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ABSTRACT

This paper analyses the message complexity of TDMA ad hoc MAC protocols. Since the network resource of
ad hoc networks is limited due to the multiple interferences and the contention-based wireless channel, the
scalability issue is one of the main research topics in developing ad hoc algorithms. Simulation demonstrates that
SMACS protocol has the lowest message complexity, whereas TMMAC has the highest. In addition, it is found
that since the effect of unicast dominates in the message complexity compared to other factors with an
increasing number of nodes, Z-MAC tends to have the property of linearity, whereas BMA and TMMAC show

exponential increases in their complexities.
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MAC(medium access control) AlZ=el|x& A&k
A BA AR B8 0R B3] 18N contention-
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£ daE|EEe] AHE S CSMA-CA(carrier
sensing multiple access-with collision avoidance)+
contention-based Ad AR dwElEE o 3}
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free 2 AARE darelE o] shfolrh.
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717k F<b BE ks 1R AdE S AdE
+ ATIM, ATIM-ACK(Acknowledgement), ATIM-
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3.1 BMA
7 FE5 idle listening®] E-2. 8+ Aol 4] LAY
Sl oux] ARE Fole 7/4\% FEHOR 3=
BMA Z2 &3 T3 13 2+ cluster setup WA}
steady state TS T334 BMA FHH HA A&
YA 7]k

Cluster setup THAlA] A= o] WA=
N*+Numax© |t} Cluster setup] 3 W7 sHA|ol|A], &
g2 F=g AEsP] S8, BE ko vESA
o) T el gA) A1) o} gl 519 e
w2 AR E Al

gk o] =7} AHAle] power HE-E T w4
A& VEYZY RE Lo BRoijre HE
3 o No| FHoff wXR]7} 2R o3k A o]
HEY=S] BE RE(N)olA ofeixlem <ld,
Nee] e A7} bR

Cluster setupd] F+ WA wAlIAE ARA1Y] &
o} sl= e} thE wsoflx] AslH 2 Ak 3}
A5 vlaste] 21 FHE xR A rEs
HAIA S B2 es) el

o] A el FH= =ellr Zzke] A st
28] o AR v HANFE unettal SHE G
o2 %#sPA cluster setupd] F WA AL
HAEkE Hd ARl Nupe?b STk

w2bi] cluster setupollA] HHAISH= ZHo =A%
= 3 A w2 FHuighel Neb S HA gl
HHEhQ! Numan®] 3 N>+ Nupa 02 ),

N

Round

Cluster NerU
Setup nax

Steady
State

K
Sessions

—

u The maximum value of C .
paths from a header to a ontention | Nv,,
node

Data
Transmission

v_: The maximum value of
paths from a node to a
header node Idle

% 1. BMA ZEEZS B3 £AE

Contention SHAlollA& #IH =Fo| [-bit 4]
A& AgE]olz] dl= oA Bich webd =
H e Hghe Nolw, ZF 257} vin®] FHd
WA S 7RIS 2 contention WHAOA] WA=
| AR = Nvme’F Eloh of2bA cluster setup
A9} contention THAE wEl¥F BMAS| wAJA|
HAE (F(N)pwa) = N+ N +Nvie, 7 €0k

3.2 Z-MAC
Z-MAC-S TDMA ¢} CDMA94 AL AFAZ)
zTeeIex Lt Aie] =S uol= TDMAZ

ARgla, e ool CSMA% AR} Z-MAC
ZZEFL 1) neighbor discovery, 2) slot assignment,
3) local frame exchange, 4) local time synchroni-
zation .2 A EIc)

Neighbor discovery IAelH= EZE ==(N)7}
Z}219] one-hop ©]-=x=ol7] Hello HAXE #%
gko 2 N7IE| FHu wA]#]7} 2A8glc). Slot assign-
ment A4 Z}F ==X Hello WAA|Z5E] L&
one-hop o]kt HHE o]83}o] two-hop ©]%
= Awrx] sjelsly, DRAND 4u2]|&S o]
3lod, two-hop ol k=] B £ES 9

o

gk}, 7} ==+ slot assignment ]/‘]Z]E A4spd
A, g el &R0 2AES AEIch Slot
assignment ™| A]Z]+= two-hop ]° e7pA] 21
AR A Bl A=) wehi] 229 two-
hop °l% x=2| A +F wnattal 31, & 7Y
oA HHIE slot assignment WAIR|2] FHUigk
2 2wm®|H, VIESZ AR WAs= FH
HAAE 2wnaN©o| o)

Local frame exchange WAIA|= #A WEH=
2 AFEth BE =N7F RS o BE
e M)A AEFor 2hAsh= ) WA=
N*7} =t} Local time synchronization W|AX]%]
AA vEZR A, wAx]e] FHogke
T EEN7E HAAE o BE T (N)OA
$3ko 2 N7} it}

wEb]  Z-MACSY WIAA] BAE(E(N)zmac) =
N+ 2WnxN+2N°7} ET) 23] 2% Z-MAC?| ==
Ei EJ-} Aot 4 wAlelA] EAERs HIXA]
=4 Hol Frk
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N
2w N
Local Frame N?
Exchange
Local Time N
Synchronization

End

w_: The maximum value of two hop
neighboring nodes for a node

T2 2. Z-MAC Z2EF9| 22} $Ax

3.3 TMMAC

TMMACE 7 33 Zo] Ip AlZelA AAE
ZeE wARY] A AE s BEESAE A
% upol w2l MAC A%< TDMA A2 ook vt
WS 2 7R

FUANE g S 7B HAXPE 1P AlE
oA A=, TMMACe®I4+= ATIM, ATIM-ACK,
ATIM-RES?®| 37F4] F72] WARE ARg3le] 4
220} AR rafelo] AEdE ddgich ATIM
ATIM-RES AR = 2 rsolk] 547 x=7t
Z], ATIM-ACK #AA|& EA-A] rTola] 4x &

Broadcast Packet
Channel Negotiation

Unicast Packet
Channel Negotiation

Unicasts ATIM from
Source to Dest.

. Broadcasts N
Unicasts ATIM-ACK Nt ATIM-BRD
from Dest. to Source|" “max

Unicasts ATIM-RES
from source to Dest.

End
t : The maximum value of

nax
paths from a source node to a
destination node

72 3. TMMAC Z2 &2 Exk A%
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E7HA] s~ e,

RE RN} FUAAE wARE B fully
loaded®! 7499 AlUg]QolA, A kEoli] E3F
A ZeriAe] AR HUEE tmdkal YR,
ZF 2=(N)7F ATIM AR S 547 2=7A] 1

= wHAlA] S Z ] WAAE Ntna?F STk

I3k ATIM-ACK HA]A|&= ATIM HAA]E Wb
< FAA] x=EMN)°] HNF tws 7HASL ATIM
AR S Bl A rsofA] $Egke R o] A
AN Ntmax®] 2 wAA7} AL vz,
22 XE(N)7} ATIM-RES WAAE 2#2] y=
7B B, Ntwa®] 2o el A= 7} 84 e
wepA] frUA~E A A] B F ) AR
+ 3Ntma’} STk

IP AlZollA BREANAE AF 7HE 873
WX 7 A, 2 2EN)7F BE 2= (N)d]
HRCs|~EE E3 ATIM-BRD WAAE A5
o2, NUNO FHd eARZE g} el
TMMAC®] HA1A] BAREEN)vmac) = N*+3Ntma
ojct .

3.4 SMACS

SMACS<= 1% 48} zro] 47)e] w2 A =
Ag 7k A WA ©AM=  invitor(N)7}
invitation WA|Z|(Type )& AM19] one-hop ©]%-
oA AEshe, o] wf EAEhs Hel WA =
Nelul F WA Aol += invitor2] one-hop ©]%-
reEo| invitorN)olAl HAA|(Type IS A3}

Invitor sends Invitation
Message to one hop neighbors
(Type I).

One hop neighbors respond by
sending Type II messages to the Nn
invitor. max

Invitor selects only one
respondent

]
Invitor sends Type III message
with frame schedule N
information

Selected neighbor responds by N
sending Type IV message to the
invitor

n _: The maximum value of one
hop neighbors of a node

2! 4. SMACS ZREZS] Fx £A{x
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v, invitor®] one-hop °]% == FHUFE npn=
FAIBHH, o] wf Ak Hell WAIAE Nopw?}
ok Al WA wAGA, invitors B} &5 =
o] ~AIZE A7} @ Type I PAIXE AR
2] one-hop °|-% ZToflAl 3, o] wf whAys]
&= Hd) wAA]= Nojoh o] WA sAlel|A, Adeisl
o]-%- =Rk Type IV WAIAE invitorol| Al %153}
v, o] uf N7/N&| ZHf wAIx]7} HAYgc) weEhA
SMACS<Z 3N+Nnyx 2] #IAIA] EAEE(N)smacs) &
iy

3.5 TDMA based MAC

TDMA based MAC 13 59} Zro| 3749 w4
2l A dAE 7RI

A WA A BE eN)7|F 2419 id, wiE
2] #Hdll, 91x] ARE 714 refresh HA[X]E gateway
NA A (Vimar) T-2Z Nvinar 2] 2 Wl A7} A 7E
t} 5+ WA A4 gateway”} inactive Z=E(N)E
oAl refresh-based rerouting AR S S (Umax) S+
o, o] wl, Nupn® 2o wAA|7} g}, A 3
A A4, gateway= event-triggered rerouting
AR S =EMN)ANAl A (ma) T2 WA= F
o #l A1 Numa© |t} @b TDMA based MAC
2] wIAJA] BAE(E(N)TDMA based MAC)T NVinax+2NUmax
olct.

A node sends Refresh
Message to a Cateway. nax

A Cateway sends refresh-
based Rerouting Message Nu
to inactive nodes

A Gateway sends event-
triggered Rerouting Nu
Message to sensing nodes

End

J2] 5. TDMA based MAC Zg2E&39] T2} =4

3.6 TRAMA

I8 63} 7] TRAMA®] A WA A= neighbor
protocol(NP) =HAle]t} o] ] :T(N)= NP 4]
A& A9 one-hop o] EolAl AHEghel k=
o} ApAle] o9 w=ELo NP WARXE s
AE3P7] "ol HE F WA FF 7ol ok

A node sends Neighbor Protocol
(NP) message to its one hop
neighbors by 7 in order to get
99% NP message delivery rate

v
A node calculates Adaptive
Election Algorithm based on two
hop neighbor information

7N

Increase
recursive count
(r) by one

A node sends Schedule Exchange
Protocol (SEP) message to its
two hop neighbors

21 6. TRAMA EZ2EZ| T2k S5

wb] 99%9] Al HE AFES 53] Sk
o] NP WAIX]E 7H "kEsle] 25gc) o] uf 7N
o] FHo =AJA|7} whAgkk

T+ WA HAleAE NP wHAlelA 253 o]%
= AHHE o]g3ld 7} ==& two-hop E71A| 2
HIoAE ~AEHS AA) o] o] 24 k==
adaptive election algorithm(AEA) Y 2|58 -85}
o] HRTIAE ~AEHS s, oo s W
A== HAAE Sich Al HA "ol BEed)
2E 2 AEH ol wlz} 7} 2 =(N)+= schedule exchange
protocol(SEP) WA A& two-hop |2 X =(npmax) 7HA]
A5l

Fe2E o] ZE koA e £55 ddds)
2 33 739, AEA ZA A4} SEP AF o]
HhEEE & rro] oA Sol o AFEA 74
e o} reo] o o3 el &ES gt
o7t G wl, ol=lgt vk Fge] Al & 754

¢

HHE- S14-5 rolefar s, Al WAl w4
sk FY wAAE tNnpaZF H3, e
two-hop ©]-%- =Eel|A| SEP A7} A%5E]7] ¢4
ddjo]el] F7}181+= one-hop % ==9] o Fo|c.
we}x] TRAMA®] wAA] HAHE (f(N)rrama) =
IN+rNNmax© 1ok

=
n>
oo
#a
Kl

4.1 A

TDMA ad hoc MAC ZZEZE Ale]e] w|A]Z]
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BAwg vw, A S8 1km’e] vlES=Z o
Aol st wixE rrex Z+ TR eI B
AE=E Agshs el 7IE AlEdelEE st
9l  Discrete-event Al E#HoJE] BHAS K&
Matlab3- AM§-3}e] tiefst UESa BZ2XE A
Aslct. Dijkstra shortest path Lre|Eo] A~
reol FX2] xr, Fro) kT Ale]e] fujsls
E AR(tuv)e] vAA E3eE Ak b AN
=ik

X =o] A% "7 (transmission range)oll w2} u
E= BERAe FEaE A k= S 3
shE)ar, VE I AY @ k= 2 pAE
FE|2EolX Z2EFe] EAwrt FAEL

[71el14] Algk=]l adaptive dynamic backbone(ADB)
due]Hs ARSI, APEEl Al EYelE]e] Ades
ZAZskedch 100, 125, 150, 2 1759] == &5 A
Tl HAAAAM, AF WEe] wE vESZ9
ERAE AR Ald & FelxElelA] ADB
duelEs S A (719 AF A 1%l
ske] @A} HhAsksich

AlEH oA s AR IS ulEl
b ZREZ F3F AAE Il ZREFR T
AR N s kvt WARE AT
, 54 S v, o R B
= SAE AAEA] e} 322 dnbHal A
F0, if~then 725 ARgso] Ztw] ik
w2 e ] Wit A w4
7F2 dEde] EE wEksE dxE A=y
off Zzke] dAlelA SA" wAA] EAieE
tol 23] 73} 89] el zel EAISIC
1§l =0 AF HbL 100mE A3
, Eo] A 507064 25070744 WEHAZie
7Zh ZREZES A k= 5o Skl wet FuiA
(upper bound)®} simulation®] F 71 == &
Aol WA, i ZEEFI Aol vl
A= 9k

BMACA tlefgl @iy vEHZ EEEA|eA
Mighs 425 FolA tm, Vm #02 74%
L7} Holx aelze 23T, cefsil W)
= u, vikee] Hgto] simulation ZI|ETE X
= gth. TMMACeIA = 50:509] v]&= 1P A
A FUAZE Az nzese sl
Astsltk. TRAMACIA HHE 3l(n) &= 30] ARS-
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Message Complexity (Simulation)

1nf —+—TOMA based MAG |
—&— TMMAC
| —=—TRAMA
: Tl —EB—zMAC
10‘ L 1 T
&1 100 180 200 280
No. of Nodes

T2l 7. wWAA] Bxkx ]2 (Simulation)

——EMA
.| T EMACE
—+—TDMA based MAS ||
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