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Interest: class IS interest
(type EQ four-legged-animal-search, interval IS 20ms, duration IS 10 seconds, x GE 100, x
LE 200, y GE 100, y LE 400)

Data:
(type IS four-leg-animal-search, instance IS elephant, x IS 125, y IS 220, intensity IS 0.6,
confidence IS 0.85, timestamp IS 1:20, class IS data)
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Energy Protocol Found first | Eound last
(Tnode) node dies node dies
Direct 35 117
0.25 MTE 3 221
Static Clustering 41 67
LEACH 304 663
Direct 109 234
0.5 MTE g 429
Static Clustering 80 110
LEACH 932 1312
Direct 217 468
1 MTE 15 843
Static Clustering 106 240
LEACH 1848 2608
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1 ifneG
T(n)=41-p*(r mOdB)

0 otherwise
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ol SC3IS 5l Wlgs sed peionns HLiisl gy 9925l b 20 o0 0y SleMbl aiSTy 0 (60 )5 slaasly slaosls
[10] EDDD (i3, oS ooliil (55, oaiS Jolete sletiy, 5l aSeds yos ploy (Rl sl b o5 Sl oles &
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Gedddle lapliny cdly o pllin IS pl a5 Wigd oo 00l auseis abgs e sleibol S alws BE s RT (gloils
] 00 OO)BLMASNL Lwewe] Slasine lst.w Js.w 3o LsMAB)LC uS; )9 99> g0 Sl »)).:.\.’Lsn O yg0 uﬁ‘

INTEEREST Packet
Fixed Attribuies

SinkID

Application Context (&g key, type, operator, walue )
I5eglium

Flow-id

Via riadrle Atrifate s

TTL (only for BT traffic)
PreviousHoplD
PreviousHopEneray
Meighbor fnfomotion Table Update Flag
RT-gradient_UpdateF Llag (RUF)
BE-gradient_UpdateF lag (BUF)
Gradierds

HopCount (HZ)
PresiousNPE

2 g audlie bLil o pa b aS aie oleods S 5 ailio 0uiS asein (JSKO 50 0l aseie ol Sleogas
e ol Blusgas.aiS o law Sl axly S IsSeqNum oo S odg (gasas aiedddle pliy 045 ,.5 S o8

i |y goiea®le Sy ¢ ilis 0,8 Sy 45 alSin S50 Bb 5l LS el ek aSeD 40 (gatedddle i oS,
il ey ol 5] g e gieaddle Sy a5 Cansl oy Slows TTL sy a0 ooy | B poiie Slpogeas i oo
TTL 125 0S8 sgumma | s Jobo 2510 B398 Gpnd 00105 )3 il 5 99,000 SO RT S35 (6l (2 ol il
s RT_gradient_UpdatFlag (RUF) .5,le_s o jlore 005 p8 oniiw)d coan 6 o |y (650 ETE 506 5YL
Ay by Sluoga s 058 j9,0 0l aS a s SLolS g4 0usS et BE gradient UpdateFlag(BUF)
8551 o315 JSe 53,5 U sl g peon S BE L RT (slo Ad sl logsbolS 5,5 53, 4 L sle sl dnpliol £
Loy S 655 gl (n S oml oS patin a5 Sl oal (Syae (MPE) e 551 Jolo ob &0 spo (LalS
s 9 5 sy ol &1y (5351 ls5 o aslysy b ons (1, BE (sloild (sl ool il ool yonno 5o Jsb
48,8 5 5 RT Sl sl il 5 535 bl sl e (50558 ol g1, (HC) HopCount ol5 o
Ol O i a5 020 oo gz 5 ) (SbolS iyl 65wl HC lhw a5 olalasails ol 51l RT ld el sals
Sa> MPE Ly latliolS oloe 31 52k (5l 5 355 0o oSl i3l BE il jo Js al axsls |, MPE
Ol Glasilee L oS o o) Kap w2 b Lol 5 g0 cpl ol axilo 1 HC (e o eSS a5 aiS' o bl 1) Sbol 5
ol ,0 g Mg oo i 25y ;2 (gl a5 wiin ol Lol § HC g MPE .wlo 0529 56 Blas g (6550 G pae
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:BE Lol S 2L »

St Ble 4y S5 b Sl 0 Sy 3,55 (i BE K5 L slon o5 5,55 i ys 1 VF S8 IS
SleMbl Joas o )lais cowe lis (gaeadde pliy o PreviousHopID s a2 oo lis |, BE S35 6l
ol 00 00551 il o SleMbl J3ow: 13 S IS j0 o] 10 99350 Sledbl a5 aib o blie (NIE) asluen
(dlos

Neighbor Information Eniry

[ Wode §# ] ® [ Sink # ] = [ Meighbor # ]
Neighbor Atrribiures

Neigbor ID
Energy
I5ecilum
BreakageF lag
Ri-gradieni and B E-gradient

RT_HopCount
RT_MPE

BE_HopCount
BE_MPE

Lowese-Laten r.'_].r-gm'ﬁenr
ETE_Delay (only for traditionat DD filter)

a3l ledbl 500 : 13 JSi

plosl & wigd (oo paine RUF L BUF glojsie b oS 5L 0,90 59,5 555 55 oolol 2 1, 995 NIE glos o5
a3 oo S oaiiw 3 0,8 4 BE (Lol 5 S ol cauS oo 8l 0 ) (gaiedddle sliy sl 25 o5 Ko il oo
iy 55 |, BUF Ll g 08 oo OBl gam 0 (lsie @ ]y ot B 0,8 500,859 1, o BE (b2 J5ae (s 5
0l 5 0l sy obas obsS ey 5o (sl i Jloy) 3l Ui oo 0,5 <l ol 0 S o e (gaioaddle
Jeoe ol b bl s & g0 40 (gaieadde asSTyy 5o polas Jloi! cuiomon g i8S 8L 0 |, 6 5YL MPE L slaes
S el rels

50 g 0 o eSS oasS &bl ;0 0,5 Cows 4 BE Lol 5 G waiS o il o 1) (gam (goiedddle 0 5 a5 B
SIMPE S )00 )0 s S o 55 Gy 5] 51 il (6l MPE 5| a8 ot il 5 (saiedddle MPE & 35,50
2 1 BUF 55,5 00 Jlai )0 095 (gom 0,5 (lyie @] spazr oaiin 8 9 03 oo o0 1) 095 by J5oe 08 il iy
Sl 1, HC 5 ml U oo oS 2ol MPE L saiadidle aiz Slae 0,5 51005 o Jlab (soiedddle aiee
2,5 dales

:RT skl 5 sl p

RT Sl L Slae 0,5 0,95 5 piapsll 15 1SS IS8 50 Gloe 057 o sl RT slapbal 57 2l 2 Jol e
Iy dam a5 5lo )5 Cuos 4 RT Lol G caiS il jo 1) (guieaddle ainy opdgl Slho 0,5 G ST consl ool ools yLis

Ol 4 1) (gaiedddle ouiiw 3 0,5 5 S o jop |y 095 RT b 1o Jode e g 0iS o0 bl il 00,5 2l 0 ol 5
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ol eatiS Jas ) 0,5 slp RT 88 o5 i) osS o il 0 |, (guims (goioaddle aiay s 0,5 5y 45 olSiin

an ) pliy nl oaS Jlojl 0,5 il axils (650l HC oads 2l yo (suieaddle a5 )90 1 5 ad o0 JoSAT ity

5 (05 oo 03 RT S5 linali> 2Ll ln |y o o8 o 3T cnl 2 ogdle 9) s on )18 oms o5 lsie

HC 45 0 bl o sty Sloo 0,5 ol 3l o 45 530 4o (g S oo Jlab saiedddle a0 |, RUF qlyso

Ol goed Bl diny oaiiins b Cuas 4y (L31,S S BSCaS 5l o wldl axils (5l gaieaddle HC @ o (6555

S Syye o Zaled 3 5 05 e S 50 sam Sl laels 1 Ss (S plsie ]y O 5w o i o a5l S
)5 aalss Sl gam o5 Glgie ) 55,5 MPE b aiy wis” 28l o 6> HC 1l HC L guieaddle iy

Infermediate Node Handles Tnterest Packet with BUF Set
Stepl: Get Infromation from Interest Packet

SinkID the dentifer of the snk node
I8egNurm: mterest Sequence Mumber
FTL. time to Live, ondy used by BT waffic
PreviousHeplD) the identifer of the previous hop nods
RUF: RT-gradient_UpdateF g
BUF: BE-gradient_UpdateFlag
HapCopng: hop count of the path fom smk 1o fhis node
PreviousWPE: the Minirmum-Path- Energy of the path from smk to previous hop node
Step 2@ Find NIE in NIT according to PreviousHop Ly
NIT: Heigbhar Information Table
NIE: Medghbor nformation Entry
Step 3: In the NIE, update gradient for best-effort traflic

Step 4 : Decide whether the interest should be broadcast or not , and update the BE Flow Entry
CurremiMPE? the Min-Path-Energy of the path from sink to thee node The path traverses the prearous-hop node
MaxMPE magmmumn MPE among all the previeus-hop nodes. [Us updated based on CurreiMPE
HC with MaxMPE: hop count of the path sath MaxDMPE.

Mote: MocMFE and FC_with_MaeMPE are hest gradients for BE traffic in the history of aniving interest packets =

CurentMPE = mingSell Energy, Previous MFPE);
Case I; "First time to receive the iterest with new SikID or Flow-id or ISeq e ™
MaeMFPE = CurrentldFE;  HC with_MaxMFPE = HopCount:  NextHopNode = this node
™ Update BE flow endry*/
Case BE-1. "CurentMFE = MaxMFE"
MeaxMFPE = CurrertMPE: HC with MacMPE = HopCawnt; NextHopNode = this mode
1 Update BE flow entrp*! :
Case BE-2: "{CurertMPE == Maci PRl &edefHop Cotnt < HC with MM PE)
HC with_MoxMFPE = HopCount: NextHopNode = this node
1* Updite BE flonw enfrpf

Step 5: If'one of the above three cases happens, update the interest packet and broadeast it.

BE <S5 b b 0,5 395 1 o901 I S

il oSl s 2l les Case 1010 5 BE G815 L Slos 0,5 0,95 0 02,801V IS sla JSS 50

5 Aien (385 abizd o] s HC 5 CurrentMPE a5 S o _aseio RT-1 s BE-1 (slacdl 5 sl paiias

L S ke 55T s YL Caglsl b plol,S oSy a5 skis £50g0 ol 0aiiS _aseie RT-2 5 BE-2 clacdl>

ool ool I (s diz elSe g (nl 09 dalie (LS GLolS e b il (LolS cnl cnlpli 5 ceul oo

Sl L) MPE (sl 5 HC slaplusl 5 g o pS oo 5 5o 1) 5V0 Coglsl LHC Lol 5 RT slo 2ld 090 oo

> HC_with MaxMPE s MaxMPE alis Ly _xlaus 55 sl ol o508 o 35 58 HC 5ol 5 ) s o 5YL

;> MPE_with MaxMPE s MinHC 3 BE S_dl5 (), BE L5 b lo o) 055y ai,s8 VF S8 UK
g e by RT Sl (ol 15 IS

S sl 0 bl 3ol S Loz Ui, ol o aedsl DD as, 10 0,5 o sb ,o oliol,S JlSis b avylie o

IS (nl g aS (o yie (SESmaes Ojso a4 s Jsb )0 GGl 09,5 55n b 2lin ln |y el glaaia,
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Il Jy aals walss 5l (s ey (S8 Glapling slasd 4 )5 Gl e e plnil bapls lass b (55,31 05l jslare a2,
SLedlbl jLesil o5l 4y S (6508 Sl Oloy da gl S JoSis o ) Sl (il anpo oo 4 aze (nl 3529
A2 o plasl g 4

Intermediate Node Handles Intevest Packer with RUF Set
Stepl: Get Infromation feom Interest Packet
Stt]j 2: Find NIE in NIT accor ding to FreviousHopID
Step 3 : Im the MIE, update gradient for real-time traffic
Step 4 : Decide whether the interest should be broadeast or not, and update the 8E Fiow Entry

A H O primarrem hep coust among all the presions-hogp nindes
MPE wiih MinHC: CurvertMPE of the path with MinHC
P Hote: MIMHC and MPE with_MinHC are best gradients for RT traffic in the hestosy of arrieing nberest packets =/

CurrentdPE = mimfSelf Bnergy, PreviousFE);
Case 11 “First time to eoeve the inferest with new SinklD or Flow-id or INeghan";
MinHC = HopCovnt: MFE with MnHC = CurneitMPE;
* Update RT flow exgry*}
Cage RT-1  "HopCount < MinHC™:
MMnHC = HopCeotly MFPE with MmnHC = CurnathdPE;
I* Undate BT flow entry*/
Cage RT=2 :  “(HopCoet == MinHC)&&rCrorrentd FE > CurrethidPE with MinHCI:
MFE with MnHC = CurrsidFPE;
i Updesa BT flow andey®!

Step 5: If one of the above three cases happens, update the interest packet and broadcast it.

RT Sl b s 055 8595 5 w9801 115 JS

:EDDD (59 59 BE 2Lk s RT 2l bl

22 L Sl o0 s (e (3l S e s L s, (sl 00 oo 5 g, 4 los 59
dr 5 oS o3 1) Lo bol 5B aiS e piiie ggaz (LT laplig (@ 5wz o ae slal> e 90 D s,
A o ythe St s (sloplig 505 ol 11y yeens B A5 o pithe 0 ite g slapliny 0 1
slasdl5 slagaiejls bi> ] (glm a5 canl w5 (6508 @ ¢ b5l el (b 52 o e LU
ol S o ol &1 il

o 8L Sews (gl (b - Gl SIS sl el o Sleiiioy (e 2Lk sl (R 50 RS 0l o
Sg s o piilin LiSuded Oyeo & ol > o Dlel best-effort ol ol 5 590 co Sl Glucs o s (x jo 2U3L
Brouas sloaies lue p goumme Jlo,l puile MAC @Y 10 a5 cusl p (0,8 uiomed 0gd bl (00> oo b
as |y Uas MAC 0¥ wiil 38500 o Jlu 51 sloas s (L8 5l slaws 314 0,15 5929 (acknowledgment) ouris
! EDDD 5290 a5 a3 oo ¢l 5YL sloay¥

BE yo 2Ljb

Szo aS T o plS 0,5 (Sl 0,5 el ol Sl (gam a8 @ aiuy Jlal a5 ams el MAC Y 51
o Sl i Jsl cugls BE Sl 5 1o ETE ;365 a8 w5l o (o li%dle 355 NIE o 1) ol o0 ol >
Ay 0053 S 3By S e i tie Ll L &y50 4 | BreakageNotification atey o el ol o Sl
39 |y (oo sla Lol 3 L5 oS o Jlu ) (guiedddle iy S alolddl (S o il o |, BreakageNotofication
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RT ,o 23

35S w8 sl aisee codle NIE j5 1, o sloo 0,5 la eo,5 b Jlasl S opolidl IS 51 alfim RT Sl 4o
Sgi e oLl 5,5k by AN S oo S5l (AN) S350 GEoless Sles 511, 0,5 02240 0,5 ol eyieS ETE 50
(unavailable neighbors) ss =50 ;12 sloo 5 lsic & oo )5 ady ¢ ians JuSiad Jlo 0,5 b sldil> a>g o 4 45
Slass 45 S8 Lo ol 00 03,5T RT 015 50 ol peendlSe s 18 IS5 S 50 bo AN Gl s o adeioe
Kloas iy a5 (peer neighbors) Les 4 lues o 4y w5 jls MinHCH1 il W8

RT-Repair Mechanism

MinfC: Mmerem: Hop Count Peer Node the node whose hog-commt 15 equal to MinHC +1
FeerTransrisdon Flag: setin the data packet when an mtermediate node foremad it 1o ils peer node
AN feilable Megghivor, meludes: (1) MmHC neighbior, () peer neighbor

OV Those who do not belong to AMs are deemed a5 unavailzbls Meighbors

AN Mumber of U HAN Mumber of AN

TERey Flag Interesi Flooding Fequest Flag

If the pformation feadback from MAC layer indicates the next hop node fails to traremit RT date packet
Step 1: Set it o breakage reighbor:
Step 2: /*Determines possible ANs fo evsumre no logp™
If (PeerTransmEsionFlag == 1), ANz = {MinHC neighbors
* data pocret 5 sent by (5 peer noae ™y
Elge ANz = {MinHC neighbors) | {peer nenghbors }
Step 3 [f (HAN == 0}
Drop RT data packet, locd Breniage Notification Packet immedintely.
Elge
Find the best next hop node among ANs;
If (RAN == [} Set IFReqFlag &1 the RT data packer header;
dr(the rext hap & o peer nade) Set PeerTrarsmissionFlag i RT data packet header;
Fetramsmit the ost data packet.

RT «Cdly jo o3l sl s V8 i

bl domw jLatl g bl ()l srme doodls s j3 oo )8 5l can 10 55l s JB Jdo 4 &5 lKin
o3y IFReqFIag SLos 0,5 il suslogdl AN Sy Lyt 51055 o 5T Lol S 00,5 55,0 sy o sosaddle
&S oo Jl3 RT (glosls axwy yo 1, (Interest Flooding Request Flag) saueadde jLicl caulss o

Oy 4o |y (gaed BDle S Al olidly wS o cdl o | IFReqFlag sgioe RT aiy G 003,85 a5 oK
i3l UN s g (oo 0,5 Sy plSilasn (oolod a5 (olSin S 590 15 (sonad lagliol 5716 i ooy Lol hows
BE 315 0 ok oslen) Ll Juw &9 4 |, BreakageNotofication sy S g 00,5 a1 sols dius 0,5
9 0dkiw B Sy o (92 Seb o 03l LifeTimeTypell )by ans (gq, Bl iz a5 Sloj .aiS oo o
Slogo 3L, 5l aslss jo 0,8 ydsl a5 canl Slej LifeTimeTypel o g Cowl ooy adad o 1.5

>
2 aS el (flooding) Lol s (g, oK sloasSiss ;o laools jisy cugz aid, G sleds, ooy eole 5l (S
g 9S o Jlw)l 092 Klion 4o an |, 095 slaools Solw 4y g5 slaosls 10,5 jidy gz 0,5 @ g, o)
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