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inf
λ pk/spk/s

STA
L pk/sbits
(constant) R=26 pk/sMbps

BO pk/s=0.0675 pk/sms pk/s
T pk/s= pk/s0.613 pk/sms pk/s(L=12000 pk/sbits)

BO T

A pk/spacket pk/sis pk/sreceived pk/swith
errors pk/swith pk/sprobability pk/sp

BO T BO T BO T

Ds1=BO+T=0.68 pk/sms Ds2=2(BO+T)=1.36 pk/sms

1 2 3

Ds3=BO+T=0.68 pk/sms

The pk/smaximum pk/snumber pk/sof pk/sretransmissions
Is pk/sR

max pk/s
= pk/s2

What pk/sis pk/sthe pk/saverage pk/snumber pk/sof pk/stransmissions pk/sper pk/spacket?

λ(1-pRmax+1)
Poisson pk/sarrivals



Transmissions Retransmissions Probability

1 0 (1-p)

2 1 p(1-p)

3 2 1-(1-p)-p(1-p)=
=1-1+p-p+pp=pp

What pk/sis pk/sthe pk/saverage pk/snumber pk/sof pk/stransmissions pk/sper pk/spacket?
With pk/sR

max
 pk/s= pk/s2

Regardless
the pk/soutcome pk/sof
the pk/s3rd pk/stransmission

If pk/sthe pk/s3rd pk/stransmission pk/sis pk/scorrect, pk/sperfect.
If pk/sthe pk/s3rd pk/stransmission pk/sis pk/serroneous, pk/swe pk/sdrop pk/sthe pk/spacket.

Dropping pk/sprobability pk/s= pk/spRmax+1



What pk/sis pk/sthe pk/saverage pk/sduration pk/sof pk/sa pk/stransmission? pk/sLet pk/sus pk/sassume pk/sp=0.1

Transmissions Probability Duration pk/s(ms)

1 0.9 0.68

2 0.09 1.36

3 0.01 2.04

E[Ds] pk/s= pk/s0.9·0.68 pk/s+ pk/s0.09·1.36 pk/s+ pk/s0.01·2.04 pk/s= pk/s0.7548 pk/sms
E[D2s] pk/s= pk/s0.9·0.68E-3^2 pk/s+ pk/s0.09·1.36E-3^2 pk/s+ pk/s0.01·2.04E-3^2 pk/s= pk/s6.24E-7 pk/ss2

 pk/s pk/s pk/s pk/s



inf
λ pk/spk/s

STA
L pk/sbits
(constant) R=26 pk/sMbps

λ(1-pRmax+1)

E[D
q
]=λ pk/sE[D2s]/(2(1-a)) pk/s= pk/s1000 pk/s· pk/s pk/s6.24E-7 pk/s/ pk/s(2(1-0.75)) pk/s= pk/s0.0012480 pk/ss pk/s= pk/s1.2 pk/sms

E[D] pk/s= pk/s0.7548 pk/s+ pk/s1.2 pk/s= pk/s1.9548 pk/sms pk/s

Throughput pk/s=λ(1-pRmax+1) pk/s pk/s= pk/s1000 pk/s(1-0.1^3) pk/s= pk/s999 pk/spk pk/s/s

B=12 pk/sMbps pk/s(input pk/sflow)

λ=1000 pk/spk/s

a= pk/sλ pk/s· pk/sE[Ds](with pk/serrors) pk/s= pk/s
 pk/s pk/s= pk/s1000 pk/s· pk/s0.7548E-3 pk/s= pk/s0.75 pk/s pk/s

Exercise: pk/srepeat pk/sthe pk/sexercise pk/swithout pk/serrors, pk/sand pk/scompare pk/sthe pk/sE[D] pk/svalue pk/sbetween pk/sthe pk/s
two pk/scases.

a pk/s= pk/sλ pk/sE[Ds](without pk/serrors) pk/s= pk/s1000 pk/s* pk/s0.68E-3 pk/s= pk/s0.68 pk/sErlangs
 pk/s
E[D

q
]=λ pk/sE[D2s]/(2(1-a)) pk/s= pk/s1000 pk/s· pk/s pk/s(1+0^2)(0.68E-3^2) pk/s/ pk/s(2(1-0.68)) pk/s= pk/s7.22E-4 pk/ss pk/s= pk/s0.722 pk/sms

E[D] pk/s= pk/s0.68 pk/s+ pk/s0.72 pk/s= pk/s1.4 pk/sms pk/s

Throughput pk/s= pk/s1000 pk/spk/s



Can pk/swe pk/scalculate pk/sthe pk/saverage pk/sservice pk/sdelay pk/sfor pk/sany pk/svalue pk/sof pk/sR
max
 pk/s?

Transmission Retransmission Probability Duration

1 0 1-p Ds

2 1 p(1-p) 2Ds

3 2 p^2(1-p) 3Ds

... ... ... ...

i i-1 p^i(1-p) iDs

... ... ... ...

R
max
+1 R

max
p^R

max
(R

max
+1)Ds



What pk/sis pk/sthe pk/seffect pk/sof pk/sR
max
 pk/sand pk/sp pk/sin pk/sthe pk/sAP pk/sperformance?

If pk/swith pk/sp=0 pk/sa pk/ssystem pk/sis pk/sstable… pk/sincreasing pk/sp pk/scan pk/sit pk/sbecome pk/sunstable? pk/s
Can pk/sR

max
 pk/sbe pk/sused pk/sto pk/sguarantee pk/sstability pk/sin pk/sthat pk/scase?
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