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Motivation Framework
» Pressing need for a systematic approach that exposes « Protocol model F
network flaws and breaking points @ @ - Finite state machine (transition table)
« Very few protocols have been tested systematically  [protocol rotoco Sy - Each row defines state transition of
for their performance gijf;f;'i::f‘ce network r_10de fora pr_otocol event
« Traditional performance evaluation approaches 1| - Semantics of arow in transition table
v R
- Evaluate average performance <Sins €in: Sour aui(delay 3)[effect o1}
- Do not capture extreme cases iop| E"ror deseription i .
o Error Generation y| €St Generation - At time t evente;, changes the state
Obiective Algorithms Algorithms of anode from S,, to S, and triggers
) ) ; +5 .
« Provide automatic test generation framework for a state. event f]\gzgtse““ at time t+ effecting set of
3 3 (e}
i lati
broad class of protocols imeretn L e Topology model G
- Search based = e .
Traditional test generation approaches Extreme Test Search - G;: neighborhood set of node |
o e T t verifi gt' pp Protocol +—Simulation|+ Scenarios O Tree T - G: set of G/’s for all nodes in the network
- largetverirication Performance L Model of a Scenario
- Uses forward search PR
- Exhaustive - Specified in terms of network node states
p test tion f K (Hg), protocol events (H,), time relations as
* Fropose tes g_e_ne_ra 10n Tramewor system of inequalities (SOI) between state
- Adopts falsification o e Searchtree T transitions and events, and prohibited
- (SBtarts f;om ag(lj\_/f_n proItEocoI ﬂﬁn‘torn(;ance cl)bjef(f;tlvteth - Anode in search tree is defined by a scenario  entries (PLg, PL,, PLsg))
pertes conatins (roy et SO STECIE | Enumerating ohild nodes
. Uses a mix of backward and forward searches - An entity x is justl_fled in tree node N if all_ent_lt_les suf_fl(:lent to create xexist in N
. - From N, create child nodes from each unjustified entity y of N
- Non-exhaustive p . o
- Complete - Child nodes corresponds to all possible ways to justify y
- Generates all scenarios leading to the target error - Nis a leaf node if all er_1t|t|es are Ju.St'f'e.d .
« Search space reduction using implication
Case Sfudy: IEEE 802.11 - Create node state and event history from current states, events and time relations
- Check consistency of child nodes and eliminate inconsistent child nodes earlier
Part of Transition Table F
Start State | Input End State | Outputevent @
event
1| 1dle, Pkt;; T, RTS, -TS()i, RTSH-RS(d)[G‘], RTS,- ) 5
TE()ll, RTS -RE@+a)G] Error Generation: Algorithms and Result Test Scenario Generation: Collision
2| Tx RTS-TE [WCTS, CTST-S(O0)lil, CTST-E(d+A+a)l]
3 |weTs; CTS, RS [ WCTSAR, Perf biective: Th h oy 5 v
4 |wcTsAR, [ cTs -RE [WwsIFs-c, | SIFST-S(0)i], SIFST -E(@)I] ¢ Ferformance o jective: Throughput o Tl &aﬁ%gi@&mz?ﬁé—@i@“
5|WSIFSC, | SIFSTE, | Tx Data,, TS(O)[] Data, RS()[G], Datay,- - a is the amount of data successfully transmitted in time SO tyty+p
TE@)lil. Data RE(@+ PG - Throughput =a./ p @) vy=tg*B
Notations: * Our study objective: to minimize throughput (3) (tgStg, To<ty) OF (psty, ty<ty)
States: Tx(transmitting), WCTS (wait-for-CTS), WCTSAR (WCTS and receiving) * Target events that penalize our study objective . : .
Event: Pit (packet at node i for node j), RTS-TS(RT , RTS-RS(RT , RTS- . Implication: Reception ¢ Transmission
TE(RTS-t d), RTS-RE(RT >-end), SIFST-S (SIFS timer start), SIFST-E (SIFS timer end) - Data-RE (successful data reception), ACK-RE
praptes: o, (RS d detay. f(Data AlSFS « Conditions (Error descriptions) to meet the targetevents . | He: Data, RS @t,, Data, RE@Y,,
R e S L BT ST e - BOCOL (Backoffdue to callsion) " | e T, caiarTsGe,
nodei and 4) RTS-RE at t+ d+a, affects nodes in G, - BOFT (Backoff on failed transmission) SOI: (1) t,=ty+p
- Defer (Drops packet silently one defer) (2) =gt
Topology Model 6 . (1) 6, (0.2}, 6, (1.3}, Gy {24}, G, (3) (3) (tg=to: To<ty) OF (15t to<ty)
~ @) t=t-d
o NG Simulation Results
Error Description
e Collision * ns-2 simulations of generated test scenarios Tot
- Twomessages m, and m, collide at a node i if their reception o Starting from basic topology (topology 1), .- Data,  RS@!,, Data,  RE@! H,: Data, ,-RS@1,, Data, , RE@1,,
has an overlapping interval at i construct topologies systematically to Data,  RS@s,, Datag, RE@t,, Data, RS@t,, Datag,-RE@r,,
- Error E collision at node 1 - allow more nodes to starve (throughput) Data, ;- TS@t, Data,,TS@ 1, Data, ,-TS@t,, Data,,-TS@ 1,
- States: 1: <BOCOL 1, t,> - allow a target node to starve more (fairness) SIFST-E,@t,, SIEST-E,@ 1, SIEST-E, @1,
- Time relations @ Hg: 0:<WSIES-C, _, t,>, 0:<TX, t,,_>, Hg: 0:<WSIFS-C,
2:<WSIFS-C, _, 1,>, 2:<TX, 1,,_> 2:<WSIFS-C, _, 1y
1 to<t +p SOI: (1) t,=ty+p SOI: (1) ty=te+p
(2) ty=1+p () u=10*p
. . ) (3) t=ty-d (3) t=t-d
Simula'red T°P°|°gies X axis: Node ID, Y Axis: Throughput in MBPS (4) t=1d (@) t,=td
(5) ty=<to (5) 1<t
Tapoloay 1, Data rate = 0.06 MEPS Topoloay IV, Data rate = 6 M P (6) Tg<t, (6) to<t,
oo - . .
oor os . 3
oo ° Underlined entities are unjustified in tree node @
Topology 11, Data rate = 0.6 MBPS 7 ’ : ' . ‘ o
Conclusions & Future Work
0.2 0.6 1
0 ot ¢ A test generation framework for performance
° 4 2 Toul o evaluation of wireless MAC protocols
I c e - Complexity of search is reduced by using mix of
| olooy I, Data e =6 MBPS Ppday VL D rete-6 VIS forward and backward search, and implication
08 ] z ¢ Generated scenarios expose extreme
0.6
04] 1 [ performance of the protocol under study
O-f) 0 - Average network throughput of some scenarios are 3%
€) Topology V 0 4 2 7 Tow 3 2 1 4 9 1 T |[-Average network throughput of random scenario 45-65%
e Work in progress: analyze worst case
Qropologyw G) @ Topology1v @ performance J
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