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1. OO0mme cBegeHus

IIporpamma TwoBox (Bepcust 3.17) mpenHasHadeHa Aisi TMOHWCKa B HaOOpe MCXOAHBIX
MOCIICIOBATEIPHOCTEH, COCTABIICHHBIX W3 CHMBOJIOB (HKCHPOBAHHOTO aj(aBUTa, CUCTEMBI
HaubOoee TOXOXKMX Jpyr Ha Jpyra CaWTOB 3aJaHHOM MJIMHBI, TaKk 4YTOObl W3 KaxXAOou
MOCIIeI0BATEIPHOCTH Opastoch He Oosiee ogHOTrO caifta. [IporpamMma cTpeMHUTCS B TIEPBYIO OYepelb
UCKaTh MO OJHOMY CaiTy B KaXKIOW IMOCIIEJOBATEIbHOCTH, HO MOXET U HCKII0YaTh HEKOTOpPHIE
MOCJICIOBATEILHOCTH W3 TIOMCKAa, €CJIM TaKOE€ PEIICHHE OKa3bIBACTCsA JIyYIIUM B CMBICIIE
UCIIONB3yeMOro (PyHKIIMOHAIa KauyecTBa BCEil CUCTEMBI (CM. pasien 2).

PaspickrBaeMbIif caliT MOKET OBITh MPEJICTABIICH OJHUM OOKCOM (T.€. HEMPEPHIBHBIM Y4aCTKOM
UCXOAHOW TOCTEA0BATENBHOCTH), JHOO COCTOSTH U3 JIBYX OOKCOB, pa3felieHHBIX HEKOTOPHIM
YHCIIOM CUMBOJIOB ((PMKCHPOBAHHBIM WJIM MTPOU3BOJILHBIM B 33JJaHHOM MHTepBaie). J[imiHa Kaxaoro
Ookca B ciyyae IByXOOKCOBOTO caiiTa 3a7aeTcsi He3aBHCHMO.

Bo3MoxeH Takke MOUCK ¢ Y4ETOM allpHOpHON MH(OPMAaLUU O BCEX WJIM HEKOTOPBIX MO3ULUAX
OJIHOTO MM 000MX OOKCOB caiiTa. DTa u3BecTHas MHQpopMaIus 3agaerca B popme MoTHBa OOKca.
[ToxpoOHOE onucaH¥e BXOIHBIX JAaHHBIX W TaPaMETPOB MPUBOJUTCS B pazjienax 3—5.

[Iporpamma TwoBox mpeacraBnsieT co0oil pa3BUTHE paHee pa3pabOTaHHOTO IBPUCTUYECKOTO
alroputTMa IoOHMCKa OJHOOOKCOBOTO peryjsiTopHoro curHaiza [1-3] meromom rioOanbHON
ONTUMHU3AIMK 33JaHHOTO (YHKIIMOHANA KayecTBa. B pe3ynpTaTe paboThl alropuTMa HaXOAUTCS
KBa3MOINITUMAJILHOE PEIICHHE, COOTBETCTBYIOIIEE MAKCHMAJIbHOMY 3HAYCHHUIO (PyHKIHOHANA O
BCEM JIOKAIbHBIM OSKCTPEMyMaM, JOCTHUTHYTHIM B XOJ€ IOMCKAa, OTPaHHMYMBAEMOTO IO POy
BHYTPEHHUX KPUTEPUEB AJIrOpuTMa, JUOO MO BPEMEHH WIM MO YHCIY HTEpaluid aaropurma.
Onucanue BBIXOJHOU WH(GOPMAILIMU POTPaMMBI IPUBEACHO B paserie 6.

VYKa3zaHHBIN aITOPUTM PACTIPOCTPAHEH HA CIIy4ai IBYXOOKCOBOTO CaiiTa CICAYIOIUM 00pa3oMm.
HamomuuM, 9T0 B M3HAYAILHOM alTOPUTME MHOTOKPATHO MCIOJB3YETCs dJIEeMEHTapHas Oneparus
nepebopa BCEBO3ZMOXKHBIX MO3UIINNA CalTa-KaHIUIaTa Ha MOJHOM JIJTMHE MOCIEA0BaTeIIbHOCTH, T.€.
JUISL TIOCJIEIOBATEILHOCTH U3 M CUMBOJIOB U [-OyKBEHHOTO caifta nepeOupaercs m—[+1 BapuaHTOB
Havana. Eciau ke MCKOMBIH CaliT COCTOMT M3 ABYX OOKCOB ¢ juuHamu [, 1", MeXay KOTOpBIMU



HAXOJWTCS B TOYHOCTU d CUMBOJIOB, TO aHAJOTUYHBIN TOJHBIA 1epedOp IKBUBAJICHTCH MepeOopy
Bcex OokcoB mHOM [=['"+[" B mocieqoBaTENLHOCTH C JUIMHOW m—d, T.e. OXBaTbIBAE€T

(m —d)—l +1 BapuaHTOB, KOTOPbIE MOKHO TPAKTOBATh Kak MO3UIUHM Hayaja OOKca ¢ CyMMapHOM
JUIMHOW B HEKOTOPOM BHPTYaJIIBHOW ITOCJIEN0BATEIBHOCTH, IIOJy4aeMOM U3 UCXOIHOM C IOMOILBIO
HESIBHO 3a/laHHOrO oToOpaxkeHus. Ecnm uimHa nOpomMexyTka MexOy OOKcaMH MOXKET
BapbUpOBaThCs B MHTepBane [d,. .d

min ? max] >

TO O0IIee YMCII0 MOAJIESKAIUX Nepedopy BapHaHTOB

paBHO

U

> [(m-d)—1+1]=(m—1+1)-D-d D,

d=

U

min

min

- 1
e d = E(d +d,,) — CpeHsis JIMHA IPpOMexKyTKa, a D=d,  —d . +] — mupnHa auanasona

BO3MOXHBIX JUIMH. OTtOpackiBasi BTOpPOW 4WIEH, IOJydYaeM, UYTO HEONPEIEICHHOCTh JJIUHBI
NPOMEXYTKa B HHTEpBAJIC IIHUPHUHOM D NpUOIU3UTENFHO HSKBHUBAJICHTHA YBEIWYCHUIO JUIMHBI
MOCJIEIOBATEILHOCTH-00pa3a B D pa3 Mo CpaBHEHUIO ¢ (DUKCHPOBAHHOW IJIMHOW MPOMEXKYTKA.
Camo oToOpakeHue, pe3yJIbTaTOM KOTOpOro OyAeT Takasi IOCIeJ0BAaTeIbHOCTD, 3aJ]a€TCsl HESIBHO —
YCTPOMCTBOM aJITCOPUTMA.

Kak ormewanoce B [1,3], oOIl€HKa BBIYMUCIUTENBHOW CIIOKHOCTU aJTOPUTMA IOUCKA
0IHOOOKCOBOrO caiiTa MpOMOpIMOHATIbHA KBaJpaTy 4YHCJIa HCXOJIHBIX MOCIEIOBATEIbLHOCTEN U
KyOy ux cpemanedd miauHbl. C y4eToM pacCy’XJE€HHUIl BbIlIe, B clydyae caiita M3 JBYX OOKCOB ¢
(UKCHPOBAHHOMN JIJIMHOW IMPOMEXKYTKa BBIUUCIUTENbHAS CII0)KHOCTh TaKasl e, a IPU [ePEeMEHHON
JUTHE MEXOOKCOBOTO IIPOMEXKYTKA B MHTEpBAlle MIUPHHOI D — BO3pacTaeT MPONOPHUOHANEHO D .

Y4uuThIBas BBIYMCIUTENBHYIO TPYJOEMKOCTh HM3HAUAIBHOTO alropuTMa (KoTopas BI0OAaBOK
OBICTPO pacTeT B ciayyae JBYXOOKCOBOIO cCaliTa C HEU3BECTHOW JJIMHOW MPOMEXKYTKA MEXKIY
Ookcamu), mnporpamma TwoBox opueHTHpOBaHAa TJaBHBIM O00pa3oM Ha MapajlieibHbIE
BBIYMCIIUTEILHBIE YCTAHOBKH, B KOTOPBIX MEXIPOIECCOPHBIH OOMEH MH(]OpMaluen peanusyercs
cpeactBamu npotokona MPI Bepcuu 1.1 wim Beime [4, 5]. Uucino mpoiieccopoB KiacTtepa He
peraaMeHTHpyeTcs; MporpaMMa B COCTOSIHUM 3a/I€WCTBOBaTh BCE JOCTYIHBIE IMPOLIECCOPHI; MPH
ATOM 0011Iee BpeMsl cueTa CHUYKAETCS 3a CUET paclapaljieIuBaHus MPUOIU3UTEIBHO B § —1 pas, rie
s — uyucao mpoueccopoB [2]. HeoOxoauMo MUHMMYM JBa JOTMYECKHX IPOLIECCOpa, TaK 4TO
mporpamMma B IIpUHITUIIE paboTOCTIOCOOHA M Ha 00BIYHOM JBYyXsiaepHoM [1K.

[Ipennaraemast Bepcus MporpaMmbl (UCIIOJIHAEMBIA MOYJIb apXUTEKTYphl X86) MpeiHa3HaueHa
JUISl TIPOBEJICHUSI PacueTOB Ha KJlacTepe, cocTosimeM u3 ogHoro u 6onee IBM-coBmectumbix [1K ¢
ornepaunoHHoi cucrtemoit Windows, cBsizaHHBIX 1O JokanbHOU ceTH. Cpena MPI B atom cityuae
OpraHU3yeTCs ¢ TTOMOIIBI0 CBOOOAHO pactpocTpansemoro npoaykra MPICH2 v.1.2 (pa3paboruuk
— Argonne National Laboratory, http://www.mcs.anl.gov/mpi/mpich2). {ns paGoTsl ¢ mporpamMmoii
3TOT MPOAYKT (MM €ro IHocjeayrolas BepcHs) JOJKEH ObITh YCTAHOBJIEH Ha HCIOJIb3YEMBIX
KOMIIBIOTEpAX.

[Iporpamma wuMeeT wuHTepdelic KOMaHAHONW CTPOKM M pacCUyUTaHa Ha 3allyCK B cpefe
KOMaHJHOI'O IpoLEccopa ONEPALMOHHONW CUCTEMBI. SI3bIK mporpaMMupoBanus — C, KOMOMIATOP
Microsoft Visual Studio 2005 Service Pack 1, ums ucomasiemoro moyist — twobox.exe. [leneBoit
nporieccop — Intel 32-OutHOit apxuTekTypbl. LleneBbie omepannoHHble cucTeMbl — Microsoft
Windows XP Service Pack 3, Microsoft Windows Server 2003 Service Pack 2. Hcnonb3oBanue
nporpaMMbl TwoBox Ha Apyrux Tunax npoueccopoB M ONEPAllMOHHBIX CUCTEM BIIOJIHE BO3MOYXKHO,
HO MOKET OTPeOOBaTh JOMOJIHUTEIBHOIO TECTUPOBAHUS H/WIIN EPEKOMITUIISIIIH.

Pa3paborunk nporpammer: JI.U. Py6anos, B.H.c. UTIIIN PAH um. A.A. XapkeBuua

KontakTHsriit e-mail: rubanov@iitp.ru
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2. DYHKIHOHAJBI KAYeCTBa CHCTEMBI CJI0B

ANTOpUTM HCTIONB3YeT ABa (yHKIMOHANa KadecTBa; 00a OHU 0a3upyrloTcs Ha OJM30CTU MO
XE)MMPIHFy, T.C. B Ka4UCCTBC MCPbI CXOACTBA [ABYX Caf/'ITOB-KaHI[I/II[aTOB MNPUHHUMACTCA YHCI0
MO3UIMI, HA KOTOPBIX B OOOMX caiiTax CTOWT OJHA M Ta ke Oyka. IlycTh 3amaHbl # MCXOMHBIX
MIOCJIEZI0BATEIbHOCTEN, JIMHA Ka)KOM HE NPEBOCXOTUT M, W B KaXAOH (MM THOYTH KaKIO0M)
MOCIIeA0BATEIHbHOCTH HEOOXOMMO BBIOpaTh HE Oojiee OJHOro caiiTa, B Buae Ookca w ¢ IIHMHOH /
(0rHOOOKCOBBIM clydail) WM JByX OOKCOB w', w"” C mJIMHaMH, COOTBETCTBEHHO, [, [" u

MPOMEXKYTKOM Mexay OokcaMu ¢ AJIUHOU d e[d dmax] (IByXOOKCOBBIH CiIy4ail) — Takum

min ?
o0pa3oM, 4TOObI BEIOpaHHAsI CHCTEMa CAaliTOB XapaKTepu30Bajiach HaMOOJIBIIUM cXoAcTBOM. Hinke
U3JIaraeTcsl peaJu30BaHHBINA B aIrOPUTME CIOCOO BBIYUCIICHUS BEIMYMHBI TAKOTO CXOJICTBA.
B omHOOOKCOBOM cily4ae KadecTBO calTa Wy, HAWACHHOTO B k-l TOCIEIOBaTENbHOCTH,
OTHOCHUTEIILHO BCEH MOCTPOECHHON CUCTEMBI CAMTOB BBIYUCIISIETCS IO popMyIie

n

9 =2 (I-H(w,w)), (1)

i=1

i#k
rne H(wi, wy) - paccTtossHue XSMMHUHTa MEXAy OOKcamu w;, Wi (YUCIIO COBMaJeHUNl OyKB Ha
COOTBETCTBEHHBIX MO3UIIHIX 000UX OOKCOB).

B 1Byx0OKCOBOM cCilydae KayeCTBO HAiJIeHHOro caiita (mapbl OOKCOB W, W, ) OTHOCHTEIBHO

BCEH TOCTPOCHHOM CUCTEMBI TAKHUX Tap BBIUUCISAETCS 10 hopMyIie
n
g, = ) (I'+1"= H(w,,wy) = H(w,w}) - P(d,) = P(d,)) (2)
=k
rae Gynkmus P(d) onpenenser BenuuuHy mTpada 3a OTKIOHEHHUE PACCTOSHHS MEXTy OOKCaMH OT
MPEIOJIaraéMOT0 «HAWITYYIIET0» 3HAYEHUS B UHTEPBANE OT dmin M0 dmax. BUA 3TON (QyHKIUU
SIBJISICTCS] TTAPAMETPOM IIPOTPAMMBI; B YaCTHOM CJTydae OHa MOYKET OBITh TOXKIECTBEHHO paBHa (.
@opmyisl (1) u (2) oTHOCATCS K CIy4aro, KOT/la HET anpHOpHOM MH(OpManun o OYKBEHHOM
COCTaBe UCKOMBIX 00KCOB. Hapsiimy ¢ 3TuM, BO3MOKHA CUTYyaIus, KOTJa 3apaHee M3BECTHO, YTO Ha
KaKHUX-TO ITO3UIHSIX OOKCOB BO BCEX MOCIEAOBATCIBHOCTAX (MM B OOJIBIIMHCTBE HMX) CTOST
omnpeneneHHbie OykBbl. [Iporpamma mo3BoiseT 3a7aBaTh JUIsl OJJHOTO WJIM OOOMX OTBHICKMBAEMBIX
OOKCOB «MOTHB» B (pOpME CTPOKM CHUMBOJIOB TOW >K€ JUIMHBI, 4TO W OOKC. B Kaxkmoil mo3unuu
MOTHBa JOJDKHA CTOATH JUOO OykBa andaBuTa MOCIEIOBATEILHOCTEH (3arjaBHas WU CTPOYHAS,
YTO HHTEPIPETUPYETCS MO-pa3HOMY), JHOO (UKTUBHBI CHMBOJ (TOYKA, 3BE3/I0YKA WM 3HAK
BOITPOCA), 03HAYAIONINN OTCYTCTBHE HH(POPMAIIMH O JAaHHOU IMO3HITIH.
B 01H000KCOBOM ciTydae ¢ yka3aHHbIM MOTHBOM (opMyJia kauecTBa caira (1) umeer Bun:

n

/
qk:Z l_H(Wjawk)+Z(6]g'_A]g‘) ’ (3)
i=1 Jj=1
i#k

rae O, =0, eCiu B j-il MO3MUMHA caiiTa U3 k-i MOCIENOBATENLHOCTH CTOUT 6 MOUHOCHU MA Jce
OyKBa, YTO ¥ B j-i MO3ULMK MOTHBA (HEBAXHO, CTPOYHAs WM 3ariaBHast), 1 8, =0 B OCTAIbHBIX
ciyyasx; a A, =A, ecnu B j-W NO3UIUHM CaiiTa U3 k-f 10CIIEI0BATENLHOCTH CTOUT He ma OyKsa,
KOTOpasi yka3aHa Ha j-H IO3ULHUU MOTHBA Kak 3aenasnas, U A, =0 B OCTaIbHBIX CIIy4asX.

JlpyrumMu cloBaMH, KadecTBO caiTa mNpeMupyercs Ha O 3a KaXJ0€ COBIAJICHHE MO3UIHA
MOCIIEI0BATEIHLHOCTH C MOTUBOM U mTpadyeTcs Ha A 3a KaXkJ10e HECOBIMAIEeHUE C MOTUBOM Ha TEX
MO3UIIMSIX, TJI€ OHO 0C000 KenaTesbHO (UTO MOKA3bIBAIOT 3arjiaBHbIC OyKBBI B MOTHBE). KOHCTAHTHI
0 ¥ A ABISIOTCS MapaMeTpaMu MPOrPaMMBI.

B n1Byx00KCOBOM cilydae ¢ ykazaHHBIMH MOTHBaMHU OOKCOB ¢opmyra (2) uMeeT BU/I;
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n

4 1"
g, = Y| I+ 1 = Hww) = HOWow]) = P(d) = P(d)+ Y. Gy ~A)+ Y By ~A) | @
J=1 Jj=1

i=1
i#k

I7ie mepBas CyMMa BHYTPU CKOOOK BBIYMCISIETCS MO IEpBOMY OOKCy, BTOpas — IO BTOPOMY, a

cMbIci 0003HaueHui J,;, A, ToT ke, uTo U B (3). (Ecnm MOTHB yKasaH TOJBKO Uil OJHOIO U3

OOKCOB, TO OJIHA M3 3TUX CyMM INpPHUHUMAETCs PaBHOW HyJi0). HakoHel, eciu BBIYHMCICHHAS 1O
dopmynam (2)—(4) BenmuUMHA KadyecTBa CIIOBAa OKAa3bIBAETCS OTPHUIATENBHOM, OepeTcss HylieBOoe
3HaYEHHE.

[Tocne Toro, kak mo ¢opmynam (1)—~(4) BEIUUCIEHO KaYeCTBO BCEX CAHTOB CHCTEMBI, MEPBBIii
(YHKIIOHAJ KayecTBa CUCTEMBI B 1I€JIOM 33J1a€TCsI COOTHOILIICHUEM

1 n
0 =——> g, > max, (5)
P-15

rae P — 41cio BIOpaHHBIX HEMYCTHIX CAaTOB BO BCEX MOCIIEOBATEILHOCTAX (MOIIHOCTH CUCTEMBI).

Bropoii ¢pyHKIIMOHAN KauecTBa BCel CUCTEMBI UMEET BUJ

1 n
Q=75
P (P _1) k=1

OyHkimoHan (J) OXapakTepu3yeT CpelHee KauecTBO CalTOB cHUCTeMbl, a (QyHKIHOHAN ()
OIMUCBIBACT CPCAHIOIO BCIMYHMHY CXOJACTBA calToB cucTeMbl. B npeaAcIbHOM ClIyd4a€c TOYHOI'O
COBIIQJICHUSI BCEX CANTOB MaKCUMYMBI oboux (bYHKHI/IOHaJIOB COBIIAAAKOT, a B MPOYNUX CUTYyaALUAX
(O) ucnonb3yeTcsl Kak OCHOBHOM JUIsl ONTUMU3ALMU, a () YUUTHIBAETCS IPU COBMAJCHUHN 3HAYEHUN
nepBoro (GyHKIMOHATA.

Kpome TtOro, xak anpTepHaTMBa MOTHUBY HMCKOMBIX CAaMTOB, B IPOrPaMME€ IIPELyCMOTPEHA
BO3MOXXHOCTh UCHOJb30BaHUs (pyHKUIMOHANA (J; B MOAU(PHUIMPOBAHHOW (Qopme, HalleNeHHOW Ha
NOWCK HanboJee KOHCEPBATUBHBIX CAalTOB. B 0THOOOKCOBOM cCilydae MCHOIB3YeTCs (DYyHKIMOHAI
BHUJIA

g, — max. (6)

1 n i
le_zqk+zcja (7)
P-15 j=1
a B IByXOOKCOBOM IpuUMeHsieTcs: popmya
1 n I 1"
O=—>Dqg+).c,+>¢c;. (8)
P-15 Jj=1 j=1

3Hauenus ¢; B popmynax (7),(8) mocrasisitorcs (QyHKIUEH c(r), MOHOTOHHO yOBIBAIOLIEH IO Mepe
YMEHBIIICHUSI KOHCEPBATUBHOCTU CHCTEMBI Ha j-i mo3uiiuu. Hade ToBops, 3a KaKIYH a0COIIOTHO
KOHCEPBATHUBHYIO MO3UIIMIO B HAWJIEHHBIX CaliTax, KOrJa BO BCEX CTOUT OJHA U Ta ke OykBa Ha j-i
MO3UINH, TAETCSI MAKCUMAIIBHBIN MPU3, a €CJIK B OJHOM HIIM 0oJiee caliTaX CHCTEMBI BCTPEYACTCS
npyras OyKBa, TO BEJIMYMHA ITOTO Mpu3a CHrkKaeTcs. KoHkpeTHbI BUI QYHKIUH c(7) SBISICTCS
napaMeTpoM MporpaMMbl. B maHHO# Bepcuun 3TO cTymneH4yaTast GyHKIHS ¢ TPeMs 3HAYCHHUSIMH: OHO
3HaYeHHe JJIs1 aOCOMIOTHO KOHCEPBATUBHOW MO3ULIMH, APYTOe — JUIsl KOHCEPBATUBHOM MO3UIINH, T1IE
OJIHa ¥ Ta ke OyKBa CTOHUT BCIOJY, KpOME 33JaHHOTO HEOOIBIIOro YHCia MOCIeI0BaTeIbHOCTEH, U
3HaueHue 0 B ocTambHBIX cirydasx [lomaepkaem, 9To (GyHKIIMOHAN KadecTBa B dopme (7) wim (8)
MPUMEHSETCS TOJBKO B TOM ClIydae, KOr/ia MOMCK CAaTOB BeAeTcs 0e3 NCIOIb30BaHUsI MOTHBA.

3. Onucanme BXOJHBIX JAaHHBIX

BxonHble naHHBIE MporpamMmbl MEPENAIOTCS YEpe3 apryMEHThl KOMaHIHOW CTPOKH, KOTOpas
JOJKHA UMETh Cleayromui opMar (371eMEHTHI B KBaJIPAaTHBIX CKOOKaX HEOOsI3aTENIbHBI):

TWOBOX [mapameTprr] infile [outfile]
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e [apaMeTphl MO3BOJIAIOT H3MEHATh YCTAaHOBJCHHBIE 110 YMOJYAHUIO PEXKUM PaOOTHI
IpOrpaMMbl U XapaKTEPUCTUKU AJITOPUTMA; MPU3HAKOM MapaMeTpa sBISETCS MpeaLIeCTBYIOINN
eMy CUMBOJ «aeducy (-) wim «HakiIoHHas yepTa» (/);

e aprymeHT infile yka3biBaeT uMs (aiila UCXOAHBIX JAHHBIX, COAEPIKAIIETO OAWH WU
HECKOJbKO HabopoB mocnenoBaTenpHocTed B (opmate FASTA; MoxkeT OBITh Takke yKaszaH
a0COIIOTHBIA MM OTHOCHUTENBHBIM MyTh K (paiily, B IPOTHBHOM CIIy4ae HCIIOJIb3YeTCsS TEeKYIIMH
KaTaJIor;

e aprymeHT outfile yka3piBaeT uMms ¢aiia uid 3aucu pe3yabTaToB padOThl MPOTPaMMBbL;
€CJIM 3TOT apryMEHT OIyIIeH, TO OyAeT HCIOJIb30BaThCid UMs BXOAHOro (aiina ¢ modaBiieHHEM
pacmupenust “.out”. Kak u B cimyuyae BXoaHOTo (haiiia, MOXKET ObITh yKa3aH aOCONIIOTHBIN WIIH
OTHOCHTEIIbHBIN MYTh K (ailily, B IPOTUBHOM CITy4ae UCIIOIb3YEeTCs TEKYIIUi KaTaior.

B cooTBeTCcTBHM C cornameHUsIMU KOMaHAHOTO Mpotieccopa Windows, 3arfiaBHbIe M CTPOUHBIE
OyKBBI B KOMaHIHOW CTPOKE MHTEPIPETUPYIOTCS OnuHaKoBO. Eciam mMms daiina wim myTh K HeMy
coJiepKat mpoOeibl, COOTBETCTBYIOIINIA apTyMEHT JOJIKEH YKa3bIBaThCS B KABBIUKAX.

®opmaTsl BXOJHBIX JaHHBIX IporpaMMmbl TwoBox npusenens! B pazzaenax 4 u 5. Kpartkyro
MOJICKAa3Ky MOXXHO TMOJYYUTh MO KomaHae TWOBOX -h wm TWOBOX -7 (SKBUBaJCHTHBIC

dopmbl KoMaHABl — TWOBOX /h, TWOBOX /?).

4. IlapameTpbl KOMaHIHOI CTPOKHU

[Iporpamma TwoBox BocnpuHUMaeT cieayrolue napamerpsl (3ariaBHble U CTPOYHbIE OYKBbI
UHTEPIPETUPYIOTCS OJUHAKOBO):

-a Ecnu ykaszan 3TOT mapamMeTp, BBIXOJHOH (aiiil OTKPHIBAETCA B PEKUME J03aMUCH B KOHEII,
YTO MOXKET OBITh IOJIE3HO IPH 3allyCKe B IAKETHOM pPEXUME; 0 yMONYaHWIO (aiin
[Iepe3anychbIBaeTCsl.

-acid Ecnu ykazaH »TOT mapameTp, B HCXOAHBIX MOCJIEIOBATEIBHOCTIX HCIONb3yeTCs
an@aBUT AMUHOKHUCIIOT; IO YMOJTYaHUIO UCIIONIb3YEeTCs al(aBUT HyKICOTUIOB.

-ba<uncno> 3HaueHue QPyHKIHHU c; A1 aOCONIOTHO KOHCEPBATUBHOM MO3ULUU (CM. pa3zaen 2); 1o
YMOJTYAHUIO 3.

—-bc<uncno> 3HaueHue QYHKLUUM ¢; A1 KOHCEPBATUBHON MO3ULUU C UCKIIOYEHUSIMHU (CM. pa3zaen
2); Mo yMoJI4aHuio 1.

-bx<yucno> MakcUMalabHO JOMYCTUMOE 4YHUCJIO HWCKIIOYECHHH, T.. TOCIEI0BAaTEIBLHOCTEH, Yy
KOTOPBIX 3HAYCHUE HA HEKOTOPOH MO3UIMH OTIMYASTCS OT MPEO0IIaIaloero, Ipu KOTOPOM
9Ta MO3ULKSA elIe CYUTAECTCS KOHCEPBATUBHOM (CM. pa3zen 2); Mo yMOTYaHHUIo 1.

—c<ymcno> YHpaBlseT PEKUMOM BBIJAYH JUATHOCTUYECKOW MH(MOpMAIMU Ha KOHCOIb (IMIOTOK
Stdout) n3 KOpHEBOW BETBH MPOTPAMMBI:
-c0 — MUHUMaJIbHAA BbIaya, —C1 — cTaHJapTHas BbIJa4ya, —C2 — MaKCHMaJlbHAs BBIJAYA.
[TapameTp MOKET HCIONTB30BATHCS JIJIs1 HAOTIOACHHMS 32 XOJI0M Ppa0OThI POTPAMMBI.

—-d<uucio> VYmpaBiseT PeXHMOM BBIJAUM AMATHOCTHYECKOW WH(POpPMAIWU B BBIXOIHOW (haiin
KaKI0W BETBU. B 3aBHCHMOCTH OT 3Ha4eHHs Mapamerpa —z, B KOHIIE paOOThI BHIXOIHBIE
(aiiuibl OT BTOPUYHBIX BETBEH alIrOpUTMa JIMOO YAAISIOTCS, TMO0 MPUCOSIUHSIOTCS B KOHEII
BBIXOJHOTO (haiijla KOPHEBOUM BETBU, JMOO ocTaroTcs Ha Mecte. [0 ymomyaHuio HUKakas
JTUATHOCTHKA HE BBIJAETCS, U B BBIXOAHOW (haiil MomajgaeT TONBKO HAWIEHHOE pEIICHHE
(pemieHus). DTOT TapamMeTp MOXKET OBITh TOJIE3€H I aHalh3a TPACKTOPHH ITOMCKA
ONTUMYyMa M BO3HUKAIOIIUX OITUOOYHBIX CUTYAIIHHA.

-f Ecnu ykaszan 3TOT mapamerp, TO 1O OKOHYaHHM pPabOTHl anroputMma co3maercs (ain B
dopmate CSV, comepkamuii BCIO MOCIEAOBATEIHHOCTh HAWIEHHBIX PEIICHUN, KOTOPHIMA
JIETKO MMITOPTHPYETCS B 3JICKTPOHHYIO Tabnmuiy Excel muist mocnemyroiero anaimsa.
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—-g<peXuM> VYTpaBlseT PEKUMOM COBMECTHOIO ydeTa (arperupoBaHus) JAHHBIX O KauecTBe
CHUTHAJIa OT MPEAUIECTBYIOIIMX HTEPalUil alropurMa, Korga o0pabaThIBajHCh Jpyrue
pPacCTaHOBKHM B IIpeJeax Toro xxe Q-crnucka [2]:

-gl (uaM —gs) — 3HaYCHUs CYMMUPYIOTCS (IeMCTBYET O YMOJIYaHHUIO),
—-g2 (umu —gm) — BRIOUPAETCS MAaKCUMaIbHOE 3HAYCHHE.

-h  BpIBog mojackasku o popmare KOMaHIHON CTPOKU U MapaMeTpax MporpaMmebl.

—-i<ymcmo> 3agaeT MaKCUMaTbHOE YUCIIO BBIMOIHIEMBIX UTEPALlU alrOpuTMa, IPU KOTOPHIX HE
pacteT (QyHKIMOHAN KauecTBa (B mpenenax Tekymero (-cmucka). Mcmomb3yercst uist
kputepus | octaHOBKM anropuTt™a. [1o yMOUaHUIO MPUHUMAETCS 3HAUYCHUE 5, OJTHAKO IS
3aja4 pa3MepHocTH 7>16 ero neiaecoodpa3Ho yBennuuBath (Hanpumep, 10 (0.5...2)n).

—-j<pexkum> VYKa3bIBa€T PEXKHUM yUETa HOBU3HBI CAUTOB B KPUTEPUHU | OCTAaHOBKHU alIropuTMa:
-30 (umm -7 1) — He yuuThIBaTh (haKTOp HOBU3HBI CAlTOB B KpuTepuu 1,
-j1 (wn —7ja)— y4YuThIBaTh MOSIBJIEHUE HOBBIX CAMTOB IpU MIPOBEpKE Kputepus 1,
-j2 (umm -jr) — cOpachlBaTh CYETYMK (€ro MOpOr 3aJaeTcs HapaMeTpoM —1i) MpH
oOHapyKEHUH HOBBIX CAlTOB.

—-1<yucno> VYKa3blBaeT AJUHY €IUHCTBEHHOTO / (uiau mnepBoro /') Ookca B MCKOMBIX caiTax (1o
yMoJ4aHuio 18).

-11<ymcno> Yka3blBaeT NJIWHY BTOpOro Ookca /" B MCKOMBIX caiTax (mo ymomudanuto 0, T.e.
porpaMmMa paboTaeT B 0IHOOOKCOBOM PEXKHUME).

-m’ MoTHB'  VYKa3blBaeT MOTHB €IMHCTBEHHOTO (WMJM TIEPBOro) OOKca B MCKOMBIX calTax (1o
YMOJIYAHHUIO OTCYTCTBYyeT). MOTHB 3a7aeTcsi CTPOKOH CHMBOJIOB, 3aKJIIOUYEHHOH B
anoctpo(bl, ATMHA CTPOKHU JOJKHA COBIAAaTh CO 3HAUYEHHEM Kitoua —1. B cTpoke moryT
CTOATH IMOO CHUMBOJBI andaBUTa MCXOIHBIX IOCIEIOBATENFHOCTEH (3ariaBHbIC WU
CTpOYHBIE), OO (UKTUBHBIE CUMBOJBI (TOYKAa, 3HAK BOMpoca Wi 3Be3fodka). Cm.
MHTEPIIPETAIMIO CUMBOJIOB B paszfene 2.

-mm’ MOTHB' YKa3bIBaeT MOTHUB BTOPOr0 OOKCa B MCKOMBIX caifTax (IO YMOJIYAaHHIO OTCYTCTBYET).
MoTtuB 3amaeTcs CTPOKOM CHMBOJIOB, 3aKJIIOUEHHON B anocTpo(bl, JUIMHA CTPOKH JOJDKHA
COBIIaJaTh CO 3HAYECHHUEM KJIroda —1 1. B ocTanbHOM mapaMeTp aHaJIOrM4eH napaMeTpy —m.

-mb<yuciao> YcTaHaBIMBAET BEIUMUUHY O A popmyi (3), (4); 3HaUEHHE 110 yMOTYAHHIO 1.
-mp<4ucio> YkazbBaeT BenuduHy A s hopmyd (3), (4); 3HaUGHHE 110 YMOTYAHHIO 5.

-n<dmuciio> YKa3bIBaeT MAaKCUMAJIbHYIO MJIMHY HMMCHHU IOCJICIOBATCIIbHOCTHU, BbIJABACMYIO Ha
re4ath. I1o YMOJIHYaHHUIO OTCEYCHHUEC UMCH I10 JJIMHC HC IPOU3BOJUTCA.

-p<uuciio> VYKa3plBaeT MHHUMAJIBHOE YHCIO Tap IOCIEI0BATEIBLHOCTEH, KOTOpPHIC TOJDKHEI
OBITH B3SITHl B KAUECTBE OCHOBHBIX peOep Ha KaKOM-TO M3 YPOBHEH JepeBa COOpKH. DTOT
napaMeTp HCIOJb3YyeTCS B KPUTEPUHM 2 OCTAHOBKU QITOPUTMA M KOCBEHHO OIpEACiseT
CTETIeHb TIOJTHOTHI Iepedopa MHOYKECTBA PAaCCTaHOBOK. B JaHHO# Bepcuu mapameTp T0JIKEeH
YKa3bIBaThCA TOJIBKO B hopme —p 0, uTo 03Ha4aeT rnepedop Beex n(n-1)/2 map.

-g<uuciio> VYKa3bplBaeT MaKCUMAaJbHO JOIyCTHMOE YHCIO PACCTAHOBOK B (J-CIHUCKE, YTO
MIO3BOJIAET AOIOJHUTENIBHO YKECTOUUTh Kputepuil 1. 3HaueHue —g0 o3Ha4aeT OTCYTCTBUE
TaKOr0 OTpaHUYEHUs (IPUHUMACTCS [0 YMOJTYAHHIO).

-r<4yucio> 3afaeT YHUCIO JIyYIINX pe3yJbTaTOB, BBIIABAEMBIX B BBIXOAHOW ¢aitn (Imo
ymomuanuto  3). llemecooOpa3HocTh 3TOro mapamerpa OOyCJIOBJIEHAa TEM, 4UTO
UCIIOJIb30BaHHBIN (DYHKIIMOHAJ Ka4eCTBA MOXET HEJOCTATOUYHO XOPOILIO COTIaCOBBIBATHCS C
OMOJIOTMYECKOl CYIIHOCTBIO 3aJ[auH, TaK YTO 110 OMOJIOTHYECKUM COOOPAKEHUSIM HCKOMOMY
CUTHAJly HeoO0s3aTeIbHO COOTBETCTBYET aOCONIOTHBIM ONTUMYM (yHKUMOHANA (XOTA M
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Onu3kasg 1O 3HA4YEHUIO Touka). braromaps Takodl BO3MOMKHOCTH I10JIb30BaTENb MOXKET
CaMOCTOSITENIbHO ~ BbIOMpaTh HauOojiee OMOJOTMYECKH TPABMIIBHOE pElIeHHE U3
IIpeIaraéMpIX IPOrpaMMon.

-smin<yuciao> MuHUMaNbHO AOMYyCTUMOE pPACCTOSIHME d . MEXIy JByMs OOkcamMH B
cilydae MOMCKa CaliTOB, COCTOSALIMX U3 JIByX OOKCOB. 3HaUeHHE N0 YMOJIYaHuo 16.

- smax<4uciao> MakcuManpHO JOIMyCTUMOE pacCcTosHHEe o, MEXIy AByMs OokcaMu B
Clly4ae IOMCKa CalTOB, COCTOSIIIMX U3 IBYX OOKCOB. 3HAUE€HHE M0 YMOTYAHUIO 22.

-spen'cTpoka” [Tapamerp ompenensier BenuuuHy InTpada 3a pacCTOSHUE MEXKIY JBYMS
Oookcamu, T1.e. ¢pyHknuio P(d) (mogpoOHee cMm. pazaen 2). 3amaercs B3ATONH B JBOMHBIC
KaBbIUKU CTPOKOM, TJIe uepes3 3arsTyo nepeunciieHsl 3HaueHus GyHkuuu. [lepoe 3Hauenue

COOTBETCTBYET PacCTOAHUIO d =d . , MociaeHee — pacCTosAHuIo d =d B cTpoke 10IKHO

IPUCYTCTBOBAaTh B TouocTd D =d_  —d . +1 3HaueHMii; 0 yMOIYAHHUIO HMCHONb3YeTCs

crpoka Buzaa "8,0,0,2,4,6,8".

—t<uucino> VYKa3bIBaeT UCIOJIb3yEMbIH B aITOPUTME HIXKHUH IOPOT CXO/ICTBA CAUTOB, T.€. YACIIA
HECOBITAJAIONINX CHMBOJIOB Ha COOTBETCTBEHHBIX IMO3MIMAX 000 mapsl Ookcos. Ilo
YMOJIYAHHUIO B OJJHOOOKCOBOM pEXHUME NMPUHUMAETCS 3HaueHue //2, rae / — ykazaHHas SBHO
napameTpoM -1 WM MPHUHATas O YMOJYaHUIO JJIMHA CAaTOB CHrHasa. B MBYyXOOKCOBOM
PEKUME 110 YMOJTYaHUIO PUHUMaeTcst 3Hauenue (/'+/")/2.

-u<uuciao> Bepxuuil mpenen KoauvecTBa HUTEpAMi alroputMa (T.€. MAKCHMAIbHOE YHCIIO
IPOBEPSEMBIX PACCTAHOBOK M3 0011ero ux uncna n!). 3Hauenue no ymonuanuio — 10000.

-v<ymucno> Ymucno paccTaHOBOK (J-CITUCKA, MOPOXKAAEMBIX OJHUM ITyYKOM JUISl YIPOIICHHS
BHIOOpA TPACKTOPUH U MOBBIIICHUS CTA0MIBHOCTH aNropuTMa (1o yMOI4anuio 3).

-w<4HCclI0> YCTaHaBIMBAaET MpeesibHOe BpeMsi paOdoThl MporpaMMsbl (B MUHYyTax). [IpunsaToe mo
YMOJTYAHHUIO 3HaUeHUE —w(0 03HAYAET OTCYTCTBUE OTPAHUYCHUS IO BPEMEHHU.

-x<pexuM> Crnoco0 BBIYUCICHHS CXOACTBA CAMTOB-KaHIU/I1aTOB:

-x0: BBIYUCIEHHE CXOJICTBA HEMOCPEICTBEHHO KaXJbli pa3, Korjxa 3To Tpedyercs (3TOT
PEXKHUM HCIIONB3YeTCS TPH OTPAaHMYCHHOM OO0BeMe (U3MUECKON OIepaTUBHOM HaMATH,
MIOCKOJIBKY OH OKa3biBaeTcs >(QekTuBHee, yeM paboTa C MaTpUIEH CXOACTBA, 4YacTu
KOTOPOH pa3MemaroTcs B daiie TMHAMUIECKOM TOIKAYKH );

-x1: B Hayaje PEIICHHS 33]]a4¥ BBIYUCIISACTCS TPEYTOJIbHAS MATPHIIA MTOMIAPHOTO CXOJICTBA
BCEBO3MOXKHBIX CAalTOB-KaHAUIATOB, KOTOpAs 3aTEM HCIIOIB3yETCs B XOJIC BCETO ajropuT™Ma
(3TOT NpPUHUMAEMBIH IO YMOJYAHHUIO PEXKUM I[O3BOJIIET YCKOPUTH BpeMs padOThI
anroput™a B 3—4 pasa, OfHAKO TpebyeT Ul XpaHCHHs MaTPHIbI OIM30CTH IOpSKa m -1’
(baiiToB); Tak, s oOpadboTku 30 mociienoBarenbHOCTEH ¢ MpuBeaeHHOHN amuHOoM 1000 HT
(MMeeTcst B BUY pe3yJIbTaT HESIBHOTO OTOOpaXkEeHUsI, OIIMCAHHOTO B paszeiie 1) HeoOX0uMo
He MeHee | [0 gusnveckol mamMsTH Ha KaK bl ITPOIIECCOp).

—-y<duciio> VYKa3blBaeT 3HAUCHHE MapaMeTpa KpUTEpus 2 — MUHUMAIbHOE 3HAYEHUE KPATHOCTH
HOKPBITUS Uil Kaxaod mnapel (mpu mnapamerpe -p0). Ilo ymonuaHuio npuHuUMaeTcs
3HaueHue log,n (s n, HE SABISIOLIETOCS CTENEHbIO 2, 3HauYeHHe Jorapudma Oepercs

«CBEpXy», MO OnrKaiimiei OoJbllIel CTETEeHW IBOWKH). JlaHHBIH TapameTp OmpeaeseT
JUTMHY (OPMUPYEMOTO 110 BTOPOMY KpUTepuio P-criucka [2].

—-z<peXuM> PeXuM HCHOJIb30BAHUS BBIXOJHBIX (DAaHJIOB, CO3/IaHHBIX BTOPHUYHBIMU BETBSMH, IO
OKOHYaHUU pabOTHI alrOpUTMa!
-z0 (UMM —zr) — BBIXO/IHBIE (hailyIbl BTOPUYHBIX BETBEH yNANSIOTCS;
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-z1 (UMM -za) — COAECPKUMOE BBIXOJTHBIX (HaliJIOB BTOPUYHBIX BETBEH MPUITUCHIBACTCS B
KOHEI] OCHOBHOTO BBIXOAHOTO (haiina (mpu mapamerpe —d2), a camu (Qailiiel yAansioTCs;
-z2 (WM -2z S) — BBIXO/IHBIE (DaliJIbl BTOPUYHBIX BETBEH HE YIASIOTCS.

5. Bxoanoii ¢aiin

Wwms daiina MCXOAHBIX TAHHBIX JOJDKHO OBITH yKa3aHO apryMeHToM infile B KOMaHIHOMN
CTpOKe 3amycka mporpammbl. Daiin comepXuT HaOOp MOCIEI0BATEIBHOCTEH M COOTBETCTBYET
dopmatry FASTA c¢ psgom orpanmuenuid. Kaxmas mocienoBaTenbHOCTh JOJDKHA OBITH
OpejcTaBjIeHa B TOYHOCTH JBYMsI CTpokamu ¢aiia (IepeHOCUTh IOCIEeA0BaTeIbHOCTh Ha
CJIETyIOIINE CTPOKU HeNb3s5, OJJHAKO JITMHA CTPOKH HE OTpaHUYMBAETCS):

- IlepBasi CTpOKa HA4yMHAETCAd CHUMBOJIOM >’, 3a KOTOpPBIM CIEIYET IPOU3BOJIBHOE WM,
MIPUCBOEHHOE IOCIIEI0BATEILHOCTH;

- BTOpasi CTPOKa COJEPXKUT caMy IIOCJIEA0BAaTeIbHOCT, B BHJAE HaOOpa CTPOYHBIX WIIH
INPONMCHBIX OyKB M3 mpumeHseMoro andasuta. [lo ymomdaHuio 3T0 andaBUT HYKJIEOTHUIOB
{A, C, T, G, U}, B xoropom 6ykssl T u U cunTaroTcsi SKBUBANCHTHEIME . ECiH 1mpu 3amycke GbLT
yKazaH mapamerp —acid, TO  JODKEH  HCHOJB30BAaThCA  al(aBUT  aMHUHOKHCIIOT
{A,C,D,E,F,G,H, LK, L, M,N,P,Q,R,S, T, V, W, Y}. [lpu 3amucu mnocnegoBaTeJbHOCTEH
pa3pelIeHO0 HCHOJIb30BaTh CUMBOJIBI JeNeluu (MHMHYC, HOJYEpKHBAaHHME WM 3HAK PaBEHCTBA),
IPUMEHSEMBbIE /111 BBIpPABHUBAHUS WIM yA00CTBa 3alMCH, OJIHAKO IPOOEIIbl HE JOIYCKAIOTCS.

CoO:ronenue onuvcaHHOro opmara IpoBepseTCs; MPU €ro HapyIIEeHUHU BBIAAETCS COOOIEeHHE
00 ommbKke BO BXOJHBIX JaHHbIX. Hamuume cTpok mMHOro BHAa (KOMMEHTApuu U Jp.) B Habope
HOCJIEI0BATENbHOCTEN HE IOy CKaeTCsl.

[Tporpamma TwoBox mo3BossieT 3a oauH 3amycKk 00paboTarh (C OAMHAKOBHIMU 3HAYCHHUSIMH
napameTpoB!) HECKOJIBKO HAOOPOB MOCIIE0BATEIbHOCTEH, U1 Yero B (aiijae UCXOAHbBIX JaHHBIX UX
HE00XO0UMO pa3AesuTh OJHOU (MK 0oJiee) MyCTON CTPOKOM.

6. Onucanye BBIXOAHBLIX JaHHBLIE

6.1 Kox Bo3Bpara

Kon Bo3Bpara mporpammbl (BO3BpaliaeMoe 3HAUYEHUE TOJIOBHOW (YHKIIUU) MOXKET OBITh
MIPOU3BOJILHOM CyMMOW 3Ha4Y€HHM, YKa3aHHBIX B Ta0. 1. [IpoBepka koja Bo3BpaTa MHOT/IA OBIBACT
0JIe3HAa MPHU COCTABJICHUU KOMAHAHBIX (ailyioB (CKPHUIITOB) Il HAKETHOH 00pabOTKH.

Tabnuna 1. 3HaueHus KoJia BO3BpaTa MporpaMMbl

3navenue | CumBosmka | CMbICJ BO3BPalIaeMoro 3Ha4eHus

0 OK HopwmanbsHoe 3aBepliieHre NporpaMmbl
1 ERARG OmmOka B apryMeHTax KOMaHAHON CTPOKHU
2 ERDATA OmmoOka B (aiise HCXOIHBIX JAaHHBIX
4 ERIO Omnbka BBO1a-BEIBOIA
8 EODATA JlocTurHyT KoHel ¢aiisia HCXOJHBIX JaHHBIX
16 ERMEM Henocratrouno mamsitu a1 paboThl IPOTrpaMMBbl MJTH OIMHUOKA B TAHHBIX
32 HELP bbUT 3anpoliieH BbIBOJ MOACKA3KU

64 EDEBUG (3ape3epBupoBaHo)

128 ERINT BHyTpeHHsIs ommOKa nporpaMmbl

256 ERMPI Omnbka B npotokone MPI

6.2 BoixonHoii (paiis pe3ybTaToOB
B BeixogHOUW (haiin mporpaMMbl BBIJAIOTCS TAONHIBI PACMONIOKEHUS CAaHTOB B HCXOIHBIX
MOCJEA0BATENBHOCTIX Il 3aJaHHOTO NMapaMEeTpOM —r YHCJA JYYIIMX HAWJICHHBIX CHUTHAJIOB B

! Hcnons3oBaHue PpaclIupeHHOro HyKJICOTUIHOTO aJ'I(l)aBI/ITa B TCKyHIeﬁ BEPCUH MTPOTrpaMMbl HE MPEAYCMOTPECHO.
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nopsiike yObIBaHMsI BeJIMYMHBI (yHKIMOHana kadectBa (5) wiu (7) win (8), a mpu OAMHAKOBOM
BeIMYMHE — (YHKUMOHana (6) cpeaHero cxojacTBa caifToB cucreMbl. Pailn nMeeT OOBIUHBIN
TEeKCTOBBIN (hopmar (puc. 1).

Best quality result #1 [18/22] (power: 7, quality: 59.33, avg proximity: 8.47)
1:XX|PH0O858[0142] aaaaaatagaaa (52, 8.60)
2:XX|PHO859[0006] aaaaagtattaa (53, 8.83)
3:XX|PH1075[0058] aaaatctaccat (42, 7.00)
4:XX|PH1086[0176] aaaatatataaa (55, 9.106)
5:XX|PH1087[0062] aaaaattattaa (53, 8.83)
6:XX|PH1091[0005] aaaagatattcc (46, 7.66)
7:XX|PH1093[0167] aaaagatataaa (55, 9.106)
Best quality result #2 [19/22] (power: 7, quality: 59.00, avg proximity: 8.42)
1:XX|PHO858[0142] aaaaaatagaaa (52, 8.66)
2:XX|PHO859[0006] aaaaagtattaa (52, 8.60)
3:XX|PH1075[0056] ataaaatctacc (41, 6.83)
4:XX|PH1086[0176] aaaatatataaa (54, 9.00)
5:XX|PH1087[0062] aaaaattattaa (52, 8.66)
6:XX|PH1091[0005] aaaagatattcc (48, 8.00)
7:XX|PH1093[0167] aaaagatataaa (55, 9.10)

Best quality result #3 [9/22] (power: 7

1

~ o O W

quality: 58.66, avg proximity: 8.38)

4
:XX|PHO858[0142] aaaaaatagaaa (51, 8.50)
:XX|PHO859[0006] aaaaagtattaa (53, 8.83)
:XX|PH1075[0144] taaagtttctaa (40, 6.60)
:XX|PH1086[0176] aaaatatataaa (53, 8.83)
:XX|PH1087[0062] aaaaattattaa (54, 9.00)
:XX|PH1091[0005] aaaagatattcc (46, 7.66)
:XX|PH1093[0167] aaaagatataaa (55, 9.10)

Puc. 1. [Ipumep comepKUMOro BEIXOJHOTO (aiisia B pexkxuMe 0JHOOOKCOBOTO TIOMCKA.

Kaxxnmass Tabnuila HauyMHAETCS CTPOKOMW, ONMKMCHIBAIONICH HAWICHHOE peIIeHHe B IeioM (s

IIpUMepa pacCMOTPUM IEPBYIO CTPOKY Ha puc. 1). CMbICT TaHHBIX B CTPOKE CJIETYIOIINI:

«Best quality result» — OTO pEIICHUE SBISETCS NYYIINM [0 3HAYCHHUIO (PyHKIHMOHAIIA
kauectBa (5) wiu (7) win (8). Ecnu yka3zaHO «Best avg proximity result», TO pEIICHHE
SBIISIETCS JIyUILIUM TI0 3HaYeHUIO (QyHKIIMOHAJA CPEAHETO cX0ACTBa (6);

#1 — HOMEp pelIeHUs B CIIMCKE JYUIINX (B MOpPsiIKe yObIBaHUS KaueCcTBa);

[18/22] — MOPSIIKOBBIA HOMEpP UTEpAIMH AITOPUTMA, HA KOTOPOW OBUIO HAlJACHO pelieHHe, u
oO11ee YuCio MpoAeNaHHbIX UTepaluil (utepauun HymepyroTcs ¢ 0);

7 — MOIITHOCTh CHCTEMBI (UHCIJIO TIOCIICIOBATEILHOCTEH, B KOTOPBIX HAHJICHBI CAUTHI);

59.33 — 3HaueHue ¢pynknuonana (5), (7) wim (8);

8.47 —3Ha4YeHue QpyHKUMoHana (6).

Hanee ciemytoT CTpOKH TaOJIUIIBI Ul BCEX UCXOAHBIX MOCIIEeIOBATEIbHOCTEH. CMBICI 3HAYCHUI

(Ha mpuMmepe BTOPO# CTPOKU puc. 1) cienyromuii:

1 — HOMEp UCXO/HOH MOCIeI0BaTEIbHOCTH;

XX | PHO858 — UMl UCXOHOMN MOCIIE0BATEIbHOCTH;

[0142] — TO3WIUS MCXOJHOHN TOCIENOBATEIILHOCTH (cumTas ¢ 1), COOTBETCTBYIOMIAs HAadaly
HaAWJICHHOTO caifTa, T.e. MO3UIMs 5'-KOHI]a HCKOMOT0 O0KCa;

aaaaaatagaaa — OOKC, PEICTABIISIONMINMA TAHHBIN CalT;

52 — KaueCcTBO caiTa, BEIYHUCICHHOE 110 hopmyie (2);

8.66 — BEJINUYMHA CXOJICTBA ATOTO CalTa C OCTAIbHBIMU CalTaMU CUCTEMBI, COTJIacHO (4).
Eciu B Takoil cTpoke MPHCYTCTBYET TOJBKO HOMEpP M UMS IOCIEIOBATEILHOCTH, TO 3TO

03HAYaeT, YTO B JAHHOM PEHICHUH W3 dTOW IMOCIEIOBATEIIFHOCTH CAUT HE BBHIOPaH (T.€. MOIIHOCTh
HaliZiIeHHOro curHana Oynaer P < n).
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[Ipumep uHDOpMAaIMK, BbIIaBaEMOW B PEKUME JIByXOOKCOBOI'O IMOMCKA, MOKa3aH Ha pHC. 2.
OCHOBHBIE OTJIMYHS TIO CPABHEHHUIO C BBIMICONMMUCAHHBIM (POPMATOM COCTOST B TOM, YTO B CTPOKE
JUIS KaXJOW TOCIICIOBATEIbHOCTH B KBaJPAaTHBIX CKOOKaxX BBIJAIOTCS JIBA HOMEpa MO3MIMN 5'-
HavaJl ABYX OOKCOB, M TIOKa3aHBI TOJBKO CaMU 3TH OOKCHI, a JIJIsi IPOMEKYTKA yKa3aHa JIHUIIb €ro
JuTiHA (4UCio OYKB).

Ornucannas wHpOpMamMsi BBIJACTCS BO BCEX ClydasX. B 3aBUCHMOCTH OT BBIOpaHHOTO
(mapameTpom —d MpOTrpaMMBbl) peKHMMa BbIJJAYM TUATHOCTHYECKON MHGOPMAITNH, B BEIXOIHOU (aiin
MOTYT HAIPaBISITHCS JOMOJHUTEIBHBIE COOOIICHHS, MPOMEKYTOUHBIC pEIICHUs, 3HAYCHUS
apaMeTpoB, MOSICHEHHUSI 110 X0y IpoIlecca ONTUMH3AIUHN, MaTPHUIIA OJTM30CTH U T.1I.

Best quality result #1 [1/54] (power: 12, quality: 189.63, avg proximity: 15.80)

1:Citrus sinensis psbI [0007;0031] ttgatg-18-tataaa (164, 14.90)
2:RAethionema cordifolium psbI [0007;0030] ttggta-17-tttggt (143, 13.00)
3:Aethionema grandiflorum psbI [0007;0030] ttggta-17-tttggt (143, 13.00)
4:Arabidopsis thaliana psbI [0007;0031] ttggta-18-tataaa (184, 16.72)
5:Arabis hirsuta psbI [0007;0031] ttggta-18-tataaa (184, 16.72)
6:Barbarea verna psbI [0007;0031] ttggta-18-tataaa (184, 16.72)
7:Capsella bursa-pastoris psbI [0007;0031] ttggta-18-tataaa (184, 16.72)
8:Crucihimalaya wallichii psbI [0006;0030] tttgta-18-tataaa (164, 14.90)
9:Draba nemorosa psbl [0007;0031] ttggta-18-tataaa (184, 16.72)
10:Lepidium virginicum psbI [0007;0031] ttggta-18-tataaa (184, 16.72)
ll:Lobularia maritima psbI [0007;0031] ttggta-18-tataaa (184, 16.72)
12:Nasturtium officinale psbI [0007;0031] ttggta-18-tataaa (184, 16.72)

Best quality result #2 [34/54] (power: 12, quality: 188.00, avg proximity: 15.66)

1:Citrus sinensis psbI [0007;0031] ttgatg-18-tataaa (165, 15.00)
2:Rethionema cordifolium psbI [0007;0030] ttggta-17-tttggt (142, 12.90)
3:Aethionema grandiflorum psbI [0007;0030] ttggta-17-tttggt (142, 12.90)
4:Arabidopsis thaliana psbI [0007;0031] ttggta-18-tataaa (183, 16.63)
5:Arabis hirsuta psbI [0007;0031] ttggta-18-tataaa (183, 16.63)
6:Barbarea verna psbI [0007;0031] ttggta-18-tataaa (183, 16.63)
7:Capsella bursa-pastoris psbI [0007;0031] ttggta-18-tataaa (183, 16.63)
8:Crucihimalaya wallichii psbI [0007;0030] ttgtat-17-tataaa (155, 14.09)
9:Draba nemorosa psbIl [0007;0031] ttggta-18-tataaa (183, 16.63)
10:Lepidium virginicum psbI [0007;0031] ttggta-18-tataaa (183, 16.63)
ll:Lobularia maritima psbI [0007;0031] ttggta-18-tataaa (183, 16.63)
12:Nasturtium officinale psbl [0007;0031] ttggta-18-tataaa (183, 16.63)

Puc. 2. Ilpumep comepKuMOTo BEIXOTHOTO (aiiya B peKUME JIByXOOKCOBOTO MOUCKA.

6.3 Uudopmanus, BoijaBaeMasi HA KOHCOJIb

[IpoTokoun, BBIAaBaeMbIi Ha KOHCOINIb ONEpPATOpa, COAEPKUT COOOMIEHHS, (OpPMHpPYEMBbIE II0
XOJly UCTOJHEHHs mporpammel. [Ipumep mpoTokoia, BeIJaBaeMOro MO YMOIYaHUIO, IPUBEICH Ha
puc. 3.

B 3aBucumoct OT BBIOpaHHOTO (MapaMeTpOM —C TPOTPaMMBbI) pEXUMa BBIJAYH
JTUArHOCTHYECKON MH(OPMAIH Ha KOHCOJIb, 9YaCTh COOOIIEHUI MOXET HE BBIIABATHCS, TMOO0 MOTYT
HOSIBJIATBCSA JOIOJIHUTENbHBIE COOOIICHHSI, MPOMEXKYTOUHBIE PEIICHUs, 3HAUYCHHUs MapaMeTpoB,
MOSICHEHHS TI0 XOJy IMpoIlecca ONTUMU3AIUMU W T.1. Huke NPUBOMUTCS OMUCAHHE OCHOBHBIX
cooOmieHuit mporpammel TwoBox.
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(C) 2009, Laboratory of Mathematical Methods and Models in Bioinformatics
Institute for Information Transmission Problems, Russian Academy of Sciences
Program for specific Two Box Search (multiple CPU, v.3.17) L.Rubanov, 2009

Number of parallel tasks: 1+4
Job accepted (n=7 m<=200 1=12)

6 s) Signal from [T3] for P2(2) (pow=7 g=55.66 avprx=7.95 new=7)

6 s) Signal from [T1l] for PO(0) (pow=7 g=56.00 avprx=8.00 new=3)

6 s) Signal from [T2] for P1(l) (pow=7 g=57.00 avprx=8.14 new=2)

6 s) Signal from [T4] for P3(3) (pow=7 g=56.00 avprx=8.00 new=2)

12 s) Signal from [T1l] for Q0,0(5) (pow=7 g=57.33 avprx=8.19 new=5)
12 s) Signal from [T2] for Q1,0(6) (pow=7 g=54.66 avprx=7.80 new=2)
12 s) Signal from [T3] for Q2,0(4) (pow=7 g=57.66 avprx=8.23 new=7)
12 s) Signal from [T4] for Q3,0(7) (pow=7 g=56.00 avprx=8.00 new=3)
18 s) Signal from [T2] for Q1,1(9) (pow=7 g=57.00 avprx=8.14 new=0)
18 s) Signal from [T1l] for Q0,1(8) (pow=7 g=57.00 avprx=8.14 new=2)
18 s) Signal from [T4] for Q3,1(11l) (pow=7 g=55.66 avprx=7.95 new=l)
18 s) Signal from [T3] for Q2,1(10) (pow=7 g=56.00 avprx=8.00 new=6)
24 s) Signal from [T2] for Q1,2(12) (pow=7 g=54.00 avprx=7.71 new=1l)
24 s) Signal from [T1] for Q0,2(13) (pow=7 g=55.33 avprx=7.90 new=1)
24 s) Signal from [T4] for Q3,2 (14) (pow=7 g=56.00 avprx=8.00 new=0)
25 s) Signal from [T3] for Q2,2 (15) (pow=7 g=58.66 avprx=8.38 new=2)
30 s) Signal from [T2] for P4(1l6) (pow=7 g=59.00 avprx=8.42 new=7)
31 s) Signal from [T4] for P5(18) (pow=7 g=54.66 avprx=7.80 new=1l)
31 s) Signal from [T1l] for Q0,3(17) (pow=7 g=57.33 avprx=8.19 new=0)
32 s) Signal from [T3] for Q2,3(19) (pow=7 g=58.66 avprx=8.38 new=0)
36 s) Signal from [T4] for Q5,0(21) (pow=7 g=56.33 avprx=8.04 new=0)
37 s) Signal from [T2] for Q4,0(20) (pow=7 g=59.33 avprx=8.47 new=1)
37 s) Signal from [T1] for Q0,4 (22) (pow=7 g=53.66 avprx=7.66 new=7)
38 s) Signal from [T3] for 02,4(23) (pow=7 g=54.66 avprx=7.80 new=5)
43 s) Signal from [T4] for P6(24) (pow=7 g=59.00 avprx=8.42 new=1)
43 s) Signal from [T2] for Q4,1(25) (pow=7 g=57.00 avprx=8.14 new=2)
44 s) Signal from [T1] for QO0,5(26) (pow=7 g=57.33 avprx=8.19 new=0)
44 s) Signal from [T3] for Q2,5(27) (pow=7 g=59.33 avprx=8.47 new=1l)
47 s) Signal from [T4] for 06,0(28) (pow=7 g=59.33 avprx=8.47 new=2)
47 s) Signal from [T2] for Q4,2(29) (pow=7 g=55.66 avprx=7.95 new=2)

Terminated due to P-list end

Best quality result #1 [20/30] (power: 7, quality: 59.33, avg proximity: 8.47)
Best quality result #2 [16/30] (power: 7, quality: 59.00, avg proximity: 8.42)
Best quality result #3 [24/30] (power: 7, quality: 59.00, avg proximity: 8.42)
RC: OK (time: 47 sec)

Global RC: OK (time: 47 sec)

Thank you for using the program.

Puc. 3. IIpumep KOHCONBHOTO NIPOTOKOJA Mporpammsl TwoBox.

Number of parallel tasks: 1+kk
CooOrmieHre MTHPOPMUPYET, YTO IMPOrpaMMa BBIMOJHSAETCS Mapayuieibho Ha Kk+1 mpormeccope
Ki1actepa (kopHeBasi BeTBb M KK mapasuieibHbIX BTOPUYHBIX BETBEH).

Job accepted (n=xx m<=yy |=zz)
Coo001eHne-3arojoBOK; BBIAACTCS IOCIE YCIENIHOTO YTEHUS OYepeNHOW TOPIUU HCXOIHBIX
JAHHBIX W3 BXOAHOro (aifma. 37ech XX — YHCIO TOCIEAOBAaTENLHOCTEH B HAabOpe MCXOIHBIX
JaHHBIX; YY — MaKCUMaJbHas JJIMHA IOCJIEeI0BAaTEIbHOCTH; ZZ — JUIMHA OTHICKUBAEMBIX CAaHTOB (B
JIBYXOOKCOBOM cllyyae — CyMMapHas JyInHa 000uX OOKCOB).

ttt s) Signal from [Tkk] for Pii(nn) (pow=xx q=yy avprx=zz new=mm)
OT0 co00IIEeHNE BBIAAETCS TOCIE YCIEUIHOIO BBIMOJHEHHUS MTEPAaLMd aJrOpUTMA, COCTOSIIEH B
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cOopke paccTaHOBKH U3 P-crincka. 3neck ttt — uncno cexyna ¢ Hadana 06pabOTKU TEKyIIEH OPIUH
UCXOJHBIX JaHHbIX; KK — HOMep mapajuieibHOH BETBH, B KOTOPOHM ObLI HaiaeH CHUTHAT, ii —
MOPSIIKOBBIM HOMEDP PAaCCTaHOBKU B P-CIIUCKE; NN — MOPSAAKOBBIA HOMEp TEKYILIEH WUTEpaLUU
anroputMma, HaumHas ¢ 0; XX — MOIIHOCTb HaWJCHHOIO CUTHAJA; YY — KauyecTBO CUTHaua; ZZ —
BEJIMYMHA CPEJIHETO CXOJACTBA CAMTOB CUTHAJIA; MM — YUCIIO HAJICHHBIX BIIEPBbIC CATOB.

ttt s) Signal from [Tkk] for Qii,jj(nn) (pow=xx q=yy avprx=zz new=mm)
OT0 CcOoO0OIIEHNE BBIIAETCS MOCIE YCHEIIHOTO BBIMOJIHEHUS HUTEpalMM alfOPUTMa, COCTOALIEH B
cbopke pacctaHOBKH U3 Q-criucka. 3aech ttt — urcno cexynn ¢ Hayana oOpabOTKHU TeKyleld NopIHuu
UCXOMIHBIX JaHHBIX; KK — HOMep mapaiuieNibHOM BETBH, B KOTOPO# ObUT HalZICH CUTHAJ; il — HOMEp
(O-criucka; jj — HOMEp pacCTaHOBKH B (J-CIHCKE; NN — TOPAIKOBBIA HOMEpP TEKYIICH HTeparuu
anroputMma, HaunHas ¢ 0; XX — MOIIHOCTh HaWJEHHOIO CUTHAaja; Yy — KauecTBO CHUTHaua; ZZ —
BEJIMYMHA CPEAHETO CXOACTBA CAMTOB CUTHAJA; MM — YUCJIO HAUJAEHHBIX BIIEPBBIE CANTOB.

Terminated due to P-list end
OcTaHoOBKa aNropuTMa BBHJY 3aBepIICHUS 00pabOTKH Bcex J-CIHUCKOB U McUepnaHus P-crucka.

Terminated due to iteration limit
OCTaHOBKa anropHTMa, TaK KaK BBIITIOJIHEHO 3aJaHHOC MAKCHUMAJIBHOC YHUCIIO I/ITepaLlI/Ifl.

Terminated due to time limit
OCTaHOBKa aJIrOpuT™Ma, TaK KakK HCYCPITIaHO OTBCACHHOC JIsA PCIHICHHA BpEMSI.

Terminated due to unknown reason
OCTaHOBKa aJiropyrMa I10 IIpo4YuM IpHYNHAM, Ha KOTOPLIC yKaBHBaCT KOJ BO3BpaTa HJIHU szyr 15(§
COOOILIEHUSI IPOIPAMMBI.

Best quality result #kk [mm/nn] (power: xx, quality: yy, avg proximity: zz)
OOmas XxapakTepuCTHKa OJHOTO M3 OKOHYATENIHHO BBIOPAHHBIX JTydInux perreHuid: KK — HOMeEp
pelieHus B TopsAke yObIBaHMS KaydecTBa CHUTHajga; MM — MOPSAIAKOBBIA HOMEpP HTEpaluu
QITOPUTMA, Ha KOTOPO OBLJIO HaliIeHO 3TO pelieHue; NN — od1ee YUCIIo MPOJICIaHHbIX UTEePALIUi;
XX — MOILIHOCTb HAWJIEHHOT'O CUTHAJA; YY — KauyeCTBO CUTHAJA; ZZ — BEJIMYMHA CPEIHErO CXOJCTBA
CalTOB CUTHAJIA.

Best avg proximity result #kk [mm/nn] (power: xx, quality: yy, avg proximity: zz)
OO0mmass xapakKTepUCTHKA OJHOTO M3 OKOHYATEJIhHO BBIOPAHHBIX Jydlmmx pemreHui: Kk — HOmep
pelieHys B HoOpsAKe YObIBaHUS CPEIHEro CXOJACTBAa CAalTOB CUTHaja; MM — MOPSAKOBBIA HOMEp
HUTCpalUr aJIFTOPHUTMA, Ha KOTOpOﬁ OBLIO Haﬁ,ﬂeHO 3TO pelICHHuEe; NN — 06]1_[66 YHUCJIO MPOACIIAHHBIX
UTEpaLnil; XX — MOIIIHOCTh HAMIEHHOTO CUTHAJIA; YY — KAYECTBO CUTHANA; ZZ — BEJIMYMHA CPEIHETO
CXOJICTBA CANTOB CUTHAA.

RC: xx (time: yy sec)
CooOrmieare o pesyibTarax 00pabOTKM odepeqHoro Habopa MOCIeIOBATEIIbHOCTEH. 31ech XX —
CHUMBOJIMYECKOE 0003HaYCHHE KO/1a BO3Bpara (cM. Tabi. 1), yy — BpeMst 00pabOTKU B CEKyHIAX.

Global RC: xx (time: yy sec)
Coobmienne 06 OKOHYATEIbHBIX pe3ysibTaTax 0OpabOTKH BCeX MOPIMHA MCXOAHBIX AAHHBIX. 31€Ch
XX — CHMBOJIMYECKOE O00O3HaueHue Koja Bo3Bpara (cM. Tabm. 1), yy — obmiee Bpems pabOTHI
IPOTPaMMEI B CEKyH/IaX.

P-list consists of xx permutations
[TocTpoeH P-CIUCOK U3 XX paCCTAHOBOK HA OCHOBAHUM KPUTEPHUS 2.

Generate xx permutation(s) for Qyy list
[TocTtpoeHna odepeab U3 XX pacCTaHOBOK I (J-CIIMCKa C HOMEPOM YY Ha OCHOBaHUU KpUTepus 1.

ttt s) Send to task [Tkk] permutation Pii(nn): x1 x2 ... xn
CooOmieHne BbIAACTCS TMPHU Tepeaade O4YepeHOM pacCTaHOBKM M3 P-circka Ha 0OpaboTKy B
CBOOO/IHYIO MapasuieNibHYI0 BETBb. 37ech ttt — uncio cexynn ¢ Hauana oOpabOTKHU TEKYIIEH MOPIIUU
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UCXOAHBIX HaHHBIX; KK — HOMep mapaiebHONW BETBH, B KOTOPYIO MepefacTcs pacCTaHOBKa; il —
MOPSIIKOBBIM HOMEDP PACCTAaHOBKM B P-CIUCKE; NN — MOPSAKOBBIA HOMEp TEKYILIEH WTEpalHH
anroput™a, HaunHast ¢ 0; X1 X2 ... XN - mepeganHas pacCTaHOBKa HOMEPOB MOCIIEI0BATEIbHOCTEH.

ttt s) Send to task [Tkk] permutation Qii,jj(nn): x1 X2 ... xn
Coo01ienne BbIAAETCS NpU MEpefade OuYepeHON pacCTaHOBKM M3 ()-CHMCKa Ha 00paboTKy B
cBOOO/IHYIO MapajuIebHyI0 BeTBb. 3aech ttt — uncio cekyna ¢ Hadana 06pabOTKM TeKyluel nopLuu
UCXOJHBIX JaHHBIX; KK — HOMep mapayiesbHO BETBH, B KOTOPYIO MEPEAaeTCs pacCTaHOBKA; ii —
HOMep (J-CNHCKA; jj — MOPSIIKOBBIA HOMEpP PacCTaHOBKM B (J-CIIUCKE; NN — TOPSIKOBBIH HOMEP
TeKylIeld uTepauuu anropurMa, HaumHas ¢ 0; X1 X2 ... XN — mepexgaHHas pacCTaHOBKa HOMEpOB
IOCIIE0BATEIBHOCTEN.

Stop P-list processing; task [TkK] free
CooOuienre 0 3aBepuleHMM 00paOOTKM Bcero P-crnucka, c)OpMHpPOBAaHHOIO Ha OCHOBAaHUU
kpurepus 2. [lapamiensHas BeTBb ¢ HOMepoM KK mporpaMmbl cTaHOBUTCSI CBOOOTHOM.

Stop Qxx list (length nn); task [TkK] free
CooOmieare 0 3akpeiTHd (J-CIIHCKA C HOMEPOM XX TOCJE 3aBepIicHus oOpaboTKH NN ero
pacCTaHOBOK, MOCKOJBbKY BBIMIOJIHEHBI YCJIOBUS KpUTepHs 1, B pe3yibraTe 4ero mnapasuieibHas
BeTBb ¢ HOMepoM KK mporpaMMbl cTaHOBUTCSI CBOOOTHOM.

Recurrent permutations rejected: xx
B mpornecce pabothl anroputMa OBUIM TMOCTPOEHBI MOBTOPHO (M TMOTOMY OTOPOIIEHBI) XX paHee
00pabOTaHHBIX PACCTAHOBOK.

The algorithm needs at least 2 tasks!
st paGoThl MpOrpaMMBbl BBIACTICHO MEHEE JIByX IMPOLECCOPOB, YTO HE IMO3BOJISET MPOJOJIKATH
pabory.

Error xx in a secondary task
[Ipu pabGoTe omHON W3 MapauIeIbHBIX BETBEH BO3HHMKJIA OIIMOKAa ¢ KOJOM XX (KOABI OIIMOOK
IpUBENIEHBI B Ta0I. ).

Error xx creating result
[Ipu BeIOOpE JydIIero U3 HAMJACHHBIX PE3YJbTaTOB BO3HMKIIA OIMIMOKA C KOJAOM XX (KOJIbI OIIMOOK
NpUBECHbI B Ta0m. 1).

Invalid argument "xxx"
OmnOOoYHBIN apryMeHT XXX yKa3aH B KOMaH/JIHOM CTpOKE.

[Tkk]: Cannot open input data file "xxx"
Ommbka B mapamienbHOl BeTBH ¢ HOMepoM KK mpu oTkpeiTHm (aitia MCXOAHBIX AAaHHBIX XXX
(paiin oTcyTCTBYET MM 3a0JIOKMPOBAH ONEPALIMOHHOMN CUCTEMOI).

[Tkk]: Cannot open output data file "xxx"
Ommobka B mapajuie’bHOW BeTBH ¢ HOMepoM KK mpu OTKpBITMM WM CO3MaHUM BBIXOTHOTO (aiiia
XXX 715 3aMUCH Pe3yIbTaTOB PaOOTHI MPOTPaAMMBbI.

Cannot open history file "xxx"
Ommbka npu OTKPHITUH (aiisia MOCIe0BaTEILHOCTH PEIICHUI ¢ UMEHEM XXX.

6.4 Paiii nmocj1e0BATEJLHOCTH PelIeHUH

B otnuune ot BeIxonHOTO (haiina, B KOTOPBIN 3aIIUCHIBAECTCS TOJBKO 33JJaHHOE apTyMEHTOM —Ir
YHUCIIO NYYIINX HAMIEHHBIX CHUTHAJIOB, 3TOT TEKCTOBBIN (Daiifl COAEPKUT BCIO MOCIEI0BATEILHOCTD
HaWJICHHBIX PELICHH B MOpSAAKE WX TNodydeHus. Daii BbIJACTCS NMPU 3allyCKe MpOrpaMMbl C
napameTpoM —f U MOXeT ObITh MOJIE3EH MPHU UCCIEI0OBAaHUM NoBeneHus anropurMa. /s ynodcrsa
aHanm3a ¢aiia mpucnocoOsIeH Isl UMIIOPTa B AJIEKTpOHHYI0 Tabnuiy (Hampumep, Excel), s gero

Onucanune nporpammbl TwoBox v.3.17 13



oH (opmupyercs B dpopmate CSV (comma-separated values), riae B KaKIOW CTPOKE MPUBEICHBI
JaHHBbIE 1O OJHOMY CHTHATy, 3HAUYEHHS CHUMBOJBHBIX TOJEH yKa3bIBalOTCA B KaBbIUKaX, H
pasnenureneM TOJCH CIy>)XKHuT cuMBOJd TaOymsmmu. [lopsimok W comepkaHwe TojeH aiina
npuBeaeHbl B Tabmuie 2. [lepBast cTpoka daiina ecTs «Ianka», KOTopass MHEMOHUYECKH YKa3bIBaeT
COACPIKAHUC KaXKI0I'0 IIOJIA; 3aroJiOBKU MOJIEN IIAIIKU IMPUBCACHLI B KaBbIYKaX B HGpBOfI KOJIOHKE.

Tabmuna 2.
Tun noJis, Conep:xkanue IIpumeuanue
3aroJ10BOK
Yucno, [TopsaKOBBIM HOMEP UTEpPALUU AITOPUTMA Hrepannn HyMepyroTCs B IOPSIIKE
" reHepaly pacCTaHOBOK, TO3ATOMY
IIpU pacueTax Ha KjacTepe
XPOHOJIOTUYECKU (ailsl mo 3TomMy
TIOJIIO HE YTIOPSI0UEH
Yuco, Howmep paccranoBku u3 P-criucka wiu Homep | Hymepanus naunnaercs ¢ 0
"P" O-cniicka Jij1sl pacCTaHOBKHU U3 (J-CIHCKA, B
3aBUCHUMOCTH OT CJIEYIOIIETrO MOoJIs
Yucno, Howmep paccranoBku B Q-cniiicke ¢ HomepoM | Hymepanus naunnaercs ¢ 0
"Q" W3 MPEIBIIYIIETo moJis, 1100 -1 (yka3bIBaer,
YTO B IPEJBIIYILIEM 110JI€ HOMEp U3 P-criucka)
Yuco, Mo1HOCTh CUTHANA (YUCIIO TIOCTIEI0BATENBHO-
"Pwr" CTeH, U3 KOTOPHIX BIOPAHBI CANTHI)
Yucno, Yucno caliToB, BOEPBBIE MOSBUBLINXCSA
"New" MMEHHO B 3TOM CHUTHaJIe
Yucno, KauecTBo curnana cormacao ¢opmyne (5), (7)
"Qt" i (8)
Yucno, CpenHee cX0OACTBO CalTOB CUTHaJIA (MHAYe,
"QtAvg" cUCTeMbl) cornacHo popmyre (6)
Yucno, [To3urus HauanbHOI OYKBBI caiiTa B IEpBOI
"W1" nocneaoBareabHocTH (HaunHas ¢ 1). B nByx-
OOKCOBOM pEXHUME B 3TOM I0JI€ BBIJAIOTCS /1Ba
qucila Yepe3 3aITy0, YKa3bIBAIOIINE O3UIUU 5
HAYAJILHOH GYKBBI IByX GOKCOB Ota yeTBepKa IMoJiel OBTOPSIETCSA 7
Crpoka, CaiiT (B Ka4ecTBe 3aroNoBKa B LATKE CTOUT | oo (1 — 4HCIIO NOC/IEOBATEL-

nMsd 110CJI-TU

UM ITIOCIICA0OBATCIIBbHOCTH, OTKyI[a OH B351T). B
JTBYXOOKCOBOM PEXUME BBIIAIOTCS JBa OOKCa C
MIPOMEXKYTKOM B (hopmare, Kak Ha puc. 2

HOCTEH B UCXOJTHOM Habope).
Wupeke 1 B 3arooBKax mamnku
COOTBETCTBEHHO U3MEHSIETCS JI0 11
BKITIOYHTEIBHO.

Yucno, KauecTBO maHHOrO calita B 3TOM CHI'HAJIE

"Qwl" cornacHo ¢opmynam (1)—(4)

Yucno, CpenHee CXOJICTBO 3TOrO calTa ¢ IpyrUMu

"QwAl" caliTaMU CHCTEMBI

Yucio, 3Hauenue ot 1 10 n .

"ol OTH n NoJIel NPEACTABISIIOT
paccTaHOBKY HOMEPOB MCXOIHBIX
II0CJIEI0BATEIILHOCTEH, I KOTOPOU

Hucro, 3Hauenue ot 1 110 7 ObLT HAWM/ICH TAHHBIN CUTHAJ.

"an

Takum o0pa3oMm, Kaxmas CTpOKa COACPKUT B TOYHOCTH Snt+7 TONEH, TAe n — YHCIO

HIOCJICZIOBATEILHOCTEH B HCXOIHOM Habope.
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7. KoMILIEKT MOCTABKH IPOrpaMMbI

Crucok (1)aI>'IJIOB, COACPKAUXCA B KOMIIJICKTE ITIOCTAaBKH, C UX KPAaTKUM OIMUCAHUCM ITPHUBCICH

B Ta01. 3.

Tabnuua 3

HNwmsa daiina

Onucanue

twobox XXX YY.pdf

Hacrosmuii jokyMeHT Ha oHOM min Ootiee si3bikax (XXX — Homep
BEpCHH MPOrpaMmbl, YY — 0003HAUCHHUE S3bIKA)

twobox.exe

Hcnonusemsiit Moayss mporpammbl TwoBox nmst miatdopmsr x86

twobox.exe.manifest

CucTeMHOE OIMCaHUE MCITOJIHIEMOTO MOAYIJI MPOrpaMMBbI TWOBOX,
COIIPOBOKAAOIICC CaM MOAYJIb

veredist x86.exe

YcranoBo4HBIH (paiiia cBOOOAHO pacpoCTPaHAEMbIX TUHAMUYECKUX
oubnmotex Microsoft Visual Studio 2005 Service Pack 1. (Ecnu na I1K
HE YCTaHOBJICH 3TOT MIPOAYKT, TaHHBII (a1 He0OOXOAMMO OTHOKPATHO
BBITIOJIHUTD. )

* txt [Tpumepst BXoaHbIX (haiinoB 11t mporpamMmbl TwoBox (B daitnax ¢
uMeHaMu * MA. .txt HCXOAHbIE MTOCTIEN0BATEIBHOCTH ISl HATJISIIHOCTH
IPEJICTaBICHbI B (pOpME MHOKECTBEHHOI'O BHIPABHUBAHMS)

test.bat ®daiin cueHapus 118 3ammycka nporpaMmmbl TwoBox Ha mpuMepax

*.out BrixonHsie ¢aiisbl, HOTydYeHHBIEC B pe3ysbTaTe paboThl MPOrpaMMbl

TwoBox Ha nmpumepax

Ha crpanune 3arpy3ku quctpuOyTrBa IporpaMMbl MOTYT TaKXKe IPUCYTCTBOBATh JOMOJHUTEIbHbIC

(baibr:

mpich2 XXX x86.zip

source.zip

st 3amycka mporpammbel TwoBox Ha kommbroTepe 0€3 yCTaHOBKH
nporpaMMHoro npoaykra MPICH2 Mo0kHO MCIONIB30BaTh COAEPKUMOE
atoro (paitna (moapoOHee cM. pazzaen 8), ogHaKO pabOTOCIIOCOOHOCTh U
nojHast (QYyHKIMOHAJIBHOCTh MPOTPaMMBl B TAaKOM peXHME He
rapaHTupyeTcs.

ITpy Hamuuuu apxuBa C yKa3aHHBIM UMEHEM, OH COJEP)KUT UCXOHbIE
MOJAYJM TpPOrpaMMbl M  KOH(QUTrypaluoHHble (ailmel s ee
komrmuisiuu B cpezie Microsoft Visual Studio 2005 Service Pack 1.

8. ¥YcranoBka m 3amyck nporpamMmmabl

Ha xaxnom IIK, rme mpenmomaraercs paborta ¢ mporpammoit TwoBox, co3aaTth mamnky mjis
UCTIOJIb30BaHUsl MporpaMMmel (Hampumep, d:\twobox\) m ckomupoBaThb B Hee Bce (ailiabl U3
KOMIUIEKTA ITOCTaBKH.

Ecnu na nannom IIK He ycranosnen mpoaykt Microsoft Visual Studio 2005 Service Pack 1,
3amycTuTh (aiinn veredist Xx86.exe M OTBETUTH Ha 3a7]aBa€Mble BOIIPOCHI TPOTPAMMBI.

VYcranoButs nporpammubiii maker MPICH2 Bepcun 1.2 (unm Gornee mo3aHei), eciad 3TO HE
CIEJIaHO paHee. B kauecTBe albTEpPHATUBBI OIYCKAETCA CKOIMPOBATh B MAINKY € IPOrpaMMON
COJepXKUMOE Tanku ¢ uMeHeM mpich2 XXX x86 U3 KOMIUIEKTa NOCTaBKW, €CIIM Takas
nMeercs. [locae 3Toro BBITOIHUTE U3 ATOM MANKy KoMaHay smpd -install.

3amycTuTh KOMaHIHBIN Tporieccop Windows u mepeiTi B manky nporpammbl. st ynoOcTBa
BBINOJIHEHHSI 3TOM ONepaluy PeKOMEHYeTCsl CO3/1aTh Ha paboyeM CToJie ApJIbIK AJIS 3aIlycka
KOMAaHJHOI'O IIPOLIECCOpa, B CBOMCTBAX KOTOPOI'O YKa3aTh COOTBETCTBYIOLIYIO padouyto MaImkKy.
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5. 3anyctuTe KOoMaHQy mpiexec -n 2 twobox -h. B OKHO KOMaHIHOro Ipoueccopa
JIOJKEH OBITh BBIIAH TEKCT MOACKA3KHU O MapaMeTpax MporpaMmbl. B 3aBUCMMOCTH OT HaCTpOEK
o0e3onmacHocT Windows W 3amyIIeHHBIX MEXCETEBBIX HKpaHOB (OpaHaMay3>pOB), MOTYT
BbI/IaBaThCA 3aPOCHl Ha MOATBEPKACHNUE BBIIIOJHEHMS IPOrPaMMBbl U pa3pelIeHUs €€ JOCTyIa K
cetu. Pexomennyercst no6aButh nporpammy TwoBox B cnucok uckitoueHui OpaHamayspa,
4TOOBI B JalibHEHIIEM n30ekaTh HE0OX0IUMOCTH OTBeYaTh Ha MOJO0HbIE 3aMPOCHL.

6. 3amyctuth (aiin crieHapus test.bat, yToObl MpoBepuUTH paboTy mporpamMmmbl Ha gaHHoM [IK B
pexxume 4 mponeccopoB (maxe eciu [IK mmeer MeHblee 4YMCIO TNPOLECCOPHBIX sIED,
HeoO0XoauMasi AMYJISIMS BBINOJHUTCS aBTOMaTHyecku). Ilockosbky Ipu 3TOM HMeEroIuecs
STajoHHBIe (Dalibl pe3yibTaToB OyayT IMepe3amucaHbl, PEKOMEHIYETCS CKOMHMpPOBAaTh UX B
npyroe mecto. B 3aBucumoctu ot OwictpozneiictBus IIK u yucna ¢uznyueckux mpoieccopos,
00paboTKa BCETo CLEeHApUs MOXKET 3aHATh nopsiaka 30—40 muH. u 6oee.

7. Tlo okoHuaHWH OOpaOOTKH COMOCTAaBUTH TMOMy4YeHHBbIE ¢alasl pe3yabTaToB (*.out) ¢
STAJIOHHBIMU KOIUSIMH. TOYHOrO COBIIaZICHUA MOXKET HC 6BITB B CHIY PAa3JIMIHOTIO
OBICTPOJCHCTBUS M CITyYalHBIX (PAKTOPOB, HO PE3YJIBTATHI JOJDKHBI OBITH CONIOCTABHMEI.

8. Jlns peanbHBIX pacyeToB HEOOXOAMMO YCTaHOBUTH >KEJIaeMyl0 KOH(HIypaluio KiacTepa,
PYKOBOJCTBYSICh TIoKyMeHTauuel nakera MPICH?2.

9. Pexomenaanum no 3¢gp(peKTHBHOMY IPUMEHEHHUIO

HeoOxomumMocTh B 3TOM pasjieie JUKTYeTCS OOJBIIONH BBIYHUCIHTEIHLHOW CIOKHOCTHIO
pemaeMoil 3amayn. HanmoMHuM, 4TO Jake B OJHOOOKCOBOM CIllydae BBIYHCIHUTEIbHASI CIOKHOCTD
nojHOro mepebopa cocraBisier nopsaka (m-[)". B 1ByXOOKCOBOM Cllydae BBIYHMCIIATEIbHAS
CIIOKHOCTH IOJHOrO mepedopa cocraBiserT nopsaaka (m-1-1"-dyax)" (dmax—dmin)'. DTO nmenaer
HEBO3MOXXHBIM  pEIICHHWE 3a7add TOJHBIM TepedoOpoM JUIs OWOJOTHYECKH HWHTEPECHBIX
pa3MEpHOCTEH.

Hcnonp3yeMblid KBa3HONTUMAIBHBIN QJITOPUTM UMEET TOJMHOMHUAIBHYIO CII0KHOCTH, BPEMS
cueTa B CpeHEM pacTeT MPOMOPIHOHAIBHO KyOy m W KBajapaTy 7 B OJAHOOOKCOBOM pEXKHME.
Tpya0eMKOCTh MOUCKA B JBYXOOKCOBOM PEKUME 3KBUBAJICHTHA YBEIUUYCHUIO M B (dmax—dmin) Pas,
9TO JAeT BBIYUCIHTENBHYIO CIOKHOCT 1 N (dmax—dmin) . OTpaHHYCHHS 1O IMAMSATH MEHee
KPUTHYHBI, TIOCKOJIBKY TIPH €€ HEeXBAaTKE MMEETCS BO3MOXHOCTh HE XpPaHHUTh B IMaMsTH Hawboiiee
00BEMHYIO CTPYKTYpPY — MATPUILy CXOJACTBA CAUTOB (00BEM KOTOPOU MPUOIU3UTENHHO m’n® Gaiir B
OXHOGOKCOBOM PesKUME U 11°1n*(dmax—dimin)° GANT B IBYXOGOKCOBOM), a C OMOIIBIO TTapamMeTpa —x0
MEPEeXOJIUTh K BBIYHUCICHHUIO CXOJCTBA CAaWTOB «HA XOAY», T.€. MPOM3BECTH OOMEH MaMSITH Ha
OBICTPOJICHCTBHE.

Tem He MeHee, B TEeKylleld BEpCHHM MPOrPaMMbI YCTaHOBIEHBI ClEAyroMue (HopMaabHbIC
OTpaHUYEHUS ISl pa3MEPHOCTEN PEIIAeMON 3a1a4un:

®  YICIIO MOCNE0BATEIbHOCTEH B UCXOAHOM Habope 2 <n <256

e JUIMHA TocneaoBaTenbHOCTH m < 4096;

® JTMHA OTBICKMBAaeMbIX caiitoB [ <32 (I'+[" < 32).

OTU OrpaHUYCHHS] HOCSAT TEXHUYECKHA XapakTep M MPU HEOOXOAUMOCTH MOTYT OBITH JIETKO
W3MEHEHBI.

Jlna  uHTepBama BO3MOXKHBIX PACCTOSHUM  OIPAHMYEHHMM HE  YCTAHOBJIEHO, OJHAKO
PEKOMEH/IYETCSl HCIIOJIb30BaTh KaK MOXKHO Oojiee y3KHA WHTEpPBaJ, IMOCKOJBKY TPYIOSMKOCTh
pacueToB pacTeT MPOMOPIHOHATBHO KyOy IIMPUHBI MHTEpPBaia MO CPaBHEHUIO C WHTEPBAJIOM
HIUPUHEI 1, T.€. PUKCUPOBAHHBIM ITPOMEKYTKOM MEX Ty OOKCAMHU.

[TockonbKy mpH BBIOJHEHUU TporpamMmbl pocturaetcs 100% 3arpyska mpoiieccopa, 4HCIo
napajuIeNIbHBIX BETBEH, BRIMOIHIEMBIX Ha 0HOM [1K, pekoMeHIyeTcs yKka3plBaTh B COOTBETCTBUU C
komuuectBoM AJIY, uMerommxcs B Ipoleccope: IO YUCITy faep — MJIi MHOTOSIEPHBIX
mporeccopoB, 2 — ais mporeccopoB Pentium 4, 1 — mist Goiee paHHUX MOJENEH MPOIIECCOPOB.
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(CrnemyeT uMeTh B BUIY, YTO B KOMaHJIe mpiexec MpH 3almyCcKe YKa3bIBAaeTCsS Ha eIUHUILY OOJIbIIee
YHUCIO MPOLECCOPOB, C YYETOM KOPHEBOM BETBHM.) YKa3zaHue OOJIBIIEr0 4YHcia BeTBEH He
BO30paHsAeTCs, HO OOBIYHO HE J1a€T BBIUIPHIIIA, & IPU 3HAYUTEILHOM MPEBBIIICHUN — IIPUBOJUT K
HPOUTpHIIYy BO BpeMeHH. [Ipu 3ToM Taxke HeoOXOAMMO YUYMTHIBATh MMEIOLIMICA 00beM HamsTu
1K, 4To0B! Ka)kqas napajienbHasl BETBb pacioiarajia HeoOXOJUMbIM KOJIMYECTBOM OINEpPaTUBHON
namsITH, He mpuberas K AMHAMUUYECKON MOIKauKe.
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