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BEdwjh wpnhwlwunyeyniup

Ywwh Gupwlwnnigywdpubinh yhpjuwph qupgqugnuip ybipght tnwutwdjulubpnud
wnuwy k pbipk) yuqdwytipwnuegyniututiph, biEYunpnuwihu dwnwjniygyniuttiph b wuhwwutiph
hwdwgnpdwygnipjwu wjuwhuh ugbuwpubp, npnup ubipgpwyynd Bu dwutwyhgubiph
Ynndhg  wpwdwnpynn - qununth - hudnpdwghw:  Spwdwnpdnn  hudnpdwghwih
gunuupnigyniup  dwdwuwy wn dwdwuwy hbuynwd £ Gppnpn unwhdwd Ynndh
wnlwynipwt Ypw, ophtiwl. LiGYwnpnuwiht wénipnubph dwdwuwy eBay hwdwlwnpgp
Yuwpnn £ hwunbu qu| npwbu winwhuh Junwhyws Ynnd: uwjwsé upw, np wjnwhup
Yuqgdwytpwnipnuutph Juwppp hunwy Ywunuwlwpgynd b gbGpwhulynud £ wnlw
opGuunpwlywu nwownh 2powtwyubpnd, ng pninp  oguwwbiptipt Gu - Wwwnpwuwn
wnpwdwnnbi qununuph hupnpdwghw wy|, hYnig b Junwhywsd Ynndhtu, hwnwwbu, Gpp
wyn hupnpdwghwu dté wndbp b ubipyuywgunid Ywd Yuwpnn £ gnpdwédyt) oguinwnhpnop
Juwu hwugubiint uywwnwyny:

Gpynt dwutwygny wuywnwug hwoduplubiph hwnnpnwywnpgbpp eny; G wwihu
dhdjuwug syunwhnn dwutwyhgubpht Yuwwnbp hwodwplubp jnipwpwigniph qunnup
dnunpwiht wyjwijubph  Ypw, wjuwbu, np hwnnpnwlwpgh Yuwwpdwt  ybpond
dwutuwlhgubpht hwpnup £ nunund dhwyt Yuwwpdnn  hwojupyubph wpryniupp’
wnwug dnunpwiht ndjuiubiph pugwhwjndwu: Uugwd nwph nipwtwuntiwlwutbpht
wnwownpydty  Gu  Bpynt dwutwygnd  wudunwug  hwpdwplubph  dh o pwup
hwnnpnwlwngbip, npnugnd dnunpwiht wdywiubiph ypw Yuwnwpynn hwodwplubpp
ubplywjwgnud Gu pniywt ufubdwih dhongny:

Unwowpywd wudunwug hwodupyubph  hwnnpnwywpgbpp  dpusk 2004 .
nhunwpyynw thu dhwju mbuwlwu hbGnwgnungyniuubiph oppwuwyubipnul: 2004 .
wnwowplybg Swnjh hwnnpnwlwnpgh dpwgpwiht wnweoht hpwlwunignuip® Fairplay
hwdwlwpgh wnbupny, npp wwwgnigkg Gpynt dwutwygny wudwnwug hwodwplubph
gnpduwlywu hpwgnpdtifhnyejniup:

Uuywnwug hwodwplubph wnweoht hunnwuwnphw| Yhpwnnipniup wnbinh niukgwy 2008
p. ulgphu, Gpp “Htwuhwih wdbih pwtu hwqup $tpdeputiph Ynndhg wiu Yhpwnytig
Junwhywdé Ynniph pugwlwinigjuwu wwyjdwuubpnd $bpdbpwiht wwpwupubph qubpp
wénnp hpwywuwgubine hwdwp' funwwihbing dwuutwlhgubph wnwowpyws wnph b
Jwdwnph qubpp hwupwjuwgubijnig:

2004 p. h dbp, wnwowpyytp Gu Gpynt Jwuuwygn wudwwug hwoduplubp
hpwlwuwunn hwdwlwngbiph dh 2wpp (wywpynwiubn, npnug wpryniupnd htwpwynp
GU nwpdnptip wuunwug hwodunlubiph npnp gnpduwlwu Yhpwnnipniuutip:
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Upryntupnud, ywng b nwnunwd bwfuyht hpwlwuwgnwiubiph hwdbidwwn hwaynnuywu
wbuwuyniuhg wybh tEYnhy hwdwlwpgh dowydwu  wuhpwdbonnyeyniup, npp
Yluwjuwguh Gpyne Jwutwygny wuduwug hwaduplubph Yhpwnbhnigyuu opowuwlp
huwpwynp nwpdubind  twhyhunwd  shwpqupyyws swihbiph  pnywu  ufubdwubiph
dowlynidp:

Upuwwnwuph twwuwnwlyp

Uptuwwmwuph  hhduwjwu twywwwlyu £ whwgdt) b hpwywuwgubp  Gpynt
dwutwygny wuywnwug hwagwnlubp hpwgnpdnn dpwgpwiht hwdwlwng, npp pny Yuw
Ywwnwply hwoquplyubp dwutwlhgubph dnwnpwiht tndwijubph dpw' wwwhndybing
npwug qunuupnieniup: <wdwlwpgp wbwp £ oqunugnpdh wjuwbu Ynsywsd uwyhinwy-
wpynh  Swolwgpnipjwt  hunjwghnu  dbpnnubp,  funwwihbind  hwoynnuwt
wbuwulyniuhg woluwwmwunwp pwg pwuwhny gnpdnnnipiniuubnhg, dhlunyu dwdwuwl’
gnpduwywund wwwgnigbing npwug Yhpwnbijhniyeyntup tipyne dwutiwygny wuygunwug
hwodwplubph ptwgwywnnul: Swulwih k, np hpwlwuwgynn hwdwlwpgp hwpdwnp hup
ognwgnnpdnnh  wbuwuyniuhg L wpryniwybnnpjwdp  gbpwquugh  twfuyhunwd
hpwlwiuwgyws udwuwwnhw hwdwywngbpht:

Lhwnwgnndwy dEpnnubkpp

Upfuwwnwupnu ogunwgnpdywd Gu pwg pwuwhny qununtwgpnieniu, dpwgpwjhu
Swpnwpwwbunnygwu, uwyhwwl wpynh qunuuwgpnigjuwu b pwpguwunyenuutiph
wbunipjwt wpnhwywu dbennubn:

Ghunwlwt unpnypep
Gpynt  dwutwygny wuduwug  hwpdwpyubph  hwdwlwpgh  twjuwgdnd L
hpwlwuwgnu, npp
e nwwy b Yunnigt) b hwodwnyt) wybh own hwugnygubin wwpniiwynn pnyjwu
ufubdwubp' hwdbdwunws vwhuyht hpwlwuwgnidubph hbwn
¢ Udwuwwhwy hwdwlwpgbph hpwlwuwgdwt hwdwp wnwoht wugqwd
ogunwgnnpdnud £ uyhwnwly wpynh Swdlwagpnipjwu dbpnnutpp
¢ Udwuwwhwy hpwlwuwgnuwubph htn hwdbdwunws bwwbu wybih wpwquagnpd
k:
Uluwwmwuph wpmyniupubph hwjwuwmhnipyniup  hhduwdnpdnd £ hpwlwuwgyws
Spwgpwiht hwdwYwnpgh Yphpwndwdp unwgywd dh pwpp hnpduwlwu wpnyniupubipny:



Uwnwgywé wpryniupubph Yhpwnwlw tywuwlnypyniup
UwnbBuwfununipjwt  2powtwlubpnd  twfuwgddtp L hpwlwuwgyb] Spwgpwjhu
hwdwlwpg, npp

ogunwgnpdnnht htwpwynpnip)niu £ mwihu tlwpwgntp dnunpwjht wmyjwiubiph
ujuwwndwdp Ywwwpynn hwodwplubpp b Ywpnn £ ogquwgnpdyt] Bpyne
dwutwygny wuywnwug hwoqwpyutp wwhwugnn gnhpduwlwu
Yhpwnnigyniuubpnid

ubpwnnu £ ybpohtu nnwphubpht wnwowpyywsd nwppbp tnbuwlywu dbennubph
Spwgpwihtu hpwywuwgnuwiubp b hGnwgnnnnhtu huwpwynpnieintu £ wwihu
Ywwwpl)  wnwpwwbuwly  npdwpynwiubp npwug  htwn,  huswbu - uwl
gnpduwlywund hwodwpytip unp dowlynn dninbignuubiph wpryniuwybinnyejwu
nwpwwnbuwl punipwgphsubn:

Uluwwnwuph wpyniupubph ubpnpnudp
Upfuwwnwuph wpryniupnd unbndjws dpwgpwiht hwdwlwpgp ubipnpyt) £ Qube

puybpnipjuu «Liquid files» wjuwgsh hpwlwuwgdwu powuwlubpnud, ogunwwnhpng

Ynndhg wpwdwnpynn nguiutiph qunuuhnyeniup wwhwwunn dowydwu wpngbup
bwwbu wybh wpwgqwg nwpdubiine hwdwp b guuynd £ hnpduwyut swhwgnpddwu

thnynud:

Muwunywunipjuup ubpjujugynn npnypubpp

Lwfuyhtu ppwlwuwgnuwiubph hwdbdwwn npng fuunhputiph wybih wpryntuwybun
ppwlywuwgnw, wn pYnd <bdhugh L LbGJbugnbjup  hbnwynpnygjwu
gunwuuhnieiniup ywhwwunn hwojwnplubipp

Gnynt dwutwlygny wuyunwug hwoywpyubiph ninpuind wpnhwywu deennutiph
hpwlwuwgnw dby Spwapwiht hwdwlwnpgh opowuwynid

Uyhwnwly wpynh dwdywgndwt dbpnnubnh ogunwgnpdnud tipynt dwutiwygny
wuywnwug hwoywpyutiph dpwgpwiht hwdwywnpgh hpwywuwgdwu hwdwp
Gnpynt dwutwygny wudunwug hwodwpyubph hwdwlwpgh pwnlugnighs dwu

Yuqunn Ynudhgnipwgynn Yndwhywnnp

Uwpnpwghw
UwnbGuwununipjwt hhduwywu wnpryniupubipu nt npnypubipp gynigytp bW putwpyytg

Gu

<UL «Applied Cryptography Laboratory» hbtwnwgnuwlwt jwpnpwinphwih
utidhuwpubiph pupwgpntd (2013-2016 pR., p. Gplwu)
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e «Computer Science and Information Technologies» 10-nn dhowqguijhu
ghwnwdnnnynwd (CSIT, 2015 ., p. bpliwt)

o Lwi-Mnwwywt (Uwynuwlw) Cwdwuwpwuh 10-nwpbljwu ghnwywu
dnnnyh pupwgpnid (2015 p., p. Gplw)

o <L SUU hudnpdwwnhlywih b wynndwwnwgdwt wypnptdubph huunhwnnunh
punhwunip uGdhtuwpnud

Cpwwnwpwynuwiubp
Uwnbuwfununygywu  hhduwywu  wprynipubipp wwywgnpdwsé  Gu 4 ghunwlwu
watuwwnipniuubipnu, npnup Ywpyyws Gu ubindwgnph ybponud:

Uluwwnwuph Yunnigjwépp b swywip

UwnbBuwfununipyniup pwnywugwsd E ubpwdnigniupg, 3 gnifutbiphg,
Ggpwywgnipniuhg b oguwgnpdywsd gpulwuntpjuu gwuyhg: Upluwwnwuph punhwunip
Sdwywiu £ 105 ko' ubipwnjw| 99 wuntu oguinwgnpdywd gpwlwuntpiut guuynid:

uchuuSutuLkh ANYULHULUNRE3NRLL

Whuwwwuph  wnwowpwund  hhduwynpdwd £ phdwh  wpnhwlwuniegniup,
dbwybpywsd Gu uwywwwlubpu nu fuunhpubpp, htuswybu twb wwownwwunyewup
ubpywjwgynn hhduwywu npnyputipp: Lodwd tu unwgywd wpryntuputiph ghnwlywu
unpnypp U upwug Yhpwndwu gnpduwlywu wndbpp:

Uwnbuwfununipjut wnweoht qjfuh ulgpnud pbipjwé GU woluwwmwuph pupwgpntd
ognwgnpdywd upwuwynwiubpp b uwhdwunwubpp: Lwpwgpyws Bu hwdwlwpgh
twfuwgdiwu b hpwlwuwgdwt hwdwp Yupunp nbp Yuwwpnn hwulugnieniuutpp:
Unwuduwyh npwnpnipniu £ nupddtp pnyywu uubdwubph wnujwndwu wpnhwywu
dtipnnutiph  wwppbip  wbuwuyniuubphg  hGnwgnnniejuup: LYwpwgpdb) £ Swnjh
hwnnpnwywnpgp wjuwbiu Ynsgywd wquhy, pwjg htitnwppppwubin (honest but curious)
wuywnwugnipjut  dnpbind, nph  Gupwnpnijwdp  Juwuwpdb B ubplujwgynn
hwdwlwpgh twfuwgdniit nt hpwywuwgniip:

Lbnmwgnunyglkp Bu GBpynt dwutwygn  wuywnwug  hwodwplubph  uwfuyhunwd
Jwuwpdws  hpwlywuwgnwiubipp, dwwnuwupdty  bu wn  hwdwywnpgbph
hpwlwuwgnuwiubpnd wnyw fuunhpubpp, L hhduwygnpytp G wndju woluwwnmwuph
uwwwnwlubipp:  Hfup Yybponud pbipdwsd Gu gnpdtwlwu hnmwppppnipiniu ubiplwjwgunn
GpYynt dwutwygny Yhpwnnieyniuutiph oppuwyubp, npnugnd gwulwih £ dwutwlhgubiph
dnunpwiht indjuubiph qunuuhnypjniup:



UWpluwwnwuph Bpypnpn qilumid ubpyujwgdwd £ Spwgpwiht hwdwlwpgh dwu
YJuwqunn Yndwyhywwnph hpwwiuwgdwt dwupwdwutbpp: Yndwhywwnnpp hwdwlwpgh
Ywplnp pwnwnphsubphg deyu £, pwuph np wju ogqunwgnpdnnhtu htwpwynpnigniu k
pudbnund uwpwgnt uwwnwnynn hwodwpyubpp pwpép dwwpnwyh dpwgpwynpdwu
lGqyny U wywnndwwnwgunud £ wyn uwpwgpnipniuhg pnyywt ufubidwubiph Yunnigdwu
wpngtiup:

Qnifup - uygpnud  pbpgnd £ Uwpuyhund ppwlywitwgwd  udwlwnhy
Yndwhywwinpubiph  hGnwgnuinyggniu: - Ywwnwpgwsd  hGnwgnunnygjuwu - wpryniupnud
hphduwynpyb £ unp Yndwhygwinnph hpwlwuwgdwu wuhpwdbtionnieniup:

Wunthtnl uywpwgnpyws £ Yndwhywinnph dnuwnpwyht (kgniu, npp hhduyws  Fairplay
hwdwlwpgnud  ubpdnidwd  SFDL  (Gqyh  Jpw:  <wpqwplynpn  $niuyghwip
uywpwgpnipjwt hwpdwpwybinnypjwu pwpdpwgdwt twywwnwyny, hwdtidwwnws SFDL
tquh htw, Yuwwnwnpyb) Bu dh ownp Ggquywu Yunnigwdpubiph purnywjunwdutip, npnughg
wdbuwnuwgpwyp include hwjnwpwpnigniu £, husp huwpwynpnigyntt £ wwihu
ognwgnpdnnht ulwpwgnynn dpwgpwihtu dnnnih dbg ogunwgnpdti wpnbu dowldwd
Spwgpwjihu Yndwynubuwnubn:

Undwhywwinpph Gipnud unwgywsd pnywi utubdwih uyupwgpnipniup wwhynwd £
dwyth dbo: Wn dwyp, Ywjudwd oguwgnpdnnh Ywpgwynpnuwiubiphg, Ywpnn £ niublwg
Gpynt ubpyuyugnut® Bpynuwlwu Ywd wnnwghu, npp oguiwgnpdnnh hwdwp hbown
puywitih £ Bpynuwlywu Swyp hwdwlwpgsh hhonnnuejniund qquihnpbit phs intin &
gpwnbtigunul hwdtidwwnwsd wnnnwiht ubpywjwgdwu htin: Ujnw ubiplujugdwt gfuwynp
wnwybnyeniup Yuwywund £ upwund, np wju Yupnn £ dwnwjtp Yunnigwd pniyjwt
utubidwih huynieiniup oginwgnpdnnh Ynndhg unnigbiint hwdwp: Uulwfu oginwgnnpdynn
$npdwinpg, Gpwjhtu $wjind gpywsd tu Yunnigywsd pnijwu ufubdwih hwugnygubipp dhown
wnwyninghwlwt nwuwynpnigjudp: Gpwjhu  poywt  ufubdwu  uwpwgpnn $wyp
pwnlyugwsd § hbnlyw| mpwdwpwuwlwu Yunpubiphg, npdwéd hbppwywunypjwdp’

e wnwoht dwulwlgh dnunpwjhu jwnkp

e Lipypnpn dwutiwygh dnunpwiht jwpbip

e Udhowtlyw| hwoynnuywu hwugnygubip

e wnwoht dwulwlgh qunuuh Gpwjht jwnkip

e tpYypnpn dwutiwygh qunnth Gpwht jwptip:
Urgnwiwy T-nd pbpdwé Gu  jnipwpwtgnip hwugnyght hwdwwwwnwufuwtu  Gipwihu
dwyinud gpynn nwowmbpp U upwug Swywiubpp: Gpwihu puynd pnywu utubdwu
uywpwgnyntd £ hwugnygutiph ininwninghwywt dhon hwonpnwlwuntejwu dhongny:



Urynwuwly 1. Snipwpwbisnin pnywis hwugnygh hwdwp Gipughtt puyinid gpyuws
hunpynipyniiiinn U npwtig Swywytitpp

LYwpwagpnipniu owywy (php)
Unyuwlwuwgdwu phy 64
Ununpwjht jwpbph pwuwy 1
hulnipjwu wnjnwy o <dniup>
Shwy 2
Lt

Wunthtnl pbipynud £ dnunpuwiht pwpép dwlwpnuwyh Spwgpwynpdwu tqyh dhongny
hwodwpyynn $niuyghwih ywpwgpnigjuwup hwdwpdbp pnyywt ufubidwih Yunnigdwt
wpngbuh  (Yndwhywghwih)  uywpwgpnye)niup: Lhwp 1-nd  ubplujwgyws bGu
Yndwhywghwyh thniytiph hwdwnnun hwenpnwlwunigniup:

The
Program s
description description
N Compiler Optimizatio of the
in higher Preprocessor .
front end n blocks equivalent
level
language Boolean
circuit

Ulwp 1. Undwyhywghuyph thnybinh hwonpnwlwnysyniip

Ptpynwd £ Yndwhpwuwnph nhdwjht dwuh dwupwdwut  ufupwagpnigyniup: Wu
Spwgnwihu dhwynpp hwunhuwund  Yndwyhywnnph wdbbwlwpunp punwnphsp, pwuh
np Yndwhywwinpp Ywwwph hp wngl npwd funhpp, unyuhuly twutwlwu dowlydwu
L wjwpydwu  dhwynpubiph  pwgwlwnipgjuwu  wwjdwuubpnd:  Ldwlwwnhy
Yndwhywwinpubiph twfuypt hpwhwuwgnwiubph htinwgnuiniegniup hwugbigntp £ wju
Ggpwywgnipjwup, np dhjhwpnwynp  hwugnygubp  wwpniwwynn  poyywt ufubdwih
Yunnigdwt hwdwp $wywihtu dnunph b Giph gnpdnnnigyniuipp qqwih dwdwuwly Gu
wwhwugnuwl: <wayh wnubiny, np pwgqdwwpngbunpwihtu dhowywyptipp (wju tnwpwdnwl
niubiu, Yndwhywwnnph nhdwiht dwup twhuwgdnwp Yuwmwpyb) b wjuwbu, np wjjwihu
dnunph b Giph gnpdnnnipniuttipp huwpwynp (huh Yuwwpb] wnwudhu hnupnud: Lwp
2-nuwd ptipdwé £ Yndwyhywinnph nhdwht dwuh tupwagpnipniun:




nup 1 Cnup 2

Pnyywl hwlgnygubiph | Pnyjwl hwugnygubph bowthiy
Suhs > htinp [Rujhl $uyih gpnn

A 4

Gpwjht pnyjwu
ufubidwyp
Uwpwannyeniu

Ununpwiht
Uywpwapnyeniu

Ulwp 2. Yndyhywipnph nhdughti dwup tlupwagpnipnit

Pnywu hwugnygubiph duhsp hpwywuwgyt) £ oguwgnpdtiny flex L bison dpwgnbipp:
Ununpwjht ywpwgpnipjwi htippwlwu gnpdnnnipgjuup hwdwndtp Yunnigwsd pnijwu
ufubidwh Jnipwpwugnip hwugnyg wybjugynud £ pnywu hwugnygubiph hbpenwd, nph
wnwybjwgnyu  dwywip Jbpwhulyynuwd £ ogunwwhpne  UYnndhg: <Lbpenud  wnlw
hwugnygubipp gnynid Gu Gpwiht $wyinud b hwugnid htipphg: Pwgqdwhnup dhowdwjpnud
htpeh hbwn 6hoin woluwwnwupp wwwhndbint hwdwp ppwlwuwgyl) Gu dh pwup
uhuppnuwgdwu dbpnnubp, dwutwynpwwbu, nnypjudp hpwlwuwgywsd b opswtiwaél
htpp' oquwgnpdtiny C++14 |tqyh wwndhYy gnpdnnnipniuubpp:

Wjunthtnl bywpwgnpynd Gu dSpwgpwiht hwdwlwpgnd hpwywtwgywd jwywnpydwu
dtipnnutiph hpwlwuwgdwt dwupwdwutbpp, npnug Yhpwnndp bwwbu Ypbwwnnd |
Yuwnnigynn pniywt ufubidwinw hwugnygubiph pwuwyp:

Lhwp 3-nd pbpdwsd b upubidwih Gppwht wpdbiph Jpw wgnbignyeyniu sniubignn
hwugnygubiph Ypdwwndwtu wignphpedp, nph hpwlwuwgdwt pupwgpnud, jnipwpwisnip
hwugnygh hwdwp hwoyynd £ wju hwugnygubph pwuwlyp, npnug hwdwp nyjug
hwugnygp hwunhuwund £ dnunpwjht:



Input: file f containing description of Boolean circuit €
Output: 1. description of equivalent Boolean circuit with eliminated gates no
influence on output
2. a file containing usage count for each gate
read output gates of the circuit € into O
foreach g in C do
foreach G in pred(g) do
incrementUsageCountiG)
end
end
foreach g in { read the gates in backward topological order } do
if getllsageCount(g) ! = 0 then
foreach G in pred(g) do
incrementUsageCountG)
end
endif
end
output usage countfile
output all input gates
foreach g in { read the gates in topological order } do
if getllsageCount(g) ! = 0 then
autput(g)
endif
end
output all output gates

Ulwp 3. Pnywt upubdugh wndtiph ypw wqnbgnyaynil sniitignn hwbqnygtbph

hbnwgdw b jnipwpwbsinipn hwbgnygh oquwgnpédwt pwbwlyp hwydwl wignpppu:

Ljwp 4-nd phpqwés Gu Upywd  wwpldwu dbpnnubph hwdbdwnwlwu
wpryniwwybnneniuutpp nhunwpywd  Gpyne  fuunhpubph hwdwp: Lwjwpydwu
dtipnnutiph Yhpwndwt htitnbwupny, uygpuwlwu Yunnigws AES dwdljwagpnidp hwoynn
ufubidwih hwugnygubiph pwuwyp Ypbwwngb £ dnin 50 winynuny, huly LEYGuointhu

htnwynpniniup hwoynn ujubdwi' dnin 20 tinynuny:
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DUYphim pym bhbkp

0 Zmunumnmbbkp
b donnulabkp

* B puyh
wpdkpukph 4pm
smqnnn
hwhgnygakp

Ulhwp 4. Pnywit upulidugh jwduplydwt dapnntbinh hwpwpbpwlwb
wpnyntbwbippnyayniin wayippwtiq AES dwéljugnpnidp (Gwfu) b LayGlpinlyuh
hbnwynpnienitp hwpynn (wy) upubdwulinh hwdwn

Ptpyt £ Yndwhywwnph wotuwwnwuph Gannigyniup phunwynpnn wywnndwnwgywsd
hwdwlwpgh uwupwgpnieniup, npp Yunnigwd pniyw ufubdwih wpdtipp hwaynu E dh
pwuh dnunpwjhtu wpdtiputiph hwdwp W npwup hwdbdwnnud twuwwbu npdws Gipwihu
wndtipubph htiwn:

Undwhywwinph wotuwwwuph npnp thnybipnd ogunwgnpdynn hhonnnieniu dwywp
Ywpnn £ gbpwquugt] wnlw $hghlwlwu hhonnnigjwu swithp: “Hpwuhg funwwtbnt
hwdwp'  dhowtlyw| wpryniupubpp  Jowlybint hwdwp  ogquwgnpdyb] § wpuwphu
hhonnnieniup, nph hbn woluwwnwuph wpryniuwybnnieywu pwpdpwgdwt uwywwnwyny
ogunwgnndyl Gu owbpwghnu hwdwlwpght punpn?  hwdwwpgwihu  Yuuskp,
dwutwynpwwbu hhannnipjut dbe wpunwwwwnybpgwd puybn:

Sintjup tgpwthwyynwd £ dnunpwiht (kgynud oquiwgnpdynn gnpdnnnipjniuutiphu
hwdwpdtip pnywt ufubidwubiph Jwupwdwut uwpwagpniejwdp:

Uwnbuwfununipjwt Gppnpn qrlumd ulwpwgpynd b Yunnigwd pnyywu ufubidwih
hwaqwnpyp Ywnwpnn dpwgpwiht hwdwlwnpgp:

Error! Reference source not found.-nid pbpwd b hpwlwiwgdws Spwgpwihu
hwdwlwpgh  oguwgnpdiwu  dwdwuwl  Jwutuwyhgubph  Ywwwpwd  pwybph
hwonpnwlwunygniup:  Uwuuwyhgubpp wpwgpnud Gu - hwoqupyynn  $niuyghwt’
ogunwgnndtiiny Yndwhywwinph dnunpwjht Ggniu: Ujunthbnl, Yndwhywwnph dhongnd,
Yunnigynwd £ uupwgpdwsé pniuyghw hpwgunn pniyyw ufubdw: “Ywnnigwd pnryjwt
utubidwyh hwodwpyp dwuuwyhgubiph qununuh dnunpwjht wdjwiubph ypw Yuwmwpynd £
hphduybind Swnjh hwnnpnwlwpgh dpw, npnud wpnniswytin: hpwywuwgdwu hwdwn
Ywuwwnpybp Gu npny  thnihnfunyggniuubn: <hduwywt  thnthnfuniggniup Yuywunwd |
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upwunw, np wnweoht Jwutwlyhgp pnywt ufubdwih Jnipwpwugnp jwph  hwdwp
wwwwhwlwunpbt punpnud £ 128 phe Gplwpniygywdp winntip, W hp dnunpw)ht
wndjwiubpht hwdwwwwwufuwt wnnbpp niqwpynd £ Bplypnpn dwutwlyght' dhush
wnwywnywd  ufubdwih  Ywnnignwp:  Uunthbnl,  wuwnbnuy  thnjuwugdwt
hwnnpnwywngh dhongny wnwoht dwutwlhgp Bpypnpn dwutwyght E thnfuwugnud
ytipshuhu qunuuh dnuwnpwjht njwiubpht hwdwwwwnwuluwunn wnnnbpp: Wuhupu,
wnwoht Jwutuwyhgp hwunbu b quihu npwbu ninupynn Ynnd' Gpypnpn dwutwlgh
dnunpwiht jwinbipht hwdwwwwnwufuwunn winntiph gnygbph hwonpnwywuniejwdp, hul
Gpynnpn dwuliwlhgp npybu unwgnn Ynnd® hp quinntih dnunpwyh windtiph phpetinny:
Uuwnbnuy thnjuwugdwt hwnnpnwlwpgh hpwlwuwgnwhg Ywwwpdnd £ pnywu
ufubidwih hwywpyp, nphg hbinn dwutwyhgubpp ybpdwunwd Gu Gpwjhtu wpdbtpubnp:
Wuwhuny, wuwnbnuwly thnfuwugdwtu  hwnnpnuwywpgp  dwutuwyhgubiph  dhole
hpwlwuwgynwd £ n wuqwd, npnbin n-p Gplypnpn dwutwygh dnwnpwiht wyjwiutph
phptiph pwuwyu t: b wwppbipngyniu Gpynt dwutwygny wudunwug hwodwplubph
Uwfuyhtu hpwywuwgnwiubiph, ubipywjwgynn hwdwlwpgnd wumbinuy thnfuwugdwu
hwdwp ogunwgnpdyti| Gu uyhwnwy wpynh Swdywagpnieywu dbpnnutph Ypw hhdugws
hwnnpnwywng, npp hp wpwqwgnpdnigjudp twwbu gbpwqwugnd £ Uwfuyhund
dowlqwd wunbnuy thnfuwugdwt hwnnpnwlywpgbphu:

Wunthtwnl, ubpyuwjwgytp b wnwjwnjwd upubdwh Yunnigdwtu L hwgwpyh
hnupwqgdwjht  dbfuwuhqih hpwlwuwgdwt dwupwdwuubipp, husp enyp £ wwihu
twywunptiu  Ypbwwbp guwugh dhongny dwutwlyhgubiph  dhol  thnfuwtwlyynn
hupnpdwghwih pwtwyp:

Syjw) wotuwwmwuph uwywwwlutiphg dblyu £ hwunhuwund wjuwyhuh hwdwlwpgh
dowynwip, npp nwwy hup dowyb) uwpuypund shwpquplywd dbdnipjwdp  pnyjwt
ufubidwutin: Snipwpwugnip wnwywnywsd hwugnygh Yunnigdwt b hwodwpyh hwdwp
wuhpwdtiognn Gu dnunpwjhtu hwugnygubph wnwywnywé wpdtipubpp: Snipwpwgnip
wjnwhuh wpdtp hptuhg ubpywjwgunid £ 128 phe Gplwpniegjudp Gpynwwlwu wnn, npp
wbiwnp £ wwhyh hhonnnipjut dtie pwuh ntin wju wuhpwdtion £ hinwagqw hwugnygubiph
dowldwu hwdwp: Wuwhuny, ufubidwh dowlydwt hwdwp wwhwugynn dhowtlyjuwy
wpdbipubiph dwywp Ywpnn E qquihnpbu  pwwn  |hubi: Uhowulyw| wndbpubinh
wwhwywudwu  hwdwp  wwhwugynn  hhonnnugjwu  ujwgbgdwu  hwdwp  dowlyynn
hwdwlwpgnd Yhpwnyty £ hbnlyw) dninbignuip: <wpduplynn dniulghwtu hpwgunn
pnijwl ufubidwihg wpdbiph Ypw wagnbigniegntu sniutignn hwugnygubiph htnwgdwu
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dwdwuwl' jnipwpwgnip hwugnygh hwdwp Yndyhywunnpp hwaynd b ufubidwnd npu
oguwgnpdiwu pwuwlyp: Unuwjwnywsd ufubdwih Yunnigdwtu b hwodwpyh dwdwtwy'
hwugnygh hwdwwwuwwufuwu ogunwgnpdnudubph phyp ujwqgbtigynud £ dtyny, Gpp upw
wnpdtipp gnpdwdynud k hbippwlywu hwugnygh dowldwt hwdwp: <Eppwywi ujwgbtigdwi
gnpénnnipintuhg  htwn,  hwugnyght  Jbpwpbipgnn  hudnpdwghwt  hbnwgynwd  k
hhonnnip)niuhg, bipp oguwgnpdnwiubph pwuwyp hwjwuwnynwd £ gpnjhu: Wuughund,
ulubdwih dowydwu jnipwpwginip wwhht, hhonnnieggniunud wwhynwd £ hGnwgwnud
wuhpwdtiognn  hwugnygubph dwuhtu  hudnpdwghw, husp qquihnpbu ujugbgund |
wnwywnywsé ufubidwih Ywnnigdwtu b hwpdwpyh hwdwp wuhpwdbon hhonnniejwt
pwuwyp: Unjnwwly 2-nd pbipdwé Gu npny futnhpubiph hwdwp Yunnigjwd pniywu
ufubdwynud  hwugnygubph  pwuwyp b wnwjwnws upubdwubph Yunngdwu L
hwodwpydwu pupwgpnud  hhonnnigyniund  dhwdwdwuwl  wwhynn - wnwybjwgnyu
hwugnygubiph pwuwyubpp:

Unynwauwly 2. Npnp pnyywt upulidwbinh hwbgnygtbinh U dowldwt dwdwbwly
hhonnnygyniunid dhwdwdwbwly wwhynn hwugnygbtph pwbwlp hwdbdwpnignit

Utubdwjh
Lhonnnipyniunud ywhynn
fuunhp hwugnygubiph
puitiwljp hwugnygubiph pwuwyp
AES dwdlwgpnul (128 php) 49,912 323
Fudpwagpwjhu
htnwynpniejntu 15,540,196 2,829

Sfup Gpypnpn dwunwd ubplujwgydtp bodowydwd hwdwlwpgh  hwaynnuywu
EdtYuinhynieyniup wwwgnignn thnpduwlwu ndjwiubp, npnugnud wju hwdbdwinyb) £
twfuypt  wqwgnyu  hpwlwuwgnud  hwunhuwgnn  MightBeEvil hwdwlwnpgh hbw:
Lwidbdwwnnyejwl hwdwp oquwgnpdyby Bu hbnlyw) $niuyghwubpp'

e dwutwyhgubph  Ynndhg wpwdwnpywd  qunnuh x Ly phpwhu
hwonpnwlwunteniututiph dhole <Gdhugh hnwynpnigjwu qunwuuhnyeniup
wwhwwunn hwaywpy

e dwuuwyhgubiph Ynnuhg wpwdwnpjwd  qunwnuph  x by
hwonpnwlwunteniuttiph dhot wjuwbu  Ynswsd  fudpwgpuwhu
htinwynpniejwu (edit distance) wuywwug hwojwpl:

Ubpywjwgywsd fuunhpubiph hpwlwuwgdwt hwdwp ogunwgnpdytp Gpypnpn gluntd
ubpyuwjwgywsd Yndwhywinnph dnunpwihu (tqyh Yndwnubuwnubp:
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Lhwp 6-nd wwwybpqwsd £ ndjw) wotuwnmwuph opowtwlubtipnd  dowlydws L
MightBeEvil hwdwlwpgbph dJdhongny' <bdhugh hbnwynpnipjwt  qununupnieniup
wwhwwunn hwaqupyh nunnnigyniuttiph hwdbdwwnnie)niup:

ULl 250 +
200 | Tos
+
. +
150 | .
+
+
100 | + +
s
_ | -+
50 + + MightBeEvi
+ + + Sy wmpjuunnwip
+

O | | | | | | | | |
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Ununpuypit hwenpyulpmim pjobbkph phphph pubnal
Ulwp 6. Lbphuywgynn U MightBeEvil hwdwlwnpgbpnd <tdptugh htnwynpniyayuwt

quinbpnieniip wwhwwbnn hwyduplh ippbnnnuyginibitph Yuifunidp dnuppught
ipdjuigiiph Gplwpnipgnitipg:

Llwp 7-nud pbipJwsd £ ubpluywgynn b MightBeEvil hwdwlwnpgbpnud fudpwgpujhu
htnwynpnigjwu  qunutpngniup - wwhwwunn  hwoywpyh  wnlbinnnigyntuubiph
hwdbdwunnigyniup:

Ywuinwpyws thnpdtiph wpryniupnud wwnpg £ nwnund, np ndju wofuwwnwuph
opowuwlubpnd  twhiwgdyws L hpwlwiwgdws hwdwlwpgp  hwoynnulwu
wbuwuyniuhg wybih wpryniiwybn £ hwdbdwnws twiuyhu hpwlwuwgdwu hbwn: Cun
npnwd, ubpyuwjwgynn hwdwlwpgh hwoynnujwu wbuwuyniuhg wprynituwybGwniegyniup
wybiih whuwnnt k nwnunw Gpypnpn dwutwlygh dnunpwjhtu indjuubiph phpbnph pwuwyh
wéhu gniqwhtin: Ybpohtuu pwgwwpynwd £ upwuny, np Gpypnpn dwutwygh dnunpw)ht
wnyjwiutiph phpbtiph pwuwyh wép hwugbgunid £ npwug pwuwyht hwjwuwnp wuwmnbinuy
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thnfuwugdwtu  hwnnpnwwngh  hpwlwuwgdwu  wuhpwdbonnygywu, npp Uwluyhu
hpwlywuwgws hwdwuwnpgbipnud  ogunwgnpdnud £ hwoynnulwt  wnbuwulyniuhg
pwulwndtp pwg pwuwhny gnpdnnnugynibubin: b wwppbpnienu wfunpn
hpwywuwgnuwiubph, dbp hwdwlwpgnd oguwgnpdynid £ wuwmbnuy  thnfuwugdwu
hwnnpnulwpg, npp  puwg
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++++
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10 T | ] ]
200 800 3200 12800
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Ulywp 7. Lbpyuywgynn U MightBeEvil hwdwluwnpqtpnid fudpwgpuyhti hinwynpnigywb
qunnupnigniip wwhwwinn hwpduplyh punnnyginibiph Guifunidp dnuppught
ipdjuigiiph Gplwpnipgnitipg:

pwuwihny gnpdnnnigyntutipp thnfjuwphunw £ wybh wpwqwgnpd uwyhwnwy wpynh
gunuuwgpdwu dbpnnubpny:

Shduwlwyu wpryniupubpu ne Ggpulwugnipyniuubpp
e Uwhwwly wpynh qunuuwgpnigjwu dbennutiph dpw hhdujws wuwnbnuy
thnfuwugdwtu pupwgwlwpgp ubpnpdtp £ Gpynt dwutwygnd  wudunwug
hwodwplubph  hwdwlywpgh  hpwlwuwgdwu  hwdwp, npp dpwgpwyhu
hwdwlwpgh dhongny wwwgnignd £ [2] qunuuwgpdwu unp dbpnnubiph
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Yhpwnbihnyeiniup Gpynt dwutwygng wudwnwug hwodwpyubph Yuwnwpdwu
hwdwn [1]:

Uowyyt £ Gpynt dwutwygnyd wudunwug hwogwpyubiph hwdwlwnpg, npp hp dbg
ubpwnnud £ wpnhwywu jwdwpydwu dpnnubn, hugp pnyp b nwhu hwagupyb)
gunuuhnigyntuy  wwhwuonn npn2  Yhpwnnipyniiutip wyblh - wpryniuwybitn
hwitidwunws udwuwwnhwy hpwlwuwgnwiubiph htin, dwutwynpuwtiu, L<Gdhugh
U LeyGupinbjuh htinwynpnipjwu wuywnwug hwounyp [3]:

Uowyyty £ uwfunpn phpwlwuwgnwiubph hhdwu Jpw  wpnhwywiwgyuwd
Spwgpwynpdwu hnbipwwnhy |Ggnt, npp eny) £ tnwhu wudwnwug hwadwpyubph
dwutwyhgubiphu ywpwgptp Ywwwpynn gnpdnnniegyniubipp ogunwgnpdnnh
wbuwuyniuhg hwpdwp dund b hwdwwywwnwuluwuwpwn hpwlwuwgyt) b wn
uywpwgpnipiniuhg pnywt ufubdw Ywnnignn pwpgdwuhs, npp Udwlwwnhy
pwnqdwuhsubiph hwdtdwwn wybh tSEYnpy £ hwoynnulwu nbuwuyyniuhg:

usStLulnNunNkfe-3UL U UL3NY STUG YUD <NHHUDLENE
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ABSTRACT
Tigran V. Sokhakyan

“Design and implementation of secure two-party computation framework for privacy-
preserving applications”

Prodigious progress of communication infrastructure during recent decades interaction
scenarios of practical interest between organizations, individuals and electronic services
where the participants need to provide sensitive or private information. The confidentiality of
provided private information relies on presence of a trusted third party presence, for example
in case of electronic auctions at eBay can act as a trusted party. The behavior of such trusted
organizations is clearly regulated and controlled by existing government rules, but not all
users will reveal personal or sensitive information to anyone else, especially when this
information is related with high stakes or potentially can be used to harm the user.

Secure two-party computation enables mutually distrustful parties to compute a function
f(x,y) on corresponding private inputs x, and y, while revealing nothing beyond the result
f(xo,¥0). Since the middle of eighties secure two-party computations have gained the
attention of many researchers in cryptography, but was widely believed to be far inefficient
for practical privacy-preserving applications. The first software implementation of a generic
secure tow-party computation framework has been introduced in 2004 in the scope of
Fairplay project. This implementation is just the proof of concept and is not as efficient to be
used in privacy-preserving applications of practical interest. But the influence of Fairplay
implementation is huge: it justified the possibility of practical implementations of secure two-
party computations and stimulated many researches aimed to implement efficient frameworks
able to satisfy the needs of practical applications.

One of the notable industrial applications of secure computations took place in 2008.
More than a thousand farmers from Denmark incorporated in a privacy-preserving manner
to carry out the auctions for sugar beet prices without usage of a trusted party and without
revealing offered buy and sell prices.

Since 2004 many optimizations have been offered resulting secure two-party
computations applicable many applications of practical interest from many fields, including
and not limited to medicine, facial recognition, economics, and social networks. Also, there
are many applications, where secure two-party computations have huge potential to be used
but are not used for now because the lack of efficiency.

Thus, it is obvious, that we need to further improve the efficiency of implementations of
secure two-party computations and every single improvement is a step to widen the scope of
its applicability.
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Investigation of previous implementations highlights that their performance highly suffers
from the usage of public key operations. This thesis has objective to replace computationally
expensive public key operations with novel white-box cryptography based operations.

For secure two-party computations frameworks, it is common to provide a compiler
offering constructing the Boolean circuit representation of the function being computed.
Another goal of this thesis is the design and implementation of a compiler which constructs
Boolean circuits from the given higher level description of the function, outperforms previous
implementations from the computational perspective and has the capacity to generate Boolean
circuits with sizes previous implementations could not handle.

The main results of the thesis are:

e  Practical incorporation of white-box cryptography based oblivious transfer protocol
and elimination of expensive public key operations usage for secure two-party
computations. The applicability of white-box cryptography methods for secure two-
party computations [1] is justified in practice [2].

¢  An efficient framework for secure two-party computations employing state of the art
techniques and various optimizations allowing practical evaluation of some privacy-
preserving applications more efficiently, including and not limited to secure
evaluation of AES encryption and Levenshtein distance [3].

e A compiler being able to construct an equivalent Boolean representation of input
description of functionality in an iterative programming language using less
computational resources compared with previous implementations. The compiler is
suited to be used as a part of the framework for secure two-party computations and
is able to handle the creation of circuits consisting of billions of gates [4].

PE3FOME
Turpan B. CoxaksH

“PaspaboTka u peanusauusa niarcopmbl ans 6e3onacHbix BbIYMCAEHMIA C ABYMSA
y4yacTHMKaMK /1A NpunoxeHnii Tpebyrolmnx konguaeHunanbHocTb”

OrpomHbIii  Nporpecc BbIYUCAUTENBHOW WHAPACTPYKTYpbl B TeYeHWe MOCNeAHUX
JECATUNETUIA MPUBEN K MWU3HU MHOMKECTBO CLEHapueB B3aUMOAEHCTBUA MpPaKTUYECKOro
XapaKTepa Memfy opraHu3auuAammu, OTAENbHbIMUA NNLAMKU U SNEKTPOHHBIMU CEPBUCaMU, TAE
YY4aCTHUKM  [OMKHbI  MPEfOCTaBNATb  YacTHyro  UHopmaumto.  KoHduaeHumanbHoOCTb
NpeAoCTaBieHHO MHGOPMALLMM HYaCTO ONMPAETCA Ha HaNNuKe LOBEPEHHOI TPETbEN CTOPOHBDI,
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Harnpumep, B Cllyyae 3eKTPOHHbIX ayKLMOHOB eBay MOXeT BbICTynaTh B KauecTse [OBEPEHHOI
cTopoHbl. [loBefeHne [OBEPEHHbIX OpraHW3aLMii YeTKO perynupyetca WU KOHTponuMpyeTcs
CYLLIECTBYIOLLIMM 3aKOHOAATENBCTBOM, HO HE CMOTPA Ha 3TO, He BCE MONb30BaTENM KENatoT
PacKpbITb IMYHYIO MAN KOHUAEHUMaNbHYO MHOpMaLMio Komy-1mbo, ocobeHHo ecnn 3Ta
UHOPMaLA UMEET BbICOKYIO LieHY MM NOTEHLMaNbHO MOMET bbiTb UCMonb3oBaHa NPOTUB
camMoro nonb3osarens.

besonacHble BblYMCNEHNA C ABYMA y4YaCTHMKaMW MO3BOMAIOT B3aWMHO HELOBEPHMBbIX
ctopoHam A u B Bbluncnntb 3HaveHne dyHKUMM ABYX nepemeHHbix f (a,b) pna
COOTBETCTBYHOLLUX KOH(PUAEHUMANBHBIX JaHHbIX dy W by y4acTHUKOB, 0e3 pacKpbITUA
BXOAHbIX AaHHbIX Kpome pesynbTata f(ag, by). HaunHaa ¢ cepeanHbl BOCBMUAECATBIX FOA0B
6e3onacHble BbIYMCNIEHWA C [ABYMA Yy4yacTHMKaMu ObliM B LLEHTPE BHUMaHUA MHOMMX
uccneposateneii B obnactu kpuntorpacuu. [lonroe Bpema B 37Ol obnacTv NpoBOAUIUCH
TONbKO TEOpeTUYeCKne UccnefoBaHuA, U ObIToBaNo MHeHWe, YTo be3onacHble BbluMCNEHUA
JANeKN OT NPaKTUYECKUX NPUNOMEHNI TPeDyHOLLMX KOH(DUAEHLMANBHOCTU BXOAHbIX JAaHHbIX.
lMNepBaa nporpammHas peanv3auua obobLEHHON nnatdopmbl Ana 6e3onacHbIX BbluMCneHuit ¢
ABYMA yyacTHMKamu Obina paspabotaHa B 2004 rogy B pamkax npoekta Fairplay. Jta
peaimsauma ABNAETCA NULIb A0Ka3aTeNbCTBOM KOHLEMUMM MpOrpaMMHON peann3yeMocTu
6e3onacHbIX BbIYUCIEHWIT C [ABYMA yyacTHWKaMu, U He ABnAetcA 3PeKTUBHbIM ANA
UCMONb30BaHNA B MpakTUYeckux uenax. Ho BnuAHue peanusauum Fairplay orpomeH: oHa
obocHoBana BO3MOMHOCTb MPAKTUYECKOW peanu3auun 6e3onacHbIX BblYUCIEHWIA C ABYMA
yyaCTHUKaMM U CTUMynUpoBala MHOrMe WCCNefoBaHWA, HarnpabfeHHble Ha peanu3aluio
3phEeKTUBHbBIX  MEXaHU3MOB, CMOCOBHbIX YAOBNETBOPUTL  MOTPEOHOCTU  MPUNOMKEHMIA
npakTuyeckoro xapaktepa. OaHuM u3 Haubonee 3HauMMbIX npuMeHeHWli 6esonacHbIx
Bbluncnenunii umeno mecto B 2008 ropy, korpa bonee yem ThicAuUM JaTckux hepmepos,
npumeHnnn OesonacHble BbIYUCNEHUA AJA BblABIEHUA LEH [NIA CENbCKOXO3AWCTBEHHbIX
npopyKkToB 6e3 npuBneYeHna [OBEPEHHOI CTOPOHbI W HE pacKpbiBaA Mpeanaraembix LeH. B
pesynbTaTe MHOMECTBA NPeAJIOXEHHbIX ONTUMM3auuii, besonacHble BbIYMCNEHUA C ABYMA
yyaCTHUKaMM HaLLM MpaKkTUyYecKoe NpuMeHeHue BO MHOrux obnactax, B TOM 4ucne W He
OrpaHM4MBaEeTCA MeAMLMHON, pacrosHaBaHWEM NuL, COLManbHbIMM ceTamu. Kpome Toro,
CYLLLECTBYET MHOMECTBO MPUJIOKEHUI, FAe UMEETCA OrPOMHbIN NOTeHLUWan ANA NpUMEHeHUs
6e30nacHbIX BbIYUCNIEHWNIA C ABYMA yYaCTHUKaMK.
Takum obpa3om, o4eBMAHA HEOOXOAMMOCTb 3(ppeKTUBHON peanu3aumm HesonacHbIx
BbIYUCNEHUA C [ABYMA Y4aCTHMKaMW, U 4YTO KaKAOE OTAENbHOe ynyuylleHue ABIAeTCA
paclumpeHuem cpepbl UX MPUMEHEHWA.
WccnepoBanua npeablfyLuyx peanusaumii NojyepKuUBatoT BAWAHUE onepauuili C OTKPbITbIM
K/FOYOM Ha WX Mpou3BOAMTENBHOCTb. OCHOBHON LENbl AaHHOW AuccepTauuMoHHON paboTbl
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ABNACTCA pa3pa60TKa n peannsauuna 6e30MacHbIX BbIYMCNEHUI C ABYMA yYaCTHMKamMn

I'apaHTVIpyl-OLLI,VIﬁ KOH(*)VIJ],eHLI,MaHbHOCTb BXOAHbIX AaHHbIX, KOTOpasA BMECTO pr,ﬂ,OéMKMX

onepauwﬁ C OTKPbITbIM KNHOYOM UCNONb3YET MHHOBALMOHHbIE METOAbI OCHOBAHHbIE Ha Tak

Ha3bIBaeMO KpMnTOFpanMM 6enoro AWUKa. ﬂ,pyFMM BaXHbIM HarnpaBieHnem J],aHHOﬁ pa6OTbI

ABNAETCA pa3pa60TKa n peannsauma KOMNUIATopa pA[naa aBTOMATUYECKOro nOCTPOEHUA

NOrNYECKON CXEMbI BbIYMCAAEMON (*)yHKLI,VII/I, ncxogAa M3 ero onucaHmAa Ha A3blKe 6onee

BbICOKOro YpOBHA, KOTOprﬁ npesocxoauT npeabiayuine peannsaumn c BbIYUCINTENBHOI

TOYKU 3pPEHUNA, a TaKMe cnocobeH CTPOUTb JIOTNHECKME CXEMbI C pa3dMepamn, KOTOPbIMU

npejplaylime peanmsaLmm He CnocobHbl onepuposarb.

OCHOBHBbIE PE3Y/NIbTATbI JMCCEPTALMOHHOI PABOTbI

lMpakTuyeckoe vcnonb3oBaHWEe NMPOTOKONa 3abblBYMBOI Mepefayn OCHOBaHHOW Ha
meTojax Kpuntorpacgpuu 6enoro AwMKa AnA YCTPaHEHWA TPYAOEMKUX onepauuii C
OTKPbITbIM  KNTFOYOM. anIMeHVIMOCTb METOO0B TaK Ha3blBaeMOoM KpVII'ITOI'pa(bVIM
6enoro AwwmKa Ana 6e3onacHbIx BbIYUCNEHNIA C ABYMA yyacTHUKamm [1] nokasaHa Ha
npumMepe pa3paboTaHHOI MporpaMMHoOIi cuctemoit [2].

PaspabotaHa u peanusosaHa ObicTpogelicTBytollan cuctema pAna  6e3onacHbix
BbIYMCNEHUI C ABYMA Y4YaCTHMKaMM, KOTOpasA MO3BOMAET MPOU3BECTU BblUMCIEHNE
HEKOTOPbIX MPUIOMEHUI TPeOYIOLMX KOH(UAEHUMANBHOCTU BXOAHBIX JAAHHbIX,
BK/IOYAA, HO He OrpaHNuMBaACb KOH(PUAEHLUMANbHBIM BbIYUCIEHUEM PacCTOAHUI
XemmuHra w JleBeHwTellHa, ObicTpee MO CpaBHEHWIO C  MPEAbIAYLLMM
peanusauuamm [3].

Ha ocHoBe npepblaywimx peanusauuii  paspabotaH A3bIK 1A OMMCaHUA
BblyMcnAemMoii (PYHKLUMIA y4YaCTHMKaMW MpOTOKONa, W peann3oBaH KOMMUAATOP,
CnocobHbIli  nocTpouth OyneBy cxemy, peanusyroLLylo OfuCaHHY (yHKLMIO,
KOTOpbIii UCMONb3YyeT MeHbLUE BbIYUCIUTENBHBIX PECYPCOB MO CPaBHEHUIO C
npeaplAyLMMM  peanusaumamu. PeannsoBaHHbI KOMMUAATOP MNPUCMOCObNEH K
cucteme 6e30MacHbIX BbIYMCTIEHWIA M criocobeH nocTpouTb OyneBbl  CXxembl,
COCTOALLME W3 HECKONBKUX MUNNIMAPA0B TOTMYECKUX 3NeMeHTOB [4].
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