to compromise both b_y someone 
simply list.erring to th iden ifica ion process and by he password v riJier her elf. 

Ronald L. R ivest 

.Rivest s work focu es on he theoretic.al aspect of machine learning. 

Ri es is continuing to work with Rob chapire on problems related to the inference of finite 
aU' oma ·a. . heir motivation ha.s been he ar ifida.1 in elligena problem faced by a. .:robo 
pla ed in an unfamilia vironment ,vith no a priori knowledge of i s , orld. he goal of 
he robo is o learn the strut ure of it environment hrough ystema ic e:-.-perimen ation. 

c:hapirn and Rh.est {145] ha e been de eloped an interesting extension to Dana ngluin 
finite a-u.toma on inieren.ce procedur~ [7]. h nev.• algori hm can in.fer au automaton even 
v hen no 'reset i available (Le., there is no mea of bringing the a.utoma on back to the 

ar state) and can be us cl for inferring automata using either he globals ate-space 1,epre
sentation o:r the diversity-based representation previousl developed b Ri es and chapire. 

he algorithm h been implemen ed and eerru quite efficient in practice. 

To ether ith allM Goldman and Rob chapire, Rivest has s: udied the problem of learn:in 
a binary rela ion [ ] . In hi problem, he en ri of a ma rix repr en ing a. binary relation 
are repeatedly probed. Before each prob , th l~arner· mus predict the value of the matrix. 
entry about ta be probed. The goal of the learner is to make as fe predictfon error as 
po ible. In ord r to model he natural true ure hat may b pr ent in many binary 
relations such structure being what gives the lea.mer the leverage needed to make fe1,ver 
than the ma.xi.mum. possible number of prediction errors i is assumed tha there are only 
a small number k of different ronr vpes. Algorithms are developed and analyzed that make 
a mall number of erro.rs in thi case= and ome interesting lm,i•er bound (ha ed on the 
xis ence of projective geometries) are proved. 

all Goldma and Rivest [77] hav also worked on he problem of fficientiy impl m n ing 
the halvin al orithm -. he halving algod hm appli to situations (like Lbe relation~ 
learning problem of the last paragraph) where the learner mu t predict he classilication 
of each ins a.nee before being told the rue classification and where he learners ,,,oal is o 
rrunimize the 11 umb r of predic -ion ro · made. Th halving algorithm (clue o Ba.rzdin and 
Freivalds [1 ] and refined by Lit lestone [120]) predicts in according o the majoritj of the 
hypotheses con islent with all previous data; when a predic ion rror is mad i h refor 
reduces b_ half he number of consistent h potheses remairring. Ba ed. on a proposal by 
Manfred \iVarmuth. Goldman and Rivest have inves ·gated the use of approximate coun ing 
scheme in order to implement approximation .o he halving algorithm. his idea can be 
made to work on and can b e:pplied o problems such a learning a total order. ( hi 
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problem is hen ra h r 1ik .. he problem o( or ing where an a.dvera y g o pick whi.ch 
el men are to be compared nex, and where you mu predict t e outcome before each 
compari on i mad . ) 

Robert loan has finished up his Ph.D. under Rives ·s supervision [155]· hi thesis explore a 
numb r .of fascinatin is ues and opi in machine learning -heory such a he eff ct of noi y 
da a on lea.rnabili y, technique for earo.ing a complicated. concept reliab y and usefully by 
learning it =ga e bv gate (subconcep by ubconcepl) .and me hod for combining cl ical 
Ba) ian inferm1e-e with computa iona1 complexity con iderations. 

Linial, 11,, an ow· and R.iv ex end d and pr ented · hei ·ork howiacr ha a finite Vapni ·
Chervonenkis dimen ion i no a. limita ion for learnin · a • oncep class if he ize of h da a. 
ampl used for learnin can be adjus ed dynoonicali a. - learning proceed [117). Intuitively, 

an aJgoti hm can dynamica ly request more da a when i d · cov rs hat he concept b ing 
learned i complex , . 

vrim Blum finished up his mas er h i (3 ] under Rivest' supervi ion and the work he 
a.nd Ri,es ha. e done ,on the complexity ,of training even very simpl eural net\ orks was 
presen ed a NIP [ OJ. Th basic .result i hat training a hree-neuron neural ne work i 
_ "P-Complete. 

·nder Rives ~ upervJ Jon ancy Perugini has experimen a.Uy examined lie effe of train
ing set dala size on the efficacy of he back-propagation: training algorithm for neural nets 
[13 J. The r uI wer no cri p bu some intere ting pathologi w -r un overed. 

Together with om ormen and harles Lei erson, Rive t ha worked ,on a int:rodnctory tex 
and algorithms [52). Thi ex: hould be ui able for both introductory undergradua. e and 
introduc ory graduate udent · i hould be ou la er hi year. 

David B. Shmoys 

hmoys ha udied a wid rang of questions 'n the design and analysi of efficien a1go-
ri hm . H ha con inued his work in he de ign and analri of app oxima iou algorithm ~ 
as well as rn Lhe d ign of p.arallel algorithm for graph problems. 

On of he mo important aJgorithms u ed in the · o]u ion of be rav• ling al man problem 
is a procedure due to Held and I arp [90] tha produce an ex.iremely tight lov .. 'er bound on he 
value of the op imal solution. \,Vi h \ il.liams:on [1:52]: bmoy con id r d hi procedur as 
an approxima ion al or1 hm for he value of he op imal T -p solution. ' irs , they shm:,red 
ha J e algori hm b a.n importan monotonicity property in the e:n.se tha he bound 

deliver d or a uh et of th inpu is no mo1 ha.n for the en ire inpu . Thl proper y make 
i po sible to prove ha. the procedme deliv I a value a lea. 2/3 of the optimal value. 

nlike Chri on.des' a lgorithm., which i he b known approximati.on algorithm for he 
problem (and arante identical performance) hl bound i not known ob igb . 

On ma.jor area of hmo) s research is in the area of the · heory of scheduling. Together 
wit,h _ a.wler (U / Berk ley) Len tra ( ) and Rinnooy Kan (Era mu ) [110] h wro, e a 
urvey article of the fi d. Thi urve was writ en par of the preparation for a book on 

thi ubject by he- au hor . 
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\i\, ith Hall ( loan choo]/ ,[ T) [ 7, "6] hmoy has b en considering a variety o approx
imation aJ,r,ori runs for che uling prob]ems. [n par icu1a:r h has b n 
of precedence cou rain a.nd r la ed iming ons rain · on he po ibili of ob .aining good 
approximate s:olution . Hall and hma [ ] con ider · e problem of ch duling n job on 
a ingle machine. wh re ea h job j has asp cifi d r lease da er; b for which is cannot b 
processed. a time P; ha. pecifie:s the amoun of (coot.inuou ) proc sing required. and a 
deadline d3• (For technical reasons · he deadlines a.re non-po. i ive.) If he la eness of a job is 
the differen b tw h ,ime ha a. job compl proc in° and i s deadline he aim i 
o find a schedule that minimize the total la eness. For the variant of he problem wi hout 

pl'ecedence constrain a polynomial approxima., io cheme i o ained. For th probl m 
wi b pr, c den e cons taint.s they give an algori h.m hat deliv rs a solution hat fini hes 
wi hin a factor of / 3 b optin1al ime (improving o he pre,-ious b a lgori hm that only 
came \\\dthin a factor of 2). Thi r pres n . an in r ing break hrough of a ~actor of 2' 
ba: rier that i pre alent in approximation algori hms for precedence oon trained sch duling 
probl ms. I o ,\•j h Hail [ 6] hmoy con ider the na ural eneraliza ion of the pre ious 
work to the case when th · are parallel identi al machines o do the processing. For hi 
problem wi hon precedenc · co rain a. polynomial approxima ion cheme a obtained. 
\\ ith precedence constrain , a.n algorithm tha elivers a so. utioll at mos a factor o _ mor 
lhe optimal was ob a:ned. 

In the uea of parallel graph algorithms ogether \i. h Goldberg ( tarrford) Plo kin ( a.n
ford) and Ta.rdo [7 ], hmoy con ide he que ion of parallel algori hm for bipar i e 
mat• hin . B using techniqu_es developed for general purpose sequent.ial algorj hms for lin
ear programming1 o- alled in erior-point m thod , hey ,obtain an al ori hm ·hat require 
only O· ( Jm) ep• on a polynomial number of processo ·s. where m denotes the number 
of edge in he graph _ and O indica. · hat lower ord r poly]ogari hmic fac or have been 
ignored. 

Mich a.el Sip er 

ipser is con in in_g hi work 0,:11 lo,.v bound in complexi r theory and he :tructure of 
compl -x:i y 1 e . 

On of he impo1 an a.chievem nt of the pas yeat was he cons ruction of an oracle collap-
ing he proba.bili ic 'm hi rarch), done join y ,, itb I an For no,,1 (65]. Time hierarchi 
for de errnini tic and nondeterminis ic compu ation a:r amo g the earliest resu.l prov d in 
complexi y heory. They how hat iI one i allowed a Ii le more time then on can so!v a 
larger class of prob1em . Oddly., hi has ne,ei· been esta.bli hed for probabilistic computa
tion. I is po ible ha any problem olvable in probabili i polynomlal ime can also be 
solv d in probabilis ic lin ar time. urpri in though his would be Our resul show ,\ hy 
hi problem has remain d op n. The exi ence of our oracle indicates tba the echniqu of 

recursiv func ion theot which olved the pl'evi,ous c.ases are insu:fficien to olv,e -his ca . 
For now i receiving h ' Ph.D . hls ear u der ips r: guidance. 

ip er also con idered some problem in he heory of di tribu ed computing. Toge her with 
, rbuch h ga: 'e a me hod which fa ili a e the de i II of network pro ocols [16 . sing 
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this me hod one can firs ' design a protocol o run on a tatic. synchronous n wo k and. 
hen au omatically conver it to run on a. dynamic asynchronou a.e work. The former 

network model is a simpl r one on , hich to conceiv designs . hereas die later model is 
mor realistic. 

Toge her with Ravi Bopp an a., ipser has pr pared a defi.nith·e surv yon lmver bounds on he 
circui complexity of boolean fame ion [43]. hi will appear in th for hcoming Handbook 
of heore ical Computer cience. ips.er has been selected to be the principal speaker a 
a.n merican Mathm:natical Society conferenc on circuit complexit.. He will prepare a 
monograph of hese lectures to be included in the A CBMS serie . 

Eva Tardo 

Tardos has mainly been working on combinatorial op imiza ion problems. Together wi h 
oldberg and Plo kin from tanford and hmoys from MI (7 ] developed an O ( vm) time 

algor1thm wber n a.n.d m deuotes Lhe number of nod and edg of the .inpu graph an an 
algori hm is said to run in O·(!(n)) time If it runs in O{f(n) log"=(n)) t ime for some constant 
k. In this paper intedor-point method for linear programming, developed in · he con x of 
sequential computation are used to obtain a parallel algorithm for he bipartite matchin 
problem. he Tesul~s extend · o the weighted biparti ma cbing problem and · o he zero~ 
one minimum-cost How problem yielding O ( vmlog C) algorithms~ whe1,e i i assumed tha 
th weight are integers in the range [-C ... C] and O > 1. The re ul ·.s improve previou 
bounds on these pJ:1oblems and in roduce in erior-point methods to the oontext of parallel 
algori h:m de · gn. 

In a join paper with Plotkin from anford il42] ardos ave an improved dual ne work 
implex algori hm. A simplifi cl version of Orlin s(l35] rongly pol .. nomia] minimum-cost 

flow algorithm is developed., and i is sho , n ho Y to convert. i to a dua.1 network simplex. 
he pivoting rategy lea o an O(n? log n) bound on he number of pivot . , hiC:h i be er 

by a. factor of m compared to the previously bes pivoting strategy due to Orlin [134]. Here 
n and m deno es the number of nodes a.ncl ar in the inpu n work. 

In a join paper with Frank from Budapest and "ishizekii aito and uzuki from Tokyo 
Tardos has deYeloped simple eflicien algori hm for he rou ing problem around a r dangle. 
These algorithm find a wuting wi h t o or hree 1a.yeis for · wo~terminal net :peci-fied on 
he sides of a rec 'angle. The minimum area rou ing problem i al o olved .. ll algorithms 

run in linear ime. The minimum ar a ro:u iug problem ha pr viou ly b n considered 
by La.Paugh and Gonzal z and Lee. Th alg'Orithms hey develop d run im O{n3

) and 
O(n) respecth ely. The simpl linear time algorithm is based on a theorem of' Okamura and 

eymour and on a data structure de,eloped by Suzuki Ishigu.ro and Ni hizeki . 

Taxdos ha.s also wri en two surveys , his y ar. g nerai surv y on complexity theory for 
he Handbook of Combinatorics [1 1] jointly "l h. hmoys from tUT, and a urvey on the 

recen development in the ,heory of ne work .Hows [15] join ly ,vi h Goldberg from ta.nford 
an Ta.rjan from Princeton. 
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3 Studen.t - Research Associate and Visitor Reports 

Javed A. A lain 

A lam has b n working wi h Riv on algorithms for machin learning. pecifically he 
has been studying the ra.dlal mapping problem where a device mus infer the shap of i 
uuoundings by rotating in plao and aking di tance mea ur men.ts. Rele an ca e utlied 

ha.ve included hose whe ·e a.ngula.r positioning error and distance measuremen rror are 
prese□ in varying degrees. lam has recen ly b gun wm:k on the inferenc of 1farkov 
chains and he plans a continue hls work wi h Rivest over the um.mer. 

Mihir Bellare 

asic er ptograpbk primi ives such acS zero knowledge proofs and obliviou ransf r have 
classically relied on interaction be ween the par ies involved. part o.f Bella.res work has 
focused on a new public key model in ,;1rhich such interaction can be removed. 

Bella.re and Micali [21) proposed a me hod via. which a collection. of u er: may firs tabli h 
public keys and then be .able to accomplish obli ious ransfer without in erac ion. sing 
earlier work of [130] .hi yield non-interactive methods for zero knowledg proof . 

Bellare and Gold\ •a,sser {20] demons .rated the wide applicability of such non-interactive zero 
kno ledge proof by using them to get imple and fficien ch m for di cit.al sign.a mes and 
message authentication.. A feature of this work \ •as an. implementation of non-i eractiv 
zero knowledge proofs whlch could be checked by any user in h · ~y t m ra h r ba.n by a 
single recipient. 

In forth work relat d to he role of iutera.ctioP in ze:ro knowledge proofs, Bella.re Micali and 
Ostro sky [2·2] sho·wed hat the langua.Q'es of graph isomorphism and quadratic residuosity 
ha· con tant round perfe zero knowledge inlerac ive proofs. Th y also provid d age era.I 
mechanism to collapse rounds in a tatistical zero knowledge proof while p reserving the 

a istical zeto knowledge given ome tandard cryptographic assum.p ion. 

Bonnie Berger 

Bonnie Berger has been working on removing randomness uom parallel and equential al
gorithms. Th1s imolves coming up with a randoffilzed. ad orithm for a problem. if one does 
not exi and devising or u inn- known techniques o remove hi rnndom.n s. 

B rg r began this work at Bell Labs las ' summer when. wi h eter hor she devi ed a 
nmdomiz equential algori hm !or h acycli ubgraph problem (the dual of h feedback 
arc set problem) and used lmown 1 highly sequen ial techniques o oonvert f to a de erminis ic 
on her by achi ving tigh bo 1d d tennisi kally for the problem [31]. Thi work also 
included an R- ·c algorithm for the problem which b r appl ring techniques ,explored in her 
. ub qu work, Berger i a emp ing o conv r o ad terminis ic one. 
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B rger s subsequent vork has centered around removm0 randomness from parallel a]go• 
ri hm.s. 

Berger and Rompel [29 27] develop€d a general framework fo removin randomness from 
randomized NC a]go ithms vhose analysi u only polylogarithmic independence. Pr vi
ously no technique w re known to detenninize hose algorithms depending on more 
than oonstan independence. One application of heir echniques js an. NC algor· hm for be 
set discrepancy problem which can b used to obtain many o her C a]gori hms, includi.n 
a better 1 C edge coloring a lgori run. another applica ion of heir techniques hey pro
vided an NC algorithm for the hypergraph colorin problem. Thi work ha been chosen for 
the F O 9 lvlach ey ward. 

Berger Rompel. and Peter hor [30] gave C approximation al ori hms for he unweigh ed 
and 1,w~igh .ed se cover prnblems. heir al.gorithms use a linear numb r of pro or and give 
a co·ve:r tha has a most log n times the optimal size/wei. ht_ hus matching the performance 
of th bes sequen ia1 algorithm . Pre r-iously there were no known paraH l a.lgorilhms for 
he general set cover problem. Ber er~ Rompe1 and hor clevis cl a randomized algorithm. 

depending on only pairwise independence and hen converted i o a determini ic one. The 
hard par her, was coming up wi b he randomized algorithm. Furthermore, hey applied 
heir se oover algorithm o learning theory giving an ! ~ C algorithm o learn he concep clas 

obtained by ta.king the closure under finite union or fini e inter ec ion of a.ny cone pt das 
of finite \IC.dim n jon which has an ~ h•po hesis fmder. In addition they gave a linear
processor 1 algorithm for a variant of the set cover problem fir proposed by Chazelle 
and Friedman and used i o obtain N algorithms for everaJ problems in computa. ·ion.al 
geome r). 

Bard Bloom 

Bloom working wi h Alber 1/foyer (M.LT.) and ' orin I trail (Wesleyan) i studying ·he de
notational emantics of paralle1 and nondetermin.istic processes. Dana Scott' very successful 
model for the emantic of sequential deterministic programs do not extend natllI'ally to the 
more general domain. There are a number of pmpo a.ls for a repla.cemen · Meyer and Bloom 
are inves iga ing se ·eral of · hes models. One central ques ion in. seman ics i : when shall 
we consider t·wo programs equivalent? . wo proposed notions ar trace con91-r1ence (us, d 
in Hoar language CSP and vari.ant ) and bisimv.la.tion ( u ed 1n 1\llilner O ). Bloom 
M yer and IstraH have found an extension of in which the two notions coincide. ·he 
n w ope.ration i ome vhat peculiar in na. ure· they ha.\e shmvn hat no finite se of oper
ators de-fin d in a cl a way can cause he two to coincide. Similarly bisimulation cannot 
be unders ood as equivalence ,vi b 1 p c o any se of reasonabl experiment . I an be 
understood in a probabilistic setting; how ver he ra.nslation from the u ual setting to the 
probabilis i on i no effective. 

Thi work has lead to a nolion of ; ready simulation which eems to have b.e same sort,s 
of formal properti as bis-imufation (various alt ma definition comple axiomatizations 
and polynomial time decision procedures for finite proo s and so forth) bu ca.n also be 
understood as congruence ivith :r p ct to a. fairly r asonable language. 



tudents and Visitors 17 

classic paper in denotational semantic (Gordon P lotkin s LGF Considered as a Proft'ram
ming LMa-uage) gives wo kind of semantics for a impl bu extremely powerful language 
based on yped lambda calculus. One seman ics i operational descrihin - how a. pa.r icular 
interpr.e er compu e ; the other kind i denotational 1 a igni:n,g meanin1t o the programs in 
moderately familiar mathematical terms il.l ing se eral va.:de ies of Scott domains. The paper 
show ha the wo ema:n jcs coincide in a i.veak en.se ( comp11tational adequo.cyi two inte er 
terms valuat to th same consta.nt iff they ha e he same denotational meaning), but no, 
in a stronger ense (full abstraction: wa routin b hav id otica.lly in all conte. iff they 
have the same denotational meaning). The programming language can be ex1ended by the 
addition ,of a. parallel con.di mnal uch hat the ex ended la.nguacge is fult ah tra.c for one 
of the deno a ion.al models. The classic paper shows hat hi · exten ion i not fully ab trnc 
for he other language . 

Howei.•e:r on of the other denotationa1 models (Scott domains built from complete la.ttices 
rather than cpo-s) js ma hema. ically appealing and i i om what surprising hat theclas ic 
pap r did not find a. fullv abstract extension of LCF usin this model. owever, hi is not 
he authors over: i h . Bloom has hown ha · hel"' j no fully abs rac e.'\teu ion of LCF' 
·i ha r~a onable evaluator for which hi model is fully abstract. where ''reasonable means 
ha a.n ari hme i exp. ion can evaluat to a mos one value. H he evaluator is no 

required to be reasonable in thl:s sense, here is a imple extension of LCF after he pirit of 
the clas ic pa.per which i fully ab tra.ct for th la tice model. If he evaluator i allow d o 
hav a ti hnkally peculiar prop r y i can b mad fully ab tract fo vir ual1y a.Dy model 
of the rped lambda calculus. 

Bloom and Riecke have been investi a.ting similar questions for he o~called 'lifted oo 
domains. Ordinary functional languages exhibi - :some behavior on higher-order ·t.erms: if 
a program evalua es to a function~ it stops and prints 'f unction · - even if he function 
, ill alwa diverge wheu applied to any argument. In ordina ·y Scot do nains . there is uo 
emaJ1 ic diff rence be ween the function which alwa s di ermes given any argument, and a 

di,~ergent compu ation of fun -iona.I type. Lif ed domain repair hi deficiency. Bloom and 
Riecke ha.ve achieved a dose coI'Tl?spondance bet-veen opera. ional and deno a ional semantics 
for thi setting and are inves i0 a.ting axiom systems. 

Avrim Blum 

vrim Blum has been working in l\'O main ar as · his pas year and has also finished his 
Mas er thesi [3 ] und r . on Rivest uperY1 10n. 

He has continued his work ,vith Riv on problems in compu a ional learning theory- in 
pa.r icular, computational complexi ) i sues in the rainin.,. of neural networlr . One result of 
thl work is a proof lha.t tra'ning a very sjmple neural ne work wi h onl' hree computational 
node is KP-complete. his work wa pr sent d a · ,he IP and COLT conference [40]. 

Blum has also been working on approximate graph coloring. The 3"-Coloring problem is on~ 
of the most well-known N -complete problems but there i an enormou gap betw en he 
r ul a.chie, d by the be · approxima ion a] orithms for this pt,oblem and the bes lower 
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bounds known. Blum devised a ne\\' approximation algorithm [39] ha reduced his gap 
omewha and ·n roduced differen echniques for a tacking this problem. 

Thomas H~ Cor1nen 

Cor:men continued his work on the textbook Introduction to Alg01-ithm · with Prof sor 
Charle E. Lei erson and Ronald 1. Rive . plan o ar working on parallel computing 
research over the summer. 

Lenore Cowe.n 

Cowen con 'inue work with Goldwasser on two areas: key , xchange:protocols and informa ion 
t.heoretk properties of pdva e functions. 

Claude Cr,epeau 

repeau c:un:e:n r arch in eres i rnajnly the udy of wo-party cryp ographl protocol . 
His earlier study of di closur protocol [ 49] has evolved in a series of r ults [54 5 , 56 
100, 55] essen · ially ating that very complex wo-par y protocol know.1.1 as fair oblivious 
circ1,ii evaluation (see [55] for definition) can be achieved from very simpl devices. uch a 
device can be a simple noisy cha,nnel for instance. Another such pos i ble de\o-i.ce follow the 
lin of Bennet and Brassard and :rely on the correc ness: of quan um phy ics. This work 
was accomplished in part while Crepeau was visiting Aarhus University (Denmark) in · he 
um.mer. 

Crepeau is currently completing his Ph.D. hesis, that •ill cover some recent material sel cted 
from the above paper. - xp c ed to d fend hls best during the umrner. 

Z ro-knO\vledge pro oools is another of Crepeau' fa:vori e research topics. ·hile visiting 
IB •I lmaden R •earch Center last su:c:runer, h con ribu ed h,'O paper on hi ubjec 
[50 4 7). hese two papers ar · follow up o [44}, in the fac tha.t hey are concerned wi h a. 
model where the prover invohed in h protocol i computa ionally bounded. 

Aditi Dha,gat 

During F<;tll 19 Dhaga wa a eacbing assistan for he graduate com e in heory of 
Computation taugh by iike ipser. Durin.g the year she has worked , ith ipser in com
plexity theory and cryp ography: rying to construe a pseudorandom number genera.tor 
secure against monotone circuits without any unproven as mp ion . In he proces bey 
have look d a monotone sta, i tical es sand sho,vn hat there exis expouen iaJ size mono
t-0ne statis ical ; es s ·which break the security of he Nisan-\.Vigdetson generator based on 
pad y. They hav also shown that if here exit monotone function which are hard o 
approximate for poJ nomial size monotone circuit , hen here exi t pseudorandom number 
genera or ecure against po]ynon-rial ize monotone circuits. 
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Dbagat plan to con inue to work on this question du.ring he umm r of 19 9. 

Michael Ern t 

Ern.s b came a graduate student a, HT in January 19 9. H ,\'Orked under Meyer' 
upervision to prove a monotone model adequate for recursi- e program schemes. In order 
o prove adequacy: most proofs in the li era. ure direc ly u e a s ronger continuotts model 

which simplifies the proof and whi h implies the weaker result; he t pi al approach is via 
Ta.it me hod of Gompu , ability [l 1 15 ] . The introduction of continuity is poorly mo iva d 
:rom an expository and pedagogical view·poin · we would hope to be able to how he I ult 

directly [126]. 

Ernst and Meyer [63] found that this was not possible· although they 1wvere able o produce 
a, clear ex.po ition of the concept a one cruciaJ poin con inui y was required. \ hil tbe 
result hold for he monotone model withou men ·ion of con inuity a weaker as umption of 
mono onici yin he proof 1 ad to a fa.ilure of the result. 

Ernst spent much o( 19 9 fini hing up his undergraduate requirements· he plans to get 
started on hi M thesis during he upcomln year . 

Lance J~ Fortnow 

Fortnow working ,vith ips r xamined the r lation hip be ween probabili ic po]ynomial 
time and probabilistic linear t ime. Th y showed [65) he exist noe of an on.cle und r which 
he two classes are identical. his result means the techniques of separa ing he deterministic 

and non-determini tic time hierarchies will no 'Work for probabilistic compu·· a. ion. h y 
also show many o her result relating to probabilis ic computation and linear tim . 

During he spring of 19 9 ortnow spent the semester writing his thesis [64] and looking for 
a job. 

Jeff Fried 

Fried bas con inued r s a.rch on the archi ecture 1 design, and analysis of cm:nmu11ication 
n twork foi- u in parallel compu er.s a,nd eleoommunicatian . He comple ed a ma er: 
thesis [70), supervi d by Lei erson 'Which includes ·o switch designs for such networks 
[13 69]. Follow-up work in thi area ha included an improved circuil design for on of h 
V1 I functions used in these designs [ 1] and a tudy o-f some of he :moduLari / tradeoffs 
found in sparse circuit- wi ched in erconnection ne work [72l 

Frie<l i current!~ \ orking on a numb r of problems .related to the architecture and control 
algorj hm needed for high per!annance commwlica ion network . Thi work. mcludes a 
study of he impac of ynchrony on the performance of distribu ed algorithms. and design 
s udies of a VLSI packet rou er for use in broadband network [6 ·]. 
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Sally A . Gold m an 

Goldman has b n '\>vorkin "th Riv on studyin learning algorithms for cone pt ha 
have polynomial sized in ta.nee paces (77~ 7 ]. They hav focused on polynomial prediction 
a)gori hm in 1h.ich he learn r predic a. value for a.ch n ry i the ins a.nee pac a d 
h n receives feedback a to wh her he pr die ion was correct. They con id the worst 

case mistake bounds under evera.i model for he elec ion of · he ins an . Oft n good 
mi t.ake bound are ob ain d by the halving algori hm. They d.iscus , an approJCimate hal "ng 
algori hm and show how a fully polynomial randomized approxima ion che.mes can be used 
o implemen (wi h high probability) the approximate halving algorithm. They demonstrate 
h se technqiu on he problem o.f lea.rnin a otal ord r on a. t of n elemen " . 

Goldman has also been working wi h Rivest and Schapke on the particular problem of 
learning a binary re a ion tw n objects of on kind and m of another ( ]. hi can b 
vie ·ed as he problem of learning an n m bina. y matrix. Here the in tanc pac contain 
he lement of he matrix and i hu of polynomia1 ize. They pr n num rou upper aod 

lower bounds on he number of mi tak ha.t prediction al ori hm can mak under diffeTen 
models for he e:lec ion of he instances. 

Goldman has also done ome research io h field of compu ational geom ry. n particular 
he ha.s develop d an algorithm to compu e the greedy riangulation of an arbi rary poin 

se tha a.kes O(n2 lgn) im and O(n) pace [76]. In January Goldman participate in he 
robot bu.ildjng pro j t l ad by chapire. 

Ronald I. Greenb erg 

Greenberg has worke<l on hree main topics du ing th past year: ue \\rork for general
purpo e parallel oompu ation mul i-la.yer channel rou ing and bound on the area for VL 1 
implemen ation of fini e-sta e maichine . 

,,.,·ork on n tworks for g neral-purpose parallel compu ·ation i r port din [ 3]. This 
paper proyjdes several ex ens1on and gen raliza ions of e-ar i r work on he problem of 

e igning · univer al ne work , hich can simulate any other ne work of comparab) phy ical 
ize with only polylogarithmic overhea.d in simulation ime. 

On h topi of multi-la r channel rou ing, reenberu has been eeki.n,g improvements upon 
algori hms rec ntly develop d wi h . l x : hii and . lberta angiovanni-Vin -entelli ( . 
Berkeley) for h program • 11 LCH [ . ]. h basic approa.ch of f 1. H i to dhide a 
mul i-layer problem in o en ially independen ubproblems ,of one wo~ or hree layer . 

main step in 1uLCH i o rrreedil partition he ne one a of layer groups ha 
been determined. A each ne j con idered, i i igned o h group where Jhe resultinrr 
ubprobl .m seems to b the one requiring the leas channel width. For esti.ng he required 

channel wid h of ingl -lay r parti ion Gr nb re1 and filler Maley (Prince on .) have 
d vi d alg,ori hms which are mor efficient than naive approaches in.volvin complete rou in 
of the layer. Gr enb rg is also d veloping incr m ntal · a]gorithm o quickly de ermine he 
effect on certain ubp oblem characteri ti when a ne'\11 ne is added by a.king advantatr 
o,f knowled e derived from earlier compu ations on the subproblem. 
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Finally, Gr enberu and 11.ike Foster (Coiumbia U. and r F) have derived lol-ver bounds on 
the area required fm VLSI la.you of finit ~sta e machines [66]. 1 h lower bound how 
ha naive la ·ou approaches a.1· optimal in the,; ors case. 

M ichelangelo Grigni 

Grigni is a third •ear graduate s uden upervised by Dr. ipser.. His the is research con
ider the cons ·uction of fast robu broad astjng n tworks continuing work begun ,,rith 

David Peleg ["5] oft.he eizmann Institute. urreot work ,.i h Dimi ri Bert imas of the 
loan chool ,e:x end a heir recent resul {33] on the u op imality of the space-filling curve 

heuristic for the Eulcidean T P problem. 0 her work wi h · ertsimas includes a. survey of 
·a.rious # . P complete problems. Gri ni continues searching for mn at -acks on the matrix 

mui iplication e>..--ponent problem. 

Carolyn M ~ Haibt 

Haibt spen most of the year cm cour e·v,•ork, bu al o continu d ,,vork with Tardo . They 
ar currently working on algorithms for the generalized network flow problem. This is a 
generalization of he maximum ·flow proble~ wher each dge has an associated gain fact.or 
and flow is multiplied by his factor whea it passes through an edge. 

Mark D. Hansen 

Hansen has beens udying graph embeddings with .:tpplications to parallel processing prob
lems. In [ 8] he examines the pr-oblem of finding optimal geometrk mbeddings in he plane 
and higher dimensional spaces. Given an undire ted graph G wi h n ver ices and a set P 
of n poin in Rd he geom tric , mbe-dding problem oonsi t of finding a bij c ioD from he 
v ··tic s of G to the points in he plane which minimizes the sum total of edge lengths of 
the: embedded gra.ph. In ge1 eral · hi probl m is 1 P-oomple:te as it contains he Euclidean 
Traveling ales.man Problem as a speciaJ case. Hansen gives approximation algorithm for 
embedding many of he important graph tu died in he heory of parallel compu ation. He 
presents fast al~odthm.s for embe<ld.ing d-dimensional grid in the plane which are wi hin 
a factor of O(log n) imes op imal cost for d > 2 and O(log2 n) for d = 2. He al o how 
tha any embedding of a. hypercube. butterfly, or hu:ffie exchange graph mus be within an 
O(log n) fac or of optimal cos . "\Vheu he poin of P a:r randomly di tribu ed or arranged 
in a grid he is able to use the results o-f Leighton and Rao [112] ogive a polynomial time 
algorithm which can embed arbi r.ary weigh ed graph in these poin with c.o within an 
O(lo 2 n ) factor of optimal. 

Han en ho v how the algori hms developed in [ ] for geom ric mbeddings ,can b used o 
give olution, which are within an O(log· I\) fa tor of op· imal to probl,em of performan e 
optimization for ana '-based parallel processors in the follo ing areas: communication load 
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balancing dynamic alloca ion of jobs to proc ors reconfiguring around faults and im
ula ing o her archii ures. He al.so inclica ome applic.a ion to wafer ca.le integration 
problems and he dynam·c con.fl uration of distributed computing network . 

'\ orking,vi h eighton 1 Hansen was able to appl some of h echniques developed in [ ] to 
gh e an iVO(./W) · im algori hm for olvi g h uclidean Trav: ling al man Problem. he 
previous b t running time for thi .algorithm '- as O{1og 1Y2 1 

). year earlier "\- a:rr n m.itb 
[156] independen ly gav an a]gorithm \11 h he ame running ime u ing differen techniqu 
invol ,ing the , ip on- : arjan planar para or theorem. [119] Han n and Leigh o.n ar cur
ren 1) inve tiga "ng he poss.ibilit of developing practical heuristic for solving Euclidean 
T P using the ideas in th se wo algorithms. 

Alexander T. Ishii 

Alexander I hii has compl d hi master the i [94] which d cribes hi model for L I 
timin analy i • The mod ] map continuou da a-doma.ins such as volta""e. into discrete 
or digital, da a domains wh.ile retaining a con inuou no , ion of ime. The majority of he 
hesi concen rates on developing lemmas a:nd theorems hat •Can serve as a et of 'axiom · 

when analyzing algori hms based on he model. Key axiom jnclude the fact that ircuit 
in our model gen, rat only ,vell defined digital ignals and h act that components in om 
mod uppor and accurately handle ihe und fin d" valu tha 1ec deal ignal mu ak 
on when lhe • make a transi ion between valid logi levels. In order to facilitate proof for 
circuit properties he clas of computational pr dicat i defined. A circui property can b 
proved h} simply cast.ing the propert • as a. compu ational predicate. 

I hjj ha also, been ,vorking wi. h Ronald Greenberg and Alb r o angiovanni-\ incentelli of 
Berkeley on a mul i-layer channel router for VL I circui ca.lied - , ULCH [ 4]. \, rhile based 
on he CllAMELE01 y em developed a B rkeley 1 IULCH incorporates th addi ionaJ 
feature tha: ne may b routed entirely on a single interconned layer (CHAMELEON require 
he vertica and. hor.izon a1 ec ion of a net be routed on differen interconnec layer ). vVhen 

used on sample problems, LCH shm si nificant imp,rovem n s over CHAMELEON in area 
otal wire len irth and vi a oun . 

Ishii has continued work begun with Bruce ag - · . on a new VL I design for a. hiuh-speed 
mul i-port regi er file. De ign goal in lude hor cycle- ime and in Ie-cyde register win
do·w con ext cha.ng . · hi research began as an advanced VL I la projec , under the 
upervi ion of hornas Knigh of he • UT Artificial Intelligence Labor.a or ~. 

Lalita A. J ategaonkar 

Jat gaonkar has been working join ly with Albert Meyer on fur h r developina research 
begun last year at Bell Laboratories with John . i\llitchell. In [95]~ Ja egaonka.r and 1i chell 
dev lop an ex ension of th programming language IL in vhlch a restricted objec oriented 

yle can be achieved. In keeping with he framework of M1 .a type derhation ystem and a 
j"pe inference algorithm i presented. It is proved that the algorithm is ound and compl t 
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with respec o he typ,e deriva.tion system and that it infer a mos general typinq- ,of every 
ypa.ble expression in the languag . This research will compri Ja gaoukar s for hcominjl' 

J\1Ia t · t hesi . 

In order to sho.,..,• tha he ype derivation system i '-reasonable in a. precise, echnical sense, 
Jategaonkar and Meyer have been developing an in e.rpreter for this language. They aim 
o ho•w ha. h interpreter satisfies certain de irable properties and that the in er-preter 

and th type derivation are well-ma.tched in the s€n e ha. no typable expres ion in he 
language reduces · o a yp error. Jategaonkar i also interest d in further e>.."tend.ing J\.1IL to 
suppor sub yping of abstract types and recur ive types . . nother direction of research she 
i intere eel in pur uing i to dev·elop a eman ic for these extensions of rVlL. 

Trevor Jim 

Jim entered he departmen m ep ember 19 · . His previous work with ppel [ ] on a 
novel code genera or for th langua.g 111 was: presen ed at POPL 9 in January. 

ntle:r the dire ion of Meyer he has been studying the work of Berry and Cutien (.'J , 3?] 
on mode of PCF [141] based on table fu11ctions and equen ial algo ·i hm . hese models 
were d v -loped a alternatives: o the standard model which co . ains rouble.some non
seq uen ti al elemen s. Jim is trying to find ex en ion oi · C fo.r which the al tern.ate mo de]s 
a.re fully abstrac . 

Joe Kilian 

IGlian has spent mos of his time ·orking on his hesi ~ Ra.ndomn m · lgori hms and 
Protocols [99], h ich he has recen ly completed. He has a.ls:o one ome iivork in fficient 
zero-knowledP"e in erac ive proofs bounded intera:c ion zero-knowledge proof: . norunteractive 
zero-knowledge proof = mul i-provei: zero-knowl clg proofs space-bounded secure protocol : 
cornmunica ion lower bounds fo:r secret sharing, and. IP v. . M. 

troubling issue in theore ical cryp ography i he chasm betw en what is efficient in ·heory 
and wha i effici n in pra.ctic . One area in which h.i gap is particu.Lad large is in zero
knowledge proofs for NP predicates. uppo e one \.Vl hes o prove in zero-knowledge ha 
om cir ui C(x1 .•.• Xr:i): i · a i fl.able. Tb pr vi.ously most efficient solutions to this 

problem ([ ] [931) required the prove1: and the 'erifier to send O(klCI) bit back and forth 
per itera ion of the protocol. Here, ICI denotes the number ,o-f ga es in he circui C a.nd k 
denotes the security parameter. U ing pseudorandom genera. or I ilia.n [100] has exhibit d a 
pr,o ocol in \vhich he prover a.nd h verifier comm1.mjca e only O( IGI +P) bi s per i era ion 
of th pro ocol. In real life circum tances IOI js likely o be v ry large, in which case his 
p ·otocol hould beha.v be ter in practice a.swell a in heory. 

Zero-knm ledge proofs tY(-licall :require a great deal o.f interaction be ween h prover and 
.he verifier. I is of both theore ical and practical in ere o ee how much in eraction i 
truly needed, which has led to the notions of bounded interactive. protocols and nrmint ractive 
protocols with a common mndom tring. In bounded in eraction protocol h prover and 
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the verifier in rad for tirn.e polynomial in he ecuri y parameter. Af er he intera.c ion 
pha. e~ he prover pro,, theorems o the verifier by ending him a let er in the mail. In a 
nonint ractive pro ocol .·ith a common randoms ring the prover a.ud verifier do not interac 
a all but are bot.h presen ed vi h a uniformly dis ributecl string of length polynomia1 in 
he security pa1·am.eter. 

Prior l\o Kilian s work · h r exi t d hree p roposed ptotoro. for hese cenario ·~ due ta 
Blum- Feldman-~ficali [41] De ant" -P rsiano-ri,.licali [59], and Micali-O trov ky [136] . 

Kilian has developed a ery simple and efficient pro oool for bounded interaction zero
knowled: e proofs, and a pmvab1y secure pro ocol for non·nt n1.ctive zero-knowledge wi h 
a common random ring. Bo h of he e protocol security bi ased on rea onabl cryp oa 
graphic as ump ion . His protocol for bound cl jntera.c jon. zero~knowledge proof: is more 
communicatio efficien ha.n he be previou ly k"llO\"lll intefad.jve zero-knowledg,e pro o
cols. In both of hese protocols. the prover can prove polynomially many polynomial- ized 
heorems. 

In [25], Kilian along wi.th Ben-Or. 1:0 dwa.sser and ·igderson, developed a multiprove:r 
i:reneraliza.t1on of in eractive proof s~ ·stems. They shmvd ilia ~ informally anything 2 prov r 
could prove~ they could p ro e in sia istical zero-knowledge. Recen ly J ilia.n ha rengtbened 
thi resul howing that anything 2 pi-over could prove they could prove in perfect zeto
knowle<lge. 

·with . oa.m Ni an Kilian ha .applied knowledge complexi y notion from cryptography o 
pace-bounded automa a [102]. h y have d rv loped pro ocol in hi scenario for a number 

of crypto raphic protocols: secret ke ! exchange bi -cormni al s cure circuit valuation and 
zero-knowled.g proofs. In the space-hounded scenar io he sec111ity of hese protocols may 
be prov n wi hout any assump ions , ha oever. Furthermore, these pro ocols a re robust 
agai.nst ad\ersaries who have asymptotically more pace ha u ed by h good players. 

Nisan and Kilian have also investigated upper and low r bounds for ecret ha.ring. hey 
consider schemes io which a bit bis hared among n play rs uch ha 

l. . majori y of th n p]ay rs can recon ru t 6. 

2. nonmajar.i.t.) of the players can't reconstr-uct any information abou b. 

They sho,v a. lower bound o[ !1:(n log n) on h to al number of bits that must be di tributed 
among.; th n player . hey also consider a. w akened fonu of ecre haring in which .. n/3 
players can reoons rud b, and n/3 players learn nothing. They us coding hoory to prove 
the existence of s ere haring chem tha are more efficient han he lower bounds prov.en 
for the more shingeot condi ions. 

A das ic theorem of Goldwasser and ip er [ 2] ta es tha IP= AM. In other words, public 
coins are as po, erfut as priva.t coin for interac ive proof systems. Kilian has found a, ery 
sim1 le proof of his fact u ing random elec ion ech.niques from [ l ]. hi proof will be 
included in a paper on random election ;i;ith Oded GoJdreich, Johan Ha tad and Yishay 
11Ian our. 
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Shlomo Kipnis 

hlomo Kipni has been inves igating parallel archi ectures and interconn ction networks. 
e is rying to fort.her explore he pm •er of blt · d interconn tion chem in rou ing permu

ta ions and realizing various communication pattern . Bussed interconnec ion ch m and 
their relation o difference cm·er wa CJ..'Plol'ed by Jo Kilian, h]omo E,..pni and harle 
Leiserson in (101). n a.dditionn h is inves igating various arbitra ion schemes for bus ed 
based archi ec ures. 

Recenth he has a o udied he problem of ra ge queries in computa ional creom ry. , ange 
qu rie i a fundam n al problem in comp·uta ional geometry ,,~th application to computer 
graphics and da abase retrie al y em . _ e compiled a suntey 1,eport on h:ree differen 
methods for range queri in compu a ion.al g ome ry [103]. 

Richard R. Koch 

I och's Ph.D. ·hesi (106] is a prnbabilistic analysis of routing on a parallel archi ec ur . 
Koch analyz he bandwith of the bu te:rfly n.e wo,rk. In a c Hated bu · erliy network nodes 
axe connected by parallel ed,ges in tead of jus on edg,e as in the u ua.J but erlij ne ·ark. 
He proves a previous contcture tha. he expected band, id.th of an node dilated but rfly 
network i 0 ( i\ (log ... )-i), where q i h number of parallel , dg . He also explor om 
implication of hi re ults for d sign radeoff . He also de1,elops in ere ing tr. chniques for 
finding asympto ic for nonlinear sy ems of recurrence . fany of he ults appeared 
previously in (10 ] . 

In [107] l'\.och Leighton 1VIagg . Rao and Rosenberg udy th problem of emulating a 
steps of an 1G~node guest ne v or , on an n~node host network. Although many i o a.ted 
emulation re ul have been proved for specific network in hep t, and m asures uch as 
dilation and congestion wer kno,,,a to be impor ant the field has lacked a model within 
\\•hich general r ul and meaningful lower bound can be proved. They a emp, o prn,ide 
uch a model~ along with co1--responding general t.echniques and specifi result in thi paper. 

Dina Kravets 

I ravet p u most of h year working with Alok. ggarwal and James Par.k on prob} ms in 
computa ional geometry. ln January. he fini hed her fa ter th i [109] which included 
the following result : 

1. n aJgori hm o find aU the farthest n-e1ghbor of ver ,er ex. on a convex n.-gon in 
0(n) time. 

An O(n2 algorithm to sort he distances of all he v r ices of a convex n-gon wi h 
respec o each vertex of the convex n-gon. 

3. n O(knlog k) time algori lun to find k farthe t vertices for 
n-gon. 

ry v r ex of a convex 
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4. war t -ca.s op imal algoiithm to ort a e o umber: giv n lm er bound on b 
rank . 

he fu of hese algori ms appeared in · he Information Proc ing Lett ~ [4]. Park a.nd 
Kravets are plan ing to improve the hird esult and ubmi i · o · he A 1- IA I ymposiurn 
on Di cr-ete Algorithms. 

1·ravet is a o looking at some problems in parallel c::omputa.· ion and L I wi h Leigh on. 

Leonid A .. Levin 

he topk of Leonid L vin s research in 19 - 9 may be called Randomnes in omputing. ,~ 
In [11.] Levin aud Veo1,atesan pi:opo e he fr t in rac abili v results for random i.n tan 
,of P problems. P-complete probl ms should be hard on ome (ma • be x r mely rare) 
instances. eneric ins ance of many uch proble:rru; pr-ov d to be easy. his paper show 
th intractabili y o-f random in ta.nee of a graph colori g problem. pplica ion of average 
case in rac ability are con idered in , ,i;o other pap rs: [ 0, 9-]. 

Blum and iicali [ 2] di oo red permutation f wi h "hard-cor '1 predicates b(x) that can
no 1 e ,efficientl guessed from /(x) ,\ith a noticeable correlation. Bo h b f are easy o 
comput . Yao [162] modi:fi any one-v ay permutation / into .f whlch has a hard~core 
predicate. s securi y may b lo~ er than any constan po,.,.r r of the securi y of J and i too 
mall for practical applkation. Goldreich and Levin l 0] prov that mo linear predicates 

ar hard-core for , ery one-way func ion and have almo t he a.Jne ecur:i. y. Th re ul 
x o.ds to multiple (up to the logar-i hm of security) hidden bits and has wide applicability 

to pseudorandomn s cr:}'ptography e c. 

Let an easily computable function f be one~,\ a:; 1 Le. for mo t x one cannot recover from f( ) 
ci her (1) x bJ a polynomial ime algorithm or (2) an :x1 E J- 1(J(x)) by a pol rnomial size 
circui . In case {l), to exclude u ele s /(x) = 0 he diff rence betw en hannon en ropi of 
inpu and ou pu of/ i r tric d o 0(1). Impaglia.zz;o Le •in. and Luby [92] show ba ed 
on [ O] tha the exis en of one-way fonc ions in he sen e (l) a.nd (2) i nee sary and 
u.ffi jen for th xi ten of p eudo~random genera.to secure agains feasiibl algorithms 

or circuits., respec · ivel ·. 

In [11 ] Levin compares probability distributions of computa ional object . The u ual dj ri
butions are onoon ra ed on st:rings ha differ Li le in any fundamen a.1 cha.rac eri ic exc p 
theiI informational ize (Kolmo0 oro,v complexi y). Thi pro_p r ) distingu.i hes a das of ho
mogen ou ~ probability mea ures ugges iog variou applica ion . ln par icuJar = i . ;:,;:plains 
why the average case -comple enes results ar so mea: ure independen and offers heir 
generalization o his wider and rnor in aJ~iant das of measur . I also demon ra a. 
harp difference bet, een pseudo-random s ri gs and the objects known before. 

Bruce Magg 

Bruce 1lagg i tudying he abili y of a ho t network o ,emuJa e .a pos ibly larger gue t 
network [107]. Hi collaborator in this research are Richard I och Torn Leighton. atjsh 
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Rao, an mold Rosenb 1·g. An em at ion is work-pre erving if the work (prooes or- ime 
product) performed by h ho i a mo t a con an factor la.rg r than the \vork performed 
by he gu . ' uch an emulation is effi len because i a.chi ves op imal peedu OY r a 
equen ial rnulation of h gues . 1VIany work-pre erving emu.la. ion for par icuJar uetwork 

have been di covered. For , ·ample: he -node butt rft' can emulate an N log N node 
shuffle-excha:nue graph and vice v rsa.. On he o her band, a work-pr, erving ,emulation 
may not be pos ible unless the gtlest graph is much Jarge than h hos . or example! a 
linear array ca.nno· perform a 'Work-preserving emula ion of a bnt.terfiy un.les th butterfly 
is expon ntially la.r""er han array. The positive and negativ resu1 s provide a ba i for 
oompa.ring the rela ive pm"er of different networks. 

Smee Magg is also studying algorithm for rout.ing packet on faul y bounded-degr net
~·ork . ' i\'i h Tom Leigh on he ha.s developed a. scheme for routing N packet on a.n -node 
mul ibu I rfiy TI t work {l 9] in O(lo(I' l\ ) p even in h presence of rnany faulty nodes. 

Yi hay Mansour 

\ i hay fansour h ontinu d t.udying data ran rru 10n in om.munka ion net. votks. In a 
, ·ork wi h chieb r 122} the sho ' lower bounds for communica ion over non- ifo link . In 
a. work with. Herzbe_rg and Goldriech (79] they give a randomized protocol for communication 
over non~FIFO links. In a work "\\01th ,;erbuch and ha.vi [15} th y show how o achieve 
polynomiaJ end o end communication. 

In work wi h Linial and "isan [116) hey inves ,igate con a:n d pth cir,cui u ing h ouri r 
Tran form. he are a.bl o sho,,T a quasi~polynomial time alrorithm for learning hi das . 
. no he:i· ,. ork t.ha is con.nee ed to learning i [23]. 

In a ,vor · with chieber and iwari [12 ] he con inue o develop echniqu to prove low r 
bound fo · integer coumputa. ions. The 1..ork 1 h chieber and Tiwari (123) tries to explore 
the complexi y of approxirnat in alaebra.i fun tions. In hl work technique ak n from 
Approx:ima ion Theory a e used o deriv o,ver and upper bound .. 

Mark J~ Newman 

lark J. ewma.n con inu d work on faul -toJ rnn ra gies for parallel omputation. \ 'i h 
ohan Hastad an.d om Ieighton [ 9] he demons ra. d algori hms for reconfiguring hyper-

cub~ with fau.lty c.ompon 1t . · f er reconfigur ion, he hyPetcub r a.in aU compu a
ional power (wi hln constant fad.ors ). The algorithms are uc-ces ful wi h hi h pi-obabili y, 
iven hat nod and ,edges fail inclepe den ly .and with con a.n probability. The ~ al 
howed ho, o route permuta io on hypercubes even if a con tan fraction of the cub · s 

componen , have fai ed. 

" · ith om L ighton A bhlram Rana.de and ' ric chwabe [111] Newman also howed how a 
dynamically changing binary tree can be mbedded in a hypercub o tha cornput.ationa.1 
and communica. ion overhead are low. pecificaUyt hey produced nmdomiz d a1gori hms 
which embed any growing and h1inking binary tree o tha the resulting j ulat!on require 
only cons an fac -or overhead with high proba.bility. 
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. 
oam 1San 

i an arrived a a post-doc in the heory group in January 9. H has been work.in mainly 
on problem .rela ed o compI }..'lt~ theory. 

Tog t er with L. Baba.i and M. zegedy [17] he pro ed lower bound for h mul iparty 
cnromunica ion comp exi y of er ain imple function . These bounds were used to obtain a 
pseudorandom irenerator for Logspace wi hou reiyfo on any unpwven as ump ions. 

In [133] i isan obtained a. full chatacteriza. ion of the parrallel time needed to compute any 
boolean function on a RE\ PRA?vf in erms of the func ions deci ion ree complexity. 

In join work wi h - . Linial [11 ] the u.estion •of obtainin approxima e version of h 
Indu ion-Exdu ion form la j a.ckled. Ti ht upper and lower bounds ar proved for veral 
formulation oI this qu ion. 

~isan and J. ilian II02] con idered cryp ographlc pro oool 1n the e ting wh re all parties 
ar 1 •ac -bound .. In th.i s ing the design secur pmtocols for a wide spec rum of r o-

apbic probl ms. The ecmi y of hese protocols j proved withou relying o any unproven 
as umption -. 

In hi joint work with . Linia-1 and . · .fansour [116] cons anl dep h circui ar tudied 
in terms of h ir Fw-ier ran.s£orm. It i shown hat almost, a11 of the pow r p ctrum of a. 
func ion in ,4C0 li he low coeflkien . Thi fac i ed o ob ain a lear jng algori hm 
for constant dep h circuits as wen as several other resu] . 

Marios C. Papaefthymiou 

Papaef hymiou began his studies as a. gradua.te ud at MIT in ep ember 19 . He i 
worki g on his _ I · hesis under h up rvi io of P ofe or C. E. Leiserson. 

Hi re. earch focu ,on , he design of effici n algori hm for pipelining of combinational 
circuitry. A generaJ fram work for this prnblem has been given bv C. E. Leiserson and 
J. axe [1131. 

Papa ftbymiou ha given an 0(.E) optimal algori hm for minimum latenc p:ipelinin of 
combina ional drcui ry vi h con rained clock period. He also in ·esticra.t me hod fo · 
pipelining combinational circui ry using minimum number of registers. 

Ja1nes K .. Park 

James I . Park pen mo t of he las ye<U" oollabora ing wi h Alok ggarwal (I.B.M .. York
own Heigh ) and Dina I _ra e s on a mnnb r of problem r la ting to totally monotone 

arrays. Park \\ ork with Aggarwal ( described in [5], [6], and ano h r manuscip:t. Parallel 
ear h"ng in _ ul iclimeosional _ fono on rra.y curr n ly ·n preparation) centers on the 

probl m of finding maximum entrie in o ally mono o auays a.nd appl.ica io of effic.ien 
equentia-1 and parallel algori hm for hi problem to problems in compu ational geometry 

dynamic programming strin matchina and VL ,I :river routing. hls work genera.liz and 
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ext nds h r ult of [3]. (' arks master thesi [13 }. finished. in January: i al o on hi 
subjec .) Pa.rk work wit 1 I rav t (de cribed in Krav t ma er thesi [109]) considers 
two mo:r compad on problems - sorting a d compu i g order ta isti - in the on x
of totally monotone arrays and applica ion of efficien olu ion to the e problems. 

In h coming y ar. Park plan to continue hi r search relafng to o a.Uy mono on arrar 
and oo:mpu , a. ional eom ry. 

Cynth ia A. Phillips 

ynthia.. . hillips dev 1oped an O(lg n)-tim (n + e)/ 1° n•processor de errninis ic parallel 
al orithm to con ract g neral n-nod e-edg graphs o a. ingle node. his a.lgori hm i 
used as a ubrou ine in an algori bm d ·elop d with Charles Leiserson to contra.c n~node 
bounded-degree graphs in O(lgn , lg2 tim with high probability where . i he m;;t.Ximum 
g nus of any c.onnected omponen ·. d termini i v rsion runs in time O(lg n lg n + lg2 t ). 
The algorithm for bounded-de ree graph. u e n/ lg n processor [139]. The con raction 
algorithm can be used o ol re · h conneded-componen . biconnected-component , and 
panning-tree probl m . 

Cyn ·ma. Phillip with a ro Ze:nios of U. Penn have comple cl a preliminary xperimen al 
study of the solu ion of Jarge as ignmen problem on the Connec ion Machin ( 1) multi
proces or. The assignmen problem i also known a: maximum-wei h biparti e ma ching .. 
They have d veloped b u .~ s ic to improve sequen ia.l ~tail' behavior which eem o limi 
h u fol'.nes of many curren parall l algorithms for he assignmen problem and r lated 

How probl ms [140]. 

Phillip wil1 b · writing he,: tbesis this um.mer. mon the ne"v research hat will proba ly 
b io luded i an analysi of the permutation di tribution of the Ben n twork. In o h r 
word hm · many di~ in wa rs can he switches of a Ben s net ork b e to yield a given 
permu a ion? lf the permu a ion are well , · t jbu ed, then ps,eudorandoml e ti g the 
witches of a. Be network ma yi.eld a good pseudorandom permu a.tion network. 

Satish B. Rao 

In {107] Koch Leigh on Ma ~ Rao and Ro enberg t udy Lhe prob] m of emulating To 
teps of an a-nod gues network on an 'n -node hos network. Although many isola. ed 

emu.lat.ion r l1 s hav been proved for specific ne work in the p t and measur u 1 a 
dilation and congestion w r · known to be impor ant. he field has lacked a mod 1 wi hi 
\,\hich gen ral result and m aningful lower bound an be proved. Th y a. tempt o provid 
uch a. model? alon ·ith corr ponding general echniques and specific re ul sin thi paper. 

Lein"hton and Rao ha.ve de eloped an apprmdmate min-cu IIJ,aX-liow theo1· m for a t pe of 
mu] i ommodi y ow problem. Thi · heorem yields an approximation algorithm for :findi g 
as para. or in arbitrary graph hat cos a mo a O(log~ n) t ime , h op imal. They al o 
u ed. the heor :m to how hat any permu a.tion can be routed on an arbi rar network o 
ha.t the congestion of anv ed e and pa h length of a.ny m age i within a O(log n) fa tor 
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of optima . In joint work with l\ agg lhe • explore the problem of ch duling m ages on 
paths with given cong tiou and 1 ng h so ha h rou ing ime is minimized. 

Jon G. Riecke 

Riecke continues work in the ar a of semantic and logic of programming langua es: with 
wo pr-imary interes : h semantics of continua. ion ~ and he heor • of ' lazj ( call-by

name) func iona.l languages. \i orking jo.intl wi h bert ·le •er- h inves iga ed some seem
ingl) Imo, n-but undocurnent cl-problems in he heory of continua ion . 1Vfore specifi
call , Mley r and ·ecke howed tha either pro tamn ing with con inuation xplici ]y or 
usjng sp cia1 ··con inua. ion-a.cce ing' operato,r (e.g. cheme s c.a.11/cc) learu one to con
clude di.ff ren fac about rodej old equivalences be :veen programs may o longer hold in a 
se ina \i.•i h continua ion . The implica ion of these resul· and their preci e at m n 
are reported in [12 ] and in Riecke:s · . I. thesi [1 4 . 

he heory of lazy languages, begun by _bramsky and Ong has also beoome a. focu of 
Riecke s ,, ork. Lazy functional language pas argu:men s by nam (, ha 1 , .argum nts are 
no eval uated before passing) but never hele~s top e ·alua ing higher-order ~r sion -
func ion -wheo hey an build a clo ure. h u uaJ. co - yle emantk do not pre ict 
thi terminat.ion beha ior co ·r ctl : a di 'er gent functional a dado ure ha al ·ay div rues 
ha.ve the am mearr·ng. Bard. Bloom and Ri eke {37] cl v lop d a model for a. iyped lazy 
langua e ha accurately reflect he behavior of the in rpreter. avro o madakis and 

·eek (ju a forthcoming pap r) u ed he model o de1.elop pr· ciple.s for reasoning abou 
lazy programs. and prov, d t.hat equalitie b w n terms in a fragmen of he language are 
deddabl . 

In the pat year Riecke Jna.-3 also become interested in in uitionistic lo0 k and ype theory, 
and i s .a.pplica ions to he heorv of programming languages. He will on inue hi reading 

well as pursuing previou Un ~ of re ea.rch. 

Phillip Rogaway 

Roaaway i a third ear gradua uden working und r i1vio Micali . He has been workjnO" 
on ,cryptograph and complexity t-heory. 

Roga. ay~ iN thesis voh•ed. into th - R T O- paper which easily won ,he award 
for mo coauthors, [2 ]. hi pap,er ablish s tha an inj,ectiv on - i,•ay ftmc ion uffic 
o prov all of IP in computational z, ro-know]ed e. I al o hows that he '' envelop model'' 

fo bi commitmen u.fiices · o how all of IP has perfoc · zero-knowledge proof . 

Rogaway ha inves igated gen ralized notions of knowl dge complexity e.g .• pro ocol ha 
release a maU {bu nonzero) amount of information.. Recently he has been working on 
redu ing b interac ion required for seem•, dh.r ributed computation. 
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John Rompel 

In January ompel ,completed his Master~ thesi [14 based on approximation algori hrn.s 
for graph coloring d veloped 1 year with Berger [2 ]. 

1 ore recen ly Rompel has been ,vorking on probl ms in the field of parallel algori hms. 
Romp ], ogether wi h rger, [29} dev loped a general framework for r mo ing randomne.s 
from randomiz,ed ; algorithms whose analy is uses onl polylogari hm.i independence. 
Previo ly no echniqu w re known o d erminize those ' algorithms depending on 
more ban cons ant independence. One appHca. ion of .heir echn1que · an K algori hm 
for ·h se di crepancy problem: ,•hl h can be used to obtain man oh r N aigori hms, 
inducling a bet er edge coloring algorithm. A ano her applic.a io of heir tech.niqu , 
hey provided an C algori hm for a hypergraph coloring problem. 

Rompel working with Berger and eter hor [30] gave r appro}.'llila ion algori hms for 
h unweighted and weighted cover problem . heir algorithms use a linear number 

of processors a-nd give a cover that ha.s at most lo n times he optimal ize/weight _ hu 
matching th performance of · he best equ ntial algod hms. Previously, there w re no l'Ilown 
parallel algorithms for the general e cover problem. Berger Romp l and hor devi ed a 
randomized algori hm depending on only pairwise independeoc and then converted it o 
a deterministic one. Fmthermore. h y applied their cover algorithm o lea_rning theory_ 
giving an NC algori hm o learn the concep das obta.med bM taking he dosure under 
finite union or finite intersection of any cone p las of fini e V -dimen ion which has an 
. C hypothesi finder. In addi ion; they gave a lin.eai·~proces or algorithm for a va iant 
of the set co er pro bl m first proposed by I ba.zelle an ri,edman, and u ed i o obtain NC 
a.Igo i hm for ,eral problem in computational geomet.r . 

Arie Rudich 

Rudi, h began hi fir t y ar as a graduate stu ·en a l\,fl ·n eptember, 19 . He i working 
on an M hesi up rvised by Me 'er on Da a:flow theory which sbould be compl hy 
Jan uarv 990. 

His research aims to gen raiize rec.en resu1 s b Rabinovich and Trakhtenbro [143] and by 
Lynch and ·iark [121] which precisely delimit. the clas , of data.flow ne works for which 
I ahn s 'Lea.st Fixed Point Princip]e (97] appli - showing ha Kahn Principle fail pre
ci ely ,;.•here Brock-Ackerma.n-]ik anomalies [""I) berin. Rabinovich and Trakhtenbrot es
tablished thi boundary wi hou dis inguishing ompleted and incompl ed outpu treams. 
Ru<lich aim to how tha he l ult carry over to the more conven ional model where he 
comple ed/inoompfo ed di inction is ma.in ained. 

Robert E. S.chapue 

chapir has continued to work with Riv t on he problem of inferring a uaknown finite
state automaton from i inpu /ou pu b ha.vior. In [145] they introduce a powerful new 
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technique based on the inference of homing equences for solving · hi~ problem in the a bsence 
of a me of r tting the machine o a start s ate. Their urferenc procedure experimen 
with he unknown machine and from tim o t ime require a teach :r to supply count rexam~ 
ple.s to, incon-ect conjectures about he rue ur of h u:uh-nown au oma on. ln Lhi set ing, 
he d cribe a learning algor'thrn tha ., wi h probabilit 1 - 81 ,outpu a ,correc d crip
ion o! h unkno,wn ma.chine in tim pol ·nomial in he automa ·on ize, he Jen th of th 

longest coun erexampl a.nd log(l /6) . hey pr sent an analogou al.gori hm tha make ttse 
of a diver i y-b ed r presenta ion of th fiuj e- tate y tem .. Th ir algori hm are he first 
that are provably ffectiv for hese problem , in the absence of a r t. TheJ also pre n 
p1'ababili ic algorithms for permutati.on automata , hlch do no r quire a. eacher to upplv 
coun rexampies. For inferring a permutation a.u oma cm o.f diw.:rsity D, h y improve the 
bes previou ime bound by roughl a fa.c or of D3 / log D. 

In Ja uarv chapire led a team participating in the robo building contes of the AI Lab' 
•• 

1 inter Olympic . · The goal o their projec wa o build a robo capable of performing 
some simple learning task. In particular, he robot , hey buil , named ho {for martbo, 
or po bo ) was able o learn from experience how o a.void running in o , ·alls a d other 
obstacles. , heir team con i ed of Amsterdam Blum Goldman, Moore Riv t and cbapire. 

chapire has a.) o been working wi h Goldru.an and Rives on · he problem of inferring a. 
binary rela ion [7 ] between n object of one kind and m of another. Thi can be vi , ed 
as the problem of inferring an n x m hina.ry ma r-ix. Their goal has been o minimize the 
number of predi tion mi take mad , a learner presented wi h uch a ma., ri: on entry a 
a. tim . Th y have been abl 1 0 prov numerous upper and. lo ·er mi take bound for sev ral 
variatio of hi problem. 

Finally, Schapire has been looking at problems r le ant lo the di ribu ion~free ( pa.c" ) 
I arning model introduced by · a.liant [160]. In 149] chapire on ider 
improvin the ao uracy o{ a hypo hesis output by a learning algorithm. He sbo s ha 
a model of learna.bility called w ak l arri.ability ·n wbicb he le.a.mer i only re uired o 
perform sligh ly be ter than guessing .is as strong as a model in hlch the learner s error can 
b made a:rbi rarity mall. Hi resul may have significa.n applica. ion as a ool for fficien ly 
conv rting a mediocre learning algod hm into on tha performs ex remely well. 

Leonard Schulman 

chulma.n pen mo t of hi time on coursework hi yea.r. he spring he developed an 
algorithm for or ing n element on an n-node ring of proces ors in he op imal tim - n/2. 
This require only constant capacity .at eaich node in he word model. Y. Uansour proved a 
do ely rela. ed lower bound. and hese h o r ul s have been combined in a. joint paper to be 
ubmitted hortl r. 

Du.ring the ummer of 19 9 chulman intends tor ad under he uidance of M. 1p15er. 
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Eric J. Schwabe 

chwa.b ha be n working on problems invo1ving the effici nt implem nta ion of dynamic 
rue ures on fix d-conne ion netvrnrk . In par ;icular, he work d wi h Leighton 1,,vman 

and bhiram Ranade (Herkel y) on the probl m of dynamically embedding binary re 
in bu terfly and bypercub ne work [111)+ Randomiz mbedding al orithm \Vere found 
for both n tworks \ hich imultaneou ly opt imize load (the maximum number of tree nod 
mapped o a µroe or) and di1a ion ( .h maximum di. a.nee in h network between adja.cen 
ree nod s) for rees which are a Iogari hmic factor la.rg r than he hos ne work. n improved 

algori hm for he hypercube wa found ,vhlch optimizes load and di]a. ion for arbitrar binary 
trees while also keeping congest.ion ( h number of im a. hypercub edge is raced over by 
an embedded tree edg ) Io,, .. A] o low r boun were proved ,;,,•hlch show tha. d termini ic 
algorithms canno imultaneou l: op imize load and dila ion. 

h ab has also been tudying the rela ive stren h of the butterfly a.nd shufBe xchange 
graphs as in erconn ction network , He p ro ·ed tha normal hypercube algori hms ( hose 
whi h use only one dime ion of bypercube dg a.t a ime and adjacen dim n 1on in 
con ecutive time ep ) can be simula ed on a but erfly ne ,, ork with on! a con.sta.n low
down a r ul which \'I as previou ly ·nown only for he huffle-exchange -aph. v rsion 
of hi re ul i being prepared for journal ubmi ion. In addition he recen ly discove ·ed a 
o e-to-one embedding of he butterli~ in o h shuffle-exchange graph wi h con an diJa ion 

and congestion and •expansion °<./foiN improving a r sult of Koch e . al. (107] . 

0 •er hen x year chwabe plaru to work on relating the ideas in [1111 o other problem 
in parall l m mory mana emen , a.nd to con inue hi inv • tiga.t ion. of he huffie .. exchange 
v . the bu terfl. ,_ 

Alan Sherman 

Professor Ian T. hermau (now a Tuf Univ r i ;:y') ha.s oomplet d a mono raph on he Pl 
ystem for placement a.nd interconnect of custom \ L I dr uit [lo0]. The PI ys ·em was 

designed an jmplernentecl at 11lT under th eai.der hip of Professor Ronald L. Rive t· her
man was one of h k y architec s. h monograph i being publi h d by prinaer- e:rlag. 
Beginning ep ember 19 9 h rman will join the faculty a the Universit 1 of Maryland 
Baltimore Coun y. 

Robert Sloan 

loans primary area of interest hi pa.st year was computational learning theory .. Hi~ major 
a.c ivity for the year wa preparing bi doctoral di :erta. ion [155). fo t of he o her '"'ork in 
computationa lea.ming ·heory described here i · also contained in tha work. 

1 luch of hi~ work wa wi hin \ alian model of probably approximat I correc learnina
[160]. wor ing with Helmbold a.nd '1 armuth while isitin"' . an a ruz, he dev loped 
an algorithm for earnina cer ain ,complex combina. io of concep clas known o be 
leai-nable [91]. 
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In 146,] he pro lem ofleaming arbitrary boolean concep in the alian model-by r a.1-dng 
hem in o pi ces and learning one piece a. a ime i udied. In other ,;ir;•ork, loan s udied 
h effec of different sorts of noise on 1earnin in th aJ.iant mod.e [fo3]. 

In 1 7) he explor d an al ernate mod of incluc i~ ia1 rence. 

loan al' o remain in eres • din he ubjec of cryptography and spen some time tudyinu 
dilfere t definitions of zero knowledge [151]. 

Clifford Stein 

in h b n working with hrnoy on developing parallel algorj hms fo:r combinatorial 
optiruiza ion problems. Tog her with Philip Klein of Harvard h has de eloped a. parall l 
algori hm to find a maximal et of edge disjoint Cj de in an undirected raph in O(log n) 
ime u ing m ro sors on a R \1 • PRA l. ~ maximal e of edge di join ydes is a .. et 

of cycles whose removal from the graph renders the graph .aicy lie. ein and K]ein hav al o 
b en able o generaliz his resnl to mu ti-graph and obtain a.n algori hm which run in 
O(lo nlo°C) time where is thelarg multiplicit: of any dg (10 ). 

'· ing hi algori hm tein has developed a.n al od ·hm which finds a cycle cover containing 
0( m n }op- n) edges u ing O(log2 n) time on m proce so . A c:; de co er i a. e of cycles 
such that eveI"y edge in the graph appear ln a leas o•n cycle. 

ein ha observed hat he para.ll l matching al odthm of [132) and [9' ] can be combined 
wi b caHng o achieve RNC algol"i hms for the as ignmen· problem which u ea nwnber of 
processors independ n of • h size of he larges number in the problem by lowing dovrn 
the running time by a factor proportiona o the logarithm of h iz of the larges numb r 
in the problem. 

tein has al o been r wri ing hi und rgra.dua e the i [157] for pubHca ion. oge ·her \ ith 
Ra.vi Ahuja Jim Orlin and Bob arjan he has developed effi.ci n algodt.hms for a wide 
va ·i ty of ne ·work flow problems in bipa i e graph . The main r u.l ar of he following 
form: given a bipa:r ite · ra.ph vith n node b onl n1 nodes in h maller half o{ the 
bipartition, an allrrori hm which ru□ in ·im O(J(n m)) can be conv r ed in o an algorithm 

hi h run in time O(f(n1 m) + n1m). TMs. .approach I ads o an al orithm for ipa..r i 
ma.,--imum ow •hich runs in O(n m log(~ 2)) im , an algorithm for bipar it minimum 
co t circula ion vhich run in (n1m [ogn1 log(n1 C)) time and an algori hm for pa.ram tric 
maximum flow whi h solv l bipar ·ite maximum flow prob] m in O(ln+n1m 1o ( ln,!n• 2 

+2)) 
time. 

Margaret C . Tutti 

u tl join t.h th or group trus year and ha been working with hmoys on a.ppro ::ima ion 
a uorithms for th _ •fixed Po hnan Problem. Giv n a weigh eel graph G find a leas -co 
tour of G which · aver each edge a leas once. \~ihen G i o ally directed or to all· 
undirected. he problem can b olved in polynomial time. \¥hen G i a mixed graph (i.e. 
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om d e are directed a.nd ome are undirected), h problem i NP-comple e ( how by 
Papadimi idou i 1976 ). 

This um.mer he Yri1l con inu - working witl bmoy . 

Joel Wein 

,1 ein has been , orking with hmoys on pa.rallel graph algori hms. H ream 1 e..x ended 
a re ul of I{a.rloff' to ohtain a La egas \ C algorithm for minimum weigh perfec 
ma ch"n.g~ where the weigh are represen ed in unary. Th.i problem was hown o h in 
R C by l _a.rp . pfal and Wigderson bu th a.lgori hm '\\'as Mont arlo in natur : it 
yield d a correct olu ion wi h high probability bu. wa unable o determine if h olution 
wa indeed optimal. in developed a wa.y to carr .. out hi certification in Rl C yieldin 
a robus La,~ egas al -ori ·hm that can verif op imali y. he resul utilizes a sttucture 
heorern of ebo for the t-join problem and rield an R i r Las ega .algorithm for ha 

probl -m as well. 

O, r he umm r Wein worked a Thinking Machines Corpora ion developing practical 
Connec ion - a hine implementa i,on for variou op imiza ion problems. He in nd o 
continue ,vorking on 1 oth pra,c ical and theoretical a peds of parallel compu a. ion. 

Su-Ming Wu 

\i\ orking, :ith Tardos~ Wu has developed an O(nz) al ori hm for h problem of find.in wo 
ed e-cli joi · pa h i.n a. graph [161]. he basi for the algori hm is a graph- heo ·etic proof 
of P.D. ey:mou.r (B U ommunications Research Labora ory ew Jer ey). 
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4 Annotated References 

[l] .. .. ek B. A\ erbuch and H. ,!oriel. Overhead of rese ting a comrnu.nica ion protocol 
ind pendent of he ize of the oeh,•ork. fay 19 9. npubli heel ma.nu crip . 

[2] . fek and E. Gafoi. ndwto-eud communica ion in uruel1able ne works. In Pro-
ceeding of th 7H, Annual A.CM" ympo ium on P,·inciple of Distributed Computi'.-n.g, 
Toronto Ontario, Canada pa 131-14 . M IGACT a.ncll GOP I ACl 1 19 

[3] ggarwal, 11. Klawe, . Moran, P. hor, a.nd R. \i', ilber. Geom ric applica ion of 
a matrix- earch.ing algorithm. lgorithmica 2:.209- 233, 19 7. 

{4] A. ggarwal and D .. Krave .. linea:r time algori h.m for finding all far he neighbor-
in a. convex polygon. Info . Proc. L tt., 31:16- -0, 19 9. 

Aggarwal et al. [ ... gga:rwal~ M. L K!a.w . 1 foran P . hor R. \~lilber 
11Geome ric Applica. ions of a. r la rix~ earching Jgori hm 1 Al0 ori hnrica. 
Vol. 2. 19="- pp. 195-20 ) sht:nvecl how to compute in 0( n) time one farthe ·t 
neighbor for every er ex of a convex: n-gon. In hi no e w extend hls result 
· o obtain a linear ·ime algorithm for finding all farthest neighbors for eve1·y 
vertex of a convex polygoo. Our algorithm yields a. linear ime olution to 
he ymmeiric all-farth 't n ighbo1"s problem for imple polygons. , hereby 
e tling an op n q ion raised by Tou ain in 19 3 (G.T. ou sain Th 
ymmetric ll-Farth t ei bbor Problem ' Comp. and fath. Applica ions 

Vol. 9 o. 6 9- 3i pp. 747-753]. 

[5] A. Aggarwal and J. Par . ·otes on searching in m 1 iclimensional monotone array . 
In 9th ym.p. Found. Computer c ·. pa.ges 597 ; ?:, t9 

[6] A. Aggru.1 ral and J. Park. equential searching in multidimensional monotone arra s. 
9 9. ubmi ted for publication. 

wo-dimensi.onal arr a. is called mono ton if he ma:,dmum en ry in it :i-th 
row li d.irec ly below or o the right of h maximum entry in i . (i 1)-st 
row. Ha row has evera.J ma.xima, h n w ake lhe leftmo one.) . wo
dimen ional army i called totally monotone if every 2 x 2 ubarra:, (i.e. 
every 2 x 2 minor) i · monotone. Totally monotone array were in roduced 
by . ggarwaJ I<lawe~ Moran hor and '\;y"ilberi who bowed ha.t several 
prob)ems in computational geometry could be reduc d to he problem of 
finding th maximum entry in ea.ch row of a otally monotone anay. They 
al o gave a equ n ial algorithm for compu ing h row maxi.ma of an n x n 
tot.ally monoton arm) in 0 ( n) time. In thi paper we generalize the no
tion of two-dimensional to ally monotone arrays to multidimensional array 
pr en equential algorithms for finding maxima in uch arra , and exhibi 
a. wide ariet of problems (involving computational geometry, dynamic pro
gramming and L I ri rer rou ing) ha can b solved efficien ly using he e 
a:rra r-searching algorithms. 
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[7) D. Angluin. Learning :regular e from queri a d coun erexam1 les. Informal.ion o.nd 
om1ndaiion, ""'5: 7- 106 Nov. 19 7. 

[ ] A .• ppel and . Jim. · ontinua ion-pas ina do ure-pa sjng s yl . In Ji th · ympo ·um 
on Principl of Progran mi'ng Language" CM 19 9. 

[9] B. werbuch. On he e:ft ct of feedba-ek in dynamic ne work pro ocol . In 29th nmral 
Sympo ium on Foundations of Computer c·i n.ce. pa e 231-245 E E. Oc . l9 

De crib an asyncbronou adap or, hlch convert an pro ocol for a sta ic 
asvnchronous ne work o work on a dynanric asyncluonou ne ·work. , ar 
o embed r ul in a more general framework tha. i said to include op n-

loop sy em Finns protocol: and h earlier local a.dap or due o Afek 
Awerbuch 1 and · afni, by con idering the effec off. edback. 

10] B. _ werbuch. rn ribu cl horte pa. h .a.lgori hm . In Proceeding~ of the 2 st ilnnual 
AC.M ymposiurn on Theory of Computing, eattl , Washington pages 230-2 0 1 

IGA T M May 19 9. 

[11] B. Awerbuch . Bar- oy: . Linial, and D. Peleg. Compact di ributed data ruc-
t.ues for adaptive network rou ing. • n Proceed"ng of the. 21 d . Annual ACM ympo iu.m 

on Th ory of Computing, eatUe 'Mfa hington1 pages 230-240, A . IG CT ACM 
ay 19 91

• 

[12) B. Awe:rbuch, A. Gol bergi 1\,I. uh an . Plo :in. - etwork decomposition and 
locality jn di ributed computation. _ fay 9 9. Unpubl':i hed manu ript. 

113] ' . A\ ·erbuch O. Goldreicb and . Herzberw. A qua.n i ,a i"~ approach · o dynamic 
network .• lay 19 9. ·npublished manu cr·pt. 

(1 ] B. Awer'tmch. 1 0. Gol rei h D. Peleg and R. aini h . On th.e Message Comple.1.:ity of 
Broadc i; Ba ic Lower Bound. Techni.ca.1 J. 1emo -365 HT Lab. for omputer 

ci nae Jul 19 . (Accepted for publica ·i.on at Journal of he_ C '1. ). 

hi pap r one the mes a e compl xi y of broadcast in a.rbi rary poin -
o-point communication ne , 1ork: .Broad f i a ask initia ed bw a ingl 

proc or that wishes. o convey a mes a.ge o all proc s or in h ne ;\!'Ork. 
as ume he wid ly accep ed model of communjca ion n twor s m which , a.ch 
proces or ini ially knows the ident1 y of 1 neighbo ·s bu doe no - know 
he en ire n twork topolo •.A] hough it eems obvious tha the number of 

m sage Tequired for 1 roadca: i11 · his model equal the numb r ,of link no 
proof of thi ha.sic fac has b :n given b fore. 

how hat th mes age comp] xi y of broadcas depend o be exac 
oomplexity measur . If me ·sages of unbounded 1 nrlh a.re counted at uni 
cost, h a broad.ca requfr 0(IVI) me ·ag , whe· Vi he el of proo ~ 
or in th ne work. V•i prove tha ·r oue count sag ofbounded length 

then broadca require 0 ([EI) message . wh~ he set of edg -~ in h 
netv.-.ork. 
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The ame results hold for th construction of panning trees, and var-ion 
oth r global tasks. 

[15) B. A.werbuch . fan o tr 1 and · havit. Pol 'nomial end-to.-end communication. In 
30th Annual ympo ium on Fo·undation of Compu.te.r cience, I' EE, 19~9. nbmi ed. 

A dynamic communication n work is one in whicb links may rep ea edlv fail 
and recover.In uch an twork hough it is impo ible to es abli h a pa h of 
unfailed link , reliable communication i pos ible. if there i no cut of per
manently fail d links between a end r and receiv t .. •-,...7 con ider the hasi 
ta k of of end-to-end communkabou that i delivery in fini e ime,. of da a 
· ·ems genera.ted on-line a; th sender, to the receiver. inorder Yitithou dupli
cation, or omission. The best known prev·ous solution to thi problem ha •e 
exponen iaJ complexity. Ior-eover it has be conjec med hat a polynomial 
olution is impossible. This paper disproves thi conjec ure. presentin he 

fir polynomial end- o- od protoool. The pro o•col u es techniqu adopted 
from shared m mor · algorithms and introduces novel e hnique for fast 
load balancing in communica ion networks. 

(16] B. Awerbuch and M. ipser. Dynamic network a.re as fast as static networks. In 29th 

Annual ymposium on Foundation of Computer cienc . pag 206-220, IEEE Oct. 
19 

Presen s a. synchronous adaptor. which converts any pro ocol ha runs on 
a static synchronou network to" ork on a dynamic asynchronous network. 
Based on a dynamic ychron.izer. 

[17] L. Babai 1 • 1isa.n and M. zegedy. fo]tipar y protocols and pseudorandom g,enera~ 
tors for log pace. In Proc. of the 21th STOG ympo ium A M 19 9. 

Let f(x-1 ... x1.:) be a. Boolean function ha. k par ies wish to oollabora
ti¥ ly valuate. Th :i'th par y know each inpu a.rgum n except xi; and 
ea.ch par y bas tmlimited computational power. They share a blackboard. 
view d by all par ies where they can e.xchange m sag s. The objective i 
to minimize the number of hits wri ten on he board. 

\ e prove lo,Yer bound of h form O:(nc-k), for the number of bi ha 
need o be ex: hanged in order to compute ome (explicitlv given fonc ions 
in P. OUI bound hold even if the pa.rtie onJy wish to have a 1 % advantag a. 
gues ing the value of/ on. random inputs. \i\Te then give ev ral applica ions 
of our lower bound . 

Our fir applica ion i a p euclorandom generator for Logspace.'\J'\/e ex
plici ly construct {la polynmrual time) pseudorandorn s quences of Iength 
n from a random eed of le rr h exp(cy'togn) hat no Log pace Turing ma
chine will be able o di ingui h from ruly random s quences. A a corollary 
we giv an e-> .. -plici construe ion of uwYer a.I tra,1er al equence of length 
exp(exp(c,Jlogn)) for arbitrar. undirected graphs on n ver i 
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\Ve then apply he multiparty protocol lower bounds to derive ·veral 
new time- pac tradeoffs. \. ·e gi e a igh ime--space tra.deoff of he form 
T = 0(n.~) for general, k-hea.d Turin -1·Iachines'. th bounds hold for a 
func ion hat can be compu ed in linear time an on tan space b a k + 1-
hea-d Turing M.achine.V,e al ogive an w l ng h- id h radeoff' for ohliviou 
branching programs· in par i ular our bound impli n , ]ower bound on 
he size: of arbi rary branchinw progTams or on the size of boolean formulas 

(o · ran arbi rary finj e base). 
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ence b ween uess and est· learning algorithms and leamabili' y notion 
for which consistency \\ ith the samples arantee uc s. 
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prinaer-Verlag 19 ". 
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a. 1-to- one•wa.y function- and bow o pmve IP in perfec zero-knowl d 
under he ~ nvelop ,., model for bi com.mi men . 
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2i] B. B rger. Data trucl.ures for Removing Randomne . Technical Repor TR- 36. 
IT Lab. for Compu er cie:nce~ Dec .. l 

Karp, , igderson and Lub_, off r ·wo main techniques for removing ran
omness from parallel algorithn1s: trying a.ll sample porn s and zeroin in 

on a good ampl pojnt.. ,i\e pre en a urvey of hes-e h:r,ee paper focusing 
on the above echniques. •urlhermore we provide new r u:1 which xtend. 
he echniqu of z roinl1' in on a goo arnpl poin. o ork for {log n )-, i e 

independence. \\'- conclude by civing an applica ion of our ne\V techniq 1 

to parall I edg colori og. 

[2 ] B. Berger and J. Rompel. better p rformance guarantee for approximate gr<'Lph 
coloring. Algorithmica 19 . 

Approxima. e graph coloring ake as inpu · a. graph and return a legal col
oring which i not necessarily op imal. V\ improve the pe:rforma;nce guaran
e or worst-case ratio be w en th number of color u ed and h minirnu 11 

number of color po ible, to 0( n(log og n )3 / (log n )3) an O(log n{log log 11) 
factor be ter han the pr vious b t known result. 

[29] B. Berger and . RompeL imulating (lot n)-wi independ nee in nc. In aoih Symp. 
on Found. of Computer ci.: IEEE 19 9. o a.pp ar. · lso appeared as echnka.l repor 
i T /1 / TR-435. 

VV'e dev lop a g neral fra.m work for remo,in randomn from random~ 
iz d algorithms whose anal is uses only polyloga.rithmic ind p ndence. 
Previou ly no echniques were known to de erminize ho R ' al.uori h:ins 
dependin. on mo1e than ,con anti dependence. One application of our tech
nique is an I C algorithm for the t djscrepancy probl m which can e used 
to obtain many other algorithms including a beLter ·c edge coloring 
algorithm. A another applica ion of our t chniques ve provide an 1 al 
gorithm for he hypergra.ph coloring problem. 

[30] B. Berger J. Romp 1 and P. hor. Efficien nc algorithms for set cover v.•ith a.ppli
ca. ions o learning and geome ry. In 3.0<'11 ymp. on Found. of Computer ci .. , IEEE, 
19 9. To appea.r. Also appeared as technical repor MI /LC / R-44 . 

In hi pa.per we a·v a.ppro ·ima ion algorithms for the un-
weigh ed and weight d cover problems. Our algorithms use a linear num-
ber of proces ors and giv a cover that has a most logn imes the op 1-
mal ize/weight thus matching the performance of t.h b l equential alga 
rithm . \• ~e apply our e ov :r algorj hm o ]earning hoory giving an · C 
algori hm o learn the concept clas ob ained. by taking he d ure und r 
finite union or finite inter ection of any concept cla of fini \ C-dim Psion 
which has an N hypothesis finder. In addi ioni we give a line.ar-p1,ocessor 

C algorithm for a, arian of th - et cover problem first. p. opo ed by Chazelle 
and Friedman and us i ;o ob ,ain ;C algori hm for everal problems in 
computa.: ionaJ geometry. 
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[31] B. Berger nd P. hor. Tight bound /01· th acyclic ~ubgraph problem. echnical Re-
port TR-413. fl Lab. fo ompu r c1en June 19 9. ubmit ed for publication. 

Given a dir ted graph G = (V, A) the a.cyclic ubgraph problem i o find a 
·ubset A' of h ar uch hat G' = ( A') i acyclic and A1 has maximum 
ardinali y. In this paper we pres nt polynomial- ime and R al ori hm 

, hich, , hen gi en .any grapb G wi hout 2-cycl find an acyclic ubgraph 

of siz a las (1/2 H( /~))!Al where ~(G) is h niaximum degree 
of G. hi bound i tigh in terms of I I since her ex:i t a. cla s of graphs 

hat ha,e an a.cyclic subgra.ph of size at mos 1/2+ 0(1/ / ~(G))) IAI. These 
algorithm are based on a new echniqu which enables an improvement over 
th.e naive algori hms ha find an acy lie ubgraph of ize a le !j I ven 
for graph which con ta· n no 2~cy le-s. Furthermore. , e how ha con id
ering orraphs wi hou.t 2-cycle is su.ffici•en ince 2-cycl can be deal with 
op imally .. 

[32] G.. B rry 
of he art. 

ag 9- 1 

u.rien and J. Levy. l ab trac ion for sequ n ial languages: the st.ate 
'I. iva and J. C. Reynolds, edi or 1 A lyebmic 1 { thods in ema11 tic 

Cambridge ·ruver i y . ress 19 5. 

[33) D. B r imas and M Grigni. On th pace-filling curv - hew·i ic for he euclid an 
rav; lin.g salesman problem. Op ration Re earch Letter , l9 9. o a.ppear. 

Bar holdi and Platzman propo ed the · pacefilling curv, heuri ic for the Eu
clidean Traveling a.lesrnan Problem and proved that their heuri tic return 
a o ·wi hin an O(lgn) factor of op imal Ieng h.. Thy con'ec:tured hat 
h wors ~case ratio i in fact 0(1). hi note w exhlbit a coun erexamp 
bowing he 0(1gn) upp r bound i igh . 

[34.] B. Bloom, . I rail, a.nd . R. 1foyer. Bi imulatfon can be traced: pr Jiminar · 
repor . In 1:th Symp. Principles of Programming Languages, pa es --9-23·9, AC iJ, 
19 . Final ver ion in prepara ion for journal ubmi ion. 

how ho,' hard it i to reconcile he cliff: rence between & liln 1· s bisimula · on 
and Hoare-- yle :race con r. ence for synchronou CC /C P-like languages. 

[35] B. Bloom and A. R. 1Ieyer. E. p rim n ing with proc 
page ex ended abstrac . to be ubrnitted. 

quivaleno . Ja • 19 9. 12 

\ e inv igate the founda ion of he rela ion of bisimula.tion (a.k.a. ·'ob 
ervational •equi al nee ) which underlie hoory •Of -lik proces e . 

Bi imufotjon i defined by an infinitary gam · , ·e consider th qu tion of 
finding simpJer and preferably finite obsel.'va ion which e.·plain bi imu.la ion. 
Following the uggestion of I-foa1 and 1ilner w express hese observations 
as exper-im nts on black box . \ fe consider . veral varietie of .exp rim n 
and di cov r tha i i urpri iugly cliffi ul o obtain bisimula ion a.s a plau
sible experim n al equivalence. n our at empt o a.p ure bi imuJa ion, w 
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and other re.search r have d.iscm·ere.d a variety of in term diate quivalenc . 
quivalences coin jd • in a relation il/e ca11 ready ·mutation 

"" hlch may be of independen jnt rest . 

[36] B. Bloom and .. . foyer. A remark on the bi imulatiou of probabili tic proc se . In 
9 Proet.eding. pag 26 0, olume 363 of Led. 11•lot in Computer Logic at Botic 

ci.i July 19 9. 

[37) B. Bloom ancLL G. Riecke. LC hould be lmed. In Proc. onf. A UA T pag 133-
136 19 9. 

\ , hen observing termination of clo ed term a all t~ pe in Plo kin s inter
pre er fo PCF h standard cpo mod 1 · not adequa.t . \i\ defin a n w 
model ·wi h lifted func ional · ypes and pro e i ad qua y for hi notion of 
ob en·a ion. Vve rove ba wi ·h the ad.di ion of a parall l ondi ional and 
a conYergence tes ing opera or o he language the mod ] becomes folly 
a.b ract~ wi h h addi ion of an exi t n ia.l-like operator, he languag be
comes uni, • · al. sm he model a a guid . ,ve develop a · ound logic for 
he language .. 

[3 ] . Blum. On th Gomptdational Campi xity of Training · ·mpl \eura.l re.two·rk~. 
h i : I'i, IT D pt. of Electrical Engineering and 'omputer cience,, 19 9. 

up rvi d by Ron Rives . 

Present NP compl en · r ul fort aining a ·ariet,y of impl neural net
work .: so how:s tba in cer ain c es, th compl 'ty problems may b 
byp.ass d b ' uitable re-encodin° of he input and by choosin an appropri
ate net·work on which o train. 

39] A. Blum. n O(n°·.JJ-approximation algori hm fot 3-coloring (and impro ed approx
ima ion algori b:ms for k-coloring). In Proc d'ng of th Tw nty-Fi1 t nm.1.al ,..1C~1 

ympo ium on Th,eory of Computing, ea ti , \i\ashington fa 19 9. 

Im.prov 
Q ( n,C.6 

he proviou b 
barder. 

bound of O(n.0·5 / y1og"ri) colors! breaking h 

I O] •. Blum and . Rivest .. 1 raining a 3-node neural ne work i NP- ornpl e. In _ d a nee 
in eu1'al In/ormat·on Proce sing y~tem 1 pages 49 501 for an :<a.uimann 19 . 

1 o pre en e a he 19 ' ·orkshop on Compu a ional Learni a Th ory. 

vVe pre ent an proof of NP-comple en for raining a very simple neural. 
network.The proof also how i o be P-compl e to decide whether two 
e s of boolean v dors in n-dimen ional pace can be separated b · two hy

perplane. 

[ l] L Blum., P. Feldman and . t\•Iica.li. Nonintera ,h: zero-knowledge proof and their 
app ication . n Proceeding of lhe 20 th TOC . , _ {, 19 
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This paper is a follow up to [46: 45]. 

G. Brassard and . C1·epeau. on- ran itiv tran £er of confidence: a per:£ c zero
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[46] G. Bra ard and· . repea.u. Zero-kno,.•l dg imu.lation of boolean cir i; i (ex ended 
ab rac ). In . . M. Odl zko edi or .Advance in Cryptology: Proceeding of Crypto 

6 pages 223-233. Volume 263 of Lecl. ote in Comput r ci. pringer- erlag 19 6. 

· Tnder he hypo hcsis that factoring i hard a t•echnique is given o do f
ficien imu a.tion of boolean circuit in z r,o-knov,dedge. The imula ion of 
th se ·circuits leads to zero-knowledg proofs for every languages in NP an.d 
beyond. 

[· 7] G. Brassard and ' . Cr'peau. or ing out zero-knowledge. I Advance in Cryptology: 
Proceeding of Eurocrypt 9 Leet. rote in Computer·· ci., pringer- erlag 191 9. To 
appear . 
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(j page 234-23 , olume 263 of L ct. ote in Computer · •Ct . pnnger- rlag 19 6. 
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The all-or-no hing di closure of secret ug -ested in { ] i hown o be re
du eable to ~erie of impler probl ms (. JNBP, . : 2BP, ...:BP). One f 
these impler prob ems (A 2BP) is equi alent o one-ou -of- wo obli ·iou 
ran fer 

[-OJ G. Brassard, . Crepeau and i. Yung.. very rung in ·p can b ar~ed in p r-
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omput r ci. prin er- rlag 19 9. To appear. 
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iv, proof:) hat are perfec zero-knowled0 e wi b only a con a numbel' of 

interac ions. 
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in Compu.t r ci. pringer- - rla.g 19 l. 

52) T. H. Cormen: C. E. Lei erson and . L. Rivet. Introduction to Algorithm . Mc raw
Hill/ >UT Press~ 19 9. 

(53] osmadaki . Computing with recur ive yp-es (ex ended abs: ra.ct). In 4 h ymp. 
Logic in Computer cience IEEE 19' 9. To appear, July. 

[54] C. Ctep au. quivalenc betw en two flavours o[ oblivious tran fer (abs rac ). 1n 
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A e of foundamen al ptimi ·ve ufficient to a hi ve Ob]iviou ransfer are 
presented .. Reduction o primi ives such as noisy hannels and quan um 
tran fer a.re provid d in thi paper. 
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and the (lar -er) number car.rec -ed u.nder li -of-L d coding of the same code 
l ad to new lower bound on he maximum rate of (n L) codes.The sho,\ 
hat a ja.mmer who can change a fixed fraction p < I/2 of the bit in an 

n-bi linear block code canno prevent r liabl communication at a positive 
ra e using lis -of-L decoding for uffiden ly lMP-e n and an L $ n. The n w 
bound ar ronger for mall n but weaker for fix d e/n in the limit of large 
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dequ.acy r lat the opera iona.l an denotational mea ings of a m· i 
states hat for any erm of base ype he operational and deno ational mean
jn are identical. d quacy i typkallyproved in the con ·nuou fram . hi 
i a pedagogically que tiona.ble tep· in order o prov adequacy ( or ome 
o her proper v) of a pair of eman ics, it would be d irable to how the 
property directly, wi ho in rodu ing uperlluou notions. This difficul y is 
par icularly acute b c.au e. in general, no all monoton function are con-
mu.ou. 

Thi the i attempt to work out he concept of adequacy for a cl s 
of mono one firs -orde recursive program cheme u in uillemin and 

,Janna s method of ~safe comp tation rule . he att mp is very nearly 
ucces fol: bu a a cn1dal point the fa.c that he cheme-delinable func
ion.s are in fact con :jnuous as, e I a:s mono one must be u ed. 

64] L. Fortnow. Compl :r;ity-Theoretic Aspect of Int ractiv Proof y t ms. Ph.D. he j 

·~u 19 9. 

n 19 5 Goldwas er l\•Iicali and Ra.cko:IJformula.ted interacti •e proof systems 
as a ool for developing cryptographic pro:toco . Indeed man_ ex i ing cryp-
ographic :re ults followed from tudying interactive p roof y tern and the 

related concep of ze1·0-knowledg . Interactive proof s stems al o have an 
importan part in complexity theory mer ing h "'•" U es a.bli hed con.cep 
of proba.bili tic and nonde ennufrs ic compu a ioa. his he i ,viU udy th 
complexity of variou models of int rac i,e proof y terns. 

perfect zero-knowledge in eractive protocol convinces a verifier that a 
rina i in a langua e wi hou revealin any ad.di ional kno,~·l dge in an infor

ma ion heorelic sense. Thi thesi will how bat for any language that has a. 
perfect zero-knowledge proof sy tern i omplero.eni has a. hor m eractive 
protocol. Thls r ul implies lha ther are not any per£ ct zero-knowledg 
protocols for P-comp.le e Ian uag unles the polynomial- ime hierarchy 
oUap es. hus knowl dge complexi y can show a language i eas: r o prov . 

Interesting models of interactive proof y em aris by re tric ing the 
power of the v rifi r. hl h .i xa.mines the proof ystems :vi 1 a verifi r 
required o run in logari hmic space as well a: p,olynomial time. Re]a ion ships 
wi h circui om lexi y and og-space Turing fachines a.re developed. 

\'file can incre- e he power of in erac ive proof sy tan by al o·wing many 
pro, er ha ca.n not communicate among themselves during he protocol. 
Thi hesi bow h equivalence betw :n thi multi-prover model and prob
a.hilis ic Tu.ring ma.chine "'d h an un ru worth oracle. \i\, e addit1onall · ive 
an oracle und r which co- P doe not hav multi~prover in eractive proto-
o] ·. Thi re uH impli an earlier result ho wing an ora.de where co- does 

aot have ~tandaxd interactive protocol . 
• no h r na ural model occur: wh n the -•erifier ha.s only linear time. To

ward ·hi dir c iont this he i examin p,robabilis ic macbju and linear 
ime. We how a,n oracle undel' which linear ime probabilistic Turi a ma

chines can accept all BP Ian ua.ges an unu ual collapse of a complexity 
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ime hieraJ'IChy. \Ne exhibit many other :related rela.tivized resul s. Finan we 
how probahilistic linear ime do no contain all la.nguag accepted by 

interactive proof systems. 

7 

[65] L. Fortnow and _ I. ipser. Probabilistic oomputa ion and linear time. In 21 ~ ympo-
sium on 'heory of Computing, ACM 19 9. o appear. 

\Ve show om r lativi7..ecl results invoI ing probabilistic and linear tim com
puta ion. nder a.n. appropria e oracle , e b.ow BPP is oontained in proba
bili ic Hne.a.r time a. rare colla.p of a complexity time hierarchy,\~ e also 
how ha w.it.h an orade !::i..f is ai o contain~d in probabili ti linear time 

and tha BPP has linear siz.e circuits . • in.ally, v e no e tha probabilistic linear 
time ca:n no con a.in bo h P and BPP· implying th.a her a.re languages 
solvable b interactive proof S;:i stems that can not be solved in pro ha.bills ic 
linear ime. 

(66] L Fo e:r and R. L Greenberg. Lower bou 
Info. Proc. Lett.. 0 .1) :1- Jan. 19 9. 

on the ar a of fin.i e- at ma hin 

hel'e are cer ain traigb forward a]gorithms for la ing ou fl.nit ·· tate ma
chines. ' his paper sb.ovv·s that these algorithms a.re op imal in h worst case 
for machin with fix cl a.1.phab t . hat i for any s aud k there is a de-
enniuistic finite-state machine with states and k ymbol uch ha any 

la: rou · algorithm require f!(k- Ig ) area. to lay ou i s realiza. ion. imilarly 
an · layou algorithm requfres Q(k 2) a.rea in h wor t ca or nond t r-
mini tic fini e~ ·ate ma.chin with ates and k yrnbols. 

[61] l\ . F.redman a.nd J. Komlo . On h ize of para. ing y ems and pedect ha.sh 
functions. [A l\( J. Algebraic Discr. \felh." 5:61-60~ 19 4. 

(6 ] J. Fried. Broadband modu! d jgn:. cost/performance tradeoff: . Lee ure gi en at 
In:te:rna ion& 'Workshop on Physical De.sign of Broadband witching and~ ultiplexing 
Equipment, Apr. 19 9. 

,:irovi.d au a.naly ic mod 1 of h perfom1ance and co of pack -rou ing 
modules for use in broadband n tworks. 

[69] J. Fried. . L I chip set for burs and ATi\11 switching. In international Communi-
cations Co-nferen cei 19 9. 

Describes he an:::hltec ure, pro ·rammin · ~ and design of pm ·amma.ble 
witch intended for use in distributed compu ing and t.elec:ommunica io 

net odt . This design includes tlu'ee custom chips 1 including :some novel cir
cw for ery fast locking of hal'ed <la a ructure 

[10] J. Fried. YL I Proce or De ign for Communications Networks. Masters thesis, }UT 
Dep . of Electrical Engineerinu and Compu er cience 19 9. upervi ed by 
Lei erson. Al o appear. as an NOT VLSI memo. 
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Two case study deigns for programmable witches useful in oommunica~ 
tion ne works wi hin di ributed a.nd pa.rail l r terns. 

[71] J. Fried. D. Ghosh and J. Daly. A novel conten -addressable memory circui . Elec
troniC5 L tter 19 9. 

A circuit design which implement a. very fas CA 1 (4-ns ma ch ime} using 
les ar a ban h d ign reported in [70] 

[72] J. Fried and P. Kubat. Reliabiii y model for facilities switching. 1 ' 9. ubrni · ed to 
IEEE ransa,ction on Reliabili y. 

[73] J. Fried and B. l{u zmaul. K · P (no · processor) : the grea ' communicator. In 
Frontiers of !/a.ssi •ely Parallel Computation 19 .. n extended , ersion of his pa.per 
has been ubmi · ed for publica. ion in h Journal of Parallel and Di tributed Comm 
pu mg. 

D cribes he archi ure and programming of a specialized VL ] process.or 
useful as a routin node within a wide varie y of lol'ir~degree interco ection 
etwork. 

(74] A. V. Goldbe:r i • Plo .kin D. B. hmo s and E. Tardos. Interior-point me hod m 
paraJlel compu ation. 1 9. ubmitled fot publica ion. 

In his pa.per~ interior-poin methods fOI Hnear p1-o"ramming. de·veloped in 
t he con ex of sequential computation are used to obtain a parallel algo
rithm for the biparti e matchlng problem. he algori hm runs in O ( v'm) 
time. where n and m d no e the number of nodes and edges of h in
put uraph and an algorithm is aid. · o :run in O""(/(n ) ime jf it runs in 
O(/(n ) logh(n)) tim for om con tan k. Th resul s xt nd o he weigb d 
bipartite matching problem and to t he zero-one minimum-cost flow problem. 
yielding O ( ,/mlog C) algori h:ms wh re i · i umed ha he weigh are 
integer in the range [- C ... C] and C > l. hese results improve pr vi
ous bound~ on these problems and introduce interior-pain method ·o th 
context of pa.rail l algorithm design. 

[75] A. V. Goldberg E. Ta.rdos and R. E. Tarjan. ietwork ·B.o,v algori hm . In Flow , 
Path and 1 L I-layout prinwer erh1gi l . To appear. 

Network flow problems are oentral problems in operation research com
puter deuce and engineering and they arise in many real world applica~ 
ions. a.r ing l\\rith early work in linear programming and spurred by h 

cla ic book of Ford and Fulker:son the tudy of such problems has l d to 
continuing improvement in the efficiency of network flm algorithms. In 
pi of he long hi tory of his studyi many sub .antial re.sul s hav b ea 

obtained wi hln he last eve:rai years. In his sw: f!)t we examine some of 
he recent developmen and he idea behind ,hem. 
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Th chap ei:s a:re: lntroduction, Preliminaries. he maximum flow prob• 
lem The minimum-co drcula. ion probl m: oost-scaling1 rongly poly
nomial a]god hms based on cos -scaling, apaci y- caling algori hms, The 
generalized flow problem. 

[76] . A. Goldman. A space .efficient greedy riangula.tfon algori. hm. lnfo. Proc. Lett .. 
19 g. To appear in . fay. : arlier v ion available as a HT /L /TM-366. 

, e sho., tha the greedy triangulation of n points in the plane can be 
computed in O(n2 logn) im and O(n) memory and orng . In parti -
ular ·we show hat by mafo aining a generalized Dela.unay ria.ngufa,tion, 
he nex , <lg to add to the greedy ·riangulation a.n be found in O( n) 

time.Fur hermore, .if the generalized Delauna · triangulation of a imple po1y
gon could be computed in O(n) · im our algorithm would comput he 
greedy triangulation in O(n 2

) time. 

[77) . Goldman and R. L. Rives . Mistake bound and efficient balv-iD.g algorithms. 
19 9. ubmi ted. 

\ e present a mi ta.ke bound model for e\•alua ing polynomial~ ime predi 
· ion algorithm for concep learning.Thi mode] is pa.r icularly useful for 
concept clas es wi h polynomial sized instance paces.As arr example we 
s udy the couo pt class k-BP he da s of n- hit pattern~ ,:i,.·ith. a.t mo. t k 
al ernation .For thi clas w giv an algol'i hm that on]· T ord mis akes 
and makes at most k + k lg(n -1) mistakes for any query sequence. 

ince good mistak bounds a.re often obtained b th hah in algorithm, 
we pre ent techniques for obtaining effide.nt implementations of the ha.I in 
algori hm.We discuss h°' mi take bound are affected by the everal meth
ods for electing th , quence of instances.Furthermore w pro1,; ha in 
eneral the mistake bounds do not depend ou \Yhethe:r the learner knows the 
iz of the unknow arget concept. 

v\:e define an approximat halving ,algorithm o be an algorithm tha. pre-
diet in agreement wi ha. lea t om cons an frac ion of he remaining con
cepts from C.'\ e prove tha. uch an a.lgorj hm makes O(lg C) mistakes . and 
how how o use fully polynomial rando•mized approxima. ion chem · (fpras) 

to efficiently implement randomiz d versions of uc algorithms. 1 hes ·t ,ch
nique are applied to he problem of learning a total order on n elements. We 
use a. fpra due to [125] for counting extensions o•f a partial order to ob a.in 
an al,gori hm making O(n lg n mistakes (except for an expo,nen ia.lly mall 
frac ion of it xec tion ) , hen an adver ary select. th query equence.(The 
maJl probability of making (n Ign) mi ak i a.keno e[' he coin ffips of 
he learning algorithm a.nd does no depend on he query sequence selected 

by he adversary.) 

[7 ] S. . Goldman. R. . RJvest and R. E. chapire. Learning bmar r relations and otal 
order . 19 9. To appear. 
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\\e study ,he problem of designing polynomia1 prediction algo:dthms to lean1 
a binary rela ion., e represen the relation as an n x m binary ma rix hat 
.is restric ed to have a; mo k distinct row yp . , or · his cone p class t.h 
instances cone pond o en rie of he ma rix and bus th in a.ace spam is 
only polynomially ized.As we shall see. the mi ak bound model is partic
ularly u eful for studymg uch das .However inst ad of j1.15 oon.sidering 
when an adversary selec s the query sequence. iv consider v,then the query 
•equen i lect cl by a helpful teacher or he le.a.mer. e al o extend he 

mistake bound model to accommodate randomized algori hms. 

For the concept las of binary mat ·i ~ we presen an algorithm mak
ing a. t most m, k + ( n - k) lg k mistakes when the learner chooses h q ery 
sequence.\iVe present an a.hrorithm for k = 2 that makes a mo t 2m ' n - l 
rn.ista.kes when an adversary hooses he quer sequence .. For arbi ra.ry k 
w pre ent an al oriihm making a most km k-;_1 n2 mi akes again an 
advena.r selected query equenoe.V e also use he x:istenc of projec iv 
geome ri o prove an fi(ri~f:?) lower bound on t e wors case number of 
mi a.kes ma.de by a larae class of algorithms when an adversary hooses th 
query equence.Fina.lly= we de crib a. imple predic ion rule ha achieve 
an expected mista,ke bound of O(k(n../m + m)) ,Nhen the querj sequenae is 
chosen at ra.nclom. 

ince good mistake bounds a:r oft nob ained by · h h.alving algori hm 
we also present chniques for obtaining effiden t implementations of th 
halving algorithm.We illustra e these techniques for the problem of learning 
a totaJ order on n element .• n in a.nee corresponds , o a ompari on be
tween wo element and. thus here too t,he ins ance space l polynomially 
ized., e use a fulh polynomial randomized approximation scheme due to 

[125] forcoun ingexten ion of apa.rtia.lo.rdel'to ab ain an algorithm.making 
O(n lg n) mistakes (excep -Ior a.n exponentially small frac ion of it execu
tions) when an adversary elect the qu ry seq c . ' inally v,re di cu how 
a majority algorithm (Le.the halving algorithm) I'D.&J be used to construct 
an fficient c~rnnting a.lgori hm. 

[79] 0. . . H ·zberg, and Y. tfan our. OUI'Ce to des in at.ion comrnunica: ion in 
the presence of fault . In th Annual C1U ymposium on Principle~ of Distributed 
Computin.g 19 9. 1 o appear. 

\Ve pre ent a p1-otocol for reliable com.rnuuica.tion between woproces or 
via ammre1iable andpossibly e -enmaliciousT commun.icationm dia. Reli
able communication means that all mes ages are a.ccep ed in hesam 
ordera sen .wj h nomod.ifica.t:i.ons omissfonstiusel' ions or duplications. Ou.r 
protoco] j resilien o processorcra. hes, in whjch lheentir memoryof hep
rocessor iserased. The protocol is applicablebothtothedata link layer and to 
he data tran~port layer of he IL O modet 

Our approach is probabili tk. ! amely for ·he worst case beha •ior of he 
underlying unr -liabl channel, our pro ocol guaranteP. reliable communica.-· 
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tion w.itlt v "r:Y hi~h probability. 'The probabilis i appt·o:tch i ju.sti-fied rn light 
of i..m,possibility I'esults cone -rning d rninistic omn1u.nica.tion pro o -ols_ 

[ OJ 0 . _ L vin. hard-ccw • p1· ~di ne-way functions. In 21 rl, 

ry of Compuling, pages 25 · 2, C 

[Blum 1icaJi 2] di -cov ·t- d pen:nu ations / wi h "har - 01 " pr dicates b(x) 
w] ich cannot be ,efficie:n ly gu d £r-oa J( ) with a no iceabl corr la.
tion. o h b. f a.c ,a:sy to compute. (Yao 2] modifi a.ny uc-way p ·r-mu-

a. 1011 / in /•, whi · 1 has a. hard-core pl'.'edic.a • I - u ity I a.y be lower 
than any cons an pow r of · h •c1.11·ily f f and is too small for pra i ;1] 

appli a ion.i.. Vif.· p1·0,., lha n10sl. lin ar prediu:-i.t r bat:d- · for very 
oneAway function and hav almo t h fiam - sccur-i y . he resuh extends Lo 
n uJ1.ip] (up L the logari bm of securi ·y) hiddCJJ bits and hu wid - a.ppUca-

ili y l,o pse dm-andomn !i!'l c:rypt gra.phy, I.e. 

r• 1] ich. Y. nd T. "ipser. Int ·nu;: j,., pr r ·sysL nlJ; : prov t'.'S that 

[ 2) 

\i ail a.pd 
19 7. 

. Gold·was ' et and M . 
In .Proc eding of fh. 1 

In Proceedings of the 27 th • OC , pag"~ 9~ l 2. 

. ips . Ar hur-n-:ier]jn games verses interactive proof system.s. 
o. OC, 'M, 9 

[ 3] berg. rea- nm 1·sal r two:rks. VLSI 1[ mo 524, Massacbuse · _ Institute 
of T'ecbnology 19 9. 

a a.rea-unliv rsal network is one which • i jm 
· w rk of c. mpa1·abl - a.r . hi i;ap r p v 1:<a r 

universal ne works in sevel'.'a1 ways.First, it consiclers Lhe siz (runoun 
• .1 Lach cl tnem i-y) r proc:e,;;sor ' pri lng tl · n l.w rk b ins omp,r LIi. 
shows tha.. an appropti,ate universal ne work of area. 0(A) built from proces-
sor of si:.,: - ]o qui:. n1y O(] g 2 

) lowdow in bit-tim to simula.t~ 
any ne work of area A, without any restrict ion on pI'ooessor sire or number of 
pl"<> ~~:sors in 1,1.Jc cornpc.ti11g; nd w rk .F,1 t.hcrmor '• the t1niv n;;L} n --I.work c, n 
be designed so that any n1e.ss.a.ge trave1·sing a path of length d in the compet-
in n - work n e i follow a pa.th f only 0( d + Jog ) length in t.he u.njversal 

woi:k.Thus, b.- .results are aknos en irely insensitive o .rem.ova.I of th 
unit wiTe d lay assumption used in pr vious work. Ms pap r a1:s.o d v 
upper bounds on the slowdown required by a univ,ersa.l network to si.mu?a. e 
, n ,,.•ork f 1,c1.crg area and slloWs hat all of the si.rr1ulation results are valid 
even withou the usual assun1ption l1at compu a.tion ,.u,d , :mmuni a i n of 
· h comp ting □· work prooeed in separate phases. 

[ l ] R. I. C1•eenberg, . T . I hii and . L . an · i- \ in 
fo r chann I out r using one. two and lhree fo. a.rliti 
Confi rence on Gomput r-A ided De ign (IC r1D pa 
ockty Pr ss. J. 

lti IEEE lnfr.nzalitma.l 
- 91, IEEE ··ompu er 
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i\lul i-la.yer routing is b co.ming an 1 por a.nt prob] m in the ph_ sical d •s-ign 
of ;ntegratcd circuits as technology volves towards sev rn] la. rs O•f met-
allization. evera1 channel routen; for ·h:r la.y of inte1·c,0nn ct hav been 
proposed bu1. only on . CI EO • as implemented t.o accept spe -
i.fica, ion of a:n a.rbi racy umber of layers.Cl:IAMELEON i s bas don a a.t gy 
of cfo o po ing th rnulti-1ayer p:roblem in o two and th.I" layer problem 
in which one of t,he h1.yers is :r - - ,. ,,.- d p.ri.tn· Hy for v:e1· ical wh·e rll.Ds and he 
o 1-.er layer(s) for horizontal runs.In som silua ioni;, h w ·v ·,ir_ ·1, is advan
tageous to conside.r a1so layers that alJow ' h :routi g of ~n i nets, using 
both h ri~ n <111 and v · - ica..l wiL"es. ULCH is a. m.ulti-laye1· charm l rout [' 
hat extends the a.lgori lu:ns of .H M · • in thi direction._ f LCH 

rou c:ba.nnel wit11 any aumb of layers and a.ulom i ally choo a"' 
as5ignmen iring he cliffert=nl layers. In est cas , ?vi I.CH 

iguifi L i np CHA f • LEON I.D terJ:rujl of channel wid h, 
h, and num 

rt 

[ 5] M- Gr:igni a.nd D. P Lg, Tight Boun.d.~ on, .i\finim·um Broadcast etwor!..,s. echrucal 
Memo 1~374 ri,,UT Lab. for omputer cience, ec. 19 

broadca t 91"aplz i • an n•ve.d x comrrmni at.ion n · ,vc l"k that upports a 
broadcasl from. any one ve:rtex to all other vertices in optirnal time rig nl • 
given lhat. a h mess · • ransmiS!.iOn tak s on - im uni and a v · · ;;.: µ:tr~ 
icipa ~~ in at most one transmissim1 p T ime ~t.ep-.1'his paper establishes 

tight bounds for B(n) the minim.um. number of edges of a broadcast graph, 
and D(n), the minimum maxdegree of a broadC< st graph.L L{1 ) d note 
he nu b r of c u iv l ·a.di g 1 • - i t c bi a y . res n(a ion of hn g 

n - 1.\.Ve sho,v B(n.) = 0(L(n) • n) and D(n) = 0(1g Jgn + (n)), and for 
ei-y n w~ gi e a onsti-udiou 5.ia:lUltancoi. -ly within a con~ &n fucto1: of 

bo h lower bounds. or all n ,;,,•e aJso cons ruct graphs with O(n) edges and 
O(lg lg n) ma.xdegree requiring a.t most c lg n + 1 tinie units o broil.ideas .Our 
hi;oadcas pro ocols m.<ty b · impl ·m .t d .. vith local ut.rol :u:1d 0(1.:::i; lg n.) 
bits overh ad per messa.g 

[ 6] L. A. all and . ShmO) 1 prnxirrrn. ion s _hem s for consl.rain d s h duJing 
l roblems . 1 9 _ subm:itt d for publication _ 

In his paper a polynomial approximation scheme is presented f: 
1 m f scheclu1ins; j iden i al ma :iin s su o r im 
in order to mini mi ten vith resp .cl to e 1 ~ . 

s d, an algorithm is given h ers 
· of al. In he spe ia] case wberethere 

hi 1 lgori bms a.r obi.run d. two-
P with rel al o onsider d, an mial 

a.ppr . h me is gi approximation sch · a ed 
on th f an ou line triction on · of r h d-
u1 dul , ~ 'I ri 
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so ha.1 i i possible o U!> .M iniot"Illa ion l c.ompllte su h a schedule. 

[ i] L. A. Ha.11 and D. a. hmoy .. Jackson s t'Ul · : making a. good h uristic b Ucr. ,'\1atlze-

[ 9] 

r1u:1.lic - of OR 19 9. o appear. 

\ .on icler he sch ling prob] m in which jobs ,rnd 
delivery tim s ar · e s hedul ;,el on one :ma, h" 
appro, imatjon a1go ·it 1 for h prnhl m with preced ns n 
the jobs, and two -approxitnati 11 algorithms fort · robl :e-
d ·u raints.FimJly .ove n n ga.t· sul a I" 

tri ·i( n of I.he with preced n r. • di ates 
ba. ce cons r· he probJcm. c rably Hfficull 
o c r · o.f c · e algorithms pres i~ .Jackson's RuJ a. 

sim eniJ.ngly rob1H;t. h •uri ti for th pro, 

11. D. H<at.usc • Approx.ima.ti n a.lgoril hms for geo,m tric ·robed.dings in 
,1pplica. ions to para.H ·l pr ing probl .ms. 19 9. uhm.i t d FO 

h paper pr sents fas a 1 r ximatlon a.lgorithtn £or embed ing d
d.i.:mension:a l grid - in o oints in th p1<1-n • \V-1 bin a fac or f O(log JV) im 
op irnaJ. c.os for tl > 2 arid O(log2 

) ford=:.. I al o show hM auy embecl
dinl!' of a hypercub . butterfly , o .r shuffle- xchem • graph mus b wi hin an 
O(log J r) Ca. t.or of op imal cost. •or rtain restricted poin .s<~ s, he paper 
presents polynomial I im a1goi::ith.ms wl j h can embed a.rbj r ry w igbl -d 
gra.p] ' wi 1 cos 1. wi hin a.n O (]og2 7 ) factor of op im,d. 

hese result a.r appli · to giv O(log2 N)~tirn :. op ima.1 solutiom, t. 
pa.t·;J.11 1 processor p L-forrnance op · i ization p·rnble.m.s ln th following areas: 
con1J1:1unication load baJa.nciug, dynamic allocati n of jobs to pro soor~, 
rec figuring around fawts, and :'limula. ing other archi cc ur -·s . 

·with 

J. Hastad. T. Le.igh1; n and iX•L N w 
In Pro ;ulin.g.' of lh 21n A.nnual A 1 

M'"a ·lz.inglon, M · I A M, 1 

computation using fo.:ul y hypc.rcub s. 
tum on Theory nf Computing, Seattle , 
'lo app ar. 

[90] :r..,I. Held an 
I.Ii:' es. Oper. 

r rav lio 
3 , 97, . 

man problems and lllinim m i.-panning 

[ 1] D. Helmbold, R. loan and M. \ armuth. Learning n ~ diffi r nces of inters t.io:a 
do · •cl conccpli cl~ sses. 19 9. ubmit cd i:.o OL 

This paper iniI'odu .- a 1 w framework for cons ru i ig l ·arning algori · bm.s. 
Our n1 thods in·volve a ma.stet' a]gori hrn whi h t1ses learning algori h1ns 
for iotersectiou clos.ed con p ·lasses a~ ~ubrou ines. for x.unpl -. w giv 
master algorithm ca.pa.I l · oi I -o1.ruing any concept class wh - member Cl:Lil 

be expr s.:- ·d as .1.1 ~ ted difEe:ren es ( e.g. ~1 - ( c2, - ( a - ( c,l, - ~)) ) ) of concepts 
from an in ersection do ed lass. 

'vVe how tha our algorithms ar op imal or nearly opl1mal with r l ct 
to seve1:al clif er n Ti. ~da.. These cr-jteria in lud •: 1.t umber of exa.mpJ 



needed p oduce a good h 'PO h 1s with higl, confi nc 
takes ma.d •, and the xpu:.ted numb' 
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the wors < s 
f mis ak ~ ma.de 

[O:...} R. IinpagHaz:zo. L. L vju and i •I. L11by. Ps udo- random numb ·r- genera. io from any 
on -wa.y func ion. I 21° ymp. Th ory of Computing, pages 12-2 , M. 1. '"'9. 

I., •t an easily rnputab1 func ion / be on -way. i ... for mo t x on annot 
r 0V1 J' Crom f(x) ei Lh ·r ( 1) x by a p 1 •nomial im · algot-iUrm i- (2) au x' E 
J-1 (/(x)) by a p lynom.iaJ size ircui . Inc - · 1), o · -chide useless J(x) = 
0. h iff. rcn e b twc.: 11 ha.nnon ntropies of inpu and ou pu of / is 
r • t.rict d o O(l ) . Based on ( oldr ich, L in 9]. ,ve sho\ li he ex.is ·1\c 

f on wa.~r fun ion in h • M:nse (I) or (2) ; n cessary an su:fficien 01 th 
ex-is n of pseu o-randorn gener ·lora secure a ai st t ible nlgo.rithrns or 

ir ui s, resp cti 1y. 

(9. ] R. Impagliazw a.nd M . Yun 
in T'IJptology 1 7. 

,j,e t. nt:inimum knowledge c01npul,ations. In dt1a1ue 

[9 ] . T. nii. A Digital. fad l Jo,· L vd-Clo ked CircuilnJ. Master · h ·is MI D I , 
. · • . Lei:serson . of El- rical Engin rin• a d ompu er Sci~nce. 19 . 'up>1:vised by 

s p n i.. the formal ba .k round for a. ma tical n-iod 1 for 
cl · ry, in v.·hich lat hes a.re • 1lcd J "cls (higb or 

low ck al. ra h .r than transit.ions £ locks. uch ]evel-
d ci::rc n : ft·c<-iuently us d in '10 u1· mod ] n1,Lps 

• uou:. data-domai ·, siich as volt.ag , digital data do-
ain , whil r ta.inirl a continuou - notion docked i:r uit 'i 

represen .~"!d as a. graph ,G = ( , ); where V ai co1nponent.s-
lalch and functional elen.1.ents-and nu ~c-
tions. 

Th · rn,ajority of his tt :;,sis conc.entr de eloping 1- mm 
rems hat c serve as as• of · a.xio a.naly7 . .ing al ori h ba$ed ou 
h I odel.I{ey axiom.s include · ircuits in our mo genera 

only we · digital si ba camp · ow· mo 
support a ely ,·alues rie.al ign 
nu t h ·y ·een valid vcls.ln or 
o focili for cir f omputational pr -·dica 

is defi.n t prop ~ . i p)y cas i.ng · h 
il com 1 .r~dieate. 

[95] • . fat. gaonkar and .J. . • Jit.chelJ. M wH.h x ad d pa l-'m a ching and sul yp 
{pr linunary v 1· ·ion). 1 n ·ymp. Ll P and Ftrn lion al Programming. pages l -211 , 

M. 19 

fragment of 1 1uogra.m.m.ing lan,gu.i.g ML ext nd !cl wit] 
g nera.J form of r cord pa.tt m n a. hing an user- ~dared ~ub-

.YP . These en.ha.u ~ments suppor pc s a.ms in d I u r 1 iv 1 
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na.tm·al object-ori nt d s yle:.Mf~style yping rule; and an nt type in-
.a.lgoritlin, a.t· presented.The a.lgori hm ·~ !;. un.d wi h t·espec o the 

rules, and it infers a. mos g l • ·al typing for eveI')' )"pa.bl ex:pr · ion. 

itlt :rt 11d d pN.tl n1 mat 
D Eagineet'ing and ompu :T 

ap lernber, 198 . 

A i:-epresen ati._r ·a.gm.cnt of the programming lang1.w,g L extended wi h 
a mox: gen ra1 form of L-ecord pa. l.em ma ,cbing ar d user-declared su btyp s. 
'rhese enhanc m1;n - -5uppOl:l l:Ogl'an1.s in a. r ,es I'ict, l. u r ·l;;i,tivcly alu1·al 
bj t-orientecl style. I 1.L- slyl yping n.il -~ d an efficient type inf. r nee 

algorithm. are presented. he algori hm is ound witb respec o he yping. 
rul ~ and i in.k~1· a most general typ]ng foT v y yp bl· ·xpr iou. 

[97] G . Kahn. The semantics ofa simple Ian· ,,ag for par.dlel progxarn.m.in.g. ln J. [,. Ros ·u
feld, editor, lnformatfrm Proc i'l"l,!J 74, p4ge 471 7-, _ or h -llolland, 197•1-

[9 ] , . Karp, pfal and irlg )'l'S n. onstruct1:ng a perfect mat, hing i in random 
O. Cownbinatorica, 6(1):35--4 , 19 6 . 

[ 9] .J. l{ilian. R.andom,n 
111a h mati ;a, l 9. 

s in Algorithms and Prolocols. 
up rvis d by hali. ~oldwa.sser. 

h.D . HT ep,. of 

[IOU] 

'\¥ d v 1op t d niqu s for using ra.ndonmess in algorit.hm.s nd he <le8ign 
of secure protocols.· irs • we exhibjt a. proba.bilis ic alg<>tith.m for genera.ting 
large c rt.ified primes.Next, we give a :round effici nt r due ion from i;e 1,.u • 

ir u.it valua. ion o bli'-•iou - ha.nsf. r.Fina.Jly we study · he properlies of a 
multi-prover generalization of inter c iv proof 5yste.m.:s. 

r0-k ow!,cd c proof systc1ns with bounded interaction. · ubmit ed 

Exhibi is imp! echniqu for pr vin 
,•i h bounded inter ac ion. Th . prot col o bt in i om 
·i nt a.n th · t known oluti as wH.h unboWl:ded intera.cbon.., 

[101) .J, ilia11, d ou . Theo ,ganhl;a.tioo of permutn ion architec-
tur ~fa wi h on.nections. IEE ' Trans. om.p1J.fer~~. 19 9. To appear .. i!\Jso 
appea.red as t~cbnical mem.o 11 / 'S/T!Vl- 379 a.nd L I m mo ~,500. Earli" v • -
~ion a.pp ar m _ 0 • • nnual Sym ium on Founda.tion of ompu ei:- cience 
(1. 7) 305- 315. 

Inv · ion of bu · •d in n ·c ~, h 1nes 
Sl chips.E ·tab . co pond 

tion ar hitcct.u-res nd di . 

[1 2] J. {ilia.n nd . Nia n. - p c bound cryptography. ubmit .ed o • 

ta.ti s 
rmu a.-

S 9. 
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[103] 

TDC Group R por1 

rypLographi pro "ocols ar • cm sid t· cl in the scenario, wh •r he: parties 
ha spa l.inii ati s . ome cryptographic pr tocol!'l ar presented whose 
correct ss does not depend on an· 1Dl.nu; l.1bi l ity assu.mptions. 

tliod Jot• Ran.g Qugri fo Campu,tational O om tru. hnical 
Lab. for omput i ·n '. M ch 19 9. 

urvey of a vaxj y of,- cen r-esul s ddressiog th probl ·m of ra.1:, .. e queries 
in compula.tiomtl ,eorn ry.Id n ·ifl and o u es on hre me hod f r nmg 
qu i in cornputa.Uonal geometry: random sarnpJlng - ··a.i·c.b-tree ables, 

nd pace-par it-ion trees. 

[10 ] P. J(lein and . ~ em. .,1 Paralld lyQ'T-ith :m. for BUminating Cyd Umifrt!d d 
GrapM. C nt for Res ·arch in ampu ing ch.oology Tc h 1i al R port TRaOl- 9, 
H r ard · ni vers i ty, March l 9. 5U bmi ·d o loform. Processing L 1; 

We give anp rallel a.lgori b:i:n foi: find111.i;. a. maximals of edge-disjoint. cy 1 ·i-i 
in a.n undi cte,d gr, ph which runs in O(logn) ime ut;ing m.pro · · - · N; 0,1 

a. R 'V PRAM.' he lgori hm ca.n b g tGi-.i.lh: ·d ta handle a weighted 
v ·i:siou of Lh problem. 

f1 □5] R. I och. Incr -ashig th ~iz ofanetwo:rk bya.oonst.an factor= in r as - P".rr: r anc 
by mor than a consta; t factor . 29t1t FOC. , pages 221- 230, IEEE. Oc . 198 . 

[106] R. I< d,. An A1ittlysi ~ of ti~ Perfonnance of lni. rconn cffon Nchoorfcs for J'l,ftd-tipro
cessor );stems-. J: h .D. thesis. MI D p1,_ of fa.th ·, aLi(:S, 1 9 9. upei-vised by F .T. 

d ht u. 

Lerl)y n two1·k js atutlyz:ed. In a dila y 

l"k nodes are d by pa:raUel edges · d of jus:t o in 
ual butt rfiy n . I pr 'or njP.(: Hf\C tha . -

bandwidth o in. b er work 1!< 0 )-¼ 
q i" h • num a.r . p]o1·es some hnplicalions 

of his results for design lrad · , o develops int.eres ing echniques fm· 
finding. a ·ym. 1 ol,ics o[ aonlinc..ar .-y~lc~ro~ of rer.mT1c'l.l •s 

[107] R . 1 och. T. Leighton, 
ion · f fix -d- m -· i n. n · 

an TAcory of C omputfrt!}, 

aggs, S . Rao, and • . Ro~ nh l"g. V rk~pr rving ·mnln
w rk~. In Pr- ding of the 21 ~~ An nun/ C iW vmtN)$-ium 
attic , Wa.,;hingtan 1Vfo.y 19 • appe.ar _ 

' h.i5 p.i.p •i; X, . • th - pi:O :11.1.l • To l an 'G-uod gu ·sl 
network on an de has An . ·io . lled work-pre;serving 
if th im [" qu.ired by the · s O J NH) because then the 
gu t rks p s · · work, ·0(Ta:iYa ), hin 

niu al-l TH = O(TG), c , n 

he gu nst a.y.Al hough many isolated 
v b n ['or c n tw rks in tb p and 

ila.tion a , tio · known a imporl..ani. h 
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fi Id has lack d a m d l , i bin whi h geu i.a.1 re. nlts and mean.in fu] l w r-
ounds an pr ved. This pap r ;i.ttcmpt.s to provide such a rnod<~L m of 
h · r in c.res .ing and <li ei:-.· cons qeuences of hi - wo1·k include 

1. a. proof that a linea:. atr.a ea.n eJTiuiate a (much larger) butterfly in 
a woi:k-pr i-;ervin .. f cShion., but that a l u rfly cannot mulat a.n x and r 
( r au , size) in a work-pres 'rVia rasl ion, 

2. a proof t.hal. .a. mesh ca.n be emulated in r~al tim in work-presel"Ving 
fas i on a butterfly even 1 ough • y 0( l )-to-1 embedding fa mesh in a 
lmtted1y has dilation fl Jo N) 

3 .a pr of that an t log -uod l;m l.crfty can. b emulated in a , ork
prcserv:ing fa.shio on an r_node sbufil x hang ani.ph, and vice-vei:sa. . 

. simple 0( 2 / log2 1)-ar a ,m O{. ,•3 /'J / log3l 2 )-vol um 
he J t -nod shu.ffl - :-:cl ange graph. and 5) a:.n clgorit.1 m 

nu.mb - · iu O(log •) .steps wit,h high probahiHty on an 
exchange graph with con-,a.n ·i.z qu ue . 

•• 

[10 ] J. l o and K. lai· on. 1 pcrf t hashing via. info,rmation U ry. 
Europ~a'n J. ombinab-.n·iC"li, 

[109] D. Kr. v,. s. Finding Farthest .Neighbor in " 00'1"ltJ 3:" Polygon and R fotcd P1"0bl ms. 
Technical Repori T . 37. 11 a.b. for omputer cienc , Jan. 19"' ·. 

1. [ •• gs;a:rwa], M.M. Klawe. .1or,1,n, hor, . \ iViJber, 
"'Geom ri pplka i ru of a fatrix- ea.rching Alg ri hm," ]gorj hmica 

•Ol. 2, l 7, pp. 1 5-20 ] showed how o mput . ir O(n) thne one fat·,th.esl 
ll rt.c:r for ever vertex 0£ a conv x n-g n. hj · l ~ i xtcnds the results of 

ggarwal • t. a.I. by d -v loJ)ing th following algori hm.s: 
n optimal algori h.m to find all far/.h sl v di ~ r cv ry v tex of 

conv x polygon. 
Au 0( kn log k) time algodth m o find k Jarih ~ rtic for \ ry \' •r x 

of a. con vex n~ gon. 
n O(n- ) algorithm lo ·ort Ui • i~h.11 · of all h verilc of a convex 

n.-g u with re -p - I. catl, vel·tex of the convex n-gon. 
wors -cas optimal a1gori hm ~or .a. ct f nun,ber given lower 

o th ra.nks. 

[110] E. L. Law]er .. J. K. Lens ra, A .H. G. Riunooy Kan. and D. B. Shmoy ·- . equ · ing and 
scheduling: aJgori bm and ompl'-"Xit. •. In . _ r;,i.v ... H. G. llinnooy l .an, and 

_ Zi.pkin, di tors, Th Handbooks of Op ration arch and J , ano.g m. nt · i -1u~ ; 
llolum IV': Productiou Plarrriin.g and ln. , n tory, r h-H U. n 19n9. o app r. 

h ·dulin h · :ry i~ a. fi ]d that h~ ro:~p red sin tl:i mid 50's, and tbere is 
a wcalt h of lit ra ure in rus area. Tb.is pnper provides in-tl p h bibliogl'a.phi 
coverage of resuJ s in th.is field. and ea.ch ction i iutrndu<.: ·d wi l h 1 ht~ corn
pl xpla.na.1.ion of on :r ··ul t.b h; ~ highlight for that particular area. 
The main sections are a.s follow : Pr liaunar:i equ iug an cl ch u l
ing probl JD.S, aJgol'ithrru and compl xity, a .::las.' of de •rmihi tk mac.Mu _ 
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ch du.ling pro · le ma · ·eria., To al \\r ighted 
m n Li r ·· ··and beyond), 

P hi i ia p p · n. 
r 111,i r al.ion 

m Op n s J an h '"dul-
ing (Resource-c:onstra h _d-uli hin hedu.l-
in ). 

[11 l . Leight n, •I. . Rana l ", a.nd b" abe. vna.Tni · l ee emb lings 
tTH in butterflies 3; 

CM, 19 9 . 
h1 l t Symp. 01; Parallel l9urithm.s and rch "t 

\ c: pr · pl randomized · for dynamicall · · · 
rees r a butt :r a · network of p, ·oc 
i hm nami in se□s tr o b mb 

one n d grow by "cally spa.,.vniog children, 
in re . Uycrnb id y <111· ·n d. ml d 
he hyp ·cu.be and bu im usly ·.ze 1 1p 

1.0 on tant factors (wi igh pro • ) fo wh a lo i 
factor larg, , lhan the h vork. In add we L a.n imp.rnv cl 
algorithm for em ing b ~i ultaueous i:.-..es 
load. · n o fa ,\ prob. ili y) racy 
binar i. k co · We also prov• a. .Q( y-1ogN) 
lower . . di n fi rnil a lgo1·itluns whi h achieve 

ptimaJ ]oad, implyin a ~ · h:m , hi h ~imuhaneously 
optin:ti~ load and di]a ion m-u~L b 

[l 121 L ·gh n and n appr xim. ' n1io-cu. · rem fo uniform 

[11 ] 

mul icommodi flow • wi h a.pp a.ppr .·i a.Igor · · T 
2~ui ymp. on th Fov. of Comptil a 4"2 l EE 

. :.', Leis OD an 
ITT Lab. for 

J _ B,. 
o,mp 

y11.ch1·ono 
19 

t1,.it.ry. ecbni al M oTM-

[114] evin. I omogen o time invarian . rn 29'h ymp. 

[115] 

Found. Comput. r ...... i., 

robabillty dis rih ti n e r d ·:rings wh i h nc 
1 

' in a 1y fund k p th ·ir informa• 
iona.l ov co . p y uish ::; r 

homo ·Ii y m uggesting - · · t· a.r-
icu y ; , ;r are so 

m · i 
in v:::1.:ri ur t r 
ps ud known 

&ll. Random in ~<,'U.l.\.'I;;;>:) 0 r a graph 
!JfflJI. Th ory of Compu ing pa.ges 217-222, A L ] 

pri blem are hacd. 
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_ P -com.pl te p1· bl should be ha.rd on ~om m y be extr m 1y rare) 
inE anc s . 0 generjc ias an ' man· uch problem_s (1 6.pedaHy related to 
random graphs) bav • h n pro en easy.. Modifying 1.1Lc NP-oo.mpleten s · h -
orc1u, ,ve show th~ ·n racta 1Ji1.y of r-andonz instances of a graph co1m·ing 
prob} m. 

[116] T Linial, - •lansom.·. a.nd N. Nisan. 'onstan d p b. circuits, Fouri r ·a.n fonn ru:td 

[1 17] 

[H) 

learnahili y . I !:J . ubmitted for pubE a ion. 

his paper- pres 11 s a. study • f bool an functions in ° u ·iug he ha:rmoni 
analysis of th uh·- The main result i C° booJean fonc i n 11· ,iJ.-
most - 11 of i.ts 'power spe rum" n l'1 · n important 
ingredien of b proof i ~ Has ad's swi ch.in, ] -m 

Th1s t· uH irnplles sevet'aJ new pr: P•"'r ies of 
tious in AC0 b v 1 w . ·nsi i i y"; they may b a.ppr . imated well b a 
real polynom.ia.l f lo, degree; they cannot b ro g ps udorandorn fun i n 
a ·.u"'r ors and heir con· la i n viith any poly]o -wis ind p ndcnt pt'oba
bilit • di5tr\ 1.11..ion is i,;:maU. 

F rhaps h m ·t int 1-e ting appl1ca ion ii. .in O(n1>o1ul<>!l("<)) lime al o~ 
ri h m for 1 · rn, ng fo_nctioa in C 0

• Th a]g ri hm o bse.rves h b _ha. •i t 
fan AC0 function oa O(n""'1!flo~(n)) r., don:tly os n inpu ·• an 

good app:ro. im i n t1 r th ... Fourier l.ransfor-m of h • functi his allows it 
die with high prob ility the value of he func i n on otJ · randomly 

inputs. 

Linia.1, _ Mansour, and . L . 
hervonea kis d i·mension. In Proec 

Foundat ·on of Compute.1· Sci nc . 

.Rivest. Resnl s on 1en.rnabm y and the apnik
cling.i; of lh. • Tw ntJ, - inth · nnual ympo ium 07'1 

a,..,, s 120- 12 , Oct. 19 

. Liniali and i • l it.an , 
cation. 

ppl'.'o.ici.ca.at..c iuclLJ,sion-exclusion. 19891
• Subrni ted for publi-

he lnclui;i n- • clusio11 f rn1u la. expresse s1ze of uni n 
of set in terms of Lhe iz f inLe,,,,..,ec: .. f · 'Hes. 

oa i er a.ppr ·~ a in e ~ 

are known for only some u b 
wi M som . 

r a rar-ciHy 
Thi paper 

ion iz -:s 

1n pa:r icula.r, w ron ·id r as .. wh ri . ll k-wi c in erscc ion 
for- r-y I.· :S I(. It. uru ut ha1, i.hc a wer chang s in a significan wa_• 
arow1d K = ,/n: i£ 1{ << ..,/n h ~n H.TIY app.oxima.1.inn may err by a f tor 
of 0(-n./ I< 2

), wbil if K >> -.,/ii i ii. howu how to n.pproxirna.te the size of 
the union to within a multiplica:l.ive f tor of I ± -0:(J</vn>. 

' rhen t.h :fr of a.Jl int~i·:!n~ ·t.iu1 i-; ar • on]y ,riven approximately good 
bound· arc• cl ·d ·d on how w U h · ize of th union may be apprn;,..imat d. 

v raJ appli at.ion. for boolean function a.r • m ntion -d i .oncl u i n . 
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(11 ] R. Lipton nd . Tarjan. pnral. i- the 1·cm for planru: g:r phs. l Pro . A 
Conf, t nee 011 Th o,· ticM CQmi1ul. r 'cienc ni:versity of '\i a.I. rloo, , ug. 1977. 

[l:..0] . Li tleston . L ,cY""ning wbeu i..rrelevanl. a; tri u · • ound~ a new lin ar- hr hold 
a.lgori hr . :'vfachin L am ·ng, 2~2 - 31 ') 1 " . 

[121] . Lynch and E. tark . .--1 Proof of Ui l\haTJ Principle for In.put/Output u-
toma.ta. ..hnkal M mo TNl- 3•19, :r,, T ab. for Jompu r ic:n ~ .Jan. 19 

[122] Y. fa .. mmnr and B. chieher. Th in tr.ii 1...abHh,y of boun d pu·otocol fo.r non-fifo 
.ha.nncl . In t.h Annual CM yrnp·o$ium on Principl - of Dist1·ibui d Compnlin9. 

1989. To appear. 

(123] 

7e di cu link p.rot cols for n O physi al ch an-
n ls . Vile conside1· I.hr so -- ~ th amoun of spa · • · ro-
ocol. the nlllD.b ·•r . let and the numb r of p · e 

nL \ e prove three lower bound · •• we how i..hat t d 
by any protocol £ :r lcli r-i n ,,. 11 1 using less han t 
b bo y a,ny function of n . ov th h r of 
packet t ha. v 1.o b -. · n t hy anJ , link protocol usi um 
of h n order to deliver a mess· ge i · ,- in the o.urnber of pa.ck 
tha at· ay ·d oa 1 h · ha.n.nd R the , · m sag<-1 j_· ~ nL Fi a.Uy, 
intr d e notion of a probabili 1,j p , l a.n-n .I in which a pack~t 
is lost rn·obab' . ove flD exponen ia.l lo d w: over-
w h In-ii rob bill umb r r pack-·ts l1at I e sen y 
data link protocol d t um bet· of headers, , impl d 
o-..-er a prob bi . ii.ti ical dumn l. 

1ansour, 
In 30th 

hieb r, a.nd P. Tiwa.ri. Th complexity of approximating th squa,· ~ 
nnua.J ~ ymposillm on Foundation of Compul r ci ·,, ·, 19 ubmit-

[12,1) Y . 1 fan ~ou,· a d B. S. P. Tiwari. Lower bounds for com1 u tio ~ with b ~ floor op r-
a ion. In Proceeding of IC.4.LP 19' 9, 19 To appear. 

\. fe pro an !1( v 'fog n ) low r b un the depth of any decision tr .e with 
peration {+ - , / l· <}, t.ha d "d wheth r an inl. ·gc-1· is a pc1·B t. 

z,;quarc for any n-bit integer. then extend Lhe argum n st ob a.in th,., 
same lower bound on the time co1 pl ·1,y f at1y R NI progra1 wltb opera
ions { +, -, , / L·, <} liat solv !S th proble111:. Ou.r proof technique ca.n b 

used to dei·i1v lower bounds for many o h · probl •1ns. 

(:125] P. l'l•faLh w . ·ating a. ra.n om 1in. fa par ial order. l 9. unpub-
Ji!;h d . 

tI 2 , ] ley, manli al Para.cligm ,.- ot · for an invited Lecttu--e., with Two apprmdic 
tavro aki.. echnical Report Ml /L-. "/ . -353 I Lab. for omputer 

July 
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[127] _ R- M yer. eman ical p,1.radi.gms: n tcs for an invit d 1 ur , ·wi h two app ndi ~ 
by ta-.'"i:os o m daki _ In 3.-d ·y·,np. og1:c. in Computer cienc , pag s 236- 25 , 
IEE·, 19 

omm ~nts on d ota ional seman i ·s, hiehlighLing "goodness of fi · rit ·i 
b twe? s.eman ic domains an ·yrnbolic evaluators . " a.pp ndi provide 
the key parts of a long pro r ha.l co domain giv, a. ;:.rm.putationr1liy ad -
quat a.nd fully abs.f:t'Q.ct semantics for lamb a calculus wi h simpl recnT .~1u±: 

types. 

[12 ] A. R. J\Ieyer and J. G. Riecke . 'ontinuations m-<1-.Y be uf'lreasonable. ln. Proc. Con/. 
ISP and. F1J1.nctional Program.ming, pag ', 3- 71, A f, 19 8. 

r:rns can 1 -. n{).c,e,·-valfona.lly ctnigru n/ 
(i . . , agree in al] con · ) bu~ ih ir con inuation- passing ranF.f rms may 
i;i,o ·. V,,l al o show hat wo rm~ m;\y l . c::ongru ·nl.. ht all untyped con
Lexts but fa.il lo b ~ ngru ,ut i 1 a calculus ,r,vith call/ cc op ·a.ton,;:_Jl nc:c, 
famiHar reasoning about functional L rm m y 1 e 1.mfi und if he terms use 
cot tinuations xplici l • or ac ss them impli "l.ly through new operators.'\,l\le 
then exa.mine e m thod of conn ding errn.s with their c:o iau:i;.red fo 
ext nd;ng the work of ·leye:r and V a.nd. 

(129] . R. leyer an.d ai slin. dit.ors. Logi al Batie,' 9: Pree cdi.ngs of a ym-
posiurn on Logical •oundG.tio~ of ComptiLr ci nCtL Vo1um • 363 of Le.1:t. Vr,f. i ·, 

om1ml r S i. . prin ·r-V:~r]a.g., u]y 19 

[13 ] S. ],.· i ali a.nd R. Os r v ky. 
proc :ssing obli ious Li:ansfor. 

[Un] . 1 Iicali a.nd 
af CR PTO-

impl 
ep. l 

non-h teractlve zel'.'o knowledge proofs w:ith pre
To appear. 

f · h • fi -s b .utli id t i.fica i n. [n Proe.. 

[13i] K. :[i.,fulmuley, U. Va.~a1·ani and \. azarani. la ching is as eaS}' a.s matrix inv rs1on. 
ln 19°1 ymp. of Theory of Com1mliny, pages 3·15- 35 , :\ '.[ 19 7. 

[ 33] 1is.i.n. Cr , pl·ams an 1 d ci · 
A M. l "9. 

Thi paper gives a fu1] 
bool au f n tjon on a 
SOT. 

tr · "" - In Pro . of t!u.. Uh TOC Tymposiu.m, 

rizati.on of he l,im ~ n ·d ·d Lo ·om put · a 
with an u ul.imited n un1ber of pro cei -

Th -· char;; ct ciza ion i gi · rms of a m · 
bo 1 an l't ncti n · : l "'blo k y''. Thi . r I f 
he well know a·il.ical sen:sjtivity"' .measure se ) . 

. ·n ~itivi y h, al ·o ·h ,. · bo l ~ n p] l 
· he implication is · ha. e compl . ·. · h 
he · R• · Pl A l complexi · . Iv an op n problem of [\V]. 
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in h set of he pr sso1-s 
p mor_ c -hangc by mo:re than 
f quired by a AM to cornpu any 

boo] c w a seen1.ingl we k r version 
of a , l be CRO ([DR1), a.n ,compute func ~ 

quickly as a RE P solves an op n problem of ]. 
· inall · hav • tmplications regardiu the pow r f rand ·z 

ti n in the bo . cisio · I.We show hat in this mod l, ran-
dom..iza.t.ion a,y on]y achiev ial speedup v r d el'.'m.inist:i c m-
pUI..Ltion. This ,va.s kn wn i . .ra. don-ii zed ompntatio 1: we prov 
it also for 1- -id ·d rr-or comp qu.. dratic bou.ud) and 2-sided en: r 
( a -ubic bound . 

[1311] J_ _ 0 Jin. Genu ·nely Polynomial impie;z and i\ron- imple:r. Al9orith-nu; for th f!Jini-
mu:m, ost Flow l r.oblem. echnica] Rep r1 • o_ 1613- 4, loa.n h ol of Manag m n . 
· uT. l 

[135] J. B. Orlin- l\ faster st:rongb polyn rnia! mmunum co· w lgori hm.. In Proc. of 
th _0th TOG Sympo ·iurn pages 377-3 - , I, 1 

(136] R. Ostrovsk . r ni ractive 7..ero-know] lg proof. wil.h pr, proc ing oblivion 
tran_ f." . 19 ". unpublished. 

ll37] J. Park. 
n 

arching in 1\Jultfrlim ruional . fonolon · A rroys. as er s h is. 
al '11 in .cring aud omput r i •n ., Januar. 19 9. Sup .rvi -ctl 

by 

[13 l "l"ltgiuL N ural N twork L _aniing : Effect of 1 etwork an tl Tmining · l i: . 
• 1, r' thesis • .NH Depa.r men of E1ectrica.l Engin 1'i g and omputer ci nc 

June 19 9. 

[139] . Phillips. arall ·l 1n } 5
1 ympasi.11..m on Pm-all l Algo·rithrtis and 

A t·chit ctures, M, 

Thi - pap r sl ow how n-node, -edg g raph- c.Ut he cotttracted in a man
n ~r imilar to h parallel tree co Lracti n algorithm due o l'l'Iill 'r and 
Reif.~' giv ar1 O((n. + )/Jgn}-processor t :rminisiic <.Llgorit.hm tha. con-
tracts <11. gra h ID O(lg n) t.im :in h \ ;V RAJ\11 modet.We al o giv" a 
O(n/ lg n)-pro · ssor ra domi7.ed algorithm that with high proba.bili y ca.n 
con ra a 1 Olmded-degi.:ee graph in O lg n ]g2 

~,) time, where , is th 
maximum genus of any conn '-'C 1 compon nt of the graph. ( h ,<Llgo1·ithm 
can b • made run in det rm.in:istic O(lg n 1.g· n + Jg2 1') time using known 

l::i iqu -)This aJgori lun does no r qujr"' u 1~t-iori knowl d ,ge of the genus 
of the graph to b con ra.ct d. 1 1i ·oa ra - ion algol'"ithm for bound d- ~gm• 
graphs ca» be use di:r t.ly o solve the problem of r , · ion labeHu i.r i-
sio1 SJ':Sl U'l , i. . 1 de fil"rniuing h. onn d c mponent of bounded-degi·e 
planar graph in O(Jg n) Um , hus improving he besL pc viou · b und f 
O(lg2 n). 



nnot t d R · •.rcnc:~ 63, 

[1 · . PhiUips and . A. Zcnlos. E>..--peri nc !'i with large scale n work op imi2.ation on the 
oun ·di n ma.chine. In lmpr.zcl of Rec nt G01nput r Adt.•ance on Operotfork RE ·<-·urch 

Elsevier ci noe Pu ,1.ishiu Co.. ew YoI'k. Y 1 

p:roblern ap i ral a. as of appli :ation from 
op ra earch. tran porl a ion gineering desigi cia1 planning 
and ot h pro l · ms are char ·ri · ofl. · eir v ry larg · 
si7,e. parallel oompu rs l c ion hin • ( rvl) ap-
P "a ui d fo parse in pl · ations of dual 
rela · rn~ f r o · · · his report w umma.riz 
r · with t n r work op irnizati n prob-
I . Vi./ di y f · mpl · nentation of parall 1 
al gnm nl a.ud ncmb r network optimii::ation pro l · 1s ~1.ncl 
pr h num ri .al exp rim.ents. 

[141) . D. Plotkin. L • consider d ~ a. :i: rog1·arnming languag . Tli o lical Cornput r 
ci., 5:223-257, 1977. 

[ 42] lo kin and E. ardo.. l prov ·d dual n I.work simpl · • 19 submitted for 
put li tioo. 

This p.:a.p :r imp:ro ~ lh • uurnb of pivot 'eps required foir dual n t rk 
5j1 pl~x algorithm.A u:npl.ifled versio1J of Orliri' [1 3, ] sLrongl polynomial 
miuimurn-cost flow algoritb.m i v -•loI -d, a.nd i i shown how o c.onver 
i'i. o a dual n work ·impl . Th . ph· ting stra egy leads -o an O(T :l lo.., ri) 

nUillber of pivots, wbi h i!i- b t r y a ·fa tor of rn compared 
o pr viou l • b · pi, o ing rat gy due o Orlin [13 ] .H r n an m 

d, not: th f nod and. arcs in the inpu rk. 

[143] M. Rabin.ovich. r l.$ and Proce es. Ph.D. th sis. 1 r viv ni v rsity 1 u-
pervised by B .•. 'I akhtcnbrot. 

(1 l] J. 
En 

(M l 

a Function 
pu . d nee 

n extended v rsion of [1- ] . 

li,i.ster's hesis, .!vlIT Depi.. of Elecctric:ttl 
9. upervi ed by . R. M ·y .r. 

a.pi.:re. I:nJ: r nee of finil a.u rna. <1- 1 ing bo_ 1 s ·qu •He 

l · t 1iri~1,al A U y,:n.po ium on Th ory of Computin!J, 
l o appear. 

hi paper shows h w to lcar: 
r -·pr · ·a al l · b ol - n fun 

mp1ica ed concepts reliably and usefully. ln 
merican ssociation for r ific.ial In ,Uig :-ri - •, 

from example (Valiant sLyl ) any concep 
wi h th help of a ea her wbo brea.ks h 
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con •p1 in a fiUbconcept.s and teaches on sub nc pt p r lesson.Each sub
concept corresponds to a. ga.t in a l o le Ltt ci.rcuil compu jug he unkn wn 
<-""Oncept.Tb•] ~.iro · learns eacb subconcept from xa plcs which hav been 
1·a.ndorn..ly drawn a co1· ·ng to an arbitrary proba..bili y dist··il u ion, and la
bel :.is pC'.lsit,iv or n g,ative instances o[ h subco pt by the teacher. he 
learning procedu:re runs jn ime poly omial in he size of the circui . 

[1 17] R. L . .Rivest and I . Sloan. • n -w model for inductiv iaf. ren . In M . Vardi 1.:di
t.or , Pro t.diug ·· of th 2nd Annual Theoretical Asp t of R ason.ing abour J<n(}wl dg 
Confe.renc , pages 13- 27, forg n Kaufm;;i.nu Mard 19~ . ' ubmit.ted lo lnfo1·ma ion 
and omput ~ tfoIJ. 

new mod l for indu. tivc ihi ·ren is introduced. his model om in · a 
h un ta · f knowledge 'IA>i'th a 

sjrnple model for th corupu a · oal cost of making pl"edictions from .b 
ri. -. his np '!- i nves igate!I th optimfaa ion problem: how should a sci •n
tist divide his ·im between doing •perim nts and de!dudng predktions fo:i; 
pr-om.i ing theories . 

[14 ] J. R · tf. r P rfor-manc Guin•aot t! for Appro:r.imat Gmph a lo ring. /[as-

.r•~ D pt. f El · ric..a.l Eogin ring :;1.nd Compute1· Science, 19 9. up r • 
VJ.s d _ gh. on. 

r ppro. ·ii'na graph a.kcs a.s input a. g.n1-ph and etum.s a. Je-
gaJ coloring which is not n c · ·s;,i.rily op ima.l . hi .h ·i · con a.ins algo-
1."ithrns hnproving he performance guarantee or worst- case ratio betw ·'D 

th nu, b r of oloni u · d and th ., xni imum n u.mb r of oo1ors pos. ible, to 
O(n(loglogn)3 / logn)3 ), an O logn/toglogn ) f . tor be ter ban the previ-
ous b known r su] . 

[149] R - E. Scha.pi:re. The strength of weak Jearnability. 19 9. ubrni!..ted. 

The l oblern is c n "d ed of improving h a.cc1.o:acy f hypoth is ou put 
by a learning algorj hm in the dis :ribution-free ( '-'pac") learning model in-
roduced by ali a . A concept class is l arnable (oi:- strongly l arna.ble) if, 

given access to ,t sou1·c of e.'-::a11plcs fro h unkr ow I c pt, fl J l ·a.i-a -"I" 

with high probability is a.ble ·o output a hypothesi. that is correct on all 
but a , arbi r:u:-i]y $mall ra.c ion of h ins a.n . Th D p lase is w akly 
l m--nahl if th learner can produc a hypo he is tha p :rfol."m only s light! • 
b er ·han random. gu.ess.i.ng. In this pa.per. i - is shown tilll. hese wa no ion 
of learn m y ar qlliva] :nt., 

An . ·pli iL m.,. hod i cl crib d for dir cLly oon v Ling a. weak learning 
a.lgodfb_ in o n · ha a.chi v a.rbitrariiy high accufitcy. This construe ·iou 
rna..y bav practical pplicali n. as Lo 1 for ·ffici •n ly . rtin a m 
l~-a:rni:n a.lgoritbrn in o one tha performs e. r m l~ ""ell. r u.l 
th hypoU1. i b.no tuig probl m an 1 a.d both th w ak l arnin 
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roup learning 1 he das- f mod 1~ c:iuivalent. to tii I ad~ pac
le.arni g lgori h1 need on1 ontpu a. bypoth is learn.ing L ( 

cap- .if gr ups ofin tan es all of ·which ar h r positiv 
or h•e.) 

a.n, 
hus wh 

t utpu 

ting nsequen ·on -truction pre_ ent d is proof tha 
aroing algoril hm u puts hypotheses whos" leng h (ctnd 

alua ) qt,?p •nd on 1.h • allowed n- :r ~ can "modified 
,.,..h se length is only polvnou "al in log( /~). 

[150] ~- T. Shenna,,. 'LSI Plaa mcmt and Routing: Th Pl Proj t. pring r- V rl g, 1 w 
York, _ r w - ork l !" 9. 

[151) D. B., hmoy , nd . Ta.rdo'.. ompu Li mJ compl xi _ In H., Graliarn M. 
and L. L z. edi or Th Han db ok of ombirw.torics. orth Holland. 
19 ( 

This paper · es a g •t-al survey f comp1ex:i1y b~ry -ing on as-
p cts Lh t cd to · a.todal probl ms. The m.ain . s ar : In-
troduction lexi y u a ion"'-1 Problems ( nal prah-
1 , compa omplexi .r l~es, 0 l -cal m cl-
els of had · of Intractability ( nd cid~b c , f in-
1.r ta -comple en I polynomail-tim. 1- • Evidene 
0 intr . "ty: #'P-cornp] K, Evi. · f inlractabiUty; 'PS"P.ACe 
cmnpl Proof of in .acl~lbiul.y, Ex of N-P~ sbor pr, ofs via. 
i·at domizalion), Living wit · · c mplex:i y f a.pproximal. • 
solu ions Probabilistic an yp -ography),lnside -P ( Log-
a.d hm.k p hard a. ld computat,ioh ), Attacks 
on th 'P v -P mpl .,xi ~' classes ]. ting 
circuit c; m c; . ty. Con~t.ant-dep h cir ui s, 

-lo otone - le-based cornpl .xHy class -) -

[I -2] D- B _ hmoys and D . \.Villia.mson. A.riat zing 
ity prop "t y , 1i t h a.pplic:a.tion. 19 9. u bmi 

eld-Karp 
o Information 

\~e consid r h~ Hcld-Kru-p low r nd pr du -. · e Tt·av Jing -
m.a.n l hat tbe ma.1 - J a.:r n i a. mon 

,d for a •S~I. o e inp1 no mor ~ ha., for 
£ h that _ ho m at l as 2/3 of he 

nyinpu 

[153] loan yp of noise in da.ta for n pt learning. Ir First ft'orfu hop ,.rn Comp·u-
tational L arn.1,i9 Th ory pages } - t 6, ~{organ Ka fmann, 19 

h.i:s ap r xamines h ff, ("t 0£ diff. r "n! or s of nois 
learning. ·we show tha basicaU ,only wo different or · 
co sidex:ecl:das ~ifica ion noise aud a. tdbu e nois ~. 

alian yl 
noi n db 



66 TO Group R porl 

In pa.:r i ular. we show ha.1. Lh g n ral up,p r bouud o.n h · tol rablc 
nois, rat for h ca of malicious nois , ho1d for any algori h " tha w rks 
by minimizing disa.gi- m n in th case f random a .-i ut. noise, hh only 
sligh weak ning (from t:./(1 + ) to ). 

In the oth r dir · ion. w show ha.t Lb int rin.atjon th ore i b und of 
one half \vhkh has b ~n obtain for rYLndom clas~ifica;t:ion 11oi. e is (infor
rn3.tion h oro.ti ally) a.chi · able for any orl of ·1 ifica. .ion noise. \V · also 
how bat a partic:uJ r ffi ·eot a.lg rith1n for I arning l.·D F which ol ~rates 

t.hat amount of nm lom clas_ifi ~ation noi::;" ca.n b iliecl o t 1 rate the 
saru a.mount or ~Li-bi rary lassifica i n n i c. 

[L- •l ] R. loan. AU Z ro- J nowl dg Proof.-. art. Proofe r;f Languag 
omputr.er Sci nr. •. Feb. 198 . 

M rnb rship. dmica.l. 
Memo l\, - 5 , , La.b. for 

imila.r bu di ·tin t defi.niti 11s of zero-kn wledge npro-
pos d . h y fall ma.inly in w atcgories: z" o-knowledg" pl·oofs of lao.gu.age 
rn.emb hip and zero- kn wl e proofs of poss ·si n of ka dge. 

In tms pa.p r " , show th proofs of t ion of k _ w • ply 
p i al cas f proofs of l a.11 guag m mb · ~ry s 

proof f possession o[ knowledg a.r pr f < ge 
natu1·al subs •I. o proofs of language me bj proofs of 
and for v ry pr >babilistic polynomial i di (x y) th r" i a. 
knowl Jdgi: p,·oof of pos .· ~jon of koowl dgc ~•c.h h . · y0 ) tha 
· · o a proof of m m.bcrsl:t.ip of~ in some 11 language. Som r resul s 

r ~th· assumption of he exis of a secure proba.l ili 'ion 
e. 

Th 1s, ,roofs of l> · cssion of kri wledge h< v 'od 1ni. 1 

fr ma aompl xi y th ory poin of view. .ever h -1 · y ry usefu] 
con eptual tools for proLocoJ lesign. · _anii.ae sorn r · f 
He various sort!:i of zero-kno,.,,;l.ccl . proofs. 

[lo~l R.. Joan. Computational Len.ming Th ori.1: tNl.i Nfod~l and 1-tlgorithm_s, h .D . thesis, 
!\1 T Dept.. of • l rk.al Engin dng nd ornp1-ilex: cienc • 19 '{ .. upervis d by R . 
L. Riv · t. 

1n b pa.$t ·vera.l y (ll'!i. here b n a sw-ge of int rest in compu a-
'onaJ learning thcotT- the fo1 1 (as oppos~d to mpirical) s udy of lea.ru -

ing algori hms. On major e~us fol:' ·his j t. re.st was th - mod 1 of! rol c.tl 1 
approximately corr t l ·a.r-ning, or pa learning, in 1·oduced by a.li,Lnt, in 
1 

Thii, t.hcs1s begins by p ~sen ting a n w l a ing aJgori hm for a par ·i ufa..r 
pr< blcm within tba rnodel :I.ea n.ing sub odules of h f ee Z mmodul zk, '\ ·e 
prove hat bi:; a.I -m~thm a.chi v s prnbable a.p ro. irna. e oorreclne..s , and 
indeed. that it is within a lo log factor of optimal in a r li::1.kd but mor 
s I rin u 1. model of l a.ming on -1 in nus ak bounded I :am ii g. 
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\\r" · hcl"I proceed o ·am..ine · b • influ nc of nois;r fa.ta on pac 1 arning 
algori h.m.s in ,. t •ral.Pr v-iously it has b •n . hown hat i i possible 1-0 

ol •:rat· large a:mounL of random d.-1S!iification no1s but only a. very mall 
amo n of very ma1iciou. sort of n is .'Vile show h.- imihi.r resul an 
b obla.i.ned for m l Js of noise in 1 clween tbe pi- viously studi d mod ls:a. 
large a.mount f malicious clas. ifi a.1.ion noise b tolera ·d, but only a 
~nlall a.m unt of ran o at rihute n is·-

ext, w ovel'come a major lim1ta. ion of h pac 1ea.rning rn.od ·1 1 y in~ 
im vai·iaut model with a. more wcrfol teachei-. V1: how hm...- to 
y cone pt r pre en abl • = ~ boolean fun tio:n, ,vi he help o o1> 

- wh b1·e ks the on pt into subconcept. and ·ea :,con-
e pt pel" lesson. ~ he l arner ou put not he unknown hn , b 1 · 

t'a her .i. pr gr·a1n \\•b.i.ch, on a given input . ei h r produces s :sw r 
a.s h unknown boolean ·ir uit would. or ·l · say .. I on . . Ihus. 
unlike many 1-;,wn ing progra.m.s, th , u puL of I. hls l rniug procedur is r li.-
,,bl, Furthermore, wii h Ligh p1-oba · · utput program is n ··a.r]y a.lwri.y 
w; f,d in h s 'I don't know , ·in 11 fra ion .h, domain. 

Finally, al an w n1 er ]earning pro . induct.iv, 
inferenn~.Tl model tr. ional mod 1 
of Gold for in luctive info Li th 
for e:ffici n 1 amputation and also w.it,h o iani The result 
i · a model ha ccqJ ur · ·rt.a.in quaUtat. e si sck~nl,ific 
n, ·th d. 

[156) \i . mith. Ph. D. Thesi.s. Ph. . th• j~, D pa:rtmen of ,1- I p!i •<l Ma bema !'i, Pr-incc1.on 
niversity. l 

[1.~7] algori hms for bipartit. n ·twork How. 19 7. •rin on niversi y, 
unpublish ~d manuscript. 

[15 ] \V. \\7• ah. reaJizabH.i yin "'rpr · at.i n of he heocy of ~pc ics . ln R . Parjkh, di1 or. 
Logic Collo7fo.m, •~,s. pag · 2- 7, o.lum 4.53 of Led. 1 ote in. ,Walh.., Spi-ingcr-

. lag l 7t. 

[15 ) E. pfaL An O(log ) d t. rrnirii~l i pa.eke! rou mg 
1rn u<il .4 C .1 ,J yTnpO ·i11m on Th. a,~y of Compufin9, 

b m ·. In P1·oceedinas of thP 21 
I y 19 9 . To app ;s.r. 

[160] L. G. alia ~. 11 oi:y of the lea.rnabl . Comm. . .-.\C,H, 27(11 ) :1134.- 11 -, Nov. l 1-L 

[1, 1) . \ n. • :a fficj nt algot·ithm for finding l.wo • i e--clisjoint. paihs in 
Subrni led for public.a ion. 

graph. J 9 • . 

fo 19"'0, ?.D. eymour exhjbi ed • n •c " Sat'Y and suffici nl. oa li i n for 
pair (G ,,{ 1-t1, 2,f.z} ) . wb··• G i· •a ph and h of G. 
to ba.v · pa · hs from 1 o t 1 and fr m 2 to f:z whi b a "dg -di join I.. rnm 

eymou.r1 proof w eri au O(, 3
) algorithm for finding the two f=-<lg • 

disjoint paths . n b "ill,g 1-l • uum _r of v r ices in G . pplying ome addi ion a\ 
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algori hml I h 1iqu s and provldh1g a b l.L r analysis of tb running tirn 
then yi ·kls an O(n 2 ) alg rit.l m for 1..h ~ 2 disjoint paths prohJcm.'rhis is b ·t er 

ha.n .h · O(m2 :n) 1 ound that is ob ai able from hiloac:h.'s O(m.n.) :alg ri hm 
by convert.ing h inp,u graph t , 11.s: ~dge g:raph. 

[162] A. . Yao. Tl -ry and applic.iLUons of tra.pdo func ioas. IE• • Trans. Compul rs. 
"'0- 91. 19 2. 
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[l] f k , B. w 

indcpend n 
rbu h, and H . 1foriel. Ovc1•h ad of r · -t.. • g a 
f Lh size of he ne ,,vork .. fay l npubJi 

unjca ioo p1· 

1a.nuscr:ip t . 
oco) 

[-] ga.i·,•.-al G. •. Bl lloch, 1 . I.. Kra"vi1 z, and • F • Phillips. 
pri.rnitiv • In P' ·ympc ium 011 Pnmll I Algon'thm- and rchitedu1 

[3) ggar'\va-1 a d D. 1 r-av•el ·. A linear tim algorithm C r finding all a h t n igbb 
in a co1 vex polygon. Info. Pro . L It. l : 1, - 20, 1 l 

[4] ggarwal, . Leight. optimal ci1·cuits for i1- ·.i.tcd 
ompu ers. 

[5] 

[ ] 

additi n in Ylsi. ! v . 1 

gga:rwal and J. P k .• oL s on 
In 2 lh ymp. Foun.d. Co·mputer ci .. P• 

· g in u1 idi 
9--512, IEEE 

1 mono o a1·.rays. 

al and J. a.rk. quential • ·•H' hing in mullidirn n ional mono one arrays. 
it ~~d ror publication. 

[7] A. pcl an.d . Jim. on inua ion-pa:5•ing. dosur -passing yl . In. 1 ,ch ymposium 
011 rin. ipl · of P1·ogrammi~g Lt:w.guag . , M, 1 

[ ] B. A er u h .. 011 1.h cffec s of i e back in dynam.i 1-1 two:rk 1 ro n ~;mc 11 Annual 
Sympo it.tm on Foundation · of ompulcr Sci 11cc. pa,g 231 - 24 , 0 . 19 

[9] B. Awcrbuch. Dis ri p lg rithms. ln Proc. . ding of the 21 •1 

ymposiurn ri; ,of Com , aUl , Mfu l.ti1igton, pa.g !i ~3 □-2 0 
SI , 9. 

10) B. . · <11-I"- oy, . Linial a.nd D. Peleg. Compa t. di tdbut cl r-uc-
p iv u work rou1 ing. I P1·oc ding of ilit' 2P' 1tnnual. • f 
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[120] · d . , hor. Tigh bounds for minimax grid m · wi h applicaLi ne. 
o cas analy is of Igo i hms. Com.bin.ato1 ica, 19 

[121] c.. L I ·heory and par, l} ·J !,Up rcompu in . f De.c. nnial Galt ·ch C01lf. r 
ag 5- 16 • IIT Press, '1a:r-d1 I. 9. 

[122] dB. Magg 
I in 

io ci 
fi!J 

omn:mni ·a. i n-effi i 
orithmtc.a. 3:53- 77, 

lcl ra.ph algor:ilhm 
1 · 6, _ (R 

l algorit m f. r tHstributed 
arly v t·sion appears as 

6 I nternal :on.ol Confa!rc_nc 
-ost O ri gi na1 P apei· Award 

[1-3] . Leis_erson nd J. ax, • m1xcd-integ r linear pr gramnijng problem which is ,ffi_ 
ien l olvabl ·- .Jo :i.rn.aJ of Algorith=, 9:11 · 1 , l . An. early v rmon a.ppear. in 

Tu nty-Fi~ rt J.\ nn ual Allerton Oonfi 1' tu:: oti Commu-nicatio11, Oonirol, and Corn.pul
ing, Oc ober 19 3. 

[l' 1] J. K. L n ra, . B. hrnoy _ • nd E. Tar os. 
"/\tatlu:,matical Progr-amming 19 9. o app ·ar. 
t,h d, ·mpos.iurn n Fou:nda ion.s of · 'ompu 

cheduling unr fa.led parnH ~I m_achine • 
n earlier t· ion of i. hi .11.pp ·•H d in 

.r c.1 

[125) . inial Y. Ma..t'lsour and N . 1 isan. Constan d p h m;;m s F ui-icr trans!; rm and 
l "'i;U·ua,b" lily. 1 9. ubmit ed for publi a ion. 

[l 6] 1·, and R. ives· . R ul s on lear abili y a. d he Vapnik-
hel'vOn nkis ion. In P rig t:>J th Tw nt.h finth A nnttal "ym,po8ium OJI 

F-r.nmda.iion o ut r. 'cien ges 120- 129, Oct.. 19 

{ 2i) N. Linial an -
cation. 

i an . Approximat inclusion-exclusion. 1989. ubrni ~ f 1· pu.bli-

[12 ] [an ur and B. 
han.nels. In th 

L 9. n appc:ar. 

inl't'a ta.bili of bound pt:otocols for noo- filo 
ympo him on Print'!iplt!.!f of D i .. tribut d. CQmp·uti"rzg, 

{12 ] Y. ,. la.nsour B. chieber, an hvari. h compl xit of ap th -• . quar" 
9. uhmi -roo .. ln , QCl4 n11'ua1 ym.po ium an Foundat ·fons of Comput 

t .d. 
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{130) Y. Mansour and B. . P. Tiwari. Lower bounds for computa.tions 'IYi h h floor op r~ 
ation. In Proc eding of IC LP 19 9 19 9. o appear. 

[131] . . . foyer. eman 'ical paradigms: aotes for an invit d lec ,ure wi .h wo app ndices 
Cosmodaki . In 3rd ymp. Log 'c in Computer cienc , pages 236-203. 

[13 ] · . R. Meyel' and .I. G. Riecke. ontinua iorn:, ma· be unreasonabl . In Proc. · onf. 
LL P and Functional P.rogra,mming, pag ~ 63-7 r, 19 

[133] A. R. Meyer and M . . . Taitslin: editor . £.ogi at Botic, 9: Proce ding of a ym
posium on Logical Foundation.., of Computer ci nee. olumc 363 of Leet. otes in 
Comput r ci ., pringer- eda , July 19 9. 

[134] . 1 icali and R. Ostrovsky. 
proces ing .o bli iou tran. fer. 

imple non-interac ive ~ero kn.owled e proof wi h pre
ep. 19 . To appear. 

[135] . ficali and C. P. chnou. uper-efficient perfect random number genera or . In 
Proc. of CRl"PTO- 1 . pringer~ eda.g 19 "'. 

(136] . :tvlicali and . . Shamir. An improv men of he fiat-shamir iden ifi ation. In Proc. 
of CRVPTO- t prin"'er- erla · 19 . 

[137] .• 'isa.n. Crew prams and decision rees. In Proc. of the 21th TOG vmposium. 
ACM, 19 9. 

[13 ] J. Pa.rk. ot on S arching in foltidimcn ional \,lonotone rmys. Master s thesi 
MIT Dep . of Electrical Engineering and omputer ience, January 19 9. upen·ised 
by . . Leis rson. 

[139] . Philhps. Parallel graph contraction. n 1 $ 1 ymposium. on Parallel Algorithms and 
Architecture , A II 19 9. o appear. 

[110] . Phillips and . . Zenios. xperi nc s with la:rg ca.le ne work optim.ization on he 
connection machin . In Impact of Recenl Computer Advance on Operation RE ,1rch 
8] evier ci nee Ptibli hln~ Co. 1 N w ork. NY, 19 9. 

[141] S. Plo kin and . Tru:dos. Im.pro ed dual ne ~ork simplex. 19 9. submi ed for 
pubtica ion. 

[14 ] . Rao. Findin near optimal epa.rator in phmar graphs. In 2 th A,muai ympo ium 
on Founda.tion of Compnt r ci n , io/'11it Plain 1 New 'Yo1* page 22 . IEEE 19 T. 

[l 3] J. G. ·ecke. hould a Function Continue? Pila ter hesi , r,,llT Dep . of Electrical 
Engineerin.,. and Compu r cience Jan. 19 9. u pervi sed b · . R. 1\foye:r. 

[144) R. L. Rives and R. • .. cliapire. Inf rence of fini automa. 'au ing horning quenc , 
In Proceedings of the Tw nty-Fir'. t I irnual ACH · ymposium on 'heo~y of Computing 

eat tie \, "ashlngton1 tfa.y 19 9. To .a:pp,ear. 
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[ , 5] R. L. Riv t and R. loan. L aming oomplica, ed. concepts r liably and usefully. 
Proc ding A.' .I- pa e 635-6 0 . merican ' ocia ion for rtificial In elli ence 
Au·. 19 . 

[1 6] R. L. Riv and R. loan, • new mod 1 for indnc iv in£ ren e. In ~ L ardi, ed.i-
tor1 Pro e.d·ng of the nd .411nual Th oretical A ~peel of Rea -oning about Know! dge 
Conference pa.g 13-21: I forgan I,. aufmann, 1Iarcb 19 . ubmi ed to Jnforma fon 
and omputation. 

7) J. Rompe1. B tter Performance Guarant e for Approximai Graph Coloring. Ma -
ter the i 1 II D pt. of El rical ·• ngin r-in and ompu, r cience. 19 9. uper
vi ecl by om Le" uhto□. 

[14 ] . E. cha.pire. he strength of weak learnabili y. 19 9. ubmi ed. 

[149] . T. herman. VLSI Plac m nt. and Ro1J.ting: Th Pl Project. pnnger- rla"'1 1\ew 
ork N w York 1 9. 

[150] D. B. hmoy and E. Tardo . Computa.tional compiexi y. In R. Graham M. Grot cl1 I. 
and . Lovasz1 di or The Handbook of Combinatoric ) NOI h Holland~ . msterdam, 
1 9. o appear. 

[151] , . B. hmov and D . \ illiamson .. nal zin b H ld~Karp T P bound: a monotonic
ity propecy wi h application. 19 9. ubmi ed o Information PrQce ing Letter . 

[15,2] I . loan. Typ of noj in data for concep learning:. In Ffrst. W01·A'.Shop 011 Co·mpu
tationtd L aming Th ory page 1- 96 forgan 1 aufma.n 19 . 

(1 ·3 R. loan. All Zero-Knowledg Proof. a1· Proofs of Lang1u1ge \,[ mb r. hip. Technical 
femo _ 1-3 5, I • Lab. for ,omput.er dence Feb. 19 9. 

R. loan. Computat'o·nal L a:rn ·ng Theory: ew fod I and lgo1ithm . Ph.D. · he i , 
H Dep . of '1 c rical Engineering and Compu er dence· 19 . up rvised by . 

L. Rive . 

[155) E. TaTdo . An inte ection theorem for ·uperma roid . Joumal of Com b1'natorial 
Th ory. B 1 9. To appear. 

(1 6] . \· u. efficient algori h.m for finding hvo edge-disjoin pa;th in a graph. I :"I :i 

u.bmi ted for publica ioo. 



6 Public Lectures 88- 8'9 (Annotated) 

[l loom. L F cant b opped .. Lectur given a. LI 19 June 19 

[-] G. ' ra a.rd, D. ha.um . Crepeau, and I. Damgard. hat don t ay 
much! ure giv n at McGill n.iver: it ov. rn . 

re.sen· ation a ~,1 Gill niver i y ( Iontreal) of a urv y alk abou crypto
graphic protocols 

[3] G. Brassard and . Cr· au. orting ou zero-know] dg . Lecture giv a a Euro crypt 
Apr. 19 9. 

[4] ras a.rd, r 'peau and , . ung. verything in np can be argued in perfec 
zero~knowledge in a constan number of oou d . Lee nre given at Eurocryp , Apr. 19 9. 

(5] D. haum1 C. Crep au and I. Damgard. Multipa.rty uncon "tionally ecure protocols. 
Le ure given a I I meetings on Di cret Mathematics June 19 

[6] C. repeau. •rom pho ons l'.o ere compu a ion . Lecttrre gh n at arhu ruver 1 y, 
Apr. 1 9. 

Presen a. io at , arhu Uni'r.ersi y of a surve. talk abou reduction among 
cryptographic pro oco] . 

[7J repea.u. ·erifiabl di do ure of cret and applica ions. L ct e given a.t Ew-o-
crypt •. pr. 19 9. 

[ ] . repean and J. Kilian. chieving oblhrio transfer u ing \ eak ned ecuri y mp-
tion . Lee ure giv n a;t 27 h Foundation of omputer ience. Oct. 19 . 

[9] . repe.au and J. h.ilian. CrYP ographic pro ocol ba ed on na. ure1 random ources. 
ctu:re giv n at mi lmaden Re e.arch enter, u . 1 · 

resen a ion at IB1 . RC of [10] 

[10] C. r 'pea.u and J. I ilia.n. \· r akening security as ump io and obli1,,ious ·ran fer. 
In Ad anc in Cr:yzJiology: Proc. ding of Cr-ypto Leet. otes in Computer ci .. 

pringer- erlag, 19 . To appear. 

taosfer ca:n be achiev d from om ver. · \ ·eak ver ion 
of h.i: protoco] and even morefoundame.nta.l primi ives such as noi y channel . 

11) M. D. Em . Polymorphic typ checking ·s xponential. Lecture given at Mas achu t 
Ins i u of Technology,. pr. 1 9. 

[12] J. Fried. Broadband modul d ign: cos /performance trMeo:ffs. Lee u.re give a 
In emational 1 ork hop on Ph_ ical De ign of Broadband witchinu and ·~ ul iplexin 
E Ju.ipment, pr. 19 . 



Lee ur 

Provides an analytic model of the performance and co t of packet.rou in 
modules for u in broad.band .network . 

1 

[ 3] A. V. Goldberg, . Pio kin, and E. 
irculation problem. In 9th FOG 

for journal publica ion. 

ardos. Combinatorial algori hms for he generafo•.ed 
ympo ium pages . 2'-443 IEE . l9 . Subrni ~ted 

T :ie paper con iders a eneraliz.a ion of the ma.ximum flow problem, in whkh 
ther i no cons rvation of flow on he arc of he network. lore preci ely, 
ont a con tan fraction x(e) (e) of · h flow x(e) ha ent.er a. given arc e 

1•, a.ell th. other end. For jn tanoe nod of th graph can corr pond to 
clifferen currenci ; ,; ith t.he multipliers b ing he exchange rates . 

. laximizing h amount of tlo\ • into he ink is a pedal case of linear 
programming and herefore can be soi ·ed in polynomial tim by interior poin 
method l ucb a Uipsoid m: Karmarkar). ru pre e:nts th firs polynomial 
ime combina. orial algori hms for .· he eneraliz cl circula ion pro bl m. Th 

a]gori hms ar, imp]c and in u.i i · e . 

(14] . o ma: . Learning binar relations and to al orders. Lecture given at Cen r for 
Intelligen on rol ystem Ma.chin earning \i\o,rk hop~ May 19 9. 

[15] R. I. reenberg. · rea univer al ne works. Lecture give at Po y echaic , niversit~. 
Prince iDil ruversity and Universit of ou hern Californi , ebruary- fa.rch 1'9 9. 

Thi talk ,i;•ill describ area-univ r al network , based o ei erson 1 fat -tree 
archi ec ure. r a unive ality rd'ers to, the abili y of a parallel computer to 
efficiently imulat any o h~r machine of comparahl physical size. \ "i h only 
mode t assumptio i j po jbl to build a mach.ine of area O(A) which can 
simulate any machine of area. in · jme greater only by a fa tor polylogarith
mi.c in A. The emp asis on a:re instead. of proce sor count i an at empt ·o 
cap u:re t.he real•world constraints of, iring up Jar en works. 

hmving a parallel machine to be area•universal in o1ves two majors eps: 
demon ra ing a means of mapping ompetinjJ" net ,ork compon n to · h 
univel'sal machin o that he simulation burden is modest and providing an 
algori ,h_m o ffic:ienU route m ages on the w1.hr r: al ma.chil . This talk 
will describe how certain n work struc ures facilila e this mapping and wil1 
di cu echniques for accompli hing the messag rou ing. For example, a 
very simpl drcui - wi ched o wo:rk wi h a very imple randomized rou ing 
algorithm ca.n be used to build a I arallel machine of area A whi h can imulate 
any o her, wi h O(lg3 

) degradation in bi - ime . 

[16] R.1. Green erg. Efficien multi-la rer cha.nn 1 rou lfllT. Lecture given a Georgia In itute 
of Technolo and ruver ity of faryland March- . pril rn 9. 

The t.radi ional chann l rou· ing probl m assumes ha two layer of ma eria.i 
are available for routing. • d anc•e . in manufac rin e hnology however 
have ma.d it prac ical o use hre or even four la ·ers for interconnec ions, 
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and it i po ible tha. in then ar fu ure more interconnect layers will be avail
able. hus it is impor an to ext nd cha.n el routing o b.a.ndle mu.I.ti-layered 
r gio · . Thi extension i a l o meaningful for well-e tablished technologies 
such .a printed drcu· boa d and hj'.brid circuit . 

h fir t part of this alk will descdb the heuri tic used · o implement a 
multj-layer channel rout r 1fo1Ch, which build on ideas of he Chameleon 
sy em, dev loped a Berkeley. The basic approach of both program~ is o 
partition th channel routing prob] m into e sen ially independen·, prob) ms 
of a. mo:s hre laye bu fol h i unique in allowing one-layer partj ion . 
In es cases, Mu]Ch show · significant improvemeo over hameleon in erms 
of channel wid h ne length. and number of vfas. · h , ·ork on . folCh is join 
wi h A]ex Ishli of .illT and Alberto angiovanni- incenLelli of Berkele~. 

The ecoud part of thi talk will di cu po ential improvement o h 
run.rung time of r h.tlCh by d cribing efficient algori runs to carry ou cer ain 
s b ask . Jn pa;r icular the minimum epara ion for any sin. le~lay r chan
nel rou ing problem can be deterrnin d in linear tim generalizmg prev·ott 
result for river rou ·ing .. . 1 o inc lulCh follow a gr edy approach of a -
signing ne s one a a ime to \rhat app ar to he he best pa tition ther u 
compu ation on problem par i ions \\•hjcb mu t be performed each ime a 
n is added. om of these compu ations can be performed more efficiently 
by taking advantag of he incr m al natur of he problem. ome of this 
work i join · with Miller }.faley of Prince on. 

[17] R. I. Greenb rg. Mu.I h : _ multi-Ja er channel rou r u ing one~ two, and three lay r 
partition . Lectur given at fas achuse s In i u e of , eclrnology, ay 19 9. 

Mul i-Ja ·er routina is becoming an impor ant problem in he ph,ysical de ign 
of in egra.ted circuit as technology ,evolv to1 ra.rds sev ral layer of m tal~ 
lization. everaJ channel muter · for three layers of interconnect ha, e been 
prnposed~ but only one, CHA. IEL o 1: has b n impleme1Jt d to accep peci~ 
fica ion of n arbitrary numb r of layers. CHAMELEON is ba ed on a · tra egy 
of decompo in h mul i~la: ·er problem rnto l1.ro and t.hre lay r problem in 
, hich one of th layer i re ved primarily for vertical 1,vire runs and he 
o her layer(s for horizon a.I runs. In ome i ua.tion howev -r it j 8ich an-
agoou o con ider also layer tha. allow he routing of entire n ts . using 

both horizontal and vertical wires. LCH is a mul i-layer channel roo er 
I hat e:'l.iend th algorithms of CJIA IELEO. in thl direc ion. r LOH can 
route channel with any number of la · ers and au omatically chooses a good 
as ignment of wirin strategi to h different layers. The algori hms have 
b en dev.i ed o that M. CH i expect d o al vay p dorm a lea t well as 
CHAMELEOi in e.rms of area occupied by t.he rou ing. In cases, l LCH 

how ignifican improvemen over CHAMELEOr ~ in erms of channel wid h 
n t length! and number of vias. 

(1 ] L. . Hall and D. B. hmo . Approximation chemes for cons· rained cheduling prob
lems. 1'9 9. ubmi ·t d for publica ion. 
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lo tMs p,'1.per, polyno iial approximat3o or the p1·01 Icm 
f scheduling j I - 011 Uel idcn.t.i .. J .machines ub · leas,~ time in 

m·d r t t Ia eness wi b I" sped to d deadlines. H 
added. thco :i. ;,tlgorithm i thal livers 
·o of op Lim e spec· al e1·eth i n1y 

ior algori Lh obtaine ]_ o -.m n , 
consid nd a. pol., .i,. pr ioi 

scl me p :o · h ased on 1 ion 
of an ti t schedule till 
con ain . s 
possib! _ t su 

[1 ] L. A. lla.lJ and B. hmo •'6- Jackson's rule; making a 
matir.s of OR. 19 . To appear _ 

db uris i c b 

\ conside..r th . scheduJin problem. in whi h jobs wit time. 
e · y hnes al"e to b schedu Jed n in _ \V pres -appro n 
a.Igo- -i hm fol' the problem with ce o,n - rain ng · - , and 
two c:- a.ppi;oxima.tioD aig rii.hm£ problem w· pr con-
strain w [nove a str e cou a restrjcted •ei:--
.:;ion o 1 em. with pi- cede :raints tha1. in Lhat precedence 
oonstr e tJ., • problem c.o, bly I or difficult , solve.At · h _ core 
of each o gorithm pre.sent kson''- I u.ie-a. si pl but seen,in l 
r bu for th pr blem. 

[20] T. lsl ii_ • uJ h: 
pa.r-1. i ion..s . Lect uc gi v □ 

l"Oll using ou('., ,vo, and three laye 

Multi- layer routing is bee ming a.n i:n1po · bl ·m i.n he physical design 
£ int.egrc t l circuh ~ t log · ol - s several layers of mct.a.l-

lizatior _ S vera1 d1;~nnel ro :t!i £ 1:u s o ·. a 
proposed, but nly one. Cll LE h rup l cl 
fica ion of an ar-1- itra..I'y num o rs_ LE 

f d o · ing he mt.tl i•la pl :n · an 1 
whlcb of th l~lyers is 1-ved pri 1na. vertic:oi.l w 
o h ·r r( · ) fol" hori:;i:;on a.I runs_ In some si uations, h w<· 
tageous t.o c · · - also layers t.hat allow he routin 
both · n d erticaJ wit- s. 1\1 n. Cn is a n ulti r channel rout r 
lb !$. tbe al.goL-ii.hms of C [AMEL - in this di .□ • fuLCH can 

els ith any n - 1- of lay ·r - a:ut inal.ica.l1y chooses a 
o · · s s o di n la.ye.rs. he aJ.-,. r.i luns 

d ' s CX[) ed t v - ;ys perfoi'111 at lea.s I. as w 

ccu 1 I y routing. ln t st cases. !\ii LCH 
sh 1 r over CHA1 .Eo Tin terms of hannel vid h, 
n • a er of 
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[21) L. Jat g onkar. ~ fl i.v'th "-Xlendcd par;l Ell mat. hin and sub Y-P . L 
w ork niv ·m-ity. ew ork. TY; fBJ f Research, Haw horne, . ~y, 

u 
p. l 

given a 

" 

\ h · pr gram.ming languag ._ -,,ndard i:\•[L o incor~ 
om id ,.,,.i h · ' rogramnun . Tbis x-

t nded langua · t o g i:-- term go-.i.] 
of M , an · res f 1 fL+ ar 

hi f a bing. automatic 
renc , o _ rm of iu h ·ti Lan e. In 
i'l•i h the f1·a:mcwork o is cl 'V toped and n 

algor-il hm for inf ·r-rin most S cl . 

[22) J . .E'ilia.n. r h.eory and pra.c ic o( cryp og:r 
of Ci'llliforni • Berk J y, d , anfo:rcl , ujv 

· · t.h.,-.-.. L c lll'e gi,., •□ a: 
· - 19 9. 

nivcrsi 

[23] . L igh on. Flows, palh - and VL I lay u . Lee r ' givea a Bonn \Vorksh p on Fl .,,..:. , 
a hs ~ d LSI Layou ; and • \\rQ '. June 19 

e b dings in butt rfli an hyp Lectur · giv n ;<Jt.t 

[25] . f eighton. Fast am ipu a.Lion ·ing rauJ y hyp rcube,s,. ~cLur giv · a A 1 TO • 

[2 ] 

[27] 

~ra.. 19 9 . 

orks. pa.i·allel cornputa.tio and L I d ·sign. Le t ur 
omputation; I ALP, (July). 19, ; NC BE and niv. 
~y) 19 9. 

. Lei
0

hco · o,n packe n · .s. · re giv I 
(June); . La. • · 'Cies r-d, ( 
:l3 Yi I Ja r t ·llig ntr l ( I 

o I.or j Tt1. .. / r ril); DJ 
siu . ure, ,(M..i:y), . 

[- ] T. L 1 htof'I . }.I[. N w1 

in bu rflies a.fld h p 
. R.a.iui.dc, a.n E_ hwabe. 

s. L l.ur · 1v n at MIT Vl.,. I 
ymunic tr ::c embe cling-J; 
ear ! R view t1a.y 19• 9 . 

[291 f. r a s t·; t,_ 

[2 ] T. · · I.. wman, . Ran d , a.nd E. chwab . Dyo · beddin,.-
and hyp rcubes. Io 1• ' Symp. nn Pa,all I Algm ilhm h it cturcs, 

i/Ve pre. nt simpJ ra.ndo ized alg iUmis for ~·nam.i :-1.lly mb dding bin.u· • 
in cith •r a. butt rll_ or hyp cub network of pro ·ssors, Th~ -e al

vori hrn-· ar d!J7l.ami in th sens h . th· r to 1 , mhedd ·d ma 
~ one node and row by dynami aJy pawning children, , here th 
a.re in r ·tneutan ·mbedd d ;u, hey . Our emb<; d .ing a.lg ri hrn 



for th • hyp -c ub nd bu terfly simul a.neously imi:i: lo~id a-1 

1.1p lo nsta.nl factors { wi h high p1. b iH y) for- 1· es which a:re loga.ri b
mi fact r la.rg r h;in · h h.o ne work. In a.ddj tion . , · r r · ·n an impr v d 
.algori h for· ·mbc•ddin in h hyp i · ube which sin ut anc u ' l · op imiz. 
load and di la. ion up to constant. fa -11,or· (wi h bjgh prob ility) for arbitrary 
l iri, y ln ,i:,, whil also ke ping conges ion ]ow_ \ • a.l~o pr v a i1(.,/Iog"JV) 
lower bound on d.H t.i n for c1 I, •nrnin5t ic m dding aJgorithms which achi ·v ... 
optimal lo,t -J, implyin t.ha any embedding algorUhm which ·imul a.neousl • 
optirniz s l al au , dilation must. b randomiz d _ 

5 

(30] E. Lei n, c Lar c,omputing. L · UT· ""iv n a Project Mac 25"t" A.11-

niv r ary posiu:rn, }..,:II . 0 . l 

[31] . E. Leis l'1 on- VLSI ' heocy and parallel supcrcomput.ins:. L cture given at D ccnnial 
1 al -· h onferenoe on VL I alifo nia. Insti ut of Techuology. Pasadena., California 
( lar.); Tb.inking ..[I.fa.chin orpora.tion, ambridg ·.,. , assachusetts ( pr.), 19"9. 

[32] J. K. ra. . B. 'bmoy • a.nd E. Tard ch duling um· lateJ p .• all ·l rna run 
~falh maiical Programmi1lg. 19 9. To appear. 
2 c,O, S •n1p o:-iu.rn on Foundat.io1 of •mpu r 

· n f his appea1,ed iu I 

In he mini ,:1,11 mak pan probl m for unr~la d parallel ma.chin , th · a.r • 
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