C.A. Boromoinos

Cern DBM 1 cpeacTBa KOMMYHUKAIUH

JlaGoparopHslii mpakTHKYM Ne2



MuHnHCTEpCTBO 00pa3oBaHus U HAyKH PO
ToMckuit yHUBEPCUTET CUCTEM YTIPABICHUS U PAIHOIIEKTPOHUKH

Pamnorexanueckuii pakynprer
Kadenpa tesekoMMyHHKAIMA U OCHOB PaIHOTEXHUKH

AYTBep)Kz[an»

3aB. Kadenpoit TOP
2008.

JlaGoparopHslii mpakTHKYM Ne2
0 TUCTIUTITIHE
«Cetn O9BM 1 cpenctBa KOMMYHHKAIUN»
JUISL CTYACHTOB (DaKyIbTeTa BBIYUCIUTEIEHBIX CHCTEM

JlabopaTopHBIi TPaKTHKYM COCTaBHUII:
K.T.H., goueHt C.1. boromonos

Towmck - 20009r.



OI'JIABJIEHUE

BBEJIEHUE .......coooiiiiiiiiiiiccc e 4
L0 1031812 (S0 (01 (07213301 ST 4
[IpaBuna BeITOTHEHUS TAOOPATOPHBIX PAOOT.....ccvveeeeeeeeeeeeeeen. 4
ConepxaHre H OPOPMITCHUE OTUETA ......uuuunnnnnrnsrranssaannnaeasaaenss 5
S T:011176 iz I 0T a1 1 =) (U PPPR 5

PABOTA N2 L .ot 7

BBEJIEHUE B SA3bIK [TPOTPAMMUWPOBAHUS TCL-OTCL 7
001ITHe CBEJCHUS IO BBITTOTHEHUIO PAOOT...ccvvviveerinneeeirinneeeannns 7
KOHTPOIBHBIEC BOIPOCH! M 3aAHMS ...vvvvveeaeeeeesiiiirnnneeeeaeesssnaees 8
JIa00PATOHOE BAMAHTE ... .eeeeeeeeviiieeeeeeeeeiii e e e e e eeeeaenmeaanns 9

PABOTA N2 2 ..ot 11

NCCIIEJOBAHUE OCHOBHBIX KOMITOHEHTOB

CETEBOI'O UMTATOPA NS2.....coiiiiiiiiiiiieeeee e 11
Kpatkue cBenenus o cereBom umuraTope NS2.........covvveeeen. 11
OCHOBBI Pa0OTHI ¢ CETEBBIM UMUTATOPOM NS2 ........cccvvvinnnnn. 12
[IpenBapUTETBHAS TOATOTOBKA ..c.vvvueneeeerernnneaseeeereennnnannaeeens 19
KOHTPOIBHBIE BOTIPOCHI M BATAHHUS - e eeeeeeaeenaeenaaenneenneenns 20
JIa00OPATOPHOE 3AMAHKE ...evvvvvvnneeeererrrrnnnseeeseerennnnseeeaaeenens 21

PABOTA N2 3 .o 24

MOJIEJIMPOBAHUE CETE 5SBM C  IIOMOIIbIO

CETEBOI'O UMHUTATOPA NS2 ... e 24
Kpatkue cBegeHus o MoaenupoBanuu ceteit 9BM ¢ moMoripio

ceTeBOT0 UMHUTATOPA NS2.......viiiiiiiiiiiiiiiiiiii e e 24
[IpeBapUTETBHAS TOATOTOBKA ...c.vvvueneeeereenrneaeneeereennnnennaeeens 36
KOHTPOJIBHBIE BOIIPOCHI .. eevvverrvnneeeeesrenssnnnnseeaseesssssnnnnnnns 37
JIa00OPATOPHOE 3AMAHKE ...evevvvvnneeeeeerrrrnnsseeeseerennsnseeeaneenens 38

PABOTA N2 4 ..o 42

NCCIIEAOBAHUME XAPAKTEPUCTUK TCP C ITOMOIIbIO

CETEBOI'O UMHUTATOPA NS2 ... e 42
Kpartkue cBenenus o mogensx TCP Agentsimutaropa NS2.42
[IpenBapUTETBHAS TOATOTOBKA ...c.vvvueneeeereenrniasseeereennnnennaeeens 54
KOHTPOJIBEHBIE BOTIPOCHT U 3ATTAHHS . .cvvueevevnneeeeennsaeesnnseeeennnsnns 55
JIa0OPATOPHOE BATAHME ....eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e e e e e e e eeeeeeeens 56



BBEOEHUE

OBIIHE I1O0JIO’KEHHUA

JlabGopaTtopHsrii pakTukyM 1o Kypcy «Cetn OBM m cpemctBa
KOMMYHUKAIIUI» UMEET IICJIBI0 3aKPEIUTh M PACIIUPUTh TEOPETHYEC-
CKHC 3HAHUS CTYICHTOB NPU M3YYCHUW IPHUHIIUIIOB MOCTPOCHUS U
(YHKIIMOHUPOBAHUSI YCTPOHCTB M CHUCTEM KOMMYHHKAIIMU CeTel
3BM, 03HAKOMHTH UX C METOJIUKAMH HCCIIEOBAHHUSI OCHOBHBIX KOM-
MMOHEHTOB U MPOIECCOB CUCTEM CBSI3H, B TOM YHCIIE, M C UCTIOIh30Ba-
HUEM MOJICITUPOBAHUS YCTPOUCTB U CHCTEM CBSI3H.

JlaHHBIA UK 7a00paTOPHOTO TMPAKTHKyMa, TpeIHa3HAYEHHOTO
s cTyaeHToB crnenuanbHoctr 220501, comepuT ommcaHue cie-
IOyIomuX pador:

Beenenne B s1361k iporpammupoBanus Tcl-OTcl.

Cetesoii cumynsitop NS2/

Pabora «Beznenue B s3bik niporpammupoBanus 1 Cl-OTcl» sBis-
eTcs BBOJHOM W TpeJiHa3HAYEHA JUIsl MMOJNyYCHHUsS] MTEPBUYHBIX HABBI-
KOB Pa0OThl C KOMaH/IHBIM UHTEPIIPETATOPOM CETEBOTO CHMYJISTOPA
NS2. Ilocnenyromue pabOTHI IMKJIA OPUSHTUPOBAHBI Ha HCCIIEI0BA-
HUE OTJICNBHBIX BONPOCOB (DYHKIIMOHHPOBAHHS BBIYHCIUATEIHHBIX
CeTel ¢ IIOMOIIBIO CETEBOr0 TpeHaxkepa NS2.

IIPABUHJIA BBIIIOJIHEHHA JIABOPATOPHBIX PABOT

[lepen BBIMOIHEHWEM pabOTHI CTYIEHTHI Ha JTare MpelBapu-
TETHHON O OTOBKHU:

a) U3y4aroT COOTBETCTBYIOIIHE Pa3/Ieibl TEOPETUIECKOTO KypCa;

0) 3HaKOMSTCS C OIMMCAHKEM JabopaTOpHOM PabOThI M MOATOTaB-
JIUBAIOT 1I1a0JIOH OTYETA T10 JTA0OOPATOPHOH padoTe;

B) BBITIOJIHSAIOT HEOOXOIUMBIE MPEABAPUTEIbHbBIC PACUETHI, U3JI0-
JKEHHBbIC B paszene «[IperBapuTenbHast MOJArOTOBKAY.

K BhIONTHEHHIO TAOOPATOPHBIX PadOT AOIMYCKACTCS TOIBKO CTY-
JICHTHI, BBIMTOJIHUBINHE TPeOOBaHUS MPEABIAYIIETO pa3zeiia, U TOJ-
TBEPUBIINE CBOIO TIOATOTOBICHHOCTh MPH COOECETOBAHUU C MPETIO-
JlaBaTeieM.

JlaGopaTopHbie PaOOTHI BBHITIOIHSIOTCS WHAWBHIYaTbHO (POH-
TaJbHBIM METONOM. [Ipu BBITIONHEHUH PabOT PEKOMEHIYETCS CIIEA0-
BaTh METOJMYECKUM YKa3aHUsM. Paspemiaercs mpoBeleHHE JOMON-
HUTEJBHBIX HCCIIEA0BaHMi (HE B yiepd OCHOBHOMY 3aJaHHIO).



B mporiecce BBIMOTHEHHS pabOTHI COCTABISETCS MPEIBAPUTEIH-
HBIH OTYET, KOTOPBIHA JTOIDKEH COAEP:KATh TAOJUIBI M TPadUKH MMOJTY-
YEHHBIX HKCIIEPUMEHTAIBHO 3aBUCUMOCTEH.

Ecau mpu coctaBieHnn npeaBapuTENIbHOIO OTYETA BBISIBUTCS HE-
JOCTATOYHOCTh WJIM COMHHUTENBFHOCTh MOJYYEHHBIX JAHHBIX, TO He-
00X0JMMO 3KCHEPUMEHTAIFHO TOMYYUTh HEIOCTAIOIINe IaHHbBIE U
MIPOU3BECTU MPOBEPKY COMHUTEIBHBIX PE3YNIbTATOB.

PaGota cuntaeTcs BHIOTHEHHOMW MTOCIE YTBEPKACHUS MIpeIBapH-
TEIHHOTO OTYETA MIPETIOIaBaATEIIEM.

CryneHThl, HE BBINOJHUBIIKE Pa0OTy B Yachl 3aHSATHH, BBIMIOJ-
HAIOT €€ B CIEIHAIbHO OTBEIEHHOE BpEMs.

COJEPKAHHE H O©®OPMJIEHUE OTYETA

OT4éT MO BBHIOJIHEHHOW PaboTe COCTABISACTCS WHAMBHIYAIBHO
KaX/IBIM CTYICHTOM.

Otuér odopmisieTcs Ha nmuctax Gopmara A4 (JOCTaTOYHO 3JIEK-
TpoHHOH Komuu B pexakrope OpenOffice.org Writer)y oceii rpadu-
KOB JOJDKHA OBITH IPOCTABICHBI YHCIIOBBIC 3HAUCHUS U €IMHUIIBI
Pa3MEpHOCTH.

OT4éT MOIKEH CONlePIKATh:

a) IeNTb UCCIIEIOBAHMUS;

0) pe3ynbTaThl pacyéToB, MOJTYYCHHBIX Ha JTale NpeIBapHTEIIb-
HOM TOJTOTOBKH,

B) CTPYKTYPHBIE CXEMBI YCTPOWCTB U CUCTEM, XapaKTEePUCTUK KO-
TOPBIX HCCIIEYIOTCS B TaHHOU pabore;

) CTPYKTYpPHBIE CXEMbl M3MEPHUTEIBHBIX YCTAHOBOK JUISI HMCCIIE-
JOBaHUS XapaKTEPUCTUK YCTPOICTB U CUCTEM CBSI3H;

1) pe3yJbTaThl UCCIIE0BAaHUIl B BUe TaOuuL, rpagukoB U U30-
OpaXKeHU, MOTy4aeMbIX HA 9KpaHaX U3MEPUTEIILHBIX TPUOOPOB;

€) BBIBOJBI, MTOJYYCHHbIC HA OCHOBAHUH aHAIM3a PAcYETHBIX U
HKCTIEPUMEHTAIBHBIX JaHHBIX.

3AIITHTA PABOTBHI

JlabopaTopHast paboTa CUUTAETCS BBITIOJHEHHOM ITOCIIE 3alTUTHI
pe3yiabTaTOB PabOTHI.

[Tpu 3amuTe pe3ynbTaToB pabOTHI CTYACHT JIOJDKEH MPEICTABUTH
oopmiteHHBIH OTUYET, COXpaHEHHBIE PE3yIbTATHI KOMITLIOTEPHOTO
SKCTICPUMEHTA U MPOJAEMOHCTPUPOBATH CBOW 3HAHUSI B CIIEIYFOIIUX



pasnenax paboTHI:

a) CTPYKTYPHBIE CXEMbI HCCIICYEMBIX YCTPOWCTB M CHCTEM H OC-
HOBBI UX (DYHKITMOHUPOBAHUS,

0) CTPYKTYpHBIC CXEMbI U3MEPHUTEIBHBIX YCTAHOBOK JJISI MCCIIe-
JIOBaHUsI XapaKTEPUCTUK YCTPONCTB M CHCTEM CBSI3H M XapaKTepH-
CTHKH, KOTOPbIC MOTYT OBITh TIOYYEHBI C TIOMOIIBIO JJAHHBIX YCTaHO-
BOK;

B) PE3YJIbTAThl PACYECTOB MPEIBAPUTEIILHO MTOJATOTOBKH;

r) TeopeTuueckoe OOOCHOBAHHE MOJYYCHHBIX IKCIIEPUMEHTAIb-
HBIX 3aBUCUMOCTEH.



PABOTA Ne 1

BBEOEHUE B A3bIK MTPOrPAMMUPOBAHUA TCL-
OTCL

[enpto paboThl «BBeleHHE B S3BIK MPOTpaMMHUpoBaHus 1Cl-
OTcl» siBsieTcst monyueHne MEPBUYHBIX HABBIKOB PabOThI ¢ KOMaH/I-
HeIM mHTeprperaropom OTCl mms mpemBapuTensHON MOATOTOBKH K
BBITIOJTHEHHIO ITUKJIa PabOT MO MCCACIOBAHHIO XapaKTEPUCTUK (yHK-
IIMOHUPOBAHUS BHIYUCIUTEIHHBIX CETEH C TOMOIIBIO CETEBOTO CUMY-
nsitopa NS2.

OBIITUE CBE/JEHUA 110 BBITIO/IHEHHIO PABOT

OO6mrast 9acTh 3TOTO IUKIIA PabOT OPUEHTHPOBaHA Ha MCIOIB30-
BaHME Y4eOHBIX MaTepHasIoOB, Pa3MEICHHBIX Ha caiTax pa3paboTyu-
KOB ceTeBoro cumyisitopa NS2, B wyacTtHocTM Ha caiite
http://www.isi.edu/ DneKkTpoHHBIE KOIMMH HEKOTOPHIX MaTepHAIOB
pasmenrensl B manke S:\boromonosCM\NS\Labl\Metod\.

[TepBuyHbIC CBEICHUS O KOMAaHIHOM MHTEPIPETATOpPE MPEACTaB-
neHsl B tokymenTe «Beenenue B Tcl» (Tcl-OTcl.htm),pazmeniennom
B katamore \Labl\Metod\,a takke B COOCTBEHHOM CIpaBOYHOM CcHC-
TeMe TpeHakepa NS2.

JlomomHuTenbHas HHGOPMAIHs PabOThI C SA3bIKOM MTPOTPAMMHUPO-
BaHus TCl mpencrasieHa B mporpamMMe-caMoyduTene uisi s3bika tcl
«TclTutor», cchUIKH Ha KOTOPYIO pasMeNIeHBl IO  ajpecy.
http://www.msen.com/~clif/TclTutor.html

OcHOBHOE BHHMAaHHE CIICIYeT YICIHTh OCBOCHHIO NPHEMOB HUC-
MOJTb30BAHUSI SI3bIKA MPOrpaMMHUpOBaHus TCl a Takke MOATOTOBKH,
pPEIaKTUPOBAHUS M OTPAOOTKH MPOTPaMM H IPEACTABICHUS PE3YIib-
TaTOB MPOTPAMMHUPOBAHHUSL.

Jlnst popMHpOBaHUS OTYETa CIIEAYET HCIOJIb30BaTh MPOTOKOJ
ceccun «TepMuHaI», MO0 COXPAHATH PE3yIbTAaThl MOJICITUPOBAHUS B
BUJIC KOIHHU DKpaHa IyTeM IOCJIEIOBATEIFHOIO MEepeHoca Ha JIOKY-
MeHT rpadudeckoro pemakropa, Hampumep. KolourPaint &romka K
(amanor xuonku ITYCK B cpene Windows) /[TPAD®UKA [}, ¢ noce-
JYIOIIMM BBIOOPOM HYXXHBIX CETMEHTOB KpaHa U MEPEHOCOM HUX B
TEKCTOBBIH pefakTop, Hanpumep, Write.

JlaGopaTopHble pabOThl U OTYETHI 1O HUM BBITOJHIIOTCS O/
yIIpaBIIeHHEM OIlepalroHHON cucteMbl Linux. OOmme cBemeHUs o




cucteMe LiNUX mpecTaBieHbl Ha cepBepe S TOKAIBHOM ceTr Kadea-
pet TOP u mocrymubel mo ampecy System:/home/server SHypcer
Linux. (13 momamrHero katajiora IoJib3oBaTens). bomnee moapoOHyro
UH(DOPMALIUIO O KAXIOW M3 KOMaHI CHUCTeMbl LiNUX MOXHO moiy-
YHUTh HEMOCPEICTBEHHO U3 CIPABOYHOI CITY)KObI ONeparinoHHO# cuc-
Tembl. Tak, B pe)kuMe KOMaHIHOH CTPOKH 3Ty WH(POPMAIIUIO MOYKHO
HOJIy4IUTh, HAOpaB B KOMAaHIHOM CTPOKE 3ampoChl BUAA!

$ info —h
1100
$ man -h,

A€ CHMBOJI $ 03HA4YacT MpUIrlaliCHuc KOMAaHIHO# CTPOKHU.

KOHTPOJIBHBIE BOIIPOCBI H 3A/TAHHUA

arwbdE

© N

10.
11.

12.
13.

14.

15.
16.

17.
18.
19.

Kakwe THITBI JaHHBIX MOT'YT OBITH MCITOJIB30BaHEI B T1CI7?

W3 KakuX KOMIIOHEHTOB COCTOUT KoMaHza 1cl?

Kak BHOCSATCS KOMMEHTapuH B KOMaHay 1Cl?

Kaxk rcnonbe3yroTest CMMBOIIBI TTpoderna B komanaax Tcl?

Kak wucmonp3yroTcsi CHMBOJIBI TIpo0ea BHYTPH TapaMeTpOB
Komaug Tcl?

Kak ncrnons3yroTes ABOIHbBIC KaBbIUKK B KOMaHmax 1cCl?

Kak ncrnons3yrorcs purypasie ckoOku B komanmax Tcl?

B ueM oTIIMYHS MCIOIB30BAHMS JABOMHBIX KaBbIYEeK U (QUTYP-
HBIX CKOOOK B KOoMaHzmax T1c¢l?

Kak mcrnonb3yroTcs KBafpaTHbIE CKOOKH B KOMaHmax 1Cl?
Kak opranusyercs mocranoBka komana B TCl?

B kakux ciydasx KBajpaTHbIe CKOOKH HE MHTCPIPETHPYIOT-
cs Kak KomMaHaa?

Kak BBINONTHSAETCS TTOACTAaHOBKA TIEPEMEHHEBIX B TCI?

B xakux ciydasx HE BBIOJHSICTCS IOJICTAHOBKA TIEPEMEH-
HBIX B TI0JIC TaPaMeTPOB?

Kak Beimosasiercst B TCl mopcrtaHoBKa MEPEMEHHBIX B MACCH-
Bax?

Jlns xaxoi 1ienu B TCl ucmonb3yercs Touka ¢ 3amsToin?

Jlns xaxoi e B TcCl wcmonp3yercst oOpaTHas HaKIOHHAS
yepra?

Yro takoe backslashtocnenosarensnocts?

[epeuncnuth KOMaH/BI BEIBOJA CKOOOK

[TepeunciuTh KOMaHABI BBEIBOJA CHMBOJIOB Ipobena, KaBbl-



4yek U &.

20. IMepeyncanTh KOMaHIBI IEPEMEIICHUS KypCopa.

21. Kak npencraButh B TCl BocbMepHYHOE YUCIIO?

22. Kaxk BBITIOJIHSIOTCS MaTeMaTH4ecKue onepauuu B TCl?

23. Kak MoryT OBITH ONpeZeseHbl ONepaHAbl NPU BITOTHEHUN
MaTeMaTHYecKuX onepanuii B TCl?

JABOPATOHOE 3A/TAHUE

1. O3HaKOMUTBHCS C S3BIKOM MPOTPaMMHUpPOBaHus TCl u ero 00b-
eKTHO-OPHUEHTUPOBaHHbIM pacmupenrieM OTcCl mo wMarepuanam,
npencrasienuasiM B karanore \Labl\Metod\,a Taxke ncrons3ys co6-
CTBEHHYIO Ci1y)x0y momoru cucteMbl NS2. Co3naTh manky ¢ Ha3Ba-
nuem Lab_lwua cepsepe X. [IpoMexxyTouHbIC U OKOHYATEIBHBIC pe-
3yJILTAaThl JAHHOW PabOThI COXPAHATH B TOM KaTajore.

2. O3HaKOMHUTBCS € ColepKaHueM (aiyioB, pa3MEICHHbIC B Ka-
tanore S:boromomoBCU\NS\Labl\Test\u ckomupoBaTh HX B CO3-
nanHyto manky Lab_ 1. @ainel mpeacTaBisitor co0oit pparMeHTHI
MpOTrpaMM, WILTIOCTPUPYIONINX paboTy KOMaHIHOTO UHTEPIPETATOPa
Tcl. IsMeHuTh paciidpeHue B Ha3BaHUM (aiinoB txt Ha pacuuperue
tcl.

3. UccrmenoBars comepxumMoe gokymenrta Tcl-OTcl.htm (Bse-
nenue B TCI»), OJHOBPEMEHHO 1O Mepe W3Y4EHHs BBITIOJIHSIS COOT-
BETCTBYIOIME yueOHbIe 3amanus U3 manku Test. J[is aroro mpose-
JIaTh onepaluu mo m.4... m.6.

4. OtkpeITh OKkHO «TepMuHan». C moMomp0 KoMaHasl «3Me-
HUTH Katanor» (cdpath), roe path —tyTs nocryna x karamory Lab_1,
nepeiTH B CBOM pabouuii KaTaor.

5. BbI3BaTh TpeHaXKep W BHINOIHUTH MOJINPOTrPaMMy, ONHCAHHUE
KOTOpO# mpexacraBieHo B (aiine tcl_ex 1.][ns sroro HabpaTh Ha
KJIaBHAType KOMaHIY:

ns tcl_ex_1.tcl.

[Ipoananu3upoBaTh pe3ynbTaThl paboThl OANPOrpaMMEL. B ciy-
yae HEOOXOAMMOCTH (ECIM TOSBISIOTCS COOOIEHHUS 00 OIHOKAax)
BHECTH B (paiijl COOTBETCTBYIOIINE M3MCHEHHS W BBI3BATh KOMAH.IY
MOBTOPHO.

6. Bemonnute omepamuu mo 1.5 moouepenHo it (aiios
tcl_ex_2 ... tcl_ex_1@aranora Test.

7. OTKpeITH B Iporpamme «TekcToBbIH pegakTop» (daiin ex-tcl.tcl



W HCCIIEJIOBATh ero cojepxumoe. [lonbITathes chopMynupoBaTh Ma-
TEMAaTU4YeCKOe BBIPAKCHHE, HA OCHOBAaHMH KOTOPOTO COCTaBJICHA
MOJIIPOrpamMma.

8. OTmpaBuTh 3TOT (Paiiil Ha BBITIOTHEHHE CHMYJIATOPOM:

ns ex-tcl.tcl.

ITo pe3ynbraTam paboTHl MOIIPOTrPaMMbl BHECTH U3MECHCHUS B
MaTeMaTHYeCcKOe BhIpakeHHe (eCii MosBUIaCh HEOOXOIMMOCTB).

9. JTopabotats (haitn ex-tcl.tcl, T.e. BHeCTH B HEr0 KOMMEHTapHH
IUTS Ka)KI0H KOMaH/IBI M COXpaHuTh (aitn mox umenem ex-tcl_1.tcl.

10. UccnenoBats copepxumoe gokymenta OTcl.htm (Bsenenue
B OTcl»), oqHOBpeMeHHO 1O Mepe M3YyUeHHS BBINOJHSAS COOTBETCT-
BYIOIIIUE YUeOHbIC 3aJJaHus 13 3TOr0 ke (aiina. [y 3Toro coxpaHsTh
(bparMeHTHI TIOANPOrpaMM B COOTBETCTBYIONIUX (aiiax ¢ pacummpe-
Huewm tcl.

11. Ornpasuts Ha BeIoaHeHue daiin ex-otcl.tcl:

ns ex-otcl.tcl.

ITo pe3ynpTatam paGoTHI MOAIPOrPAMMBI BHECTH B HEE COOTBET-
CTBYIOIIME KOMMEHTAPHHM W COXPAHWTh (aill IMmoJ HMEHeM eX-
otcl_1.tcl.

12. CocTaBuTh MOAMPOTPAMMBI, B KOTOPBIX JOJKHBI OBITH Mpe-
JDyCMOTpPEHBI CICIYIOIINEe KOMIOHCHTHI:

CocraBuTh MOANIPOrpaMMBI JIJIsI BBIBOJIA HAa dKpaH cBoel (amu-
JIMY, UMEHHU ¥ OTYECTBA C MCIOJIb30BAHUEM IIpHEMa TPUCBOCHHUS T1e-
PEMEHHBIM 3HAYCHUN W TPYMITUPOBKH MapaMETPOB KABBIYKAMH U
CKOOKamH.

Paspaborats 2 mommporpaMmel ¢ ucronb3oBanueMm backslash-
MOCJIE/IOBATENILHOCTEH (TIe4aTh CHMBOJIOB, IEPEMEILICHUE IO TEKCTY).

CocTaBUTh MOAMPOTPaMMBI JIJIsl BBIMOJHEHHUS MaTEMaTUYCCKUX
npeoOpa3oBaHmii C UCTIONB30BAaHHEM ITO/ICTAHOBKH KOMaH/I:

MEPEeMHOXHUTEL Yuciia (IeHb U MECAI] POXKACHUS), K Pe3yabTaTy
npubaBUThL KOPEHb KBAIPATHBIN U3 Toja POXKICHUS U BHIYCCTh KBAI-
paT HoMepa (akyJIbTeTa.

C UCToNb30BaHUEM ITUKIIOB BHIBECTH:

KaJIeHIaph C YKa3aHUEM JHs HEJeNH Ul Mecsia, HOMep KOTOpo-
r'0 COBMAJacT ¢ HOMEPOM CTYACHTa B criMcKe rpymmsl, 1 2010r.

13. B oryer cieayer BHECTH MPOTOKOJIBI PAbOTHI ¢ MOAMPOrpaM-
MaMH, a TaKkxke J0pabOTaHHBIC ¢ YUETOM J0OaBICHHUS KOMMEHTAPHUCB
(aitel moAmporpamMm.
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PABOTA Ne 2

UCCINNEOOBAHUE OCHOBHbLIX KOMIMOHEHTOB
CETEBOIO UMTATOPA NS2

Henbto pabotsl «lccnenoBanusi OCHOBHBIX KOMIIOHEHTOB CeETe-
Boro umutaropa NS2» aBnsieTcss 3HaKOMCTBO C MPOrPaMMHBIM IIPO-
TYKTOM U UMHTAlMOHHOTO MOJEIMPOBAHUS TPOIECCOB, MPOHCXO-
ISIIIMX B CETSX CBS3H, a TAKXKE MOIYyYCHUS] EPBUYHBIX HaBBIKOB pa-
00THI ¢ ceTeBbIM nmMuTaTopoMm NS2.

KPATKHE CBE/IEHHA O CETEBOM HMHTATOPE NS2

NS2 sBnsieTcss MPOrpaMMHBIM MPOAYKTOM, MO3BOJISIOIIUM OCY-
MIECTBUTh MMUTAIIMOHHOE MOJISIMPOBAHHE CETEeH CBs3H, pa3paboTaH-
HBIA TIOJI PYKOBOJICTBOM psifia HAYYHBIX OpraHM3allMidi U IIEHTPOB B
pamkax mpoekra VINT (Virtual InterNetwork Testbed)ppranuso-
BanueiM  DARPA  (Defense  Research  Project  Agency)
[http://www.isi.edu/nsnam/virit/ 3a ocHOBY mporpaMMHOIi peann3a-
K BeIOpaH maketr network simulatorpaspaborannsiit B Kamudop-
HUICKOM YHHBEPCHUTETE.

NS2 sBnsiercsi 0O0BEKTHO-OPUEHTUPOBAHHBIM —MPOTPAMMHBIM
obecriedeHuEM, SIPO KOTOPOTO peann3oBaHo Ha s3bike C++. B kade-
CTBE HHTEPIIPETATOPA HMCIOJB3YETCs SI3BIK CKPUNTOB (CLICHAPUEB)
OTcl (Object oriented Tool Command Languag€¥+ seusercs
CUCTEMHBIM 5I3bIKOM W NS2 MONHOCTBIO MONICPKUBACT HEPAPXHUIO
KiaccoB C++.

Hcnonb3oBaHue IBYX S3BIKOB MPOTPaMMHUPOBAHUS OOBSICHACTCS
cieayomuMu npuauHaMu. C OJHOW CTOPOHBI, JIISL AETATLHOTO MO-
JeTUPOBAaHUSI TPOTOKOJIOB HEOOXOAMMO HCIOIB30BAaTh CHCTEMHBIN
S3BIK TIPOrPaMMHUPOBaHMSA, OOECTIEYMBAIONIMK BBICOKYIO CKOPOCTD
BBITIOJTHEHHS U CTIOCOOHBIN MaHUITYJIUPOBATh JJOCTATOYHO OOJNBITHMHU
obbeMamu gaHHBIX. C IPyroit cTOPOHHI I yA00CTBa MOJIB30BATEIIS
u OBICTPOTHI peanu3audd U MOAM(UKAMH Pa3TUYHBIX CLEHAPHEB
MO/JICJIMPOBAHHS TIPHUBIIEKATEIbHEE HCIIONB30BaTh SA3bIK MPOTrPAMMHU-
poBaHUs OoJiee BHICOKOTO YPOBHS a0CTpaKIMu. TakoW TMOaX0]] SBIs-
eTcd KOMIIPOMHCCOM MEXAy yJOOCTBOM HCIONB30BaHHA M CKOPO-
CTBIO.

Cucremnpiii 361k C++ 1MO3BONISIET 00ECTICUNUT BHICOKYIO TPOM3-
BOJIUTENTLHOCTD, PA0OTY € MAKETaMH TIOTOKA Ha HU3KOM ypOBHE abCT-
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pakuuu Mojaend, moaudukanuo sapa NS2 ¢ 11e/1bio noaAep KK HO-
BBIX ()YHKITUI U TIPOTOKOJIOB.

B kadecTBe s3pIKa MPOrPaMMHUPOBAHHS BBICOKOTO YPOBHS abCT-
PaKIK UCTOJb3yeTcs a3bik ckpuntoB OTCl, mo3Bonstomumii obecre-
YUTH PSIT TIOJIOKHUTENBHBIX CBOMCTB, Mpucymux s36iky OTcl: mpocto-
Ty CHHTaKCHCa, MPOCTOTY IMOCTPOCHHS CICHApHs MOJICITUPOBAHUS,
BO3MOXHOCTh COCTUHEHUSI BOCIAUHO OJIOKOB, BBIMOJHCHHBIX Ha CHC-
TEMHBIX S3bIKaX MPOrPAMMHUPOBAHHS U MTPOCTYIO MAHUITYJISIIHIO HMHU.

B NS2 Ha ypoBHe sapa peann3oBaHbl OOJBIIMHCTBO M3BECTHBIX
MPOTOKOJIOB ceTeli cBsizu, Hampumep MPLS, IPv6, OSPF, RSVP,
MPOTOKOJIBI OecrpoBOIHOM cBsizu, Web cachingu mHorue apyrue.
Tarke pealM30BaHO IENI0¢ CEMEHCTBO JMCIUILTUH OOCITYKUBAHUS
ouepeneii: RED, WFQ, CBQ, SFQ T.n1. B pamkax NS2 BozmoxHa
peanusaiys COOCTBEHHOTO MPOTOKOJIA.

NS2 conmepxuT cpeicTBa aHUMAIlMK PE3yJIbTaTOB MOZCIHPOBa-
uus NAM (Network Animator), koropoe mpemgocTaBisier rpadude-
CKO€ BOCTIPOM3BEACHUE PE3yIbTATOB MPOBEACHHOIO 3KCIEPUMEHTA!
0TOOpaXeHUE TOTIOJIOTHU CETH, aHUMAIIUs TTAKETOB, Y3JI0B, ouepeaeh
W pa3NyYHble BO3MOXKHOCTH aHalIM3a JaHHBIX. B KadecTBe BXOJHBIX
nanabrX s NAM ucrions3yroTcs (aiisl, 3amucaHHbIe B MPOIECCEe
¢ynkunonupoBanus NS2,T.e. MOJETUPOBaHUS CETH CBSI3H.

Bosee moapoOHbIe cBeaeHHUs 0 ceTeBoM cumyisitope NS2 uzio-
JKEHbI B TokyMeHTe about_ns2_rus.pdfipenctaBieHoM Ha cepBepe S
JIBC xadenpst TOP [S:\boromonosCHU\NS\Lab1\Metod\]a takxe Ha
caiirax: http://www.isi.edu/ http://wwwns2.chat.ry/s gactHoctH, B
JOKYMEHTaX http://www.isi.edu/nsham/ns/ns-documentation.html
http://www.isi.edu/nsnam/ns/tutorial/nsindex.html.

OCHOBbBI PABOTBI C CETEBBIM HMHTATOPOM NS2

OcHOBHOE coAep)KaHUE JaHHOTO pasliesia HCIONb30BaHO U3
yuebnbix Marepuanos VINT group: NS Tutorial moctymasix mo af-
pecy http://www.isi.edu/nsnam/ns/tutorial/nsindex.html.

IHoaroroBka mad/j0Ha cieHapus

B nmaHHOM pasfenie paccMaTpUBAIOTCS BOMPOCH! paspabotku Tcl
crieHapus ais umutaropa NS, MOIENUPYIOMIEro MPOCTYI0 TOIOJO-
THIO CETH: KaK CO3/[aBaTh Y3JIbl M JIMHUY CBSI3U MEXITYy HUMH, KaK I10-
ChUIATh JIaHHBIC OT OJHOTO y3Ja K JIPYroMy, Kak KOHTpPOJHPOBAThH
odepenp M Kak 3amyckats anuMaTop NAM mo crieHapuro Moaenupo-
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BaHUS ISl BU3yaJTU3aIluH €TO Pe3yIbTaTOB.

Bo-niepBrIx, cozmaeTcst mabiioH, KOTOPBIM MOXHO HCIOIL30BaTh
st Beex Tcl ckpuntoB. Tcl crienapuii MOXKHO mucaTh B JTFOOOM TEK-
CTOBOM PEIAKTOpE, W MNpeiaraeTcs Ha3BaTh ATOT IMEPBHINA MpUMEP
‘example.tcl'.

[Ipex e Bcero, cozmaercst 00bEKT UIMATATOP KOMAHION

set ns [new Simulator].

3aTeM OTKpBIBaeTCs (haiiil JIs 3alicH, KOTOPBIH OYIET HCIIONb-
3oBaTh anuMatop NAM i pacrieyaTku TaHHBIX

set nf [open out.nam w]

$ns namtrace-all $nf.

[lepBast cTpoka oTKpbIBaeT Gaitn 'out.nam’'mis 3amucud M HaeT
obOparaercs ¢ 3TUM (QaiiiioM Kak ¢ nepemenHoit 'Nf'. Ha Bropoii ctpo-
Ke co0O0IIaeTcs, 4YT0 CO3/IaHHBIN BBIINIE OOBEKT MMHUTATOP 3aIHIICT
BCE JIAaHHBIC MOJICJIMPOBAHMUS, TpEJHA3HAUYCHHBIE ISl aHMMaTopa
NAM, B 3TOT aii.

Cremyromumii mar gob6asiser nporeaypy ‘finish' kotopas 3akpsr-
Baet (paitr TpaccupoBku u 3ammyckaer NAM:

proc finish {} {

global ns nf
$ns flush-trace
close $nf
exec nam out.nam &
exit 0
}
3amnucaHHble BbIIIE KOJIbI OyayT 6ojiee MOHSATHBIMH ITOCJIE TOTO,
KaK CTaHeT BUIHO, YTO OHH JICJIAIOT.
Crenyromias CTpoKa MepeacT MMUTATOPY: BBIMIOJHHUTE HPOIIETY-
py 'finish'mocne 5 cexyna BpemeHu MoeIHpOBaHUS
$ns at 5.0 "finish".
Komanmoii 'at’ umurarop NS obecreunBacT MPOCTOH CIOCOO
[UTAHUPOBAHUS COOBITHIA.
Hakowerr, mocieiHss CTpOKa 3armyckaeT MOICIUPOBaHHE
$ns run.
DTOT (ailyt Ternepb MOKHO COXPAHUTh M MOMPOOOBATH 3aITyCTHTh
ero, HabpaB B TEPMHHAJIE!

13



'ns example.tcl'.

Tak kak 70 CHX TIOp He OBUIM OIpeelieHbl HUKaKue OOBEKTHI
(y3mbl1, CBSI3H, U T.JI.) WIH COOBITHS, MOKET OBITH MOJYUYECHO COOOIIIe-
HHe 00 ommOKe Tuma 'Nam: empty trace file out.nammo we Oynet
3aMETHO HUKaKOM PeaKiim).

IMepecblika JTaHHBIX MEKIY y31aMH

Jlanee paccMaTpUBaeTCs CO3MAHUE OUCHB MPOCTON TOMOJOTHH U3
JIBYX y3JIOB, COCJIMHEHHBIX JINHUEH CBSI3H.

Crenyromiyie Be CTPOKH OIPEEIISIOT JIBa y3Ja:

set n0 [$ns node]

set nl [$ns node].

Hosslil 00bekT y3en co3maercst komanaoi '$ns nodeTlpusenen-
HBIN BBIIIIE KOJT CO3/IACT /1B Y3714 U MPHUCBANBACM UM TSl YIIPABICHHUS
umena 'N0'u 'nl'. (Ipumeuanue: Koa naHHOW CEKIMU JOKEH OBITh
BCTaBJIEH Tepe]] CTPoKo '$NS run'yim nasxe Jydiie, nepej CTpoKoi
'$ns at 5.0 "finish™).

Cremyrolast CTpOKa COSAMHACT 3TH JIBA y3Ja.

$ns duplex-link $n0 $n1 1Mb 10ms DropTail.

Ora cTpoKa coo0IMaeT 00bEKTY HMHTATOPY: COCAUHUTH y37bl NO
u N1 qByxcTopoHHE# CBA3BIO ¢ Moyiocoit mponyckanus 1Megabit,3a-
neprkkoir 10msu ouepennto Tumna DropTail.

3areM MOXHO coxpaHuTh (aitn (examplel.tclu sanycturs Ha
BBITOJTHCHUE CIICHAPHI

'ns examplel.tcl'.

Anrnmarop NAM cTapTyeT aBTOMAaTHYECKH, B IOJDKEH TTOSBUTHCS
BBIXOJHOM MPOJYKT B BUIE CXEMbI IPOCTEUIIIEH CETH.

DTOT MpUMEp MO3BOJSIET BHAETh TOIBKO TOTOJOTHIO CETH, B KO-
TOPOW HUYETO B HEHW HE MPOUCXOTUT, MOITOMY OYCPESIHBIM ITAOM
Oyzaer mepechbUika AaHHbIX OT y3i1a NO k y3my N1l. B umuratope NS
JTAHHBIC BCET/Ia TIEPEChUTAIOTCS OT OJHOTO areHTta Apyromy. [losTomy
CIICAYIOIINI IIar TOJKCH CO3/1aTh 00BEKT areHT, KOTOPBIH MOChLIACT
naHHbIe 0T y31a N0, u BTOpoi 0OBEKT areHT, KOTOPHIH MOTyYaeT JaH-
HEIE Ha y37e nl.

#Create a UDP agent and attach it to node nO

set udpO [new Agent/UDP]

$ns attach-agent $n0 $udp0O

# Create a CBR traffic source and attach it to udpO
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set cbrO [new Application/Traffic/CBR]

$cbro set packetSize 500

$cbr0 set interval_ 0.005

$cbro attach-agent $udpO

Ot crpoku cozmaror UDP (User Datagram Protocalyenra u
MPUCOSAMHSIOT ero K y3ay N0, 3arem moxkiouaroT reHeparop CBR
(Constant Bit Ratejpaduka k UDP arenty. Moayns CBR ycranas-
JUBAET TIOCTOSHHYIO OMTOBYIO CKOPOCTh T€HEpUpOBaHHs HH(OpMa-
uu. Ctpoku 7 U 8 He TpeOyIOT HoscHeHui: Pa3Mep makeTa ycTaHaB-
muBaroT o 500 6aiiToB, u makeTsl OyayT nmoceutaThest Kaxasie 0.005
cekyHabl (To ectb 200 maketoB B cekyHny). COOTBETCTBYIOLIHE Ma-
paMeTphl JUTsl KOKIOTO arcHTa OINpejelieHbl B PYKOBOJICTBE K CHMY-
asropy NS < http: // www.isi.edu/nsnam/ns/doc/index.html

Crenyrouye CTpOKH CO3JAIOT HYJIEBOTO areHTa, KOTOPBINA JeHCT-
BYET, KaK MPUEMHHUK TpaduKa, u MOAKIIOYAIOT €To K y3my Nl.

set null0 [new Agent/Null]

$ns attach-agent $n1 $null0

3aTeM 3TH J1Ba areHTa OBITH CBSA3aHEI IPYT C APYTOM.

$ns connect $udp0 $null0

U Teneps cnenyer coobumrs CBR arenry, korma HavaTh TOCHI-
JaTh JIaHHBIC U KOTJa MpeKpatuTh nocskuiathb. ([Ipumevyanue: Beposit-
HO JIy4Ille MMOMECTHThH CIEIYIOIHe CTPOKH KaK pa3 IMepej] CTPOKOU
'$ns at 5.0 "finish™).

$ns at 0.5 "$cbr0 start"

$ns at 4.5 "$cbr0 stop”

DTOT KOJ TaKKe He TpeOyeT MOSCHCHUMN.

Teneps MOXKHO coxpaHuTh (aiin (examplela.tcly cHoBa HauaTh
MozenupoBanue. [locie menyka Ha KHOKe 'play'B OkHE aHMMaropa
NAM moxHO Oyaer BuaeTh, 4to nocie 0.5 ceKkyHa MOoaeIupoBaHus,
y3en NO HayHeT MOChUIaTh MaKeThl JaHHBIX K y3i1y N1. C momorrso
non3yHka 'Step'mMoxHO n3MeHHUTh TeMn nokaza NAM.

Jlanee MOXKHO Ha4aTh BBIOJHSITH HEKOTOPBIE DKCIEPUMEHTHI C
NAM u Tcl crienapusamu. MoXXHO II€IKaTh Ha JIFOOOM IaKETe B OKHE
NAM, 4To0Bl KOHTPOIHMPOBATH €ro. Takke MOXHO LIETKATh HEMOo-
CPE/ICTBEHHO Ha JIMHHUHU CBSI3H, YTOOBI TOJYYUTh HEKOTOPBIE Tpaduku
CO CTATHCTUKOW. PekoMeHyeTcs TakKe M3MEHHTh TapaMeTphl pas-
Mepa naketa 'packetsizeir unrepsana noceuiok ‘interval's Tcl cue-
Hapuu. [ToHYI0 BEpCHIO pacCMOTPEHHOTO MPUMEPa MOKHO TTOCMOT-
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peTh 1o ajgpecy
<http://www.isi.edu/nsnam/ns/tutorial/examples/epéatb.tcl>.

PaszpaboTka TomoJiornu ceTu

B 3TOM paszene TOMONOTHS CETH 3a1aeTCs YEThIPbMSI y3TaMH, B
KOTOPBIX OJIMH y3eJI JCUCTBYET KaK MapIIpyTH3aTOp, MPOABUTAIOIIH
Jajblie JaHHbIe, KOTOPHIC J[Ba y3Jia MEPEChUIAlOT YETBEPTOMY Y3IIy.
[MosicHsieTcst crmoco0, Kak pa3iTuIuTh MOTOKH JAHHBIX OT JBYX Y3JIOB
OT JPYT ApYyra, ¥ MOKa3aHO, KaK MOXXHO KOHTPOJHUPOBATH OYEPEb,
4T00Bl HAOIIONATh, HACKOIBKO OHA CTAHOBHUTCS 3allOJHEHHOM, H
CKOJIBKO MAKeTOB OyAeT OTOPOIICHO.

Kax Bcera, mepBbli IIar JOJKEH OMpeAeuTsh Tononoruto. Cie-
ayeT co3maTh (aitn 'example2.tcl'ucmonp3ys kak mabiIoH mporpam-
My Mpeabaynero pasaena ‘example.tcl'.

Kak yke yka3pIBaloCh, MPOTpaMMa BCET/la OCTACTCS MOXOXKEH.
Bcerna crenyer co3naBaTth 0OBEKT MMHUTATOP, MOJCIMPOBAHHE BCe-
ra J0JDKHO HaYMHATHCS C TOH jKe caMOil KOMaH[Ibl, U €CITH TPE/IIo-
Jaraetcsi ynpasisaTh anumaTtopoM NAM aBTOMaTHYECKH, HYKHO BCe-
r71a OTKPBITh (hailyl TpaCCUPOBKH, HHUIIUATH3UPOBATH €0, U ONpe/ie-
JIATH TIPOIIETyPY, KOTOpas 3aKphIBacT ero u 3amyckaeT NAM.

JItsi CO3MaHuUs YEThIPEX Y3JIOB B MPOrPaMMy CICAYeT BCTABHTh
CICIYIOIIHIE CTPOKH

set nO [$ns node]

set nl [$ns node]

set n2 [$ns node]

set n3 [$ns node]

Crenyromast 9acth TCl Kozia co31aeT Tpu IByHANPaBICHHBIX CBSI-
34 MEK/TY Y3JIaMH.

$ns duplex-link $n0 $n2 1Mb 10ms DropTail

$ns duplex-link $n1 $n2 1Mb 10ms DropTail

$ns duplex-link $n3 $n2 1Mb 10ms DropTail

Teneps nporpammy ciienyet coxpanuth (‘example2.tclu 3amyc-
TUThH CIICHAPHI HA BBIMOJHEHHE. BeposTHO, MOKHO 3aMETUTh, Y4TO B
okHe NAM Tomojorus BBRITJISANT HECKOJNBKO HEYKIIoxke. s Toro,
4TOOBI CXeMa BBITJIsIIea OOJiee MOAXO/SIIE, BO3MOXKHO HUCIIOIb30Ba-
HHUe KHOIKH 'fe-layout' fiepemianuposka), HO OBUIO OBI JIyUIllE HMETD
HEMHOTO 0OJIbIlle KOHTPOJSI HaJ (OPMHUPOBAHHEM TOIMOJIOTUH. JIJIst
ATOr0 HYKHO I00ABUTH CIIEAYIOIINE TPHU CTPOKU K TCl crenapuio, u
craproBaTh ero cHoBa (‘example2a.tcl).
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$ns duplex-link-op $n0 $n2 orient right-down

$ns duplex-link-op $n1 $n2 orient right-up

$ns duplex-link-op $n2 $n3 orient right.

Teneps, nocie npocmotpa tomosnorud B okae NAM, BeposTHO
TOHSTHO, YTO JEJAeT 3Ta IPOrpamMmma, .

HY)KHO 3aMC€TUTh, YTO aBTOMATUYCCKas IJIaHWUPOBKa KOMIIOHCH-
TOB cetd B okHe NAM OTMCHACTCS, TaK KaK TCHCPh UX Pa3MCIICHHUC
MIPOM3BOANTCS BPYIHYI0. BRIOOp IS OpHeHTaMH CBsI3ei BO3ZMOXKEH
BIIPaBO, BJICBO, BBEPX, BHU3 W B KOMOWHAIIMHA OTHX OPHUCHTAITHI.
BKCHCI)I/IMCHTI/II)OBS.TB C OTUMHU HA3HAYCHUAMHU MOXKHO II032KE, a IIOKa
TOMOJIOTHUIO CJICAYCT OCTABUTH KaK MOJTYYUIOCh.

Hanee co3narorcs asa UDP arenta ¢ CBR ucrounukamu tpadu-
Ka, KOTOPBIX IMPUITUCBHIBAIOT K Y3JIaM NnOu nl.3arem CO34a€TCA arcHT
¢ oTCyTCTBUEM MH(pOpMaIyu (Hy/1b-areHT), IPUITHCAHHBIN K y3i1y N3.

#Create a UDP agent and attach it to node nO

set udpO [new Agent/UDP]

$ns attach-agent $n0 $udp0

# Create a CBR traffic source and attach it to udpO
set cbrO [new Application/Traffic/CBR]

$cbr0 set packetSize_ 500

$cbr0 set interval_ 0.005

$cbro attach-agent $udp0

#Create a UDP agent and attach it to node nl1
set udpl [new Agent/UDP]
$ns attach-agent $n1 $udpl

# Create a CBR traffic source and attach it to udpl
set cbrl [new Application/Traffic/CBR]

$cbrl set packetSize_ 500

$cbrl set interval_ 0.005

$cbrl attach-agent $udpl

set null0 [new Agent/Null]

$ns attach-agent $n3 $null0

Jlsa CBR areHThI TOJKHBI OBITH CBSI3aHBI C HYJIb-aT€HTOM.
$ns connect $udp0 $null0
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$ns connect $udpl $nullo

InanupoBaHue cOOLITHIT H MAPKHPOBAHUE MOTOKOB

ITycts mepeiit CBR arent, HauHeT moChIIaTh B MOMEHT BPEMEHH
0.5 cexynasl u octaHoBUTCS B 4.5 cekyH[IBI, B TO BpeMs Kak BTOpOH
CBR arent crapryer B MOMeHT BpeMeHH 1.0 cekyHIa U OCTaHOBHUTCS
B 4.0CeKyHIbI.

$ns at 0.5 "$cbr0 start"

$ns at 1.0 "$cbrl start"

$ns at 4.0 "$cbrl stop”

$ns at 4.5 "$cbr0 stop"

Teneps korza 3amyckaercs ckpunt ' NS example2b.tcl 3ametHo,
YTO Ha JUHUAX CBs3sX oT NO o N2 u N1k N2 umeercs Oombliee KO-
JIUYECTBO TpaduKa, YeM MOXKET TIEPSHECTH JIMHUS CBA3U OT N2 10 N3.
DT0 MOATBEPKIACT U MpocToe BhruucieHue: Mbl moceitaem 200 ma-
YeK B CEKYHJIy Ha Ka)JIOW W3 TIEPBBIX JIBYX CBS3CH, U pa3Mep MavkH -
500 6GaiiToB. 3TO COOTBETCTBYET MmoJioce mpomnyckanus 0.8 meradura
B CeKyHAY Juis JuHUE cBs3eit ot N0 o N2u ot Nl g0 N2. 310 npuBo-
JIMT K TIOJTHO# mostoce npomyckanus 1.6Mb/s,Ho nuHus cBsi3u Mex 1y
N2 u N3 UMeeT MPOIYCKHYIO CIIOCOOHOCTH TOMbKO 1MDb/S, mostomy
OYCBHIHO, YTO HEKOTOPBIC MaKeThl oTOpackiBatoTcsa. Ho koTopbie?
O06a moToka YepHbI, TTOATOMY €AMHCTBEHHBINH CIOCOO BBISICHUTH TO,
YTO CITydaeTcs ¢ MMaKeTaMH, 3T0 KOHTpoaupoBath X B NAM, mrenkast
Ha HUX. B crmemyromux pasgenax OyJaeT MOKa3aHO, Kak pasivyHUTh
MEX/y Pa3HBIMH MOTOKAaMHM M KaK HAOMIOMATh TO, YTO (haKTUUIECKU
MIPOMCXOMT B OUEPEIU HA JIMHUH CBSI3U OT N2 10 N3.

JloGaBsifoTCs cleayomue 18e CTpoku K onucanusM CBR aren-
TOB.
$udpO set class_ 1
$udpl set class_ 2
[MapameTtp 'fid_' ycTanaBiauBaetcs mocie uaeHTH(HUKATOPA TOTO-
ka 'flow id'".

3arem m00aBIIETC CAEIYIOMIYIO YaCTh MPOrpaMMEI K TCl ckpurr-
Ty, TIPEAMOYTHTEIILHO BHAYAIIE, TIOCIE TOTO, KaK ObLI cO3/1aH OOBEKT
MOJICIMPOBAHUS, TaK KaK OHAa SBJSETCSA YacThi0 Habopa 3aJaHHBIX
3HAYEHUU UMHUTATOpA.

$ns color 1 Blue

$ns color 2 Red

OTa nmporpamMma Mo3BOJISIeT YCTAHABIUBAThH PA3IMYHbIC [BETA JJIsI
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Ka)XJI0r0 HUMEHH MmoToKa id.

Teneps MOKHO CHOBA 3amyckarh ckpunt (‘example2c.tcl)u oqun
MOTOK JJOJKEH OBITh CHHETO 1IBETa, B TO BPeMsl KaK JPYroi KPacHOro.
Hab6nronas coemunrenne ot y3na N2 k N3 HEKOTOPOE BPEMsi, MOKHO
3aMETUTh, YTO TOCIEC HEKOTOPOTO BPEMEHH pACIpPEICTICHUE MEKIY
CHHUMH M KPAaCHBIMH MaKeTaMU OKa3bIBACTCS YK€ HE CIIUIIKOM CIIpa-
BEUTMBBIM. B ciieyrorem pasnene OyaeT moka3aHo, Kak MOKHO Ha-
OJIFOIaTh 3TH CBSI3M BHYTPH OYEPEH, YTOOBI BBISICHUTH TO, YTO MPO-
HCXOJIUT TaM.

Jli1st TOro, 4to0bl KOHTPOJIUPOBATH OYEPEIh HA JIMHUH CBSI3U OT
N2 1o N3,k mporpaMmme cieAayeT J00aBUTh CIEIYIOLIYIO0 CTPOKY

$ns duplex-link-op $n2 $n3 queuePos 0.5

3atem MokHO cHoBa 3amyctutb NS (‘example2d.tcl)p Oynyr
BU/HbI OOHOBJICHHBIC PE3YJIbTATHI MOJICTUPOBAHHUSI.

Teneps MOKHO HaOIIOMATh MAKETHI B OUEPE/IH, & Yepe3 HEKOTO-
poe BpeMsi ake MOKHO BHIETh, KaK MaKeThl MajaroT. Bo3MOKHO,
pacmpezieneHre OTOPOIICHHBIX MAKETOB OyAeT HEPaBHOMEPHBIM, W
JEUCTBUTEIIBHO, HENb3s OXKUAATh IOCTATOYHON CHPABETUBOCTUH OT
mpocroit DropTail ouepemu. ITosTomy ciemyeT po6oBaTh yayUIIHT
OpraHH3alHio ouepean, ucnons3ys SFQ €roxacTuueckas crpaBej-
JIMBasi OPTaHU3aIMs OYepea) ouepeb sl cBsa3u oT N2 o N3. Jlns
3TOTO 3aMEHSIOT OIMHMCAHWE COCIWHEHHS U JIMHUU CBSI3H MEXIY
y3namu N2 N3 Ha caenyomyto crpoky (‘example2e.tcl )

$ns duplex-link $n3 $n2 1Mb 10ms SFQ.

Temeps opranuzanus odepenu JOJKHA OBITH OOJiee CIIpaBeIIH-
BOM, M KOJIMYECTBO OTOPOIICHHBIX CHHUX M KPACHBIX MAKETOB CIICIY-
eT OKUJIATh MPUMEPHO OJHHAKOBBIM.

IIPE/IBAPHTEJIBHAA I10ATI'OTOBKA

O3HaKOMUTBCA € OomMKcaHueM ceteBoro umutaropa NS2u ero oc-
HOBHBIX KOMIIOHEHTOB II0 MaTepHalaM JaHHOTO MpPaKTHKyMa M pe-
KOMEH/IyeMbIX B HEM JINTEPATYPHBIX HCTOUYHUKOB.

Wzyuuts paznen «OcHOBH pabOTHI ¢ ceTeBbIM UMUTaTOpoM NS2»
METOAMYECKHUX YKa3aHWH M0 JaHHOW JabopaTopHOW paboTe U Moaro-
TOBHUTH HeoOXxoaumble TCl ckpurter mis pabotsr ¢ NS2, paccmoTpen-
HBIC B JAaHHOM pasJee.

Jopaborate cueHapuii example2a.tclrakum oOpazom, 4ToOBI B
[IEHTPE CeTH OBUT pa3MeIIeH y3el, HOMep KOTOPOTO OTMEUCH 3HAKOM
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“+” B tabmunel (mo BapmanTam). Tam ke yKazaHa OpPHEHTALHS OC-
TaJIbHBIX Y37I0B (M0 HAMPABJICHHIO YaCOBOW CTPEIKH) OTHOCHTEIHHO
HeHTpaibHOro y3ia. [lapameTpsl aunuii cBszu (frq —momoca npormyc-
kanus, del —3agepikka nepenayu) ycTaHABIMBATH OJJHHAKOBBIMH JIJISI
BCEU ceTH.

Tabmuna 1
1 2 3 4 5 6 7 8 9 10
no + 15| 3 45| + 75 9 12 + 3
nl 12 + 6 9 6 + 12 3 15 +
n2 3 45| + 12| 9 12| + 79 6 7,
n3 751 9 10,5 + 15| 3 45| + 9 12

Null | n3 no nl n2 n2 n3 no nl nl n4

Frq 105,07 06] 10 09 11 1P 09 08

del |20 | 15| 18 | 10| 12| 9 8 16 15  1¢

[Tonmarath B JanbHEHIIIEM, YTO IBa U3 TPeX NepU(EPHIHBIX y3JI0B
paboTaloT Ha mepenavyy MaKeTOB, TPETHH y3el, 00O3HAYECHHBIA B
crpoke «Null» Tabmuupr pabotaer Ha mpueM, a HEHTPATBHBIA y3el
TOJILKO TPOJIBUTACT Jajiee IMOJyYeHHbIC IaKeThl, He N00aBIss Ha-
IPY3KH.

PesynpTatamu npeaBapuTeNbHON MOATOTOBKY 10 IaHHOM padoTe
SBJISIIOTCSI (aiisbl TCl CKpUNTOB, MOATOTOBICHHBIC TSI MOJICIUPOBa-
HUS CeTel ¢ moMoIIbio umutaropa NS2.

KOHTPOJIBHBIE BOIIPOCBI H 34/JAHUA

1. C xakoif 1eJbpl0 HCMOML3YeTCs AMHAMHYCCKOE MOJCITHPOBA-
Hue cucteM? Kakue 3aauu OHO peraet?

2. JlaTh CpaBHUTENBHYIO XapaKTEPHCTHKY MPOTPaMMHBIX MpPO-
JYKTOB, TpEIHA3HAYCHHBIX IS MOJCIUPOBAHUS TEICKOM-
MYHHUKAI[HOHHBIX CETEH.

3. UYro mpencrasnser coboit mpoekT NS2 VINT?

4. PackpbITh apxUTEKTypy umuTaTopa NS2.

5. C xakoii uensio B NS2ucnonb3yeTcs qBa si3blKa MPOrpaMMu-
poBaHUs?

6. Kak B NS2 orpakeHbl peajabHbIe XapaKTEPUCTHKH CETEBBIX

MPOTOKOJIOB, TIOPSI0K OOCITYKUBAHUS OUYepeIeii?

Kakue Bubl 01IMO0K MOTYT OBITH CMOJIEIUPOBaHbl B NS27?

Kakwue cpenctBa HCIIONB3YIOTCS A1 Budyanu3aiuu B NS27?

Kakne OCHOBHEBIE KOMIIOHEHTHI cOmepuT madaon Tcl cie-

© o N
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10.

11.

12.

13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
23.

24,

Hapus?

IMosicuuts dneMenTHl TCl crieHapreB, HEOOXOAUMBIE TIPH CO3-
JTAHUH Y3JI0B ¥ CBA3CH MEXIy HUMHU.

IMepeuncnUTh OCHOBHBIC MApaMETPhl JMHUU CBSI3H MEKIY
y3JIlaMH ¥ TIOSICHUTb, KaK OHHU 3aaroTcsi B TCl crieHapuu.
KakuM 00pazoM MOXHO BPYYHYIO pa3MeliaTh KOMIIOHEHTHI
Ha cxeme cetu? [IpuBecTr npuMepsl.

Uro Takoe areHTHl U Kakue (QYHKIIMYA OHU BBITIOHSIOT?
[epeuncnuTh W3BECTHBIC areHTHl M ONUCATh WX OCHOBHBIC
XapaKTePUCTHKH.

Kakue mapameTpbl areHTOB YUUTHIBAIOTCS MPU MOJCITHPOBA-
HUU CETU U KaKuM 00pazom?

Yro Takoe CBR reHepatopbl U Kak OHU YYacTBYIOT B MOJIe-
JUPOBAHUM?

Kakue napamerpsi CBR renepaTopoB MOryT OBITH 3a/1aHbI
MIPY MOJICTUPOBAHUM ?

Yro Takoe IJTaHUPOBAHHE COOBITHI M KaK OHO peau3yeTcs B
NS2?

KakuM 00pazoM MOXKHO KOHTPOIHPOBATH MIOTOKH JIAHHBIX ?
J1J1s1 4ero v Kak BBIMOJHICTCS MAPKHUPOBKA JAHHBIX ?

Kakue BuIbI opraHuzanuu odepenu UCHonb3yloTcst B NS27?
ITpuBecTy npumMepsl.

Kakue mapaMeTpnl maketa MOTYT OBITH ONPEACICHBI B pe-
3yJbTaTe YKCIIEPUMEHTA?

Kakumu cpencteamu B NS2 0ToOpakaroTcst pe3ynbTaThl 3KC-
nepuMenTa? [10SCHUTD.

JABOPATOPHOE 34/IAHHE

1. O3nakoMuTBCS ¢ ommcaHueM cereBoro umuraropa NS2wu ero
OCHOBHBIX KOMIIOHCHTOB MO MaTepHallaM JIaHHOTO IMPAaKTUKyMmMa WU
PEKOMEH/IyeMbIX B HEM JIMTEPATypPHBIX MCTOYHHKOB (Karaior
\Lab2\Metod\). Co3nats manky c¢ HazBanuem Lab_2wHa cepBepe X.
[IpoMexyTouHBIE W OKOHYATEIBHBIC PE3YNBTAThl JAHHOH pPabOTHI
COXpaHsITh B 3TOM KaTaJore.

2. ®aiinbl, MOATOTOBJIICHHBIC B pe3yJbTaTe MpeIBapUTEIbLHON
MOJITOTOBKH, CKOMTMPOBATh B CO3aHHyt0 manky Lab_2.

3. OtkpbITh 0KHO «TepmuHam». C MOMOIIBI0 KOMaHIbl «3Me-
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HuTh Karamor» (cdpath), roe path —tyts mocryma x xartamory Lab_2,
TIepEHTH B CBOM paboumii KaTajor.

4. Vcnions3ys (aiispl, TOATOTOBICHHBIC B PE3yJIbTATe MPeIBapu-
TEJNBHOW MOJITOTOBKH, BBITIONIHUTH BCE OMEPAIIUH, OMIUCHBIC B pasjieie
«OCHOBBI pabOTHI ¢ CeTeBbIM UMHTATOPOM NS2»MeToAMUYECKUX yKa-
3aHUH M0 JaHHOU JabopaTopHO paboTe.

5. HabmroiaTh peakiiuio CHCTEMBI TIPH HAXKATHH Ha KJIABHIITY «fe-
layout», kaBuIl HampaBIeHHsS ¥ CKOPOCTH aHMMAIIMU PE3yJbTaTOB
MOJICJINPOBAHHS, TTOJI3YHKA «Step».

6. OcTaHOBUTH MOJEIUMPOBaHKE MO ciieHapus examplela.tcls
¢asze nepechuiku JaHHBIX (Ha mHTepBane moxenuposanus 0,5...4,5
cekyHapl). CrpaBouHyl0 HH(POpMALHUIO O TAKETe MOYKHO BBI3BATh
MIETYKOM JICBOM KHOIMKK MBIIIK Ha 00pa3e makera. 3ad)MKCHPOBATH
CBEJICHUS O HECKOJIBKUX COCEIHUX nakerax. [1ogoOHbIM sxe 00pazoM
03HAKOMUThCS ¢ HHPOpMAaIHel 00 y3/1aX U TMHHUSAX CBS3H.

7. 3amyctuth ciieHapuii example2a.tclpopaborannsiii Ha sTare
MPEIBAPUTEIBHON MOJTOTOBKH. YOCAUTHCS B COOTBETCTBHHU TOJY-
YEHHOTO peIICHHs] UCXOJHOMY 3aJlaHuio. B ciydae pacxoxIeHus —
opaboTaTh MPOrpamMmy.

8. BBecTH B clieHapHii MOACITUPOBAHUS TJIAHUPOBAHUE COOBITHIA.
J1J1s1 5TOTO JAOTONHUTH AOPAO0OTAHHBINA CKPUTIT CTPOKAMHU MPOTPAMMBI
mo aHamoruu ¢ Qaiimom example2b.tclllapamerpsr CBR mcrounnkos
1wu 2 (pa3smep makeTa PSB OaiiTax, MepHO MOCTYIUICHHS TTAKETORB iN B
MULTHCEKYH/IaX, [[BETa MapKHPOBKH) BHIOUPATH B COOTBETCTBHH C
tabmuneii 2. Ipera B Tabmuile 3akoaupoBans mudpamu: 1 — blue, 2 —
brown, 3 — green, 4 —red, 5 — yellow.

Tabnuna 2

1 2 3 4 5 6 7 8 9 10

psl | 200 400 150 500 250 300 3p0 9500 250 400
ps2 | 150 500 300 200 500 600 7 300 P50

inl |4 6 3 5 3 4 4 8 5 7
in2 | 3 8 6 2 6 8 7 3 6 5

colo| 13| 14| 15| 23 24 2% 34 35 45 12

9. 3anyctuts B NS paspaborannsiii B 11.8 crieHapuii. I[IpoBeputsb
napamMeTpbl AKETOB U YOCTUTBCS, YTO PE3yIbTAThl MOJICIIMPOBAHHUS
COOTBETCTBYIOT MCXOJHOMY 3aJ[aHHI0. B ciydae pacxoaeHust — 10-
paboTarth mporpammy.
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10. JInst KOHTPOIS MAKETOB B OYEPEId BBECTH B IPOTPaMMy IO-
CIIEZIHIOI0 CTPOKY cueHapus example2d.tcl  yuerom cobcTBeHHOM
CXeMbI CeTH). YOeauThcs B Pe3ydbTaTHBHOCTH M3MEHEHUid. [loBTo-
PHUTH TOXXKE caMoe TpH J00ABICHUN B MPOTrpaMMy MOCIEAHEH CTPOKH
crienapus example2.tcl.

11. OneHnTh BIWSHHUE ITAPAMETPOB JIMHUH CBSI3M HA BEIHYHUHY
ouepean. st 3TOoro 3aMKCHUpPOBATH HECKOJNBKO 3HAYCHHH MOJOCHI
MPONYCKaHHS U 33JICpIKKH IIepeiauul, B Mpejesiax KOTophix Habro a-
eTcs U3MEHEHHUE XapaKTepa OuepeIu.

12. Ilyrem u3MeHEHHs MapaMeTPOB JIMHUHU CBSI3M JKCIIEPUMEH-
TaIbHO OINpPEENIUTh TPAHUIY IOJIOCH MPOIMYCKAHHS JIMHUH CBSI3H,
MPU KOTOPOH HAUuMHAET POPMUPOBATHCS OUEPEb.

13. B oryer cnenyet BHecTH (ailiibl mporpaMm, pazpaboTaHHBIC
Ha dTare NpelBapuTEILHON MOATOTOBKH, a TAKKE B PE3yNbTaTe DKC-
MEPUMEHTANBHBIX UCCIIEOBAHNH, BKITIOYAst TPOTOKOJIBI paboThl NS2.

JIutepatypa

1. The ns Manual./Kevin Fall, Kannan Varadh@ocrymnzo 1o
agpecy: http://www.isi.edu/nsnam/ns/ns-documentation.html

2. Tutorial for Network Simulator ns /Marc GreffoctymnHo 1o
anpecy: http://www.isi.edu/nsnam/ns/tutorial/nsindex.html
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PABOTA Ne 3

MOOEJIMPOBAHWE CETEA 3BM C MOMOLLbIO
CETEBOIO UMUTATOPA NS2

Henbto pabotel «MonenupoBanue ceteir 9BM ¢ momorisio cere-
Boro mmurtatopa NS2» sBisieTcsl UCCIEAOBaHUE XaPaKTEPUCTHK Ce-
Teii OBM myTeM KOMIBIOTEPHOTO MOICITHUPOBAHMUS, HAPABICHHOTO
Ha yriyOJeHue 3HaHUHM M pacllUpeHHe CBEIEeHHUH 00 OCHOBHBIX Xa-
pPaKTepUCTHKAX CEeTEH, a TaKKe 3aKperuIleHHe HABBIKOB paboTHI C ce-
TeBbIM UMHUTaTOpoM NS2.

KPATKHE CBEJEHHA O MOJEJIHPOBAHHUH CETEH
9BM C IIOMOLIbIO CETEBOIO HMHTATOPA NS2

OcHOBHOE coepaHUE TaHHOHM pasesa MCIOIh30BaHO U3 yIe0-
Hbix MarepuanoB VINT group: Jae Chung and Mark Claypool. NS by
Example, Technical Report WPI-CS-TR-99-25, Compuerence
Department, Worcester Polytechnic Institute, Sep#m1999, a
takke mocobme NS Tutorial, moctymHoe Mo  ampecy
http://www.isi.edu/nsnam/ns/tutorial/nsindex.html.

Pa3paGoTka Tonosoruu cetun

B stom pazgene mpoaemoHcTpupoBaHa Tpoctas nporpamma NS
MOJICTTMPOBAaHUS ¢ OOBSICHEHUSIMH, YTO BBITIOJIHICT KaKaasi CTpoka. B
KadecTBe mpuMepa paccmorper OtCl ckpunt, KOTOpBIH cO3MaeT Mmpo-
CTYIO CETeBYI0 KOH(UTYpalMio W BBIMOJHIET CIECHAPHA MOJEITUPO-
BaHMS JUIS CETH, IOKa3aHHOW Ha pucyHke 1. J[Jsi BBIIOJIHEHUS ATOTO
MOJICTTMPOBAHUS CJIeAyeT MoMecTHTh (aiin ns-simple.tclpasmemnien-
ubiii B manke S:\boromoaoBCU\NS\Lab3\Metod\;s cBoii kartanor u
3allyCTUTh €r0 Ha IMpHUIJIalIeHHe KOMaHIHOTO mpoleccopa (NS Ns-
simple.tcl). Opurunaan BeIIIEyIOMSHYTOTO JOKYMEHTa JOCTYIICH IO
azgpecy < http: // nile.wpi.edu/NS/Example/ns-simple.tl >

Mogemupyemast cets cocTout u3 4 y3i08 (N0, nl, N2, N3 moka-
3aHa Ha pucyHke 1. JIyTuieKCHbIC JTUHUN CBSI3U MEXay y3namu N0 u
N2, 1 N1 1 N2 UMEIT MPOIYCKHYIO crocobnocts 2 Mbpsu Bpems
sagepkku 10 ms.JIyrieKcHast JIMHUS CBSI3W MEXIy y3iaMu N2 u N3
UMEeT NPOIYCKHYI0 crocobHocth 1,7 Mbpsu Bpems 3anepxkku 20
ms. Kaxxnpiii y3en ucrons3yet ouepens tumna DropTail c makcumans-
HeiM pasmepoM 10. K y3ny nO moaxmroden "tCp" areHT, y KOTOPOro
yYCTaHOBJIEHO coennHeHue ¢ "tCp" arentom nmpuemunka (“'sink"), moxa-
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KIIFOUeHHOTo K y3imy N3.Ilo ymoryanuio, MaKCUMaJIbHBIA pa3Mep ma-
KeTa, KOTOPBIH MOXET TIpou3BoauTh "tCp" arent — 1 KByte. "tcp
arent npuemHuka ("Sink™) renepupyer u noceutaer ACK makeTsr oT-
npasurento ("tCP" areHTy) U 0cBOOOKAAeT NPUHATHIC MakeThl. K y3imy
N1 moakimrouen "udp" aredr, KoTopsli, cBs3ad ¢ "NUll" arenrom, mox-
KII09eHHBIM K y3i1y N3.Hasuagenne "null" arerra — Tonpk0 0CBOOO-
KIath TpuHATBIE nmakeTsl. K "tCp" m "udp" areHtam NpUKpEIUICHBI
HCTOYHUKH TpaduKa, cooTBeTcTBeHHO, "ftp" u "cbr". Ucrounuk "cbr"
CKOH(UTI'YpUPOBaH TakK, YTOOBI T€HEPHPOBATH IMAKETHl pasMepoM 1
KByte co ckopocteto 1 Mbps.Hcrounuk "cbr" naunnaer ¢yHkumo-
nHupoBanue B 0,1 cekyHapl n okan4yuBaet B 4,5 cekyHnsl, a "ftp" Ha-
yuHaeT B 1,0 cekyHabl 1 okanunBaet B 4,0 cekyHbI.

O node —— link [ | agent

tep ) traffic souce

zink

pkt size: 1 kByte, rate: 1 mbps

chr

ftp

HEC

0o1ooLn 4045

Puc.1. Tomonorust ceTu ¥ CUeHAPHUA MOACTHUPOBAHUS

Jlanee crmemxyer oOBSICHEHHE NMPUBEICHHOTO BHINIC ClicHapus. B
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obmiem, NS clieHapuii HaUMHACTCS ¢ CO3JaHMS DK3EMILIApa 00beKTa
MOJICTTUPOBAHHUSIL.

* setns [new Simulator]:co3naer sx3emmsip oobekra NS Simula-
tor u onpezensieT ero nepeMeHHoU NS (31eck U Janee KypcuB Mc-
MOJIB3YETCs ISl TIEPEMEHHBIX M 3HAYCHWIT). DTa CTpOKa Jenact
cleyroniee:

0 Nnninanusupyet ¢popmar makera (3To moka HTHOPHPOBATh).

0 Co3zmaeT MIaHUPOBLIMKA (3HAYCHUE 1O YMOIYAHUIO — KaJICH-
JapHBIA IJIAHUPOBIIHUK).

0 BeiGupaer opmar agpeca mo yMoT4aHHio (3TO MOKa MIHO-
pHpPOBATh)

OO6bexT SimulatorcogepuT MeTo/Ibl, KOTOPBIE BBITIOIHSIOT CIIe-
JyroIIee:

0 Cozanue cOCTaBHBIX OOBEKTOB THIIA Y3JIOB M CBs3eil (omu-
CaHo MO3XKe)

0 ITonkiII0OYeHHE CO3/IaHHBIX 0OBEKTOB CETEBBIX KOMITIOHCHTOB
(nckroUast. MPUCOEAMHEHNE areHTOR)

0 YCcTaHOBKa MapaMeTpOB CETEBBIX KOMIIOHEHTOB (TJIaBHBIM
06pa3oM [T COCTaBHBIX OOBEKTOB)

0 Co3anue COeAMHEHUS] MEXy areHTaMu (MCKIJIFOYasi. co3Ja-
HHE CoeTMHeHHs Mex Ty "tcp” u "sink")

0 Omnpenenenue onuuii oroopakenns NAM

o r.n.

BONBIIMHCTBO METOIOB CYIIECTBYIOT JUISl YCTAHOBKU MOJICIUPO-
BaHMS M IUIAHUPOBAHHS, OJHAKO HEKOTOPHIC U3 HUX NPEIHA3HAUCHBI
mis oroopaxennss NAM. Peanmsannu mMetomoB oobekta Simulator
pasmernensl B (haitne "opt/ns/2.33/ns-2.33/tcl/lib/ns-lib.tcl".

* $ns color fid color: mist ycraHOBKHM 1BeTa MaKeTOB IS MOTOKA,
yka3aHHoro uaeHtudukaropom nortoka (fid). Itor meron oobek-
ta Simulator -ms otobpakerns NAM u He OKa3sIBaeT HMKAKO-
ro 3 dexra Ha PaKTHIECKOE MOICTUPOBAHHUE.

» $ns namtrace-alfile-descriptor: DtoT MeTon yka3siBaeT CUMYJISI-
TOpY JAeJaTh 3alMCh TPACCUPOBKM MOJICTHPOBAHUS B (hopmare
BBozia NAM. OH Taroke naet ums ¢aiiny, B KOTOPBIH TpacCHPOB-
Ka Oyzer 3amucana nosxe komangoi $ns flush-trace Touno tak
e Mmeron trace-allucmons3yercst IS 3aIMCH TPACCHPOBKH MO-
JeTUpOBaHus B ooieM popmare.
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e procfinish {}; mocie Toro, kak OKOHYEHO ATO MOIEIMPOBAHUE,
BbI3bIBaeTCs Komannoi $ns at 5.0 finish". B sroit ¢pyskimu om-
pEeIeIeHBI TIPOIECCHI IO OKOHYAHUIO MOJICTHPOBAHUS.

* setnO [$ns node]: Meton nodecosnaet y3en. Ysen B NS —ato
COCTAaBHON OOBEKT, CO3aHHbIM KiIacCH(pHKATOPaMH ajapeca M
nopra (ommcaHHble TO3%ke). [loap3oBaTeNd MOTYT CO3/aBaTh
y3IIbl, OTIEIBHO CO37aBasi OOBEKTH KiaccHduKaTopa MOPT H
ampec W 3aTeM COeNUHATh uX BMecTe. OIHAKO, 3TOT METO[
obbekTa Simulator nemaer paboty OGonee nerkoil. [logpoOHee
paccMOTpeTh Kak CO3IaH y3ell MOKHO B daitmax: "opt/ns/2.33/ns-
2.33/tcllibs/ns-lib.tcl"  u "opt/ns/2.33/ns-2.33/tcl/libs/ns-
node.tcl".

* $ns duplex-linknodel node2 bandwidth delay queue-type: co3na-
€T JIB€ OJJHOHAIPABJICHHBIC INHUHU CBSA3U YKA3aHHOU MPOIYCKHON
CIIOCOOHOCTH ¥ 33ICPIKKH, U TOIKII0YAET K IByM YKa3aHHBIM y3-
naaM. B NS BeixogHast oyepeib y3/1a BHINOJHEHA KaK 9acTh KaHa-
Ja, TO3TOMY IOJIB30BATENN JOJUKHBI OMPEIETUTh THIT OYEPEIH
NPU CO3JIAHUH JIMHUH CBSI3U. B pacCMOTPEHHOM CIIEHApHU MO/Ie-
JIUPOBAHUS HCIOIB3yeTcs odepens Tuma DropTail. Ecimu mykHO
UCIOIb30BaTh ovepeab Tuma RED, ciemyer mpocto 3aMeHHTh
croBo DropTail na RED. Peanuzanus nuawnu cesizu B NS Gymer
MoKa3aHa no3xe. Tak ke KaK U y3€ll, JUHUS CBS3H — COCTABHOU
O00BEKT, W IMOJB30BATEIM MOTYT CO3/aBaTh €ro MOJ00bEKTH U
MOAKIIIOYATh MX K y3maM. CChUIKM Ha MCXOIHbBIE TEKCThI MOTYT
ObITH HalieHs! B (aiinax "opt/ns/2.33/ns-2.33/tcl/libs/ns-lib.tcl'
"opt/ns/2.33/ns-2.33/tcl/libs/ns-link.tclCnenyer obpaTuts BHHE-
MaHHE, YTO B KOMITOHCHT JIMHUH CBSI3M MOKHO BCTaBJISITh MOJLY-
¥ OMIMOOK, YTOOBI MOJCIMPOBATh MOTEPH CBSI3H ((aKTUUECKH
MOJTb30BATENId MOTYT CO3/IaBaTh M BCTaBJIAThH JHOOBIC CETEBBIC
00beKThI). JI1st TOro, 4TOOBI BBISICHUTD, KaK JIEJaTh 3TO, CIEAYET
0o0paTuThes K JoKyMeHTauu NS.

* $ns queue-limitnodel node2 number: Jta crpoka ycraHaBIHBaEcT
OrpaHHYEHHE OYEPEH JBYX OJHOHAMPABICHHBIX JIMHHUN CBS3H,
KOTOpBIC COCTUHSIOT y3iabl Nodelu node2yka3aHHBIM YHCIIOM.
JloctymHbie MeToabl oObekTa Simulator ciemyer cMoTpeTh Ha
"opt/ns/2.33/ns-2.33/tcl/libs/ns-lib.tcl"  u "opt/ns/2.33/ns-
2.33/tcl/libs/ns-link.tcl",mu60 B NS mokyMeHTaIlMH /15 TOJTyYe-
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HUS IOTIOJTHUTEIHHON HHPOPMAIIHH.

* $ns duplex-link-opnodel node2 ...: Cienyromias napa CTpoK Hc-
nmosb3yeTcst st oroopakenuss NAM. UtoOwl BumeTh 3P GheKThI
3THX CTPOK, IIOJIB30BATENIM MOTYT HIPOKOMMEHTHUPOBATH JTH
CTPOKH U MOTBITATHCSI MOJICIMPOBATD.

Tenepp, Koraa OCHOBHAs yCTaHOBKA CETH BBINOJIHEHA, CIETYIO-
mee, 4YTo HYXKHO CIeNlaTh — 3TO YCTAHOBUTH areHThl Tpaduka THIIa
TCPu UDP, ucrounuku tpaduka tuna FTPu CBR, n npukpemisate
WX, COOTBETCTBEHHO, K y3J1aM U areHTaMm.

 settcp [new Agent/TCP]: Dta cTpoka moKa3bIBaeT, Kak CO31aTh
TCP arenra. Ho B 00111eM, 10J1b30BaTeNId MOT'YT TaKHM 00pa3oM
CO3/1aBaTh JIIOOOT0 areHTa WM UCTOYHHKA Tpaduka. ATEHTH U
UCTOYHUKHU Tpaduka — GakTHYEeCKH OCHOBHBIC OOBEKTHI (HE CO-
CTaBHbBIC O0BEKTHI), IIIABHBIM 00pa3oM ocyiiecTBieHHbIe B C++u
csizanHbie ¢ OTcl. OmHako HEeT HMKaKUX ONpEETCHHBIX METO-
noB o0bekTa Simulator,koTopbie Ob1 CO31aBaIN 3TH SK3EMILISPHI
obbekTa. UTOOBI cO3/MaBaTh areHTH WM HWCTOYHHKH Tpaduka,
MOJIb30BaTENb JOJDKEH 3HAaTh MMEHa KIIACCOB ATHX OOBEKTOB
(Agent/TCP, Agnet/TCPSink, Application/FTiPrak nanee). Ota
uHpopMalus MOKEeT ObITh HaiineHa B NS ITOKyMEHTAlUH WM
YaCTUYHO B 3TOM JOKyMeHTe. Ho ofMH SIpIBIK IOKEH yKa3bl-
BaTh Ha ¢aitn "opt/ns/2.33/ns-2.33/tcl/libs/ns-default.tcidror
¢aiin comepKUT 3aaHHBIC [0 YMOIYAaHUIO 3HAYEHUS KOHQUTY-
pUpPYEMBIX TIapaMeTPOB HACTPOMKH Ui IOCTYIHBIX CETEBBIX
00bekTOB. [loaTOMyY 3TO paboTaeT Kak XOpOIIUI HHIUKATOP: Ka-
KHe ceTeBble 0OBEKTH! JOCTYIHBI B NS 1 KakoBbI HX KOH(UTYpU-
pyeMble mapameTpahl.

» $ns attach-agenhode agent: Merox attach-agentipukperiser
CO3/IaHHBIM 00BEKT areHTa K 00beKTy y3na. DakTHdecKku, 9To 3Ta
(byHKIHS BbI3BIBacT MeTOA attachompeneneHnoro ysna, KOTopsiit
MpHUKperUIsieT K cebe maHHOTO areHTta. lloaToMmy, monb30BaTeNb
MOXKET JIeNIaTh TaKyl K€ caMylo Bellb, Hanpumep, $n0 attach
$tcp. TouHo Tak ke, Kax sl 00BEKT areHTa uMeeT Metox attach-
agent,xotopslii mpunaraet k cedbe 00bEKT HCTOYHNKA TpaduKa.

* $ns connectagentl agent2: Iociie TOro, Kak Co3JaHbl IBa arcH-
Ta, KOTOphIe OyAyT CBSA3aHBI APYT C APYTOM, CIEAYIOIIee — 3TO
YCTaHOBJICHHE JIOTHYECKOTO CETEBOTO COCAMHEHHS MEXIY HUMHU.
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OTa cTpOKa yCTaHABIMBAET CETEBOE COCJMHEHHE, 3ajaBas ajpe-

caraM Ha3HA4YCHUS MMapy aJpecoB MOPTOB.

[Momarasi, 4yto Bcsi ceTeBass KOH(UIypanusi 3aKOHUYCHA, CIEAYIO-
11as BeIllb, KOTOPYIO HAJIO CJIeaTh — HAIMCATh CIIGHAPHI MOACIHPO-
BaHMsA (TO €CTh IUTAHUPOBaHUE MojenupoBanus). OObEKT MOICIHUPO-
BaHUsI IMEET MHOTO METO/IOB TulaHupoBaHus. OJTHAKO, TOT, KOTOPBIN
HanboJiee YacTo UCTIONB3YETCS — CIEAYIOIIEH:

$ns at time "string": Dror meTox obbekra Simulatorsacrasisier
mranuposnmka (Scheduler  -sto mepemennast, Kotopas yKasbIBaeT
00BEKTY IUIAHUPOBIINKY, CO3MaHHOMY KoMmaHzoi [new Schedulerk
Havaye CIleHApHUsA) HAMETUTh BBIMTOJHCHUE YKA3aHHOM CTPOKH B JIaH-
Hoe BpeMmsi MozenupoBanus. Hanpumep, $ns at 0.1 $cbr start” za-
CTaBUT IUTAHUPOBIINKA BbI3BaTh MeTo Start CBRoObekTa ucrounu-
Ka Tpaduka, KoTopblii 3amyckaer CBR ans mepemaum AaHHBIX.
O0b1yHO, B NS HcrouHuk Tpaduka He MepeaacT pealbHbIC JaHHBIC,
HO OH yBEJOMIISIET HUXKEJIEXKAIEro areHTa, 4YTo OH UMEeT HEKOTOpOoe
KOJIMYECTBO JAHHBIX JUIA TEPeAadyd, U arcHT, 3Has TOJIBKO CKOJIBKO
JAHHBIX €CTh JUIS Tiepenadd, GopMUpyeT MaKeThl U MOChUIACT UX.

ITocne Toro Kak Bce OMHCAHHS TPOIEAYP CETEBOW KOHDHUTYpa-
WY, TUIAHUPOBAHUS M OKOHYAHHUS MOJICIUPOBAHUS CICIAHbI, ¢IUH-
CTBEHHOE, YTO OCTAeTCSl — 3TO 3aIlyCTUTh MOJCIHPOBAHUE. DTO BbI-
HOJTHSIETCS ¢ TIOMOIIIBIO $NS run..

InanupoBanue co0biTHII B NS 1 aHAIH3 TPacCUPOBKH

B sTOM paszene peub UAET O AMCKPETHBHIX IUIAHUPOBIIMKAX CO-
obiTuit NS. ['1aBHBIC 110JIb30BATEIHN IIAHUPOBIIHKA COOBITUI — CeTe-
BbIC KOMITOHEHTBI, KOTOPBIE MOJICIIUPYIOT 33J€PKKy 00pabOTKH ma-
KeTa WM KOTOPBIM HeoOXOouMBbI TaiiMephl. Ha pucyHke 2 moka3aHsl
CEeTeBBIC OOBEKTHI, MCIOJB3YIOMINE IUIAHUPOBIIMK COOBITHIA. 3ame-
THM, YTO €CTh CETEBbIC OOBEKTHI, KOTOPHIC BBIAAIOT COOBITHE, U ECTh
00BEKTHI, KOTOPBIE 00pPadaTHIBAIOT COOBITHE MO3/IHEE B HAMEUCHHOE
Bpems. Takke 3aMeTHM, YTO MyTh JAQHHBIX MEKIY CETEBBIMH OOBEK-
TaMH OTIMYAETCS OT ITyTH COOBITHH. JIeWCTBUTEIHHO, MMAKETHI TIepe-
JAFOTCS OT OJTHOTO CETEBOTO OOBEKTA JIPYroMy, UCIIONB3Ysl METOJ
ornpasutens send(Packet* p) {target_->recv(p)} u meTox momyvare-
s recv(Packet*, Handler* h = 0).

NS uMeeT nBa pa3NUYHBIX THIA pPEAU3AIMH TUIAHAPOBIINKOB
COOBITHII. DTO TUIAHUPOBIIMKK B PEANbHOM MacIITade BPEMEHH U B
HepeaJbHOM Maciitade BpeMeHH. /i IIIaHUPOBIIMKA B HEPEATbHOM
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MaciuTabe BpeMeHH, JOCTYIHB Tpu peanusammu (List, Heap and Cal-
endar -cromcok, Kyda W KajJeHOaph), Jake IPH TOM, YTO OHH - BCE
JIOTUYECKH UCIIOJHSIOT TO K€ camoe. JTO - M3-3a 00paTHO# coBMec-
TUMOCTH: HEKOTOpbIE PaHHEE BBIMOJHEHHBIC CETEBBIC KOMITOHCHTHI,
n00aBJICHHBIE MOJB30BaTeNIeM (HE OpPHIHHAIIBHBIC, BKIIOYCHHBIC B
MaKeT) MOTYT HCIOJIb30BaTh ONMPE/CICHHBIH THIT IJIAHUPOBIINKA HE
dyepe3 OOLIeIOCTYNHbIE (DYHKIIMH, a BHYTPHCHCTEMHBIM B3JIOMOM..
ITo ymonm4aHHIO B HEpealbHOM Maciitabe BPEMEHH ILIAHHPOBIIHMK
ycraHnoBieH B 3HaueHne CalendarlIlmaHupoBInuK B pealbHOM Mac-
mrabe BPEMEHH HMCIOJIB3YETCS KaK dMYJIATOP, MO3BOJIAIOIINM TpeHA-
’Kepy B3aUMOJICHCTBOBATh C pealbHON CeThio. B HacTosiee Bpems
IMYJISIIUS elie He M0pabdoTaHa, XOTsS AIKCICPUMEHTAIbHAs BEPCHsI
noctynHa. Jlanee npuBeieH npuMep BBIOOpa ONMpPeeTeHHOro TIaH!-
POBIIMKA COOBITHI:

set ns [new Simulator]
$ns use-scheduler Heap

Data Path i

tme wdd nexmt handler

head =

Data Path §

Event

Scheduler E
insert

time_ uid_ next handler |

Data Path 1

Puc 2. JIuckpeTHbIii IIIAHUPOBIIMK COOBITHI

Takoe e HCHONb30BaHKEe TUIAHUPOBIUKA COOBITHH — HAMETHTD
COOBITHSI MOJICIIMPOBAHUS, TUIIA TOTO, KOTJa 3aIyCTUTh MPUIOKCHHC
FTP, xorna 3akoHYATh MOACIUPOBAHUE, WU JJIS CIICHAPUS MOJICIIH-
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pOBaHHUS, TIOPOXKICHHOTO NPEKAE BBINOIHEHHS MOICITHUPOBAHHUS.
OOBEKT IIAaHUPOBITAK COOBITHIA TOJDKEH CaM MOJICITUPOBATH METOIBI
TUIAHMPOBAHUS Takue Kak attime "string", KOTopsIil BRIITyCKaeT crie-
nuansHoe coObITHE, Ha3piBaeMoe AtEvent,B ykazaHHoe BpeMsi Mofe-
guposanus " time'.. CobOpitne "AtEvent” — ¢axTuyeckn MOTOMOK
kimacca “Event”, KoTopblif IMEET JTOMOJIHUTEILHYIO IEPEMEHHYIO IS
MOAJICPKKK TaHHO# cTpoku "string”. OgHako, oH 00paboTaH Tak ke,
KaK HOpPMaJbHBINA (CBA3aHHBIN C MAKETOM) CiydYail B Ipejaenax Iuia-
HHUpOBIIMKa coObITHi. Korna MonenpoBanue Ha4aTo, M Kak TOJIBKO
HacTymaeT HameueHHoe Bpems it "AtEvent" B ouepenu coOwiTuii,
"AtEvent" npomnyckatot k o0padoTunky "AtEvent handler'koropsrii
co3/laH oauH pa3 u oOpabarbiBaeT Bce AtEventsu OTCL xomanpbl,
yKa3aHHble nosieM "String” metoxa "AtEvent” nns Bemonnenus. [a-
Jjee — BEpPCHS PAacCMOTPEHHOTO BBIIIE TMPHMEpa C J00aBICHHOM
CTPOKOH IJIAHUPOBAHMS COOBITHSI MOAETHPOBAHUSL.

set ns [new Simulator]
$ns use-scheduler Heap
$ns at 300.5 "complete_sim"

proc complete_sim {} {

W3 npuBeeHHOTO TpPHUMEpPa MOXKHO 3aMeTHTh, 4ro at time
"string" — merox ob6bekra Simulator (setns [new Simulator]).Ho
CJIeTyeT IOMHUTh, YTO OOBEKT Simu|at0rﬂef/iCTByeT TOJILKO KaK HUH-
Tepq)eﬁc IOJIB30BaTClisl, 1 OH (baKTI/I‘-IeCKI/I BbI3BIBACT MCTOJbI CCTC-
BBIX O0BEKTOB MJIM OOBEKTOB TUTAHUPOBAHUS, KOTOPBIC M JCIAIOT pe-
apHyl0 paboty. Cienyronie CTpOKH — YaCTHYHBINA CIIMCOK M KpaT-
KOe OIMHMCaHHWEe METO0B 00bekTa Simulator, koTopsie CBA3aHBI WH-
TepdeiicoM ¢ MeTo1aMH TIAHUPOBIIIHUKA:

Simulator instproc now #B0o3BpalacT IMOHATHE IIAHUPOB-
KA TCKYLICTO0 BpEMCHU

Simulator instproc at args #amewaeT BBITIOIHEHHE TIPOrPaM-
MBI B YKa3aHHOE€ BpEeMsI

Simulator instproc at-now args #amMeudaeT BBHINOJIHEHHE MPO-
rpaMMBbI TCTICPb
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Simulator instproc after n args ghmeuaer BBHIIIOIHEHHE IIPO-
rpaMMBbI TIocie N CeKyH[

Simulator instproc run args cfapT rmiaHupoBIIHKa

Simulator instproc halt #craHoB (May3a) IUTaHUPOBILUKA

PaccMoTpeHHbI HIKE pa3fienl IEMOHCTPUPYET MPUMEpP aHaIu3a
pe3yJIbTaToB MOJCIMPOBaHMS. B KkauecTBe mpuMepa HCIOIb3yeTcs
Tot ke cambiii OTcCl cuenapuii ¢ moGaBIeHHEM HECKOJIBKHX CTPOK
JUISL TOTO, YTOOBI OTKPBITH (hailll TPACCUPOBKU M 3aMUCHIBATh B HETO
X0 MojenupoBanusi. CeTeBasi TOMONOTHS M CLEHAPUH MOJIEITHPOBa-
HUS (HOPMUPYIOTCS TAK)KE B COOTBETCTBHHU C puCYHKOM 1. Jlnist BBI-
TOJIHEHHMSI 3TOTO CLCHApusl 3arpy3uThb B CBOM Kartaior ain "ns-
simple-trace.tcl", pasMeleHHBIH B TarnKe
S:\boromonoBCU\NS\Lab3\Metod\u Habpate B KOMaHIHOW CTpPOKE
"ns ns-simple-trace.tcl"OpurnHan nporpaMMbl JOCTYIICH MO aApECy
<http://nile.wpi.edu/NS/Example/ns-simple-trace=tcl

#Open the NALM trace file
set nf [open out.nsm W)
fns namtrace—-all $nf

HOpen the Trace file
zet tf [open out.tr w]
fns trace-all §tf

#Define & 'finish' procedure

proc finish {} |
global ns nf tf
finz flush-trace
#Zlo=se the MNAM trace £ile
cloze $nf
#Close the Trace file
cloze $tf
#Execute NALM on the trace file
exec hagn oub. ham &
exit 0O

'
Puc.3. 3MeHeHus1, BHOCUMBIC B POTrPaMMYy ISl TPACCUPOBKH
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ITpu Bemonuennn OtcCl crenapus dopmupyercs daiin Tpaccu-
poBkr NAM, koTopswiii OyneT wcmonb3oBaH mist BBoga B NAM u
¢aiin TpaccupoBKH, Ha3bIBaeMBIi "OUL.tI", KOTOpPEII OyaeT HCIOB30-
BaH JIUIs aHAJIM3a Pe3yJbTaToB MojaenupoBanus. Ha pucynke 4 npen-
craBneH Qopmar (aiia TpaCCHPOBKH a TakKe MPUMEP BO3MOMKHBIX
JaHHBIX TPacCUPOBKH U3 (aiiia "out.tr".

evenc [ vane [ E282 [ B0 [ B | B [ e[ na | 202 | 6 [ 230 [0
£ ofeecelve (At to_node;
+ @ engueus (At qQueus grz addr : node.rort (3.01
- @ degqueue [at queusi dst_addr : nede.rort (0,00
i : drop [&T Cueuel

r 1.3536 3 2 ack 40 ———-—-- 1 3.0 0.0 15 201

+ 1.3536 2 0 ack 40 ———-—--— 1 3.0 0.0 15 201

- 1.3536 2 0 ack 40 —--—-—-- 1 3.00.0 15 201

r 1.35376 0 Z tep 1000 -—-—-—- 1 C.0 3.0 29 199

+ 1.35376 2 I tep 1000 -—-—-—- 1 C.0 3.0 29 199

d 1.35376 2 I tep 1000 -—-—-—- 1 C.0 3.0 29 199

+ 1.355 1 2 chr 1000 ---—---- z 1.C 3.1 157 207

- 1.355 1 2 chr 1000 ---—---- z 1.C 3.1 157 207

Puc. 4.TIpumep hopmata TpacCHPOBKH

Kaxxnas cTpoka TpacCHpOBKH HaYMHAETCS C JECKPHUIITOPA COOBI-
tust (+,-, d, r),conpoBoKaaeMOro BpeMeHeM MojienupoBanus (B ce-
KYH/IaX) 5TOTO COOBITHS, U HOMEPaMH Y3JIOB OTIIPABHUTENS U MOJTyda-
TeIs, WACHTUGHUIUPYIOINE JMHUIO CBSA3M, HA KOTOPOH MPOH3O0IILIO
coObITHE. 31eCh IPUHATHI CIIEAYIOIINE YCIOBHBIE 0003HaueHus: “I" —
MoJTydeHHue Makera, “+" — no0aBJICHUE MMaKeTa K odepeau, -’ — CHs-
THE TlaKeTa u3 odepend, “d” — ymanenne makera u3 cetu. ITocie cBe-
JICHWI O THIIE TMakeTa U ero pasmepe (B Oaiitax) ciemyer mHpOpMa-
MM 00 YCTaHOBJICHHBIX (narax (B mpuMepe IMoKa3aHOo Kak'------ ,
MIOCKOJIBKY HE YCTaHOBJICHBI HHMKakue (iaru. B HacTtosmee Bpems,
NS npumeHsieT TONBKO OWT yBEIOMIIEHHS O SIBHOW Ieperpyske
(ECN), a ocranmpHble OUTHI HEe UCHONB3YIOTCA. Chemyromee noie —
motok upenTudukatopos (fid) IPv6, koTopsie moap30BaTENs MOXKET
yCTaHaBJIMBATh JJIs KaXJ0ro notoka npu Beoge OTcl cuenapus. [a-
e B TOM ciydae, eciu nose fid He Mcnonbp30BaHO MU MOJETHPOBaA-
HHH, TI0JIb30BaTEIIH MOTYT MCIOJIB30BATh 3TO MOJIE IS LIeNei aHau-
3a. ITome fid Taxke mcmome3yercss mpu 3aJaHUd LBETAa MOTOKA IS
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muctuiess NAM. Cremyromue aBa moyiss — aapeca UCTOYHHUKA W TIPH-
eMHuKa B (popmate "y3emmopt'. Ciemyroliee Imojie MoKa3bIBaeT HO-
Mep TOCIIe0BATEILHOCTH TIaKeTa MPOTOKOJA CETEBOr0 YpOBHS. 3a-
METHUM, 4TO AaKe HecMoTps Ha To, uto UDP peanu3zarust He ncnomib-
3yeT HoMep mociieaoBareiabHocTH, NS coxpansier ctpouky UDP Ho-
MEPOB IMOCIIEIOBATEIBHOCTH MTAKETOB JJIs 1ieniel aHanmu3a. [TlocnenHee
TOJIE TIOKa3bIBaCT YHUKATBHBIN HICHTU(PUKATOP MMaKeTa.

Junamuka cereii

B »TOM pa3znene npuBelieH NpUMeEp AUHAMUYHOMN CETH, T/ Map-
HIpYTH3AMUS MPUCIIOCA0IUBACTCS K MOBPEKACHUAM CBsi3H. [lomyTHO
MOKa3aHO, KaK MOYKHO BBITIOJIHUTH OOJIBIIOE KOJIMUYECTBO Y370B B TCl
MacCHBE BMECTO TPEIOCTABICHUS KAXKJIOMY y3JIy €ro cOOCTBEHHOTO
Ha3BaHMUS.

IMpennaraercs HasBaTh T1Cl cleHapuii A1 93TOro mpuUMepa
‘example3.tcl'. B ¢aitn yxe MoxkeT OBITH BCTaBICH IIa0IIOH
example.tcks karanora Lab2.

Kak Bcerma, cHauana okHa OBITH CO37]aHA TOIOJIOTHUS, XOTS Ha
cel pa3 BeIOMpaeTCs WHOW Monxon, Oosee yAOOHBIM MPH CO3MaHUH
OompImieit Tomosmoruu. Cremayromuid OJIOK MPOrpaMMBbl CO3ACT CEMb
Y3JI0B ¥l XpaHUT X B Maccuse N().

for {set i 0} {$i < 7} {incr i} {

set n($i) [$ns node]

}

[Mukmer ‘fOr' HCMOMB3YIOTCSA U B APYTHX S3BIKAX MPOrpaMMHPOBa-
HUSI, TaK, YTO CTPYKTypa noHsATHA. CiieyeT oOpaTuTh BHUMAaHHE, YTO
MAacCHUBBI, TOYHO TaK K€, KaK JPyrue nepeMeHHbie B TCl, He MODKHBI
OBITh OOBSIBIICHBI TICPBBIMHU.

Tenepk crieAyeT COSNUHUTD Y3JIbI, YTOOBI CO3/IaTh KPYTOBYIO TO-
nonoruo. Clieayromas 4acTh MpOrpaMMbl TTOHAYATy MOXET BBITIIS-
JIETh CIOXHOBATOM.

for {set i 0} {$i < 7} {incr i} {

$ns duplex-link $n($i) $n([expr ($i+1)%7]) IMDrhs Drop
Tail

}

Oror nukn for' coenuHseT KaXaplii y3ead MacCHBE CO CIIEAYIO-
UM Y3JIOM 3a MCKJIIOYCHHUEM ITOCIICAHET0 y3J1a, KOTOPBIH COCaUHS-
eTCsl ¢ mepBbIM. UTOOBI TO BBITIONHATH, MCIOJIB30BaH omnepaTtop ‘%'
(mo Momyiro).
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Temepr mpu 3amycke mporpammbl Tomosorus B NAM cHaganma
MOJKET BBITJISIIETh HEMHOTO CTPAHHOW, HO TOCIE HaXaThs KHOIKU
're-layout'cxema npumet Gosiee MPUBBIYHBIN BUIL.

CrieyronyM 1aroM siBISIeTCs ePEChlIKa HEKOTOPBIX JaHHBIX OT
y31a NOk y3iy n3.

#Create a UDP agent and attach it to node n(0)

set udpO [new Agent/UDP]

$ns attach-agent $n(0) $udpO

# Create a CBR traffic source and attach it to udpO
set cbrO [new Application/Traffic/CBR]

$cbro set packetSize_ 500

$cbr0 set interval_ 0.005

$cbro attach-agent $udpO

set null0 [new Agent/Null]
$ns attach-agent $n(3) $null0

$ns connect $udp0 $null0

$ns at 0.5 "$cbr0 start”
$ns at 4.5 "$cbr0 stop”

[pencraBieHHas BbILIE IPOrpaMMa JODKHA BBITIISIETh YKE 3Ha-
KOMOWH K 9TOMY BpeMeHH. EIMHCTBEHHOE pa3iiyKe OT HPOILIBIX pa3-
JICJIOB B TOM, YTO TETIEPh UCIIONB3YIOTCS SIEMEHTBI MACCHBA Y3JIOB.

Ecnu teneps 3amycTuTh ClieHapuii (MpeIBapUTEIbHO COXPAHUB
ero nox umenem 'example3a.tcl’),0yner BuaHO, 4TO MOTOK HMHOP-
Malliy BBIOUpAET CaMblil KOPOTKHUIl myTh OT y31a N0k y3my N3 uepes
y3abI N1 1 N2,KaK ¥ CIeI0BaI0 OKKIATh. 3aTeM 100aBIsIeTCs Apyras
MHTEpecHasi ocoO0eHHOCTh. [IpearnomnaraeTcs HapylIeHUE CBS3U MEXK-
oy y3mamu N1 u N2 (KOTOpBle MUCIONB3YIOTCS TPahUKOM) B TEUCHHE
CEKYH/IBI.

$ns rtmodel-at 1.0 down $n(1) $n(2)

$ns rtmodel-at 2.0 up $n(1) $n(2)

BeposTHO, HE CIUIIKOM TPYHO MOHSTH 3TH JIBe CTPOKHU. Temeps
MO’KHO CTapTOBaTh CICHAPHi CHOBa (IIPEIBAPHTEIILHO COXPAHUB €TO
noa umenem 'example3b.tcl)u moxHO OymeT BHAETH, YTO MEXKIY
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MePBOi U BTOPO# CEKYHIAaMU CBsI3b OyJeT MpepBaHa, U BCe JTaHHbBIC,
nocyiaHHeie OT y3ia N0, OyayT MoTepsHbI.

Jlanee moka3aHo, KaK HCIONb30BaTh TUHAMHUYECKYIO MapIIpyTH-
3aIUI0 JIJIS pellieHus 3ToH mpobiemel. B Hauano Tcl ciienapust, moce
TOro, Kak ObLI co3maH o0bekT Simulator,mobasisercs ciemyromias
CTpOKa!

$ns rtproto DV

3anmycTUB MOJEIUPOBaHHE CHOBA (MPEIBAPUTEILHO COXPAHHB
ero mox uMeHeM ‘example3.tcl)moxuo OymeT yBumeTh, Kak BHAYaIe
MHOXECTBO HEOOJBINNX MAKEeTOB MpoberaroT mo cet. Ecnu 3amen-
muth Temrn NAM nocTaToOYHO MIENKHYTHh Ha OJTHOM U3 ITAKETOB, U OY-
IeT BUAHO, 9TO 3T0 — 'ftProtoDV'makeTsl, KOTOpPBIE HUCIOIB3YIOTCS
JUIE 0OMeHa MapIIpyTHOW uH(popManuo Mexay yinamu. Koraa co-
enuHenne Hapymmtes B 1.0 cekyH/IpI, MapuIpyTu3ais cHoBa OyaeT
OTKOPPEKTUPOBaHa, U Tpahuk OyaeT MmepeHanpaBjeH yepes y3isl 6, 5
u4.

IIPE/IBAPHTE/IBHAA I10ATI'OTOBKA

O3HAKOMUTBCSI C OCHOBaMHU MojenupoBanus cereir 9BM c mo-
MOIIEI0 ceTeBoro umutaropa NS2mo MaTepuanaM JaHHOTO MPaKTH-
KyMa ¥ peKOMEHYeMbIX B HEM JIUTEPATyPHBIX HCTOYHHUKOB, a TAKKE
MOBTOPUTH OCHOBBI (DYHKIIMOHUPOBAHUS CETEW MO MaTepuaiaM JieK-
LU,

M3yuuth paznen «KpaTkue cBelneHUS O MOJEIUPOBAHUM CETel
OBM c¢ nomorisio cereBoro uMuratopa NS2»meToaudeckux ykasa-
HUH 10 JTaHHOW JIAOOPAaTOPHOU paboTe U MOATOTOBUTh HEOOXOIUMBIC
Tcl ckpuntst s padotel ¢ NS2,paccMOTpEeHHbIE B TAHHOM pasJielie.

Jlopaborats ciieHapuii example3.tclrakum o6pazom, 4To0bI ma-
paMeTphl CETH COOTBETCTBOBAIM BapHwaHTy TaOmwmpl 1. B Tabmume
MPUHSATHI CIEAYIONe 0003HAUCHUS:

“N" — obmiee kommyecTtBO y3i10B B cerd; “frq” — mpomyckHas
CrocoOHOCTh uHMK CBA3M, “del” — 3amepkka 0OpabOTKH MMakeTa B
y3ie cBsa3u (mojlaraTh XapakKTEPUCTUKU BCEX JIMHHUMA CBA3M OJHMHAKO-
BBIMH); “tM” — o0Iee BpeMsi MOJACIHUPOBAHUS CUCTEMBI; “NS” — HO-
Mep y3j1a OTHpaBUTENS MakeToB; “Nd” — HOMEp y3j1a ToJIydaTess ma-
KeToB; “NN” — HOMepa y370B, MEXAYy KOTOPHIMH OyIEeT MPOMOJEINH-
POBaHO HapyIICHHUE CBS3U; “SI” — MOMEHT BPEMCHU HAPYIICHUS CBSI-
3W B JUHUH, “SP” — MOMEHT BPEMEHH BOCCTAHOBJICHHS CBs3U. llpm
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COCTaBJICHUH TPOTPaMMEI He 3a0bIBaTh, YTO HyMEpanus y3JI0B HA4H-

marorcs ¢ 0.
Tabmuna 1

1 2 3 4 5 6 7 8 9 10
N 8 9 7 8 9 7 8 9 7 8
frg |O5(07| 06| 10 09 11 12 0P 08 0
del | 20 | 15 | 18 10| 12 9 8 16 15 16
tm 32128| 33| 29 30 29 32 30 28 3
ns 4 6 3 2 8 5 7 9 1 0
nd 7 9 6 5 5 2 4 6 4 3
nn 56| 78| 45| 34 6-7 43 75 8 283 1
sr 11 08| 15| 09 12 1,0 140 12 09 1
sp 18| 15| 2,1 19 18 1,y 10 1,8 1,7 Z2

Pesynpraramu mpenBapuTenbHON MOATOTOBKY 1O JAHHOH padoTe
SBJISIIOTCST (aiiibl TCl ckpumTa, MOArOTOBICHHBIC IS MOJCINPOBa-
HUS ceTel ¢ moMoIIsio umutaropa NS2.

KOHTPOJIbHBIE BOITPOCHI

1. Cyero naunnaercs NS cuenapuii?

2. KaxoBbl pe3ynbTaThl JCHCTBHsS TepBoi cTpoku NS ciieHa-
pusi?

3. KaxkoBbEI BO3MOXHOCTH METOIOB 00BbeKTa Simulator?

4. Kak co3narotcs y3ibl cetd B NS cumynsatope? [Ipumep mnpo-
TpaMMBI.

5. Ha xakom yposae creka IMBOC (TCP/IP)paborarot y3isl B
NS? Ilo kakuM MOpHU3HAKaM pa3In4aloTCs Y37Ibl Ha 5TOM
ypoBHe?

6. Kak coznarorcs B NS coemuHeHHS MEXK Y y3IaMu?

7. Kaxue mapaMeTpbl COCIMHEHHS YCTAHABIWBAIOTCS MPH MO-
JCTUPOBAHUH CETH?

8. Ha kakom yposre creka DMBOC (TCP/IP)pabotaror muHun

9.

cesa3u B NS?Ilo kakuM mpu3HaKaM pa3jindyaroTcsi paboTaroT
JIMHUM CBSI3U HA 9TOM YPOBHE?

Uro takoe areHTh? Kakue mapaMeTpbl areHTOB YCTaHaBIIHU-
BAaIOTCS ITPH MOJICTTUPOBAHUY CETH?

10. Kak areHTHbI CBsI3aHbI C y3JIaMH CETH M MEXKIY COO0?
11. Ha xakom yposHe cteka OMBOC (TCP/IP)pabotatot aren-
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1ol B NS? [lo KakuM mpu3HaKaM pa3jiMyalOTCs areHThl Ha
3TOM ypPOBHE?

12. Ha xakom ypoBHe crteka DMBOC (TCP/IP) paboratoT uc-
TouHMKH Tpaduka B NS?Ilo KakuM MpHU3HAKaM pazIHyaroTcs
paboTar0T MCTOUYHUKU TpaUKa Ha 3TOM YPOBHE?

13. B kakux ciydasx MakeT romnanaeT B ouepens? Kakum obpa-
30M OH €€ IMOKHAaeT?

14. Kakue mapaMeTpbl Oo4epear yCTaHABINBAIOTCS MPH MOJEITH-
POBaHHUU COCTUHECHUS?

15. [Ipu KakuX yCIOBUAX MaKET yAaNseTCS U3 CETU?

16. Yto takoe miaHupoBanue coobiTHii? Kak oHO peanmusyercs B
NS?

17. C kako#i uensto B NS ncnons3yercs ¢aiin TpacCupoOBKH?

18. PackpoITh hopmat gaHHBIX B (aiisie TPaCCUPOBKH.

19. INosicHuTh yclOoBHBIC 0003HAYEHHUs MAaHHBIX (aiia Tpaccu-
POBKH.

20. Yro Takoe ¢uraru B 3arojoBKe IakeTa ceTeBoro ypoBHsa? C
KaKOH IIeJTbI0 OHU MCIOJIb3YIOTCS ?

21. Kakum o0Opa3zom B NS MomenupyroTcst aBapHitHbIC CUTYalluu
B CETH?

22. Yro mpoucxoaut ¢ nakerom UDP npu aBapuiiHOl cuTyanun
B ceTn?

23. YUro npoucxomut ¢ nakeroM 1 CP npu aBapuiiHOH cuTyanuu
B CETH?

24. Yo Takoe TUHAMHYCCKAs MapIIPyTU3ALUS CETH?

25. Kak quHamuueckas MapuipyTuzanus peaausyercs B NS?

JABOPATOPHOE 34/IAHHE

1. O3HaKOMHUTBCS C OCHOBaAMH MoJieaupoBaHus cereii OBM ¢
MOMOIIBIO ceTeBoro uMutaropa NS2 Mo MaTepuanaMm AaHHOTO Mpak-
THKYMa ¥ PEKOMEHYeMbIX B HEM JIMTEPATYPHBIX HCTOYHHKOB (KaTa-
goru \Lab3\Metod\u \Metod\). Co3gares manky ¢ Hassanunem Lab_ 3
Ha cepBepe X. [IpoMexyTOUHBIC U OKOHUYATEIbHBIC PE3yIbTAThl TaH-
HOU pabOTHI COXPAHAThH B TOM KaTajore.

2. IIporpammy, pa3pabOTaHHYIO B pe3y/IbTaTe MPeaBapUTEIbHON
MOJITOTOBKH, CKOMTMPOBATh B CO3aHHyt0 manky Lab_3.

3. OtkpriTh 0kHO «Tepmunam». C MOMOIILI0 KoMaHsl «I3me-
HuTh Karamor» (cdpath), rome path —tyts mocryma x xartamory Lab_ 3,
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TIepEHTH B CBOM paboumii KaTajor.

4. CxommposaTh. daiin ns-simple.tcl, pasmemniennsiii B manke
S:\boromonoBCU\NS\Lab3\Metod\ cBoii pabounii kaTajaor u mpo-
BECTHU aHAJIU3 ATOI MPOTPaMMBI.

5. Bamyctuth (aitn ns-simple.tclua mpurmamenne KoMaHIHOTO
mporeccopa (NS ns-simple.tc)B xoxe MomeanpoBaHus HCCIEI0BATh
napaMeTphl MTaKeTOB BCEX MOTOKOB. B OTYeTe OTMETHTH THIIBI MaKe-
TOB, X pa3Mepbl, HHTEPBAJIbl BPEMEHH MEXIY MaKeTaMH, HOMepa U
MOMEHTHI IIepejadyl IIEPBOTO M MOCIEAHETO MAKETOB B KaXIOM HOTO-
Ke.

6. Ha ocnoBe ¢aiina ns-simple.tclpaspaborates nporpammy mo-
JETUPOBAHUS CETH, TOIOJIOTHS KOTOPOH COOTBETCTBYET PUCYHKY 5.
CumBodsl A, B... Fo0o3nauatotr Homepa y3noB B cetr, Agl... Ag4d —
TUIBI areHTOB, MPWIOKEHHBIX K y31maMm, G1l... G4 —cooTBeTcTBYIO-
mue reHeparops! Tpaduka. [Ipn 3ToM mapaMeTpsl CeTeBBIX KOMIIO-
HEHTOB OIPEICIIIOTCS BapuanToM Tabuuiiel 2. B crpoke Frq0ykasa-
Ha npomyckHas crniocooHocts mHuu CD, , B ctpoke frql — ocrains-
HBIX JHHHN cBs3u (B Merabmurax 3a cekyuay). B crpoke delOnpuse-
JieHa 3ajepkKa 0opaborky makera B muaun CD, B crpoke dell —3a-

Ag 1l Ag 3

Puc.5. Tononorus cetu
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Jeprkka 00pabOTKH IaKeTa B OCTaJIbHBIX JIMHUAX. B cTpoke TCPyka-
3aHbl KOHeuHble y3Jbl T CP coenunenus, B ctpoke UDP —y3me1 UDP
coeauHeHus (MIEPBBIM yKa3aH Mepeatoui y3em).

Tabnuna 2

1 2 3 4 5 6 7 8 9 10
A nl | n3 n5 n2 n4d| n3 nl no ng n2
B n5 n2 no n4 n5 nl n4 n3 n4 nl
C no n4 nl n3 n0 n4 n2 n4 n3 nb
D n3 n5 n2 n5 ni| n2 no ns5 n2 n0
E n2 | n0 | n3 nl n2| no0 n5 nl nl n3
F n4d | nl n4 nd| n3| nb5 n3| n2 nQ n4
FrqO| 18| 16| 14| 1,7 19 15 2, 2 2.3 2,2
del0 | 20 | 22 | 26 21| 11| 24| 18 16 1y 1B
frgl |09 08| 07| 08/ 09 0,7 1, 1, 1,2 1,1
dell | 40 | 44 | 52 42| 22| 48 3 32 34 3b
TCP| EB| FA| BE | AF| EA| FB| AE| BF| FA| EB
UDP|FA |EB | AF | BE| FB| EA| BF| AE| EB| FA

7. 3amycTUTh Ha BBINOJHEHHE IOATOTOBICHHYIO IPOrPaMMy.
VY6enuTbes B COOTBETCTBUH (DYHKIMOHHPOBAHUS MPOTPaMMBI HCXOI-
HOMY 3aJIaHHUIO.

8. CkonmpoBarts. daiin NS-simple-trace.tchasmemennslit B narm-
ke S:boromomoBCHU\NS\Lab3\Metod\,s cBoii pabouuit karamor u
MPOBECTH aHAJIN3 3TOM MPOTPAMMBEI.

9. 3anyctuth Qaiin Ns-simple-trace.taka npurnamenne Kkomana-
Horo mporeccopa (NS ns-simple-trace.tclB xone MoxpenupoBaHus
HCCIIeI0BaTh MTapaMeTphl TAKETOB BCEX NMOTOKOB. B oTdeTe oTMeTHTH
TUIIBI TAKETOB, UX Pa3Mephl, MHTEPBAJIBI BPEMEHH MEXTy NaKeTaMu,
HOMepa U MOMEHTHI IIepe/iauy MEPBOTr0O U MOCIIEAHETO MaKeTOB B Ka-
’KJIOM TIOTOKE.

10. B TekcToBOM pemaakTope OTKPBITH (haiiia OUut.tr. BeisicHUTH Bce
THUITBI TAKETOB, MEPEIaBacMBbIX MO CETH, HX Pa3Mephl, ajapeca OTIpa-
BUTEJIEH U TIOJTy4aTeei.

11.TIo ¢aitmy out.tr mpocaeauts Bce coObIThst (OT OTIIPaBICHUS
70 TOJYy4YCHUS Ha KOHEYHBIX Y3J1aX), MPOUCXOAAIINE C IaKEeTOM,
umeromuM Homep, paBHbiii N+20,rne N - Homep BapuanTa. s aTo-
ro codpaTth B oauH (halis1 Bce CTPOKH, ONMHUCHIBAIOIINE TH COOBITHS.
VYMeTh 00BSICHUTH BCE 3aITUCH COOBITHH, MPOMCXOAAIINX C ITUM IIa-
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ketoM. OTnpenennTh BpeMs TOCTaBKH TTaKeTa aJipecary.

12. IIposectn aHanu3 (HyHKIIHOHUPOBaHUS odepenn. /s 3Toro
HailTu coOBITHE YAaJeHNs aKeTa U3 CETH, U IPOBECTH PETUCTPALHIO
BCEX COOBITHH B ATOH ouepeny, NPeALIECTBYIOMUX yAaICHHUIO MaKe-
Ta. YOenuThCs, 4TO yAaJeHHe MaKeTa MPOU3O0IIIO B COOTBETCTBHH C
HaCTpOWKaMHU CETH.

13. 3amycTuTh Ha BBIIOJHEHHE MPOrpaMMy, pa3paOOTaHHYIO B
pe3ynpTaTe MpeBapUTEIbHON MOATOTOBKU. Y OSIUTECS B COOTBETCT-
BUM (YHKIIMOHUPOBAHMS NPOTPAMMbI MCXOAHOMY 3a/aHuio. B ciy-
Yyae pacxoKICHUS — 10paboTaTh MPOrpaMmy.

14. B otyer cnemyet BHecTH (ailiibl MporpaMM, pazpabOTaHHBIC
Ha STane MpeIBapUTENIbHOM MOATOTOBKM M B Pe3yJbTaTe IKCICpH-
MEHTaJbHBIX HCCIIEIOBAHUM, a Tarke (pailnbl, MoMydeHHBIE MO pe-
3yJIbTaTaM aHaln3a MaTepUaoB MOJAEIUPOBAHHS CETH.

Jluteparypa

1. The ns Manual./Kevin Fall, Kannan VaradhApcrynuo mo
agpecy: http://www.isi.edu/nsnam/ns/ns-documentation.html

2. Tutorial for Network Simulator ns /Marc Grej§ocrymto 1o
anpecy: http://www.isi.edu/nsnam/ns/tutorial/nsindex.html
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PABOTA Ne 4

UCCINIEOOBAHUE XAPAKTEPUCTUK TCP C
NOMOLLbIO CETEBOIO UMUTATOPA NS2

Henbto pabotel «MccnenoBanune xapakrepuctuk TCP ¢ momo-
b0 ceteBoro uMmutaropa NS2» sBisieTcsl SKCIIEpUMEHTaIbHOE HUC-
CJIeIOBaHHE OCHOBHBIX XapaKTEpUCTUK ceTeid DBM ImyTeM KOMITBIO-
TEPHOT'O MOJIETTUPOBAHMSI, YIITyOJIeHne 3HAaHUW U pacIIupEeHHe CBelie-
HU 00 ocHOBHBIX mpoTtokonax cteka TCP/IP fiporokona Tpamc-
noptHoro ypoBHs TCP), a Takxke 3aKperuyicHHE HaBBIKOB pabOTHI C
ceTeBbIM umMuTaTopoM NS2.

KPATKHE CBEJIEHHA O MOAEJIAX TCP AGENTS
HMHTATOPA NS2

OcHOBHOE coOJIep)KaHKe JaHHOM pa3zera MCIOIb30BaHO U3 y4eO-
Heix MarepuaioB VINT group: The ns Manual (formerly ns Notes
and Documentation). The VINT Project/ Kevin Fallarkhan Varad-
han, 2009./loctynHo mo aapecy: http://www.isi.edu/nsnam/ns/ns-
documentation.htmlKomust aToro pykoBoacTBa pa3MelieHa B Marnke
S:\boromonoBC\NS\Metod\.

OroT pasznen onuchiBaeT GyHKIMOHHUpOBaHKE areHToB TCP B NS.
Ectp 1Ba ocHOBHBIX THIIa Mojneineil arenToB TCP: OnHoHanpasieH-
HBIC areHTHI U JIByHAIIpaBlieHHbIC areHThl. OTHOHATIPABIICHHBIC arcH-
THI Jlaliee Toapa3aelieHsl Ha cemeiicTBa otmpasureneii TCP oTopsie
OTpabaThIBAIOT PA3IMYHBIC MEPETPy3KH M METOAbI KOHTPOJIS OIIH-
00k) u nonyyareneii ("croku"). J|ByHanpaBICHHbBII areHT CUMMETPH-
YeH B TOM CMBICIIE, YTO OH IIPEJICTABISAET U OTIPABUTENS U MONTyYa-
TeIs.

B Hacrosimee Bpemsi mojjiepKaHbl OXHOHampaBieHHbie |CP
areHTHI OTIIPABUTEIIH:

*Agent/TCP - “tahoe” TCBrmpaBuTenn

*Agent/TCP/Reno - “Reno” TCPrupaBurens

*Agent/TCP/Newreno - Renomomudukanueit

*Agent/TCP/Sackl - TCR Bribopounsim moBTopoMm (mo RFC
2018)

*Agent/TCP/Vegas - TCP Vegas

*Agent/TCP/Fack - Reno TGPyckopeHHBIM ITOATBEPIK ICHIE

*Agent/TCP/Linux —TCP otmnpasurens ¢ nommepxkoii SACK,
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BBITIOJTHAEMOM MOJIyJIEM YIIpaBJICHHs O4epebto sipa Linux.

Ha naHHBII MOMEHT moOJIepKaHbl OJHOHAmpaBieHHble 1CP
areHTHI MOJyYaTeIu:

*Agent/TCPSink - TCRiomyuarens ¢ oqaum ACK Ha nmaker

*Agent/TCPSink/DelAck - TCRionyuaress ¢ yrnpaBiseMoil 3a-
neprxkoit Ha ACK

*Agent/TCPSink/Sackl moxyuatens ¢ BeidopounsiMia ACK (o
RFC 2018)

*Agent/TCPSink/Sackl/DelAck - SackIDelAck

JIByHanpaBIeHHBIH SKCIICPUMEHTABHBINA TONyYaTeNb MOAICP-
XuBaeT Tospko hopmy Reno TCP:

*Agent/TCP/FullTcp

JlaHHBIN pa3fen COACPIKUT KpaTKUil 0030p U mpuMep KOHPHTY-
pupoBaHusi OCHOBHBIX TCP areHTOB OTHpaBUTENCH W TONydaTesneit
(momyuarenn He TpeOyeT HHKaKoi KOH(urypamuu). Takke KpaTKo
MpeJICTaBIeHbl BHYTPEHHIE OCHOBBI ar¢HTa OTIPABUTENS U OTIMCAHKE
JOTIOJHEHUH [T APYTHX THUIIOB areéHTOB, KOTOPbIC OBLIM BKIIFOUCHBI
B CUMYJIISITOP.

OnHoHanpaB/IeHHbIE OTIPABUTEIH

CuMynaTop MoJACpPKUBACT HECKOJIBKO BEPCHIA aOCTPAKTHOTO OT-
npaButenst TCP. D1Tu 00bekTHl mbITaloTcs (PUKCUPOBATH CYIIHOCTH
neperpy3ok TCPu moBeneHne KOHTPOJIS OMIMOOK, HO HE IpeaHa3Ha-
YEHBI JUISI TOTO, YTOOBI OBITh TOYHBIMUA KOTHMSIMH PEAbHOTO BBIMTOJI-
Henus TCP. OHu He cojiepaT TUHAMHYECKOTO OOBSIBICHUS OKHA,
OHH BBITIOJHSIOT BBIYMCIICHUS HOMEpOB cermMeHTa ¥ HomepoB ACK
[EJTMKOM B eauHuIax maketoB, HeT HUKakux SYN/FIN coenunenuit
establishment/teardown, Hukakue naHHBIC HUKOTA HE MEPEIAOTCS
(HanpuMep, HUKAKUEe KOHTPOJIBHBIC CYMMBI HJTH CPOYHBIC TaHHBIE).

FBasoevtit omnpasumens TCP (Tahoe TCP)

Arentr TCP “Tahoe” Agent/TCP BbInonHsI€T KOHTpPOJb Iepe-
TPY3KH B CETH H OLIEHKY BPEMEHH Kpyroodoporta crmocoboMm, moaoo-
ueiM Bepcun TCP, Beimyniennoit ¢ penmzom 4.3BSD “Tahoe” UN'X
cucrem UC BerkeleyOxuo niepenonuennss CWnd_ yBennuuBaeTcs Ha
omuH makeT ¢ HOBbIM ACK, MOJydYeHHBIM B TEUCHHE MEIICHHOTO
mycka (moka cwnd_ < ssthresh_mopor meperpysku) u yBeIn4nBaeT-
ca ma 1l/cwnd_mms kaxmoro HoBoro ACK, mojydeHHOro Ha drare
n3beranus neperpysku (korma cwnd_> .ssthresh).

Otknuk Ha meperpy3ky Tahoe TCPmpemnomaraer, 4ro maker
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ObL1 TOTEpsiH (M3-3a MEperpy3Kd B CETH) KOra OH OOHApyKHUBacT
mpuzanak NUMDUPACKS (ompenenen B tCp.h, Ha maHHBIH MOMEHT
paBeH 3) nyonukatoB ACK, wim Korja ucTekaeT TaiMep MOBTOPHOM
nepenaun. B moodom cnydyae Tahoe TCPpearupyer ycTaHOBKO# TO-
pora meperpysku SsSthresh Ha momoBrHY Tekymero pasMepa OKHa
(MUHUMaBHOE M3 3HAYCHWI OKHA MEpEeroNHeHUs CWNO_ Wiu OKHa
nosp3oBatesis Window ) wimu 2, kakoe OoJjbliie. 3aTeM OH WHHIIHA-
nusupyer cwnd_cHoBa k 3Hauennto Windowlnit_ (crapToBsrii pazmep
OKHa TIpU MeIeHHOM IIycKe). OOBIYHO 3TO BHIHYKIaeT BBOIUTE T CP
MEJICHHBIM ITyCKOM.

OreHka BpeMeHH Kpyroooopora u Beioop Taiimayta RTO Yetsi-
pe MmepeMeHHbIe HCIONB3YIOTCS JUIS OIIEHKH BPEMEHH KpyrooOopoTa
M YCTaHOBKHU TaliMepa IOBTOPHOH Iepeiavn: OLCHKAa BPEMEHU KpY-
roo0Oopota Itt_, crimaxxeHHas oLleHKa BpeMeHH Kpyrooboporta Srit_,
OTKJIOHCHHE OIIEHKH BPEMEHH KpyrooOopoTa rttvar_, mepnom TakTo-
Boro rereparopa tCpTiCK u skcrmoHeHIManbHAs KOHCTaHTa OTCPOY-
K1 BpemeHH Kpyroodopora backoff_. TCPunummanmsupyer rttvar k
3/tcpTick _u backoffk 1. Korma ycranaBmuBaercs mo00ii Oyyrimii
TaiiMep MOBTOPHOM mepeaadu, TO TalkMayT YCTaHABIMBAIOT Ha TEKY-
mee Bpems wroc max (bt (a + 4v + 1), 64kkynas], rae b —Tekyiee
snauenue backoff, t -3nauenue tcpTick, a -3Hauenwue Srtt, u v - 3Ha-
yeHue rttvar.

OtueTsl BpeMeHH Kpyrooboporta npuObiBaioT ¢ HOBEIM ACKS.
Ortuer RTT BBIUKCIISCTCS KaK pa3HUIA MEXKIY TEKYLIHMM BPEMECHEM U
monem “time echo”s ACK makere. Korma mepBeiii oTCUET MPUHST,
€ro 3HaYeHHE UCIOIb3yeTCsl Kak HauallbHOe 3HaueHue and Srtt_.ITo-
JIOBMHA TIEPBOT'0 OTCYUETA MCHOJIB3YeTCs KaK HayaJbHOE 3HAYCHUE IS
rttvar_. Jliis mociaeayromux OTCUeTOB 3HAYCHUS CTIIa)KEHHOH OILICHKU
BpEMEHHU KpyrooOopoTa Srtt_ 1 OTKIIOHEHUS OIIEHKH BPEMEHH KPYTo-
oboporta rttvar_moanduuupyioTcs ciaeIyonmM 00pa3om:

srtt = 7/8 srtt + 1/8 sample,

rttvar = 3/4 rttvar + 1/4 |[sample - .srtt],

rae sample -ercuer BpeMeHH KpyroobopoTa

Konduzypayuu

ITyck TCP mozaenupoBanust TpeOyeT CO3MaHUS U KOHOUTYPHPO-
BaHUs arcHTa, MPUKPEIUICHUS WCTOYHHWKA JAaHHBIX IPHKIAIHOTO
ypoBHs (reHepatopa Tpaduka), ¥ mycka areHTa u reHepaTopa tpadu-
Ka.
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ITpocmule konguzypayuu

Co3nanue areHra

set ns [new Simulator] ;#aunmanuzanms npeamOyIbt

set nodel [$ns node] ibcrosHHOE pa3MEIleHHE areHTa Ha 3TOM
y3ine

set node?2 [$ns node] ibcrosiHHOE pa3MeEIleHHE areHTa Ha 3TOM
y3ie

set tcpl [$ns create-connection TCP $nodel TCPSfnkde2
42]

$tcp set window_ 50 ;Kouduryparms TCParenTa

set ftpl [new Application/FTP]

$ftp1 attach-agent $tcpl

$ns at 0.0 "$ftp start"

DTOT mHpUMEp WUIIOCTPUPYET HCIOIb30BAHUE CHMYJISTOPOM
BCTPOEHHOM (yHKIIHH Create-connectiom\pryMeHTsl 5TOi GyHKIUH:
CO3/aTh areHTa OTIPABUTEIS, Y3€JI OTIIPABUTEIS, CO3/1aTh areHTa I10-
JydaTess, y3en nojiydarens, u uaeHTudukarop noroka ID mis wmc-
MOJTb30BaHUSL B CoeIUHEHHN. DyHKIMS BBINOIHIET CO3MaHHE ITHUX
JBYX areHTOB, yCTaHOBJIEHHUE mois motoka ID B arenTax, mpukpen-
JICHUE areHTOB UCTOYHHMKA M PUEMHHKA K COOTBETCTBYIOLIMM Y3JIaM,
Y HaKOHEI| COCJJMHCHUE areHTOB (TO €CTh YCTaHOBJECHUE COOTBETCT-
BYIOIIMX aJPECOB M MOPTOB MCTOYHMKA M IOJydarels). 3HaueHHE
BO3BpanaeMoi QyHKIUH - ©UMsI CO3AHHOTO UCXOHOTO areHTa.

Uctounuk ganneix TCParent TCPHe dpopmupyeT HuKakux co0-
CTBEHHBIX IPHUKJIAIHBIX JaHHBIX; BMECTO 3TOT0, MOJIH30BATENb MOJIE-
JMPOBAHUSA MOXKET HOAKIIOYHUTE JTI000H MOAYIh (POPMUPOBAHHS Tpa-
¢uxa x arenry TCP s renepanuu ganubix. s TCP oObruHO HC-
nonb3yrotes asa npuwioxenus: FTPu Telnet. FTPapencrasiser on-
TOBYIO Tlepefady JaHHBIX OOJBIIOrO pasMepa, U telnetsridoupaer ee
pa3mepbl mepenaun OecrnopsmouHo w3 teplib (cm. gaiin teplib-
telnet.cc).

/Jpyzue napamempul Konguzypayuu

B momonHeHune K OMHCaHHOMY BHIIIE TTapameTpy Window _aredt
TCP noanepkuBaeT JONMOIHUTENBHBIE IEpEMEHHBIE KOH(DUTYpaIi.
Kaxnas u3 nepeMeHHbIX, OITMCAHHBIX B 3TOM IOApA3JIeIe, BIACTCS U
MepeMEeHHON Kiacca, U MEPEMEHHON 3K3eMIuIsipa. VIsMeHeHue nepe-
MEHHOHW KJIacca M3MEHSET 3aJaHHOE 10 YMOJNYAHWIO 3HAUCHHE JUIS
BCEX arcHTOB, KOTOpBIC CO3JaHbI BIOCIEACTBHU. VI3MeHeHue mepe-
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MEHHOM SK3eMIUISIpa ONPE/ICIICHHOTO0 areHTa 3aTparuBaeT 3HAYCHWUS,
UCIIONB3yeMbIe TOJIBKO ITUM areHToM. Hampumep,

Agent/TCP set window_ 100 #meHsieT mepeMeHHYIO0 Kiiacca

$tcp set window_ 2.0 ;Hismenstet, WindOwW_TosibKo Uit 06bEK-
ta $tcp

3amaHHbIC 110 YMOTYAHHUIO ITapaMeTphl I Kaxaoro areara TCP:

Agent/TCP set window_ 20 MakcumaibHOE 3HAaUCHUE pa3Mepa
OKHa

Agent/TCP set windowlnit_ 1 ;#cranoBka/cOpoc 3HaUeHHUS
cwnd

Agent/TCP set windowOption_ 1 #roput™ u30exaHus nepe-
rpy3k# (1: cranmapr)

Agent/TCP set windowConstant_ 4 y#oib3yercsi TOIBKO KO-
rna windowQOption! =1

Agent/TCP set windowThresh_ 0.002uéitons3yercst B BBIUHC-
JICHUU YCPEAHCHHOTO OKHa

Agent/TCP set overhead_ O ;# !a60aBnseT ciyyaitHbIii HHTEp-
BaJl BDEMEHH MEX]y ITOCBUIKAMU

Agent/TCP set ecn_ 0 ;# TGi8mkHa pearupoBath Ha OuT €Ch

Agent/TCP set packetSize_ 1000pgsmep nakera, UCTIONIb3Ye-
MBIl OTIIpaBHUTENEeM (OAITHI)

Agent/TCP set tcpTick _ 0.1 #iimep rpaHyIMpoOBaH B CEKYHAAX
(.1- HECTAHJIAPT)

Agent/TCP set maxrto_ 64 ;#rpannyenue Ha RTO (cexyHbI)

Agent/TCP set dupacks_ O¢#erunk xomuit ACK

Agent/TCP set ack_ 0 gamsrit Beicokuii momydennsiii ACK

Agent/TCP set cwnd_ O gkHo meperpy3ku (IakeTsbl)

Agent/TCP set awnd_ O ;$cpennennsiii cwnd OxcriepumeH-
TaJIbHBIH)

Agent/TCP set ssthresh_ 0 ;#opor memienHoro nycka (make-
ThI)

Agent/TCP set rtt_ O ;#rcuer rtt

Agent/TCP set srtt_ 0 ycpenuennsrii rtt

Agent/TCP set rttvar_ O pfiaueHue oTKIIOHEHUS It oTcueTa

Agent/TCP set backoff O jxymmii dpaxTop orcpoukn RTO

Agent/TCP set maxseq_ O yMAKcHMaJbHBIM HOMEP TOCIIAHHOTO
cermeHTa (Taker)

JInst GONBIIMHCTBA IKCIICPUMEHTOB, BEPOSTHO, HEMHOTHE Mapa-
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MeTpbl KoH(purypamuu OyayT TpeOoBaTh Moaupukanuud. OOBIYHO
BKIIIOYAlOT Hambojiee W3MEHseMble IapaMmerpel; window  u
packetSize_IlepBblii U3 HUX OTPAHHUYMBACT HCIMOJL30BAHUSA OKHA
TCP, u xak paccMaTpUBAJIOCh, UTPAET POJb OOBIBICHHUS OKHA TIOJY-
yarens B peagpHoit TCP KkoTs oHO ocraercst mocTostHHBIM). Pasmep
Makera I0 CyHmecTBY (QYHKIMOHUPYET Moao0HO pasmepy MSS B pe-
anpHolt TCP. M3mensis 3TH mapaMeTpbl, MOXXHO OKa3aTh CHIIbHOE
BiusiHue Ha noenenue TCP.O6bpraH0 TCP ¢ GonbiiimMu pa3Mepamu
nakeTa, OONBIIMMHI OKHAMHU W MEHBIIMMH BpeMEHAMU Kpyroodopora
(pe3ybTaT TOMOJIOTHH W TEperpy3ku) Oojiee arpecCUBHBI B 3ampa-
IIMBaHUH CETEBOH MPOMYCKHON CIIOCOOHOCTH.

Jlpyrue ofHOHATIpABJIEHHbIE OTIPABUTEIN

Reno TCPArent Reno TCP agentuens nogo0en arenty Tahoe
TCP, kpoMe 3TOro OH TaKXKe BKJIIOYAET OBICTPOEC BOCCTAHOBJICHHE B
TeX Ciy4asx, KOTJa TEKyIlee OKHO Ieperpy3Kd’ pa3ayTo” UHCIOM
konuii ACK, monydenHsix ortmpasuteiem |CP mepen monyueHuem
HoBoro ACK. Ilonstre “HoBeiii ACK” otHOcuTes k 1ro6omy ACK,
3HA4YEeHUE KOTOPOTO BBIIIC YEM HAUBBICIICE 3aMEUYEHHOE JIO CHX TOp.
Kpowme Toro, arear Reno TCPae Bo3BpaiaeTcs K MEUICHHOMY ITyC-
Ky B TeUcHHE OBICTPOI MOBTOpHOM nepeaadn. Ckopee, OH YMEHBIIIUT
YCTaHOBKY OKHa Ieperpy3KH Ha MOJIOBUHY TEKYIETO OKHA M COPOCUT
ssthresh mis cooTBETCTBUS STOMY 3HAUEHHIO.

Newreno TCPJtot arent ocHoBan Ha Reno TCP agentio y xo-
TOPOTO M3MCHEHHI JICHCTBHS, IPUHUMAECMBIC TPH MOJTyYSHUH HOBOTO
ACK. YroObl BbIiiTH Ha OBICTPOE BOCCTAaHOBJCHHE, OTIPABHUTEb
noswkeH monmyunth ACK st caMoro BBICOKOTO ITOCIAHHOTO HOMEpa
MocIe0BaTeNbHOCTH. TakuM 00pa3oMm, HOBbIe “‘uactuuHbie ACK”
(T.e. Te, koTOpBIe MpeacTanstoT HOoBbie ACK, HO He TPEACTaBIAIOT
ACK 1715t BceX OKHIAIONIMX BBITIOJHCHUS JTaHHbBIX) HE YMCHBIIAIOT
pasmepnsl OkHa (M BO3MOXKHO BEIyT K OCTAHOBY, XapaKTEPHOMY
Reno).

Vegas TCPItor arent ocymectriser “Vegas” TCP.

Sack TCPOToT areHT OCYIIECTBISET BHIOOPOYHOE TIOBTOPEHHE,
ocHOBaHHOE Ha BeIOOPOYHBIX ACK, o0ecrieunBacMBbIX MMOITydaTEeIICM.

Fack TCP3ror arenr Bomonmser “yckopennsiii ACK” TCP
(momudukamms Sack TCP).

Linux TCP Drot arent Bbimonuser TCP Monynu ymnpaBieHHs
Meperpys3koi, UMIOPTUPOBaHHbIe U3 LINUX siapa. ATEHT BeIpabaThi-
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BAaeT Pe3yNbTaThl MOJCIUPOBAHMS, KOTOPHIC SBISIOTCS COBMECTHMBI-
MH Ha YpOBHE TPAaeKTOPHM OKHA Ieperpy3ku ¢ moBeaeHuem Linux
XOCTOB.

[Tonb30oBaTen MOACIUPOBAaHHS MOTYT MOIU(HUIUPOBATH WIH
UMITOPTHPOBATH HOBBIC MOAYJIN YIPABICHUS MEPETPy3KON U3 UCXOM-
HOTo Koza siapa Linux mist atoro arenta. Moayiau ynpasieHus nepe-
rpy3koii Linux xommunupoBansl B OuHapHsiid koq NS-2. [Tonb3oBa-
TEIM MOTYT BBIOMpATh Pa3IMYHBIC AITOPUTMBI YIPaBICHHS IIepe-
TPY3KOH, pa3IMYHbIe TapaMeTPhl MOIYIIS YIIPABICHUS MEPErpy3Ku, u
pasnuunbie Linux mapamerper TCP s pasnuuHbIX IK3EMIUIIPOB
aTOro areHta. J1otT areHt nogaepxkuBaer SACK. IMomydarento, Ko-
Topeiit moaaepkuBacT SACK, pekoMeHay0T paboTaTh C 3TUM arcH-
ToM. EcTh oOyuaromasi mporpaMma Jjisi UICTIOIb30BaHUS ITOTO arcH-
Ta.

Peanu3zarust oToro arenra csodoxano ciexyet 3a Linux TCP ma-
KEeTHOM 00pabOTKON MapHIpyTH3allid M BBI3BIBACT MCXOIHBIE KOJBI
YIIpaBJICHUsS Meperpy3Kor u3 sapa LinuX asst n3BMeHEHHs yIpaBlIeHU-
eM Meperpy3Koi, CBI3aHHOIO ¢ IapameTpaMu (HarmpuMep OKHO mepe-
IPY3KH, TOPOT MEUICHHOTO MyCKa | T. [I.).

JInst TOCTHKEHHsT pe3yJIbTaTOB MOJCIMPOBaHUs, ONM3KUX K pa-
0ounM XapakTepucTUKaM LiNUX, 3TOT areHT 3aMeHsieT 3a/laHHbIE IO
YMOJTYAQHHIO 3HAUCHHMS CIIEAYIOUIMX IapaMeTPOB COIVIACHO IapaMmer-
pam Linux:

Agent/TCP/Linux set maxrto_ 120

Agent/TCP/Linux set ts_resetRTO_ true

Agent/TCP/Linux set delay_growth_ false

TCP nonyuamenu (cmoxu)

Ornpasurenu TCP, onucaHHbIe BBINIE, NPEICTABISIOT OJHOHA-
NPaBJICHHBIX OTNpaBuTened AaHHbIX. OHH JOKHBI OBITH OIHOTO
panra c oobextamu “TCP sink”.

Bbaszoewiii  TCP monyuatens OcnoBHO#t 00bekT TCP  sink
(Agent/TCPSink)orserctBen 3a Bo3sparenne ACK oxHopanroBomy
00bekty TCP ornpasurens. On popmupyet ogud ACK Ha monydeH-
Heiid maket. Pasmep ACK MoxeT ObITh KOHUryprpoBan. CoznaHue
u KoHpuryparws oo6sekra TCP SiNKoOBIYHO BBIMOIHSAIOTCS aBTOMA-
THYECKH 3aIpocoM Oubimoreku (cM. create-connectioserie).

[TapameTpsl KOHPHUTYpALTIU

Agent/TCPSink set packetSize_ 40
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TCP nonyuatens ¢ 3anepxanHbiMd ACK OOBeKT 3aaeprKaHHbIH
ACK arenr (Agent/TCPSink/DelAck)noctynen momydaremro TCP
JUTSE MOJICTTUPOBAHMSI JUIsl TOTO, 4TOOBI ObUI0 MeHee omHoro ACK Ha
MOJIYYCHHBIN TaKeT. DTOT OOBEKT CONCPKUT OrPaHHYMBACMYIO Iie-
pemennyto interval_,koropas 3amaeT KOJIMYECTBO CEKYHI IS OXKH-
nanust mexxay ACK. TMoaygarens 3anaepxannoro ACK ocyiecTsisier
arpeccuBHyto ACK momutuky, B CHly 4ero 3aJIep>KUBarOTCS TOJIBKO
ACK 1115 makeToB, MOCTYMAIOMINX MO MOPsIKY. [lakeTsl BHE mopsiiKa
BBI3BIBAIOT HeMeJIeHHY 0 reHepaiuio ACK.

[TapameTpsl KOHUTYpaIN

Agent/TCPSink/DelAck set interval_ 100ms

Sack TCPmoayuarenu ITomygarean TCP ¢ BBIGOpOYHBIM TIOA-
tepxkaeHneM (Agent/TCPSink/Sacklpemonnstor SACK renepa-
U0, cMoenupoBaHHyto nocie onucanus SACK 8 RFC 2018 3tor
00BEKT BKIIOYAET OrpaHHYMBaeMyro mepeMennyro maxSackBlocks
KOTOpas 3aJaeT MaKkCUMalibHOe 4Kciio 0sokoB nHdopmaiuu B ACK,
JnocTynHoM 1uist coxpansiemoil mHpopmanun SACK. 3aganHoe 1o
YMOJYaHUIO 3HAYEHUE JUIS ATOM MEpPEeMEHHOH - 3, B COOTBETCTBUH C
oxunaeMeM rcronb3oBaaneM SACK ¢ RTTM (cm. RFC 2018 pas-
nen 3). Orcpouennsii 1 BbIOOpouHBIi ACK ocymiecTBisiroTcst co-
BMecTHO o0bekToM Tunia Agent/TCPSink/Sackl/DelAck.

[TapameTps! KoH(GUTYpaATTAT

Agent/TCPSink set maxSackBlocks_ 3

ApPXHTEKTYpa ¥ BHYTPEHHEe CTPOEeHHE

OcuosHroii arear TCP furacc Agent/TCP)co3man Kak COBOKYII-
HOCTB ITPOrpamMM JUIsl IMOCBUIKH MakeToB, oopadoTku ACK, ympasie-
HHS OKHOM OTIIPaBUTENsI U 00pabOTKOM TaiiMayToB. B 00mem, kax-
nasi U3 9THX MPOTPaMM MOXKET ObITh OTMEHEHAa (PYHKLHUEH C TeM XKe
caMbIM Ha3BaHHEM B MOPOXKAAIOIIEM Kiacce (IT03TOMY OCYIIECTBIIE-
HO CTOJIbKO BapHaHTOB oTnpasureins TCP).

3arosnoBok TCP 3aronoBok TCP onpenenen crpykrypoit hdr_tcp
B (haitre ~ns/tcp.hOCHOBHO# areHT UCITOIB3YET TONBKO CIIEIYIONTYTO
MOJTPYIITY MOJIEH:

ts_ / * Texymiee BpeMs OCBUTKH MAKeTa HCTOYHUKOM */

ts_echo_ / *mns ACKS: ons timestampis makera, CBI3aHHOTO C
stum ACK */

seqno_ / *Homep MOCIeI0BaTeIbHOCTH JUIs CErMEHTa TUX JIaH-
HbIX W ACK (IIpumeuanue: neperpyskal) */
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reason_ / *ycraHaBIHMBaeTCs OTIPAaBHTENEM MpH (IIOBTOPHOI)
nepeaye Jist TOro, YTO0bI MPOCISAUT MPUUYUHY JJIsl OTIPABKH */

@OyHKIMK Ul OTHPABKH JTAHHBIX 3aMETHM, YTO BOOOILE OTIpa-
Butenb 1CP dakTiuueckn HUKOTA HE MOCHUIACT JaHHBIX (OH ycTa-
HABJIMBAIOT TOJBKO pa3Mep MaKeTa).

send_much(force, reason, maxbursta ¢pyukius merraercs mo-
CBUIATh CTOJBKO IMAKETOB, CKOJBKO ITO3BOJISICT OKHO OTIIPABUTEIIS.
Omna Takxe COXpaHseT TPACCHPOBKY TOT'O, CKOIBKO ITAKETOB ITOCIAHO
M OTPaHMYCHO OOIIMM KOJHIecTBOM maxburst.

dynkuus output(seqno, reasondceuiaeT OJMH NAKET C TaHHBIM
HOMEPOM TIOCIICIOBATEILHOCTH U OOHOBIISIET MAKCUMYM MEPEMEHHOM
HOMeEpa IMOCIeI0BAaTENFHOCTH OTIpaBuTeNs (Maxseq _)4roObl co-
XPaHUTh JAHHBI HOMEP IOCJIE0BATEILHOCTH, €CIIH OH MOKa CaMbIi
OOJBILION U3 TOCTaHHBIX. OTa (QYHKIHS TAKKe Ha3HAYaeT Pa3IHMYHbIC
mons B 3aronoBke TCP fromep mocmemoBarensHOCTH, timestamp,
NpUYUHA [T Tiepefaun). Ota QYHKIHS TakKe YCTaHAaBIMBAeT Taid-
Mep MMOBTOPHOM Nepeayn, €CIIM OH Y)KE HE B OXKHIAHUH.

DYHKIWKU JIJI YIpaBjieHUs: okHa Mcnonb3yeMoe OKHO OTIpaBU-
TeNns Kaxkaelid pas 3amaercs ¢ynkmnueit window(). Ona Bo3BpaimaeT
MHHUMYM OKHa TEperpy3Kd M nepeMeHHyro WNnd _, kotopas mpen-
CTaBJISICT OOBSBIIEMOE OKHO MOTyYaTelsl.

opencwnd () -9Ta QyHKIHS OTKPHIBAET OKHO Teperpy3ku. Ona
BBI3BbIBaThCA, Koraa npuosBaeT HOBBIH ACK. Ilpu MennenHoMm mycke
(GyHKIHS TPOCcTO yBenuunBaeT CWNA_c kaxasimM noinydeHHbIM ACK.
[Mpu mpenoTBpalieHUH TEPErpy3Kd — CTaHAapTHAas KOHQUTyparus
yBenu4yuBaeT CWNd_Ha ero oopatHoe 3HadeHue. J[pyrue onmuu poc-
Ta OKHa B TeYCHHE N30ETaHHs MePerpy3Ku MOAICPKUBAIOTCS, HO OHU
IKCIIEPUMEHTAIBHBI (M HE 3apETHCTPUPOBAHBI).

closecwnd (int, how) sta QyHKIHsS YMEHBIIAET OKHO IIEPErPy3-
Kd. DTO MOXeET OBITh BBI3BAHO HECKOJIIKUMHU CIIOCOOAMHU: TIPH BBOJIC
OBICTpPOIi MMOBTOPHOM TEpeiaun U3-3a UCTCUCHHUS TaiMepa, WIH h3-3a
yBemoMieHus meperpysku (ycranosiaen our ECN). Dra mepemennas
YKa3bIBaeT KaK JJOJDKHO OBITh BOCCTAHOBIICHO OKHO TIeperpy3Kku. 3Ha-
yenue O ucronp3yeTcs s TaiiMayToB MOBTOPHOM Tepeayn U ObICT-
poii moBTopHO# Tepenaun B Tahoe TCP.3To 00bIYHO 3acTaBiseT
TCP BBOIUTH MEJICHHBIN MYCK M yMeHbIaTh SSthresh no monosu-
HBI TeKylero okHa. 3Hauenue 1 ucnonn3yercs Reno TCPmis ocy-
IIECTBJICHUSI OBICTPOrO BOCCTaHOBIICHHUS (KOTOpoe M30eract BO3Bpa-
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MIaThCsl K MEUICHHOMY IYCKY). 3HaueHHEe 2 MCIOJB3YeTCs Ul CO-
kparenus okHa u3-3a ECN npusnaka. OHO cOpachIBaeT OKHO Iepe-
TPY3KHU K €ro Ha4aJbHOMY 3HaueHUIO (OOBIYHO OOYCIIOBICHHBIM MEI-
JICHHBIM TTYCKOM), HO He u3MeHsieT Ssthresh_.

Oyukrmn s oopadorku ACK

recv () -ara ¢pyHKIUs - oCHOBHO# myTh mprema mist ACK. Obpa-
TUTE BHUMaHHE, YTO, TAK KaK MCIOJIb3YyeTcs TONBKO OJHO HampasJie-
HUE TOTOKA JAHHBIX, 3Ta (YHKIHS JIOJDKHA BBI3BIBATHCS TOIBKO C
gricteiM ACK makeTom (10 ecTh 6e3 Kakux-aub0 maHHbIX). DyHKIMsS
xpaHuT MeTKy BpemeHu or ACK B tS_peer _u mpoBepsieT MpUCyTCT-
Bue ECN Outa (Cokpalaromero OKHO OTIIPABUTEINS, €CIIH Ha3HAYCH).
Ecmu ACK - mossiii ACK, ona Be3siBaeT newack ()a nmaue mpose-
pseT HaONIOJCHUEM, SIBIISETCA JIU OH KOIHMEH MOCIIEIHEro 3aMeyeH-
Horo ACK. Ecnu 3710 Tak, BBOAUT OBICTPYIO MOBTOPHYIO Iepenady,
3aKpbIBasi OKHO, cOpackiBas TaiiMep MOBTOPHOM Nepeaadn U MmochlIas
makeT Be3oBoM send_much.

newack () ora ¢pynkuus obpadateiBaet "HoBBIN" ACK (TOT, KO-
TophIit comepskut HoMep ACK BeIlre, yeM J1t000# 3aMeUeHHBIN mpe-
xj1e). OYHKIWS yCTaHABIMBAET HOBBIH TaliMep TIOBTOPHOM Iepeaayn,
BeI3bIBast Nnewtimer (),o6noBmsier onienky RTT, Be3bIBas rtt_update,
u obHoBnseT(MomuduIMpyeT) cambie Bbicokne U mocienaue ACK
TepeMeHHBIE.

DyHKIUY A1 VIOpaBJISHUS TaiMepOM HNOBTOPHOH Iepefadyud JTU
(YHKLIMSIMH CITy’KaT IBYM LEJIsIM. OLICHKE BPeMEHH KpyroobopoTa u
yCTaHOBKe TaiiMepa (paKTHUeCKOi MOBTOPHOM mepemaun. (tt_init - oTa
dbyakous wHAUIMManm3upyer Sttt w rtt x Hymo, ycraHaBiIHMBacT
rttvar_B 3/tcp_tick _u ycranasmuBaetr MHOXuUTENs backoffs 1.

rtt_timeout -sta ¢yHkIMs 3a7aeT 3HAYCHUE TaiiMayTa B CEKyH-
Jax, KOTOPO€ JOJDKHBI MCIIONB30BATHCSA, YTOOBI HAMETUTH CIIEIyIO-
i TaitMep MOBTOpPHOU mepeaaud. OHa BBIYHMCIAET 3TO HA OCHOBA-
HUM TEKYIIUX OLIEHOK CPEIHUX 3HAYCHUH M OTKJIOHEHUH BpEMEHHU
Kkpyroobopora. Kpome TOro, oHa oCymiecTBisieT BO3BpAT 3KCIIOHEH-
uanbpHOTO TaliMepa KapHa miist MHOTOKPATHBIX MOCIEN0BATEIHHBIX
TaliMayTOB MIOBTOPHOU NEpEayH.

rtt_update sra ¢yHkIusa B KauecTBe apryMeHTa GepeT u3MepeH-
HeIi RTT u ycpenHseT ero juisi BEITIOJHEHUS OLIGHKH CPETHETO U OT-
KJIOHEHHs COTJIaCHO OMHUCAaHWIO Bbilmie. OOparuTe BHUMAaHHUE, YTO
t_srtt_wu t_rttvar o6a coxpaHeHbl ¢ PUKCHUPOBAHHON TOUKO# (Lenbie
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yrciaa). OHH UMEIOT, COOTBETCTBEHHO, 3 U 2 OMTa CIIpaBa OT JBOMY-
HOH TOYKH.

reset_rtx_timer -9ta ¢QyHKIUs BBI3BIBACTCS B TEUCHHE OBICTPOI
MOBTOPHOM Mepeaaud Wik B TedeHue Taiimayra. OHa yCTaHABIUBACT
TaiiMep MOBTOPHOW Tepemauw, BhI3bIBas Set_rtx_timeru, ecmu BHI-
3BaHO TaiiMayToM, Takke BeI3bIBaeT Itt_backoff.

rtt_backoff -ata ¢pymukius Bo3Bpaiaet Taiimep MOBTOPHO# mepe-
nauu (yaBauBast €ro).

newtimer -sra GyHKIHs BbI3bIBacMa TOJBKO KOT/a MPUOBIBAET
HoBbiii ACK. Ecim neBwiii Kpail okHa otmpasuteins - BHe ACK, To
BBI3BIBaETCS Set_rtx_timerpHave oHa OTMEHSETCS, €CU TaliMep To-
BTOPHOI 1epe/iauul B OXKUIAHWH.

OrcaexuBanne nuHamukn | CP

[ToBenenne TCP wacto HabmomaeTcst co3naHueM rpaduka B KO-
Op/MHATaX: HOMEp IMOCIeNOBATEILHOCTH — BpeMsi. OOBIYHO BBITION-
HEHHasl TPACCUPOBKA JIOMYCKAET OTCICKUBAHHE HA COCIAMHEHHH, IO
KoTopomy mpoiayT maketsl TCP. [lognepxansl qBa MeTona OTCIIE-
KUBAHUS. 33JaHHBIA 110 yMOJTYaHUIO (MCHOJB3yeMbIH ISl PAcCMOT-
penusi areutoB TCP), u pacuMpeHHbIi, UCTIOIB3YEMbIid TOIBKO IS
FullTcP.

TpaccupoBka auHamuiu oxHocroponHero TCP ITaketsr TCP,
c(OpMHPOBaHHBIC OJHUM H3 OJHOHAIPaBICHHBIX areHToB 1CP un
npenHa3HadeHHble i areHta TCP Sink,mpomeamme uepe3 orciie-
’KHBAaEMO€ COCAMHECHHUE, BBIPAOOTAIOT CTPOKHU (paiiia TPaCCUPOBKU B
dhopmare:

+0.94176 2 3 tcp 1000 ------ 00.03.02540

+ 0.94276 2 3 tcp 1000 ------ 00.03.02641

d 0.94276 2 3 tcp 1000 ------ 00.03.02641

+0.95072 2 0 ack 40 ------ 03.00.014 29

- 0.95072 2 0 ack 40 ------ 03.00.014 29

- 0.95176 2 3 tcp 1000 ------ 00.03.021 36

+ 0.95176 2 3 tcp 1000 ------ 00.03.027 42

Tounslii hopmat 3Toro ¢aita ciena gaercs B pasaeie 26.4py-
koBozactBa [The ns Manual (formerly ns Notes and Documentgtio
The VINT Project].ITpu paccmorpernu TCP yMecTHBI TakeTHI THITA
tcp wim ack. Ux Twm, pasmep, HOMEP IOCIEAOBATENBHOCTH (HOMED
ack s ackmakeroB), u Bpemst mpulbITUs / oTIpaBieHus / ynaneHus
3aJlaeTcs MoJieM, COOTBETCTBEHHO, 5, 6, 11u 2. 3nak “+” yka3wiBaer
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mpuOBITHE TaKkeTa, “-* — ormpasienue u “d” — yaanenne. MHOXeCTBO
crieHapueB oOpabaThiBacT 3TOT (Daiia, YyTOOBI BBHINOIHUTL I'padude-
CKHIi BBIBOJ| WJIM CTAaTUCTUYECKHE pe3tome (cM., Hampumep, ~Ns/test-
suite.tcl,mponenypa finish).

OcHOBHBbIE KOMAH/IbI

Jlanee ciemyer CIUCOK KOMaHJ, HCHOJB3YEMBIX TPH YCTaHOB-
ke/ynpasnenun notokamu TCP st uMuTanuii:

set tcp0 [new Agent/TCP]

Orto co3maet sk3eMinisip areHta T CP. B Hacrosiee Bpems B NS
OCYIIECTBIICHBI HECKOJIBKO pasHOBHAHOCTEW areHToB T CP oTmpaBu-
teneit 1 TCP nonyuareneit (wim crokoB). Ha maHHBI MOMEHT Joc-
tymasl  TCP  ormpasurenu:  Agent/TCP,  Agent/TCP/Reno,
Agent/TCP/Newreno, Agent/TCP/Sackl, Agent/TCP/Vegas
Agent/TCP/Fack. TCRomyuarenu, 10CTyHbIC B HACTOSIIEE BPEMSL:
Agent/TCPSink, Agent/TCPSink/DelAck, Agent/TCPSB&ctkl,
Agent/TCPSink/Sackl/DelAckMmeercst Takxe aByHaIpaBIeHHAs
peanuzanus tCp mon HazBanuem Agent/TCP/FullTcp.

[Mapamerps! koHbuUrypauuu aas moroka T CP MoryT ObITh ycTa-
HOBJICHBI CJICYIONIMHU:

$tcp set window_ <wnd-size>

st Bcex BO3MOXKHBIX MAapaMeTpoB KOHGUTYpaIMH, JOCTYITHBIX
mis TCP em. pasgen 35.1.4pykosoactea [The ns Manual (formerly
ns Notes and Documentation) The VINT Proje@jnannbie 1o
YMOITYaHUIO 3HAUCHUs] KOHQUTYypallMd MOTYT OBITh HaiileHBI TaKXe B
ns/tcl/lib/ns-default.tcl.

Hainee —npumep npoctoit ycranoBku TCP coennuenust:

set tcp [new Agent/TCP] éb3nats arenta tcp

$ns_ attach-agent $node_(sl) $tcpe#ate arenra C ¢ y31om
OTIpPaBUTEIS

$tcp set fid_ O ;#cranoButs mose uaeHTU(UKATOPa MOTOKA tCP

set ftp [new Application/FTP] ;#o3xats ftp Tpadux

$ftp attach-agent $tcp ghsasars ftp Tpaduk ¢ tcparenrom

set sink [new Agent/TCPSink] gb3nats arenra tcpsink

$ns_ attach-agent $node_(k1) $sinkeg#fsars arenra C ¢ y3nom
MOJTy9aTelst

$sink set fid_ O ;#ycranoBurs mone uaeHTH(UKATOpPA MOTOKA
sink

$ns_ connect $ftp $sink ;HeiicTBuTENBHOE TMOAKITIOYEHHE HC-
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TOYHHKA K CTOKY
$ns_ at $start-time "$ftp start” s#nycrurs notok ftp

IIPE/IBAPHTE/IBHAA I10ATI'OTOBKA

O3HaKOMUTBCS C OCHOBHBIMH XapaKTEPUCTHKAMH IPOTOKOJA
TCP o marepuanaM JaHHOTO MPAKTHKyMa U PEKOMEHIyEeMbIX B HEM
JMTEpaTypHBIX HCTOYHUKOB, a TaKkKe pa3nenoB 8 u 9 yueOHOro moco-
ous B.I'. Kosznosa, E.C. Cemuryk «lIporpaMMHEIE CpEICTBAa CHCTEM
CBSI3U», JJIEKTPOHHAsT BEPCUSl KOTOPOTO pa3MellleHa Ha cepBepe S
JIBC xadenper TOP [S:\\ bubnunorexa kapenper TOP \ IIporpamm-
Hele cpenctia cucteM cBs3m \ (. —Tomck: TMITJIO, 2004. 156:.)]

[ToBTOPUTH OCHOBBI ()YHKIIMOHUPOBAHHUS TPAHCTIOPTHOT'O YPOBHS
mozaenn OSlmo MaTepuanaM JeKIUH 1 PEKOMEHI0BaHHOM JTUTEpaTy-
pbl. BoccTaHOBUTH B MaMSATH OCHOBHBIC MPHHITUIBI U OCOOCHHOCTH
peanmzanuu B mporokone TCP opranm3aiiuu rapaHTHPOBAHHOHN JOC-
TaBKH COOOILCHUI M MEXaHU3MOB €€ PEryJIUPOBaHUs. YSCHUTH POJIb
W 3HauCHHE TaMepoB, PazoOpaTbesi ¢ COOOPaKEHUSMH IO BBIOOPY
BPEMEHHBIX HHTEPBAJIOB.

Wzyuuts pazgen «Kpartkue cBepenus o mogensix 1CP Agents
nmutatopa NS2»MeToanYecKuX yKa3aHUi 10 JaHHOH JabopaTtopHon
paboTe W TOATOTOBHTH HeOOXommmbie TCl CKpuOTHI 1 paboTHI C
NS2,paccMOTpeHHbIC B JAaHHOM pa3jerie.

B kadecTBe OCHOBBI HUCCJIEIOBAHUI HCIOJIB30BATh MOJENb CETH,
paspaboTaHHoit B 11.6 pa3zaena «/laboparopHoe 3aganue» padoTel Ne3
HacTosIero coopauka. JlopaboTark ciieHapuil CBOEro BapuaHTa MO-
JeTUPOBaHUsl TaKUM 00pa3oM, 4ToObl HHTEHCHBHOCTH Tpaduka CBR
UCTOYHMKA cocTaBisuia 1% mponmycKHO# CIOCOOHOCTH JIMHUU CBSI3H,
coemunstomier y3uel C u D., a amuHa odepenn Ha 3TOH JUHHM Orpa-
HUYMBAJIACh O TMAKETaMH.

V3MeHuTh OpaOOTaHHBIA BBINIE CIIEHAPHH MOJCIHPOBAHUS Ta-
KHM 00pa3oM, 4TOObI B Ka4eCTBE MCTOYHUKA TpadHKa UCIIOHL30BATh
He aredr ftp, a arenr telnet. [l sToro Bce KOMaHABI M MAapaMETPHI
CLIEHapHs, coJep)Kaline MoAcTpoky ftp 3amennTh Ha moacTpoky tel-
net, a Takke MO OKOHYaHUM ONMHUCaHUs areHTa telnetmns ycraHoBKU
MeToa GOPMHUPOBAHUSI TAKETOB BBECTH B IPOTPAMMY CTPOKY

$telnet set interval_ 0.

JlomoHUTE pa3padOTaHHbBIE CIIEHAPHU MHCTPYKIMSAMH O (popMHu-
poBaHuM (aiyIoOB TPACCHPOBKHU LTS TIOCIEYIONIETO aHAIN3a PE3yiih-
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TaTOB MojenupoBaHus. TexHuka momydeHus ¢aiiia TPacCUPOBKH
MpHUBEICHA B ONUCAHUHM JIA0OpaToOpHO¥ paboTel Ne3 HacToOsIIEro
cOOpHHUKA.

PesynpTatamul ipeBapUTEILHON MOATOTOBKHU IO TaHHOM paboTe
SBJISIIOTCST (aiisibl TCl ckpumTa, MOArOTOBICHHBIC IS MOJCINPOBa-
HUS CeTel ¢ moMolIbio umuraropa NS2.

KOHTPOJIBHBIE BOIIPOCBI H 3A/TAHHUA

1.
2.
3.

o

B oo~

15.
16.
17.

18.
19.

20.

0.

Kakue 3amaun permaer npotokon TCP?

Comnocrasuth ctek TCP u crek OSI.

Kakne mexanm3mbl ucmonb3yet mpotokon TCP mins Hamex-
HOU JIOCTaBKH JIaHHBIX ?

Kakas nadopmanus nepegaercs B MOJIIX «HOMEpa MOPTOB» U
«HOMeEpa TocieaoBaTenbHocTe» 3aroigoska TCP  cermen-
Ta?

Kakas uadopmarus nepenaetcs B MOJAX «haaru» 3aroioBka
TCP cermenra?

Kaxas nHboOpManus mepemaercss B MOMSIX «pa3Mep OKHa» U
«KOHTpOJIbHAsE cymMMa» 3arosioBka TCP-cermenTa?

[opsinok ycranosnenust TCP coenuuenus.

Kak 3aBepmaercs TCP coequHeHre B IITATHOM PEKUAME?
Kak 3aBepmaercs TCP coenuHeHne B 0COOBIX ClTydasx?
Kaxue cocrosiHust MoxxHo BbAenuth B nporecce TCP coenu-
HEHUS?

. Ocobennoctr paboTel TCP ¢ HHTEpaKTUBHBIMU JaHHBIMH.
12.
13.
14.

B uem 3akmmrouaercs anroputm Heiirna?

Ocob6ennoctu nepenayn TCP Gombiioro oo0beMa TaHHBIX.
OC00EHHOCTH peanu3allii allfTOPUTMA «CKOJIB3AIIee OKHO» B
npotokoie TCP.

[TosICHUTE MEXaHU3M «CKOJB3SIIETO OKHAY.

W3 kakux cooOpakeHUi BRIOUPAETCS pa3Mep OKHA?

B kakux cimydasix B 3aTOJIOBKE ITaKeTa ycTaHaBIMBaeTcs (iar
«PUSH»Xak Ha 3T0 pearupyer noyyaTesb?

B yem 3akirouaercs anropuT™M MeIJICHHOTO cTapTa?

C xako¥ 1eNpI0 U KaK MCIONB3YETCs MapaMeTp «OKHO Tepe-
MTOJTHEHUSI» ?

PackpbITh moHsITHE «COKEeT». B KakMx MOJSIX 3arojoBKa CO-
Jep KUTCSI THPOPMAITUS O HEM?
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21. B uem 3akitovaeTcsl KBUTUPOBAHHUE TIPH Mepeaade JaHHBIX ?

22. OcoOeHHOCTH KBUTHpOBaHUs B ipoTokojie TCP.

23. B yem ocobennoctu mosenu areara TCP B cumymnsitope NS?

24. C xaxo# 1eIbI0 U KaK OMpeAeseTcss BpeMs Kpyroodbopora?

25. lna xakoit meiau U kak B mpotokosie TCP wucmonb3yrorcs
TaliMepbI?

JABOPATOPHOE 34/JAHHE

1. O3HaKOMHUTBCS C OCHOBHBIMH XapaKTEPUCTHUKAMH IMPOTOKOJIA
TCP o marepuanaMm JaHHOTO MPAKTUKyMa U PEKOMEHIYEMBIX B HEM
JTUTEPATypPHBIX HCTOYHUKOB, a TaKXKe paszenoB 8 u 9 yueOHOTro moco-
ous B.I'. Kosznosa, E.C. Cemuryk «lIporpaMMHEIE CpPEICTBa CHCTEM
CBSI3U», JJIEKTPOHHAsi BEPCUSl KOTOPOTO pa3MellleHa Ha cepBepe S
JIBC xadenper TOP [S:\\ bubmmorexa xadenpsr TOP \ IIporpamm-
HBIe cpezcTBa cucteM cBssu \]. Co3marh manky ¢ Ha3Banuem Lab 4
Ha cepBepe X. [IpoMexxyTOUYHBIE U OKOHYATEIBHBIC PE3YIbTAThI JaH-
HOW pabOTHI COXPaHATh B 3TOM KaTajore.

2. [Iporpammel, pa3paOOTaHHBIC B Pe3yJIbTaTe MPEABAPUTEILHON
MOJITOTOBKH, CKOMTMPOBATh B CO3aHHyt0 manky Lab_4.

3. OtkpbITh 0KHO «TepmuHam». C moMoInplo KoMaHb! «3Me-
HuTh Karamor» (cdpath), rome path —tyts mocryma x xartamory Lab_ 3,
TIepEHTH B CBOM paboumii KaTajor.

4. HccnenoBaTh TpoUEAypy YCTAHOBJICHUS coeAnHeHus. Jns
ATOTO0 MOKHO HCIIOIL30BaTh 000 CIIeHapHii, B KOTOPOM YIaCTBYIOT
areatsl TCP. [{ns onpeneeHHOCTH NCTIONB30BaTh CIICHAPUN JIJIST HIC-
ciepoBanus TCP, pazpaGoTanHbIi Ha 3Tane mpenBapuTEIbLHON MOA-
TOTOBKH, MOAM(DHUIIMPOBAHHBIA TaKUM 00pa3oM, YTOOBI HMCTOYHUK
CBR 0buT OTKJIIOYEH. DTO MOXKHO BBIIOJHHUTH, HAIIPUMED, YAaICHH-
€M CTPOK MPOTPAMMBI

$ns at 0.1 "$cbr start”

$ns at 4.5 "$cbr stop",

1100 TIEPEBOIS MX B PEXKHUM KOMMEHTapueB (BBOJIOM CUMBOJIA #).
B oruere 0TOOpa3suTh OCHOBHBIEC 3TAlbl YCTAHOBIICHHS COCAWHEHHMS
(«TpoeKpaTHOrO PYKOMOXKATHUSI») U OTMETUTh BCE YCTaHOBJICHHBIC
(raru, oTcyTcTBytOIME B Moaeaud NS.

5. IloaroroButs uccnenoBanus xapakrepuctuk TCP mpu mepe-
nade OONbIINX OOBEMOB JAHHBIX C HCIOJIB30BAHUEM arcHTa IpH-
KJIagHoro ypoBHs ftp. B kadecTBe M3MEHSIEMOro mnapamerpa MUCIOJb-
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30BaTh MHTEHCHBHOCTh Tpaduka ucrounuka CBR, npuuem Havaib-
HO€ 3Ha4YeHHE WHTEHCHBHOCTH YCTaHOBUTH paBHBIM 1 % 0T mporryck-
HOW CITOCOOHOCTH JIMHHUH CBsi3H, coenuHstoniei y3el C u D, a mak-
CUMAJILHBIA pa3Mep ouepeay Ha 3TOM JTUHWHM yCTaHOBUTH PaBHBIM 5.
Bpems MmogennpoBaHusi yCTaHOBHTS O C.

6. HccnenoBaTh alnropuT™ MeaJICHHOrO mycka. Jljis aToro 3amyc-
TUTH CIICHapuii, pa3pabOTaHHBIN Ha 3Tare MPeIBaPUTEIHHON TOJro-
ToBKM. HaOnromate AMHAMUKY KOJHYECTBA MAaKeTOB, KOTOPHIE B IIpe-
JieNTax OKHa TEPETIOTHEHNSI MOTYT OBITh ITOCIIAHBI JIO0 TIONYYEHHUS KBH-
TaHIUY.

7. JlonomHUTh pa3pabOTaHHBIN CIICHAPHA UHCTPYKIUSIMH O (Hop-
MUPOBaHUU (aiiyia TPacCUPOBKH JUISI TOTyYSHUST BO3MOKHOCTH TIOCT-
MPOIIECCOPHOTO aHAIM3a PE3yJIbTAaTOB MoieTupoBaHus. [lomydeHHbIH
B pe3yJIbTaTe MOJCIMPOBAHUS 3TOTO CIieHapus ¢aiin out.tr coxpa-
HUTH 110]] (YHHKAJIBHBIM) IPYTUM HMEHEM.

8. [oBTOpUTH UCCIIENOBAHUS 110 T.II. 6 M 7 TIPU MHTCHCUBHOCTH
tpaduka ucrounnka CBR,paBHoii coorBeTcTBeHHO 5 %, 20 %, 50 %,
80 %, 95%.

9. IloBTOPUTH HCCIEAOBAaHUA MO ILI. 6-8 111 MakCHMaJIbHOI'O
pa3Mepa odepeny Ha TuHHUH, coeaunstomei y3iuel Cu D, pasHoro 10.

10. [o pe3ynpraTaM McciaenoBaHU 1o I.1. 6-9 mocTpouts Tpa-
(VKM TMHAMUKY Pa3BUTHS MEJICHHOTO ITycKa B 3aBUCHMOCTH OT 3a-
TPY>KCHHOCTH CETH.

11. UccnenoBath 3aBHCMMOCTH BPEMEHU Kpyroo0opoTa OT 3a-
TPYy’KEHHOCTH ceTd. Bpemsa kpyroobopoTa n3MepsiTh OT MOMEHTa OT-
MPaBKH MMaKeTa 10 MOMEHTA TOIYYeHUS TOATBepX AeHUsA. B Tabmuiry
3anectu panHbie 10 nepBeix naketoB TCP B Hauane KaKa0W CEKYH/IbI

MOJICTTUPOBAHUSI. |
Tabmuma 1
No Mowment | MomeHT Bpewms Cpennee | Cpenuee
mna- OTIIpaB- | MOJYYECHUs | KPyro- BpeMs abCo0T-
KeTa | JIeHUs MOJITBEP- obopora | kpyro- HOE oT-
naKeTa KJICHHUSI o0opoTa | KIIOHEHHE

Cpemnee BpeMs KpyroodopoTta u cpeHee abCOMIOTHOE OTKJIOHE-
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HUE BPEMEHHU KpyrooOopoTa BHIYHUCIATH MO mepBbiM 10 makeraM Ka-
XKION cekyHIbl MoaenupoBanus. CpenaHee aOCOTIOTHOE OTKIOHEHHE
Atg, BpeMEHH Kpyroo60opoTa BBIYHMCIIATE B COOTBETCTBUH C

1 10
At = E;‘ti ~t,,

e tj — i-esHadeHne BpeMeH! Kpyroooopora, te, - cpeqHee Bpems
Kkpyroobopora no 10mnakeram.

12. TloBTOpUTH HccnenoBaHus 1o . 11 npu HHTEHCUBHOCTH Tpa-
¢uka ncrounnka CBR, paBHoii coorBercTBeHHO 5 %, 20 %, 50 %, 80
%, 95%.

13. TloBTOpuTh HccneaoBanus no m.1. 11-1251s MakcuMaabHOTO
pa3Mepa odepeny Ha TuHUH, coeaunstomei y3uel Cu D, pasHoro 10.

14. IlogroroButs uccnenoBanus xapakrepuctuk TCP npu mepe-
nade HeOONbIIMX O00BEMOB JaHHBIX C MCIOJIB30BAHHEM areHTa MpH-
knagHoro ypoBHs telnet. 12.J[ns 3TOro moBTOPUTH WCCIICAOBAHUS B
COOTBETCTBHH C 1. 11 1pu MHTEHCUBHOCTH Tpaduka ucrounnka CBR,
paBHoli cooTBeTcTBeHHO 5 %, 20 %, 50 %, 80 %, 95%.

15. 3menuTsh B cueHapuu mapamerp interval_monenu telnetna
Beanunny 0.5 u moBTOpuTH McchaenoBanus 1o 1.14. 3adpuxkcupoparsb
n3meHenust. [ToBTopuTh TO e camoe i mapamerpa interval _ 0.1.

16. B otuer cnenyet BHecTH (ailyibl MporpaMM, pazpabOTaHHBIC
Ha JTame NpeABapUTENIbHOW MOATOTOBKM M B PE3YNbTaTe SKCIEpH-
MEHTAaJBHBIX UCCIEIOBaHUM, (hailyibl, MOTyYEHHBIE TI0 pe3yJibTaraM
aHaJM3a MaTEepPUANOB MOJICTUPOBAHHUS CETH, & TAKKe TAOJHIIBI U Tpa-
(UK IKCTIEPUMECHTATBHBIX JTAHHBIX.

JIutepatypa

1. The ns Manual./Kevin Fall, Kannan Varadh@ocrymnuo 1o
agpecy: http://www.isi.edu/nsnam/ns/ns-documentation.html

2. Tutorial for Network Simulator ns /Marc GreffoctymnHo 1o
anpecy: http://www.isi.edu/nsnam/ns/tutorial/nsindex.html
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