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(a) Proactive-40 bytes, R2 = 0.99(b) Proactive-576 bytes, R2 =
0.99

(c) Proactive-1, 500 bytes, R2 =
0.99

(d) All-to-controller-40 bytes,
R2 = 0.99

(e) All-to-controller-576 bytes,
R2 = 0.99

(f) All-to-controller-1, 500 bytes,
R2 = 0.99

(g) Reactive (all hits)-40 bytes,
R2 = 0.99

(h) Reactive (all hits)-576 bytes,
R2 = 0.99

(i) Reactive (all hits)-1, 500 bytes,
R2 = 0.99

(j) Reactive (one-or-more misses)-
40 bytes, R2 = 0.98

(k) Reactive (one-or-more misses)-
576 bytes, R2 = 0.97

(l) Reactive (one-or-more misses)-
1, 500 bytes, R2 = 0.98

Fig. 11: GENI - Estimated vs. empirical PDFs comparison.
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In our case we set K = 2 to produce a bi-modal PDF of
the LNMM. One mode represents the transit delay when the
controller is consulted by the switch in making a forwarding

decision and the other one for the case when the switch finds a
matching flow table entry. The parameters λ1 and λ2 = 1−λ1
are weights that determine the probability with which a packet
is forwarded proactively (λ1, without controller involvement)
or reactively (λ2, with controller involvement).

Mean = µe
� 2

2 (7)
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(a) Proactive-40 bytes, R2 = 0.93(b) Proactive-576 bytes, R2 =
0.90

(c) Proactive-1, 500 bytes, R2 =
0.90

(d) All-to-controller-40 bytes,
R2 = 0.95

(e) All-to-controller-576 bytes,
R2 = 0.95

(f) All-to-controller-1, 500 bytes,
R2 = 0.95

(g) Reactive (all hits)-40 bytes,
R2 = 0.93

(h) Reactive(all hits)-576 bytes,
R2 = 0.90

(i) Reactive(all hits)-1, 500 bytes,
R2 = 0.90

(j) Reactive (one or more misses)-
40 bytes, R2 = 0.94

(k) Reactive (one or more misses)-
576 bytes, R2 = 0.94

(l) Reactive (one or more misses)-
1, 500 bytes, R2 = 0.98

Fig. 12: OF@TEIN - Estimated vs. empirical PDFs comparison.

V ariance = (eσ
2

− 1)e2µ+σ
2

(8)

The MLEs of the mean and variance parameters of a log-
normal distribution using n samples xi, where 1 ≤ i ≤ n, are
calculated as:

x = exp

(
1

n

n∑
i=1

log(xi)

)
, (9)
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To validate the proposed stochastic model, we compared
its cumulative distribution functions (CDFs) against that of
the empirical data for all platforms under considerations. We
quantify the degree of similarity between model and data CDF
using the coefficient of determination, denoted R2, and defined
in Equation 11,

R2 = 1−
∑n
i=1 (xi − fX(xi))

2∑n
i=1 (xi − x)

2 , (11)

where x is the sample mean of the n samples.

VI. CONCLUSION

In this paper, we presented a stochastic model for end-to-
end delay for networks with OVS-based SDN switches derived
from empirical measurements. We performed experiments on
four OpenFlow SDN switches on three different platforms
(i.e., Mininet emulator, and the GENI and OF@TEIN testbeds)
together with POX controllers to study the end-to-end delay
characteristics in OpenFlow-enabled networks. We proposed a
log-normal mixture model for end-to-end delay in SDN and
validated it with our experimental data and found out it be
a good fit to the empirical measurements. Previous studies
proposed models for end-to-end delay across SDN switches
that were rooted in queuing theory and were M/M/1 models.
Our results show that an M/G/1 model with a log-normal
mixture model will model end-to-end delay in OpenFlow-
enabled networks more accurately.
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