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15350l B EIbOlI0sMYdS

36dgdol 5dGHvysEMmds. Logobm, IoT-ob Jugerdo symgbgdol
399306905,  9696MAMbToMGOOL  IBMY3S, BMYss©  Jugeol  MBbgdHy
©3H3060m30L 9993060905 S TOMMYdGE IMfYMmdOWMdgdOL gob@z0M035
0m3wgds  3M0FG03Nw  Los30mbgdo@.  Logbgdol  0bBGHIMbgBHOL  BoBHM
950D5305 IM300YOME0s MOEO0MLOLEJIJOOL godEIMBIM0BMdSDY s
dob ©53H3060mM35%Y. Loli@gdol A93500Mds 23909050 gdMos
9mfymdomdgdl ImEmOL. sdx IO 35390 Imfiymdowmdgdol GHEMsx030
33069, 0993 LoLEBYISA0 SMILMBOM bgblMMOL ogMMgdOL Jgdmbggzsdo
SboEo  Momdol  dMdowE  LoLEGJIGOL  A9MFOMEIOS0Y  FMTomds  FIWIWO
Po8omdom. gotrs 530Ls, 93EMIdGH0B0MYdIME0 F56Jsbgdols s MHMBYdOL
LEOMPYMGBoEo F9dsmdoLMZ0L LoFoMm 0g69gds LoliEgdol sMoYsIEGHZ0MIE
9MdoM9Md5d0 BbJ30MmboMgds. 30003 MO 0b6EIMBYEGHOL Jugwgddo yzgws
dmbs3990 ool 2BsL Lofigolo IMbs3gd900L Hgstrmbs s dmmbmgbl JoMob.
Lohgobo Fyserm Fgodargds ogml LgbbmeMo, MHMIgE0E 39MHOMPISE 539MIOL
3oBM33908L. ®v) LgblmOBY Jmbmeo Fmmbmgbgdol 3gmomo bBozwgdos
LYBLMEOL  2obmIzoL 39MHomEbBY, 9gOHMO s 0039  IMbs399930 0gbgds
39353600 LgblmMol MoombolGgdol sObdo. slgoo Bwxdsmdol  GHodo
55989dBHEM05. 29O 530Ls, LgblMmMOL 9wgdgbEBHolL 93 IsES300L 35
9306M©90s.  5d58Y,  ©somLoLEJIGOOL  9BIJAHVIOMOOL  FoBOIL
300Md©b96 MIMswmo OSI 3oBo3MMHOo IMgHY S 56 0gm 45Bbomwo bgs
9699000 53 Lol 9oL QoMTXMBIBYOS.

Lsdwgdomls IoBsbo s 3gemgzol s3m3s6gd0: B3960 LodmFsml dobsbos IoT-
ol Jugedo obgmo 3MMdEGIJIOL godm3zeg3s MMIMOOE SMHOL: oYm3bgdol
399306905,  9696MAMbTsMGO0L  IBMYZS, BMYss©  Jugeol  MBbgdHY
©OBH306MmM30L 99300905 @S 350MMgdgro  dmymdoErmdgdol
396¢3060mz35.  3OMdGIJOOL 33935 o Fomo  FgRobgds.  dmdszerols



06@90bgBHol Jugol godmygbgdom dsmo Fgocmgds sOLgdmee IPv4 IoT-ob

JU9emsb.
33¢930L  dgomEmemaos:  NDN  Jugeol 306@1swobsiools

L5 gdsls 235d¢g3l MiniNDN-o. Hg9dmom s©0bodbmwo obl@®mwxdgb@s®o

DoM0m5096L Ma3slicr 3OMYGsFM MBMMb3gymasl, MMIGEOE 95390ME0s

Linux-ob s dobo dmbsmgbiogg m39Mo@o0wgeo bobdgdgdols dsBsBg. MiniNDN-o

06@9MbgBHdo  y39wsbmzol  bgdolsfzmdos. 0o 05319850 AMOZo

3OMMAM50M@  gbslosh  MmamMogss: C++, Java, Javascript, Python, .NET

Framework(C#). 63960 30%bol dobom{jg3s0 godmzoygbgon:

1) 8mdsgwol 0b3ghbgdol Jugwo, HmIgwos 939dwos ICN 3Gobiodby.
LHm6go s80@ ™A B39l doge oym dglfogeromo s 2osbserobgdryemo NDN-
ol Jugerol 139308039 S BLEGHMMIEGHIOS MVYMOOVIESE.

2) Python-ob 36MHmyMsdmwo  gbs, MH®Aol  Lsdmsegdom  dmgsbobgm
L9gbLMMJdOL LM s305 MiniINDN-0U 3esGBMOT>BY.

3) Linux 9m{ymdowwmdgdbg NFD 3ao@gm®ds Moms 93393m NDN-ob Lo@ql@m
Jugo. 53s30039ws@ MiniNDN-ob 36myMsdmwo obl@®mdab@scol
LodMogdom dmgzobobgm NDN Jugarol Lodwmsisos, boem dommbols
LodMogdom 30 gobgsbm®mEogwgm  Jugerdo  BsGormemo  LgblmMgdol
LodMSE0s.

d93bogeyemo  Losbewg:  Imgqblgbgdsm, md  IoT-ob  dmfymdowmdgdby
36030379 B530mbOE 33103 MBJdS gergdgb@ol 9bgMMIMbIsMgdol sBMY3s.
5069 59 3M:M39dol IMY356935L (30 MdEHI6 Lo s3MOL MYYOMHYdO
56 9e0gdgb@ol  aomdxmdglgdom. h3z96 doge FgIMMOz5DgdMo  Jugerol
dmgeol  25dmygbgdom  dogzsmfiogom  Jugerdo  Bsomee  LgblmEMgdby
9696H2m3mbdo6gdol  Jgdi306M9ds @ JgLodsdolo  OTIdOMEMYIGO
dmfymdommdgdol  4ob@GH3060mzs. 9gMgm3g, Jugwdo  2sM339  dbYdbY
8030090 ©53H3060m30L F9I306090s. 50LsB0TBsg0s, BIMT Jugeol 3Gobio3ol
2369306060900 b 259mI0bscg F993060©s 068MMA5300L oym3bgds.



3653dBHogegeo 3608369@mds:

1) Po6pabowo  seram®omdgdol  Jugerdo  ©95¢0Bgdol  dgdmbggzsdo
d9L5dgd0s  M5EO0MLOLEHYIFOIOL sObJIOL FoBBHZMMZs @S oYm3bgdol
d993306900.

2) Hodygboco LolEgdol 0bEgaMoEos sMLYdME Jugergdmsb Jgladwrgdgeros
9393mdM035 bb3s 8mfymdowmdgdmsb 0531935MdOL gom3seolobgdoo.

3) Bs3mysodgdeos  dmbs3gdgdol  ©sd)dsgzgool  dgmmo,  Mmdgeol
153 gd00  JgLodEgdgeos  BYbLMMGdIOL  ge9gd9gbEgdol  gdudwrmsdoEools
OMOL QOHBOS.

Lsdmdomly 83MMds30s:  LoOoLYOHGHsE0om  653OMIOL 9o EH035Lmb
0539380609370 530mbgdo  53MMd0MYdMo odbs: 1. ,bEHMIbGHwWGo IoT
3535000b0" - 30MmgdBHol 3M9BgbEHsE0d s 353500Mmbd0 godatrx390s (9Mmgbyero
15993b0gMHM dodEroMmmM93s s Internet Society — Georgia, 14 mgd@maddgho, 2018
Poo, mdoobo); 2. 3G0o@sbgmol Lsd3ml ,THE BIG IDEA CHALLENGE® :
»3o0gl LobHogwndwgddo Lsdgfo@mdgm bsMgdoL gob300MYOOL 3OrMYMsAd
(Lodo®rmz9wml  39db03M9M0 b039MLoGHIBHOL ©s ool wboggMbodgdol
96O0Md030 30mgdEo Ne EV16048P8P - Ne2181, dsobo. 2021 {gero, mdoolo).
3. I, IT s ITI 3003099900 s Hobobifodo o339 396s 580Ls @obg®@sEool

099599 2590939969005 3 LEsE0s.

©olgMBsgool  LEAHMMIGHNGS @5  ImEgEmds:  EOoLYOGIE0s  89Ygds
d9L535¢0lYSD, Lo Ms30L, OZ3BoLy s WOEFIMIEHMMOL  Brlboboysb.
©oLgMES300L LogMNM IMEMEIMdS 8950396l 115 2390, 2 bl s 50
BoboBob Bsmgaoom.



1539dsml JoMH0mSEO FobssMlo

30639¢ 35390 356boMEos:

NDN o560 ICN  3odol Jugeo, Gmdgmwos ®mm0gb@Gocmgdmos
dmbs339990%g. ICN  Godom 99az0deos  IoT  gbgGrmdmbds®mgdol o
©93H3060m30L 89030609d5. 50B60TBZ305, HMI MYMOOMWSE Ipv4-ob gov9ddgdss
d9L5dgd9w0s, 3065096 NDN-U dgwdwos 0xMbdzombodml, Gmames
GO390 S ©IMY30009090  LoLEGHYs. LdELIOLME, o3OS MdOL
3momboo 30bs6dgfimboos, ®MI sg@BH™m3zmm Ipv4 Jugro s dmzsbobmom
063m®To30M9mo  GHMoxozol  20o39ds 393H9OHmygbmo  Jugeroo.
9moblgbgdm, ®md Windows m396Ms30vo LobGgds ©m3wdgbGoMgdreo 56
56ob. Windows-o Linux-256 256Lbbgoggdom 56 Mol “open source” o
d9L50530bo®  J39Wd MbyHY BgdMm 50b0T6E LoliE ol I3MHMYESTJdS
090pamd  8mbo399990L 53353905 9MOL  dowosh  Gmvero.  0dol
390035¢0fobgdom, MHmA Linux-bg 9339 sG>0l 3By 136M90dzm30, 39 330JOMd
Omd MIxmdgLoS 259m3094gbmm gl Bodwmogds, MHmymeE 0blEMmdgb@sco.
1690930630 FoMHIMo9bL Jugwrols doOM3L, HMIGEBYE 046908 s390wwo ICN
A030b LyEgbGHM™ Jugero. Bgdmo blinbgdo Jugaro Byl JogH ogm sHgmdogro.
B396 ©053599b9gm BMY0IZMM30 S 9350Ygm, s PogdomMgm Jugero. 353(9Mg
3563300, 393539MI GBI gdo. 306390 Gogdo 9dudgModgb@o oym
Bootgdmmo  Ipvd Jugerolomgol s d98amd NDN-m30L. dmem 9@s3bg
39350056090 Ipv4 s NDN Jlgergdo, 2535390090 d9535590s.

3000mbol  s3MHMYGM5dgd0lL gbols LsdoEgdom ©O3hgMgm L3Mo3Eo
HIol  15FMOEGOOMS3  39MHOMPMIWOE  0xHs3690Mm©s  dmmbmgbs NDN
3639634y  @obmduol BHgMTobogrol LEHBIOEGHMWo  BdBOMIIbgdOL
Lodwoeqdom.  Boblm®gdo 0943bgb  Lodwwomgdmwbo 04039 3do™bol
Lodmogdom.  3mb63Mg@GMwo  3gMomgdom  dgdmbggzomo  gmbdioom
3969000 90Mm©s bgbLMOOL sbsM3Egd0 @S TgLsdsToLO dZgWO bsMZsCOl



59 BH 99 HMdS 094 350099590, Jglsdsdols 3mbEHbEH0 153006 Jooms
donge bob.

B39BL 09 999 535Hgdmw 9Ju39MH0d6EHT0 4obbowMWOs MdOOLOL
dsL83od0m 5Hymdoo ICN 35BDsBg dmddsgg NDN Jugero. bgdmo bligbgdyero
Jugeo 5390o oym NDN 690od3m630l ©s dgbodsdolo  3Mmma6msdrwo
MBEOHMB39YgmRol Lsdwmswgdom.

NDN Jugwo sfymdoo  ogm  3awogbBgdolbs s  bgemzgMgdol
9ONMIWOMO0om. 53 IM[YMdOEMdgOL TGOl 39300601 ILETYIMYOEIS®
3ohgMowo ogm NDN @mbgargdo, Gmdwgdog 96353bwmszosl sbgbobgb
Bogomzgeml sOLYdME Mm3gMoGMMGdoL Ipv4-ob Jugwgddo. obowgm Bgzgbo

JB9Eol GHM3MEMY0o.

NDN s IP  Jugemgdol  393960mygbobogos,  ¢353¢g3l Lodwmomgdsls
NDN-ol 0559 0999985390900  5e0am®omdgdol boex g 993593060Hmm
JB9edo 0bxmMI>300L 2oo3gdol oymgbads.

NDN 35393900l 59999539058 353900900» NFD(NDN Forwarding Daemon)
3oGHRMOIoL BodsEgdom. gU SWOGBMMT> XIO LBsBIuBM™ 9gEo3bgs s dobo

LoHgolo 300 M30LvBseE i3MTsdos.

NDN gbge80o 3539¢900l 80dm33es bgds 9.. 390L9d0L Bodmswgdoo.
19obo  89330d0s oMm8m300bmm MMAMmO3 3oBozMmo 0bGHgMzgolbo 56

300G M0 Gbgerol13].

NFD o0l 986M9odzmézo, 6MHmIgwog bB39bL  9Ju3gmodgbGHdo oym
©59969dmo  g3zges  IMHYmdowMmdsHg, Moms  dmfymdomdgdl  ImEMol
5339995090065 3396035300 NDN-0b 36m@EH™ 3000930l dgLsdsdobs.

19690900 2989000 0ogm IPv4-ol Jobsds®mmgdom, 3mb3Mg@Ewws© 30
B396L y3gws NDN 9dmfymdowmdqdl dm®ol. Gmam®s IPv4 3gdbmenmaosl
LF0MEIOS  FsMTOBHODOEOOL  3OMEBHMIMgdo, 1939 NDN-Usg ULFoOYds
sbgomo. B3g9bL gdudgModgb@Hdo godmygbgderos NLSR(Named-data Link State



Routing Protocol) 85636 GH0Bo300L 3OMmEHMIME00. 53 3OMEHMIME00 begds
3omIOMEHO0DIEHMMYOL FMMOL 30b3HIBEHOL JoLETIOMGIOL Q3D0MGds[14].

B 3OMGHMIMEO 0gm  ©sYgbgdmwo bg9bL yzgws Fmsdsgsew NDN
9mfigmdomdsHy.  I9Bmdger  Imfymdowmdgdl  dmMol  ogm  asfigMowo
dqlododolo  3mbgoamEsgos,  Gsms 83 dmfymdowmdgol  dmEob

©53945M90)e0gm Jo6OHIOEJOOL goB0sMgdol bodrsgds.

9dub39®0dgbo:

LsAHILGH™  BodMWomgdwo  Jugo  0EgdL  SBosmzEgdL  ymgaw
50@9bodg fmodo gohbgw. 030  JwogbGolb doghH  dmmbmzbowo
068mMHI>300L oo37ds 30MH39WoE BMMEF0IW©Yds Jugewrdo, 8sdob MM
36™d005 NDN qugarol 3693096 259m30bstg 3¢0096E0L GHgM80bswrosb
393003600 Immbmgbs 35030l 80056 FoOHIMYBHL. S0LB0Tbs305, O BT
309630l 3H9gM3obsels s 0bxm®mAs300L 93bsbgzgw LgM39GOL dmeol NDN-ols
05B5Bg 9MI,Mdogzg yzgwrs 3396d%Bg LYMH39M06 odmaBszboo dmbsizgdgdo
39065b905 @5 FgLsdsdols STobs b3S 3e00gbEHol JogH dmmbmgboo dbgsglo
063353006 @OML, Fobo  0bBMMT>30E0  BHMOROIOL  8305YMBOYdS
dmbqds obermglio NDN 3356d0006. 3963390 39G0m©olb 9999 d39wo

063m®ds305  00e0gds 339609806 o F90amd  33wog  Sbargds.
06335300l 35 9ROBMEOMDS 0DST0MMO 5039F96E 05, BMTgELsE YOO

Jugwol  ©s336HMgdBHgdgwo. Bggbl  FogH  gobbowrmer  9Ju3gmH0dgbEdo
39G9bGowos  NDN  Jugew8o  Loddrsg®ols  dmbdotmgds  Lbgoolibgs
19gbLMMGOOLMZ0L s Fomo FgEs6gds IPV4-ol Jugemsb. Jugedo BsGrawmwo
33Jmbs LgblmMgdo, MHMIGdoE 2obBMIZz90L 53900906 gmggewr 2,5 s 10
Pmodo @5 mommgmwo bgblm®ol dmbdsmgdol Loddwsgzmg LodmsE Mo
ME6MOL 5 dgB/Lo 9.§.00030bMRs M9s50880, OHMEILSE BYBLMOO 6 SGOL
54BH06 950090 @5 IgLod530LOE 3K0gBAL 56 MYbogbols IMbs3gdgdL. sgEom
090930  LYBLEMOO  EOTsBHJO0m  FMObTsOL  Lodwmocrme 100  IergE/Lo.
LgbLMEYOO 30MMIOMs© Fga30dw0s FoMIMZ0A0bM™, HMYMOE MLoIbm



9mfymdomdgdo, MHMIIO03 39OHOMOYWSE  AdTIMIAH36056 dmmbmgzbor
0b6x3mMA5:3050. Bob.1-Bg Ho6dm@agboos 9bgMyool Imbds®mgdols yM553030.

969Ma00L dmbdotgds

; - J/,___#/,,___

10 20 30 a0 50

drnbeghsms Aemppbnds 7Ho bssmdo

. | 3-S5y Benimdenn binbliovfndo
NDN Lgblefo, fMoBenol aaBmdgnl 3nfooupndnsmanbl 2 foo.
NDN Lnglrfn, Mool aaBmdanl 3nfocpndnesoanbl 5 Foo

NDN Lnglefn, fodemol aa¥Bmdynl 3nfompodnueanbl 10 For

B5b.1 96gMa00l dmbdsmgdols 30553030

19BLMEYd0, BMIYGEMS QoBMIZ0L 39H0MPO FoMdMoygbl Lodrswm
10 oo, doomo  9839dBHO™ds NDN  Juigendo 03390090 35006 Grmgqlsg
19gbLMMHBY IMMbM3zboE0 0bFMOT>305 HOEbMdM0350 LdsEPM 7-0b G0
960 Bsomob gobdogmdsdo.  9i39d@EWOMdS dowfgmwos NDN Jgdotgdol
botrxbg. 0dob bs3es, O™ ymzgmo sbowo 3e0096EHoLm30l 0bgm®mIsizools
d00qds dmbgl bLyM396M0s6 NDN J9d06Mq00L Lodmogdom ymggwo sbowo
309bGHol  dmmbmgbowo  0bgm®dszos 0d6gds  ©93dvgmFBOgdME0
mobemgbo NDN  3356d0sb, 6m3gemBgs3 0dbgds 8gbsbmemo  Lobotygderm
0bg3mG3s300.

IPV4 8900990 990993 50f96M0eo ogm 89000930 3m6OIMEo:

Tx X d X Rf (1)

P=N
* 3600




Loo@ P 960l x539960 8cbdstgdeo Loddwsgmg dang@/bo; N - bendobsgrm®o
dmbdoM9gdeo  boddwsghg dwgd/loy; Tx - 3m07bozsEool  Lsdoswm
L0dde36Mg d3@/Lo; d - 336035300l Lodwgsem bsbyMdaogzmds LgblmMs
@5 3900390l MO0, OGMIGoiE odmbobrwos §5990d0; R - dmmbmgbsms
Lobdo6y.

NDN 890920 890dqds s0fgHowo ogm 89990 gm®dmwom:

Tx xd x Min(Mf, Rf) (2)
3600
Logs3, Mf - BgblmEOL goBMIZz0L LobdotMg Losmdo.

P=N+

390092900L 998359000 3330390 99330305 3mg3sm, ®MmI ICN GHodol
Jugedo IoT Lgblm®gdol BsM300 0300gm COYO I30MSEHJLMOGO0 TPv4-0056
39056 9d0m, 39Mdm:

dmbs  IoT LgbbmGmgdolL 496GH306MmM3s s gLlvdsdobs e339v9o Jugerol
MdbgdbBg ©OBHZ0OM3d 899300, 93MIM3g LYbLMMYPIDBY GBYHRMIMbIsMGdS
©50DMYS, 309H99350 oBOPOO INMbM3bsMs MoibgoLs.

306390 m530L slszzbo:

50309090 3OMdgds 535300609390 BgblmMgdoL A9BEGHI0MMZBMD
NDN dugenob bsdwgsegdom s dmgzsbobgom 89351905 ICN NDN IoT-Us o Ipv4
IoT gugegdl BeaMob. Jugeol sbsgqds godm3z09gbgo NDN-ol 3¢ro@Bm®ds o
51939 3000Mmbol 3OMYMdMo gbols Lodswgdom dmzsbobgm byblmEmgdols
bodMeogos.  B3bL  LoBgbdm  Jugerdo  dogsmfogm  gbgeymambastgdols
3999x 0091905l O BMY30L 3MMbom.

Bodl doge dglfogeroe 0dbs NDN-ol  LUEGHMMIEGHOS, @sdmyggbgdols
1395303035. NDN-0 9dbsbm@gds ©59©gbodg doBsbl. ol bgdgdo o6

A300053L doMoms LyMzgMl, 53539 OOMMEOE GALIBYMGDS MO EMSD
39603390 ©5m9bmdol Jugerol dmdbTsMgdgdl, 6y LgMzgMl SGMII3L
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39633900 (oMmEIBbMOOL BHEMORO3L @S TGLsdsFoLOIE MBS MHO Jugerol
396300035L (300@MBL. 3306090l 9bgMmam BmbdocdsL.

Sboew LoLEBHYIODY FOILZWS FoMIS35¢005, SFoEHMT 3b0d3bgEM3z560
56OB9YdOo 39H0, HMIJOE 509OE0s bogmgdol 0bEgMbgE ol gobzomstgdols
3Mobom, M®Igbg3 d9dsmdgb olgmo OO MMYIBOBsE0gdO OMYMMGdO3
6ol ITU,IEEE. 80%5639()mbowos sboen bob3gdo®g 9@ed3md®mo30 ao@aligens,
53obm3z0L 30 LyFoOMS 33dMmbEgL Fglsdsdolbo 0bFEOSLEHOYJEHMES.

bomqobm, NDN-ol  808sGm,  Jugeool  5dGHYIoOHMd0©D
3900m30bs6 39BOOWos  0bGHYMgLbo  5350930MMo s LsdMgHzgam
3393000  LEBMAOOMYOoL  FBOOEsL. 30-Bg dgBo o0bLEGHOGHWEO 0Ll
3mbsfogmdsls 33¢093900L gobbmM0gegdsdo.

dgmMg 05300 gsbbogremos:

Mini-NDN 56ob  Mininet-oll  35%5%g 52900  0bl@®OmxdgbEoco,
Mdgo3 993905 Ibmem© wobdibg s 235deg3l NDN Jugerol gdwemsool
1535 9dsl. Mini-NDN'  §o63mo@aqbl «ga35bm Hqlwy®dUL, MHmIgebsg 09gbgdgb
d93bogMgdo  93Momgdmwo NDN  Jugeol  asbo@gb@o.  3MHMyMms3v)eo
WBOHMB3gergmgs  godmfgdoos  github-ob. Mini-NDN-ol  aslsdgqds
393bLbsm 0bwJlols FHgMHdobswro s 493498350 990 dMISBYds: sudo mn.

94390m» dmygzsbowos Bydl dogH sfgMowmo 13M03GH0. 58 BIMO3EGHOL
39L59390500 0bvyJlol 3gMHdobscndo Mbs s3fgMMmm ddgao dGIsbgds: sudo
python dinamic host 1 2.py. ULsos@ dinamic_host_1_2.py s6Hob  3oommbol
9900.
from mininet.log import setLogLevel, info
from minindn.minindn import Minindn
from minindn.util import MiniNDNCLI

from minindn.apps.app_manager import AppManager
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from minindn.apps.nfd import Nfd
from minindn.apps.nlsr import Nlsr
from minindn.apps.tshark import Tshark #new
if name =='_ main_ "
setLogLevel('info")
Minindn.cleanUp()
Minindn.verifyDependencies()
ndn = Minindn()
ndn.start()
info(dir(ndn.net.host('a')))
info('Starting tshark logging on nodes\n')

tshark = AppManager(ndn, ndn.net.hosts, Tshark, logFolder="./log/",
singleLogFile=False)

info('Starting NFD on defualt nodes\n')
nfds = AppManager(ndn, ndn.net.hosts, Nfd, logLevel="TRACE")
info('Starting NLSR on defualt nodes\n')

nlsrs = AppManager(ndn, ndn.net.hosts, Nlsr,
logLevel="ndn."*=TRACE:nlsr."<TRACE")

newll = ndn.net.addHost('new1")
newll.params|'params'] = {}
homeDir_test = '{}/{}'.format('/tmp/minindn', newl1.name)
new11.params|'params']['homeDir'] = homeDir_test
newll.cmd('mkdir -p {}'.format(homeDir_test))
newll.cmd(‘export HOME={} && cd ~".format(homeDir_test))
nfds.startOnNode(new11)

atest = ndn.net.get('a’) #7777

atest.intf('a-eth2').setIP('100.4.4.2',24)
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nlsrs.startOnNode(new11)

info('test: ')

info(dir(nlsrs.apps))

ndn.net.get('a’).cmd('ndnpingserver /ndn/a-site/a/pingtest > ping-server &')
ndn.net.get('b').cmd('ndnpingserver /ndn/b-site/b/pingtest > ping-server &')
ndn.net.get('c').cmd('ndnpingserver /ndn/c-site/c/pingtest > ping-server &')

ndn.net.get('newl’).cmd('ndnpingserver /ndn/new1-site/new1/pingtest > ping-
server &')

ndn.net.get('d").cmd('ndnpingserver /ndn/d-site/d/pingtest > ping-server &')
ndn.net.get('d").cmd('echo "test1" | ndnpoke ndn:/ndn/d-site/d/test] &')

ndn.net.get('d").cmd('echo "test1" | ndnpoke -v -x 30000 ndn:/ndn/d-site/d/test1
&)

ndn.net.get('b").cmd(‘echo "test1" | ndnpoke -x 30000 ndn:/ndn/b-site/b/test1
&')

ndn.net.get('c').cmd('echo "test]l" | ndnpoke ndn:/ndn/c-site/c/test1 &')

#c ndnpeek -p ndn:/ndn/d-site/d/test1
#c ndnpeek -p ndn:/ndn/b-site/b/test1
anfdc face create remote udp4://100.4.4.3:6363 local udp4://100.4.4.2:6363

#newl nfdc face create remote udp4://100.4.4.2:6363 local udp4://100.4.4.3:6363
#already exist

#newl nfdc route add prefix /ndn/a-site/a nexthop 258 #already exist
#a nfdc route add prefix /ndn/new1-site/new1 nexthop 269

#new] nfdc route add prefix / nexthop 258

#d ip route show

#b sudo sysctl net.ipv4.ip_forward=1 #makes host forward ipv4 packets
#a sudo sysctl net.ipv4.ip_forward=1

d ip route add 10.0.0.0/24 via 10.0.0.9

c ip route add 10.0.0.0/24 via 10.0.0.5

a ip route add 10.0.0.8/30 via 10.0.0.2

13



b ip route add 10.0.0.4/30 via 10.0.0.1

#c ping -c 4 10.0.0.10

#c ndnping -c 4 /ndn/d-site/d/pingtest

#c ndnping -c 4 /ndn/a-site/a/pingtest
MiniNDNCLI(ndn.net)

ndn.stop()
94399mm gobboos b3mod@ol 1dbodzbgmrmgzsbglio Bwbjszogdo:

c ndnpeek -p ndn:/ndn/d-site/d/test] o5 ndn.net.get('c').cmd('echo "test1" |
ndnpoke ndn:/ndn/c-site/c/testl &') 335693900l 35dmygbgdom bgwrmzbmMa
99230d0s 393436500 30630L 3mbFH96G0 3mb3MYEME 3396d%D9 s 999y
B399 9J1396MH0d96E0 3060l J9o6mqdol 9x39dGHMMdsDY. sBoLm30L
05333600905 ndn-tool-l 35300 0bLEHMTIBEHIMOL oygbgds
303309939MHDY, 39Odmo ndnpeek s ndnpoke.

anfdc face create remote udp4://100.4.4.3:6363 local udp4://100.4.4.2:6363
06d56905 Jabob 9.§. Bgob m® 3356dL FmEob, Bgolio dgy3z0deos
Pom0mz00y0bmm HMyme 3 0bEgmagolo.

new1 nfdc route add prefix / nexthop 258 NDN-%g 35630 @Eolb s95¢))ds

b sudo sysctl net.ipv4.ip_forward=1 86»ds6905 359m0y9gbgds IPv4 35393900l
3900530L55MgdOLMZOL.

a ip route add 10.0.0.8/30 via 10.0.0.2 Mini-NDN-%g b¢o@0329600 563093 0L
3509605 IPv4 35393H900bm30b.

c ping -c 4 10.0.0.10 3060 3525365 IPv4-bg

c ndnping -c 4 /ndn/a-site/a/pingtest NDN-306q0L gogH5365 99Lsdsdolo
30696 0L domomgdom

d ip route show 50 30 86O EGHqd0L T9dm{jdgds 3063M9G M 33560%g.

Mini-NDN-ob gas@a3m®ds®g NDN Jugarol 2oblobmMogargdems
d06M0055© 3Fomds 4300938 Python 56 C++ Hgog@™mMdo o 5939
©0bmglols ¢9gHdobscndo. Bgdmm dmyzs60¢0 3mEo omzs¢obfiobgdl sbogwro
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33960980 894965, 39Gdm: 8904365 sboero obsdom®o 3356d0 newl; Mo3
39olbdmdl NFD s NLSR-0b 4593900l 8999 sboewo @obsdom®mo newl

339600 s35@ 905l Jugerdo.

Mini-NDN-%g 33569990l d9Lsdm{dgdeso Gg0dobsedo 33008300
999090 d6dsbgds: nodes; bmgrm @wob3gdol dglsdmjdgds 3o - links. bob.2-
b9 obogo» Mini-NDN-ol bsdwgdom 4o690m.

mini-ndn@mini-ndn: ~/Desktop

File Edit Wiew Search Terminal Tabs Help

mini-ndn@mini-ndn: ~/Desktop = mini-ndn@mini-ndn: ~/Desktop

i-ndn=
i-ndn=
i-ndn=
i-ndn=
i-ndn=
i-ndn=
i-ndn=
i-ndn=
i-ndn> nodes
available nodes are:
abcco d newl
mini-ndn> links
(0K 0OK)
(0K 0OK)
= (0K 0OK)
wl-eth® (0K OK)

intfs nodes ports switch
iperf noecho > time
iperfudp pingall x

link pingallfull i Xterm
links pingpair

net pingpairfull source

656.2 Mini-NDN-o0b Usdm3sem 30693

0dobsmz0L ®md NDN dJugeds  0g3vbdigombo®mmls 3Bl o
OMMGHYOJPL  Mbs  Jmbogm  AbsMFIMs  Lobgwgdbg  ©onwmdbgdmwo
HGH0bROL, 35393900 ©s3w9d53900L s 5.9. bygms NDN d5Dsbg 599dmwo
JB9Egdol 9593905 LOEOIOLME SMOL SMIMYIWYIOHO, 30650D SO SOLGOMDL
335M5GHMs,  MMIgo3  MHBOWME39wymal  dmbszgdms  ©sBvds3zgdsl s
39005339958 NDN  36Hm@GHMm3megd0l  go035¢00Lfobgdom, selsbodbsgos Gmd
NDN-o 56 560L  bEHobo®@GHoboMmgdmwo @s  dgbodsdobsco  NDN-o
396300560900l LE5©05805, B0bgEsz5  SToby Tgladergdgeros  NDN-ob
5ML9dM LOLEYIGOMID JOHMOWOZ0 Fodmygbgds. NDN-ob 35393900l UDP/IP
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96393L95300L  gom35¢olfobgdom. gl 0dsl Bodbsgl G NDN-ol 3mbEosb
UDP/IP 80393539 HmMwAgedg 9mbogeno 353930 350536900 dglodsdolo
3b@ol  dodomommgdom, b ol “MMGHIO0  OHMIolmzolog 96  oym
39bLsBEZOMEO FMbS39dms 353930, 396 §90300bogl 0b6EJMGLMS/IMbs3)ImS
3539306 BLEGHOMIGHMOL, T MIOIWME J3MObJds Loom MBS Fo9DogbML
dmbs3999%0. 5OLYdMEo Jugwo 2963399 fows FgoliBrmegdls dmbozgdoms
353930 G6MbL3MOEH0Mm9d0l Mbd30sL.
94390mm dmyzs60e 3sg9000m0bYg 6583969800, Bgdl doge @HgMowo L3M03EHOL
23BJ30Mbseol BHguBHoMgds, 3960dME oym3bgdol Tgscqds TCP/IP cos NDN
Jugl ImGob. 30639 d9dmbggzsdo god390wwos C 3356d0sb 3mb3Mg@
R0H03NO  JoLodsmmDY, 390dme 10.0.0.10 mobo 30bao. dobodserr®o
©59™36900L MM d950096L 61.0 8(0. NDN-ol d9dobggzsdo 30 22.883 df)a.
50L5608Bs305, M 300390 3060l MM NDN-ob d9dmbggzsdo 9gopqbl
71.9338 943, Gog momddol 118G dg@os TCP/IP-msb dgscmgdoom. gl gog@o
50blbgds  0Bom M3 NDN-ob 3356d%g ©og9d0693wo  0bxm®dsigool
©599)953905L  BLFOMEIOS P3390 EOM.  dYM369d0L  IMM396GHMWwo
99056905 TCP/IP oo NDN-U§ 9ol obogrgo 8999 369530390D9: bab. 3, bob.
4 o5 bBob. 5.

9399 dmygzsboos Mini-NDN-ol ¢g6Hdobserosb gsd390emo 30byo
TCP/IP o> NDN 9990b393900bm300.
mini-ndn> ¢ ping -c 4 10.0.0.10
PING 10.0.0.10 (10.0.0.10) 56(84) bytes of data.
64 bytes from 10.0.0.10: icmp_seq=1 ttl=62 time=61.0 ms
64 bytes from 10.0.0.10: icmp_seq=2 ttl=62 time=61.8 ms
64 bytes from 10.0.0.10: icmp_seq=3 ttl=62 time=61.5 ms
64 bytes from 10.0.0.10: icmp_seq=4 ttl=62 time=62.0 ms
---10.0.0.10 ping statistics ---
4 packets transmitted, 4 received, 0% packet loss, time 3004ms

rtt min/avg/max/mdev = 61.018/61.631/62.030/0.494 ms
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mini-ndn> ¢ ndnping_cache -c 4 /ndn/d-site/d/pingtest

PING /ndn/d-site/d/pingtest

content from /ndn/d-site/d/pingtest: seq=15949988448206744268 time=71.9338 ms
content from /ndn/d-site/d/pingtest: seq=15949988448206744269 time=24.9698 ms
content from /ndn/d-site/d/pingtest: seq=15949988448206744270 time=22.883 ms
content from /ndn/d-site/d/pingtest: seq=15949988448206744271 time=31.0602 ms
--- /ndn/d-site/d/pingtest ping statistics ---

4 packets transmitted, 4 received, 0 nacked, 0% lost, 0% nacked, time 150.847 ms

rtt min/avg/max/mdev = 22.883/37.7117/71.9338/17.11105 ms

IPv4_obco NDN_ob cooym3Bgoo
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NDN caym36900L 36m396@wmds IPvd_mob dgesmgodnon.
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1 2 3 4

dmbBaEgdms Amobm3bol Bmadgmo

6sb.5. NDN 05936930l 3003963 vemds IPv4 8300569000

NDN s IP Jugangdol 39396m960%s30s, 335393l bodmowmgdsls NDN-ob
05BBg 99099953900 SEAMH0MIGOOL botrxbg 993503060m Jugedo
063m®35300L 250539008 ©oym369ds.

d9Ls3g 05390 256bOEIMEOos:

B39b 99909y 9Ju3gM0B96GHTo  Mdoolol  bbgssbbgs  FgdEowdo
3939993000 NDN Jugeools 3356d900. sbgmo  dmfiymdowmdgdo  BsOmMEos
Lbgosbbgs  m3gModm®ol IPV4-ol Jugewdo s 9850096 96353Lwgamsgools
360b3030m. 50900 0ym Bbzoolbgs 3m309GHgHo OHMIgwbgz ©oy)bs
930090 ImE0x0300M09dwo NFD-ob 8Mgodzmem3zo. B3gbo Ls®abGm Jugeob
G300 FoMdmoygbowo bob. 6-Bg.
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65b.6. Fotdmeagbogos mdogrolido sfigmdoo Loggb@Em NDN Jugeol Gem3memyos

5 335J3L Lbbgoslbgs 3m3093 900, MmIgeog 998smdl  3arogb@ol s6/ws
L9gMH396M0L g508d0. 1LYMH396M IM[YMOIOWMIJOL 59300 TgLsdsToLO F0MHEH YISO
0T ULgbLlMMgdo. gl LgblmGgdo b3gsEILb3s WMMOL 0bEgMzswom 53900996
39BMAZ9L. Q9035 2539M90E0s 0o BblmEMgdby, HMAEOLYE 9bgeyool
©oHMma30L 0Bbo@ 96 939009996 BTG  A5BMIZ90L.  LYbLmEMGdBy bJoMo
dmmbm36900L 8900mb3939080 dom0o gobdgm®mgdomo dgfimbgds 56 bgds. s1939
3096GH0o0l  doge  dmombmgboero  dImbs39dgdol  doegdol  oymgzbads
39930609399 0s. Python-b6 b3M03EH0m 39MHO0ME IO 0436705 58 LYbLMMYdbY
dmbM3zbs. AmbM3bs oo, HMAMm®3 IPV4-0l siggg NDN-0b bydv)segdoo. gbs
dmmbm3zbgdo bgds 39MogOHIs. bob.2-Bg bsB3z9bgdos  sEH30MHM30L
396000l s 10T Imfiymdowmdsbg 999mlivyao dmmbmzbgdol 3meMgussos.

dmbs399990L  dobg3z0m, IGHZ0OHMME 39MHom©gddo, NDN dJugwo
X9OJ0Dg  396GHZ0MH™MogL 93 10T  LgbbmEdL.  ©oym3zbgdols  dshbgz9bgderols
39999xM0gLgds IMI0IOIE0s MMOR0bIo 1YMH39MHOL dEJOIMGMDIDY
596 BHguBH0MGds bgds G9IMJO0 MIHEME sMgsendo dobo 2o3wgbs
©OEO 56 5MOL. BHYLEGH0 HYRIBOWO0s Y39wsDg FmMgMEo 3356d90L JmMob
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Abstract

Nowadays, question of present interest are: continuous operation of sensors
as well as small latency and low power consumption. It is noteworthy that these
sensors do not have access to an external power source and have to receive power
from small batteries. The sensors are mainly located in places far from the
infrastructure, where data is transmitted by using radio networks. It is known, that
sensors have to periodically transmit data over the radio network that is why they
increase the network loading. In addition, transmitting a radio signal requires
significantly more power, which reduces battery life generally. Much of the data is
focused on pseudo-static information. Such information on the Internet goes
through the same path many times and periodically as it is requested by many users.
This data is transmitted through a set of TCP / IP protocols. The purpose of the
aforementioned protocols is to transfer data between the original source of

information and the recipient.

Until now, radio channels with technologies working on the upper levels of
the OSI model have not been unloaded. Today, new networking concepts are being
formed. These are information-oriented networks. By using these networks, it is
possible to reduce duplicate data transmission over network nodes. My dissertation
proposes a network model that provides a reduction in the transmission of periodic
informational traffic from sensors. This will save energy and reduce the loading on
radio channels. I have introduced the ICN type network, in particular the structure
of the NDN and the specifics of its use in the IoT network as well as compatibility
and security issues with an existing network are discussed. The NDN network
assumes the third level of the OSI model. It is an IPv4 / IPv6 replacement protocol.
Today, almost every device on the World Wide Web operates via IPv4 / IPv6
protocols. Direct integration into the existing NDN network is not possible due to
different architecture. The biggest problem is that existing network elements do not
understand the structure of the NDN and modifying an existing network is
associated with high costs. The proper operation of the NDN depends not only on
the software but also on the physical capabilities of the network elements. Because
changing the elements in the network is so difficult by virtue of the above, that is
why at this point we can make a combined version of NDN and IPv4.

As a rule, NDN packets will be encapsulated at Layer 2 levels in the future,
but we used Layer 3 encapsulation in our experiments. We built and tested NDN
network at a specific area of Tbilisi. computers and Linux routers were used to
conduct the experiment, where we had the NFD framework installed. The data were
encapsulated in the IPv4 networks of Georgian Internet providers. NDN content
was pre-generated on one of the devices, namely the server. Both NDN and IPv4
packets were received on the server at regular intervals, and server had to reply to
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these requests. As the results showed in the case of NDN, the delay was significantly
reduced. NDN serves several purposes: it does not overload the main server and at
the same time serves a certain number of local network users. The NDN platform
deprives the server of a certain amount of information traffic and therefore unloads
it. Also, IoT devices reduce power consumption and latency of packets sent to the
network. NDN uses security mechanisms and their use in conjunction with IPv4
mechanisms will ultimately make the transmission of information over a
heterogeneous network more reliable and efficient. On the MiniNDN platform, we
estimated the latencies of NDN and IPv4 and found, that the latency was reduced
by an average of 60%. It is noteworthy that initially, in the case of NDN, the delay
was increased by 17% since the signal processing during the first packet caching
took some time. In the dissertation we evaluated NDN IoT and IPv4 IoT networks
and compared them. In the dissertation the NFD framework was used, as well as
sensors that were written in the Python programming language. Saving energy
consumption on sensors depends on the number of demands on it. In one of the
experiments conducted, energy consumption fell by 23.7%. It should also be noted
that the load on the radio nodes was also generally reduced. We expressed the

importance of energy consumption by the formula.
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