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Introduction

In this document, we present the performance etialuatudy of the route scheduling solver for
predictable intermittent networks. This study atmgvaluate the performance of the route scheduling
solver presented by [1] against two know polynortiiake algorithms: ED and EDAQ [2].

This study is organized into three simulation gmup each group, a simulation experiment is
performed on 10 different graphs. The first grasipanducted on six-node graphs, the second is
conducted on eight-node graphs and the last isuzied on 10-node graphs.

According to the solver architecture [1], we comesa&tl solution the following five solver
configurations, each described by five parametéts:H2, R and k functions.

ED FCFS N/A ED Hopped
EDAQ FCFS N/A EDAQ Hopped
CRP-Hopped FCFY MIN-HJP RIB Hopped
CRP-Overlapped] FCF$ MIN-HQPRIB Overlapped
CRP-Eager FCFY MIN-HJP RIB Eager

Table 1: The Five solver configurations

It has to be pointed that the simulation resulfiece P1 problem specifications. Simulation resalts
presented by three performance metrics: overaltisol (route schedule) earliness, task earlineds an
task throughput. Moreover, the throughput of trektarouted viar; is (s/(a(r;) — o)) (bps), while the
task demanded throughput &(dl; — o;) (bps).

Simulation Experiment Group-1

In this group, ten simulation experiments are catellion 10 different six-node graphs. The task set
of this group is given by the Table 2. The linkeimittency is chosen to be periodic. Therefore, for
each edge, I E, i denotes the periodic active duration (the cordacation) between the nodes,(

n,) (in seconds),; denotes the periodic inactive duration (in sechrafsd ; denotes the duration shift
prior to ; (in seconds). Based on the edge temporal attribytdenotes the effective bandwidth of the
edgee
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As given in the edge (link) definition, the templaradeling of the edge | E, is described by the
function in Fig.1 The periodic active duration [ + )), where the periodic inactive durations &g [

yand [( + ), ( + +)).

98 9314 16
188 10778 15
263 13013 25
357 14337 20
444 11172 18
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Table 2: The Task Set
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Fig.1: The periodic link intermittency characterizing the attributes , , and .

Next, we provide the ten network topologies examhibg this group as follows. In each network
topology figure, the green captions represent tiierservice rate (bps), red captions represeirirthe
capacity and the blue captions represents link teat@ttributes. It has to be further noted thatlthk
bandwidth (capacity) denotes the bidirectional;deeit is assumed to be on half at each direction. F
instance, if the bandwidth of link is 4 Mbps, thenwill be 2 Mbps at each direction.
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Fig.2: The Exp-1-1 Network Topology



) Technical Report 2009-02-02

Iy Internetworking and Media Communications Research Laboratories

avmgl (g Department of Computer Science, Kent State University
http://medianet.kent.edu/technicalreports.html

160 Mbps

2 Mbps
p=10, A=5, a=0

150 Mbps 120 Mbps

e 100 Mbps
2 Mbps 2 Mbps
p=5, A=15, a=0 A=4, p=6, a=2
- ——
€4 ey
2 Mbps 8 Mbps
p=12, A=8, a=0 A=8, p=12, a=4
200 Mbps

200 Mby
e; Ps

Fig.3: The Exp-1-2 Network Topology
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Fig.4: The Exp-1-3 Network Topology
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Fig.5: The Exp-1-4 Network Topology
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Fig.6: The Exp-1-5 Network Topology
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Fig.7: The Exp-1-6 Network Topology
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Fig.8: The Exp-1-7 Network Topology

100 Mbps 160 Mbps
6Mbps
A=10, p=8, a=0
ey 6 Mbps
A=8, p=12, a=4
4 Mbps )y p=12,
=5, p=10, a=0

120 Mbps

2 Mbps
p=5, A=15, a=0

2 Mbps
p=12, A=8, a=0

120 Mbps

Fig.9: The Exp-1-8 Network Topology
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Fig.10: The Exp-1-9 Network Topology
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Fig.11: The Exp-1-10 Network Topology

lll. Group-1 Experiments Simulation Results

A. Simulation Experiment 1-1
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Fig.12: Exp. 1-1 Results: (a) Overall Solution Eamhess, (b) Task Earliness, and (c) Task Throughput

B. Simulation Experiment 1-2
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Fig.13: Exp. 1-2 Results: (a) Overall Solution Eamhess, (b) Task Earliness, and (c) Task Throughput
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C. Simulation Experiment 1-3
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Fig.14: Exp. 1-3 Results: (a) Overall Solution Eamhess, (b) Task Earliness, and (c) Task Throughput

D. Simulation Experiment 1-4
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Fig.15: Exp. 1-4 Results: (a) Overall Solution Eamhess, (b) Task Earliness, and (c) Task Throughput

E. Simulation Experiment 1-5
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Fig.16: Exp. 1-5 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput



Technical Report 2009-02-02

Internetworking and Media Communications Research Laboratories
Department of Computer Science, Kent State University
http://medianet.kent.edu/technicalreports.html

F. Simulation Experiment 1-6
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Fig.17: Exp. 1-6 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput
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G. Simulation Experiment 1-7
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Fig.18: Exp. 1-7 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput
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H. Simulation Experiment 1-8
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Fig.19: Exp. 1-8 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput

I.  Simulation Experiment 1-9
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Fig.20: Exp. 1-9 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput

J. Simulation Experiment 1-10
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Fig.21: Exp. 1-10 Results: (a) Overall Solution Ediness, (c) Task Earliness, and (c) Task
Throughput

K. Group-1 Simulation Experiments Summary

The simulation results obtained from the ten experits are summarized in Fig. 22-24. Te overall
solution earliness of the five solver configuraiare given by Fig. 22 as the average earliness
over the ten experiments. Similarly to solutionlieass, the overall task earliness and throughout
are given by Fig. 23 and 24.

Fig.22: Overall Average Earliness of Group-1 Experments
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Fig.23: Overall Average Task Earliness of Group-1 Eperiments

Fig.24: Overall Average Task Earliness of Group-1 Eperiments
IV. Simulation Experiment Group-2

In this group, ten simulation experiments are catellion 10 different eight-node graphs. The task se
of this group is given by the table shown below.

98 9314 16
188 10778 15
263 13013 25
357 14337 20
444 11172 18

(621 IF-N [OV] N\ N
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Table 2: The Task Set
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Fig.25: The Exp-2-1 Network Topology

Fig.26: The Exp-2-2 Network Topology

Fig.27: The Exp-2-3 Network Topology
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Fig.28: The Exp-2-4 Network Topology

Fig.29: The Exp-2-5 Network Topology

Fig.30: The Exp-2-6 Network Topology



Technical Report 2009-02-02

Internetworking and Media Communications Research Laboratories
Department of Computer Science, Kent State University
http://medianet.kent.edu/technicalreports.html

Fig.31: The Exp-2-7 Network Topology

Fig.32: The Exp-2-8 Network Topology

Fig.33: The Exp-2-9 Network Topology
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Fig.34: The Exp-2-10 Network Topology

V. Group-2 Experiments Simulation Results

A. Simulation Experiment 2-1
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Fig.35: Exp. 2-1 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput

B. Simulation Experiment 2-2
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Fig.36: Exp. 2-2 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput

C. Simulation Experiment 2-3
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Fig.37: Exp. 2-3 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput

D. Simulation Experiment 2-4
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Fig.38: Exp. 2-4 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput

E. Simulation Experiment 2-5
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Fig.39: Exp. 2-5 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput

F. Simulation Experiment 2-6
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Fig.39: Exp. 2-6 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput

G. Simulation Experiment 2-7
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Fig.40: Exp. 2-7 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput
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H. Simulation Experiment 2-8

Fig.41: Exp. 2-8 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput
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I.  Simulation Experiment 2-9
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Fig.42: Exp. 2-9 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput

J. Simulation Experiment 2-10
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Fig.43: Exp. 2-10 Results: (a) Overall Solution Ediness, (c) Task Earliness, and (c) Task
Throughput

K. Group-1 Simulation Experiments Summary

The simulation results obtained from the ten experits are summarized in Fig. 44-46. The
overall solution earliness of the five solver cgnfiations are given by Fig. 44 as the average
earliness over the ten experiments. Similarly tutsm earliness, the overall task earliness and
throughout are given by Fig. 45 and 46.

Fig.44: Overall Average Earliness of Group-2 Experments
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Fig.45: Overall Average Task Earliness of Group-2 Eperiments

Fig.46: Overall Average Task Earliness of Group-2 Eperiments
VI. Simulation Experiment Group-3

In this group, ten simulation experiments are catelion 10 different eight-node graphs. The task se
of this group is given by the table shown below.

1] 10| 3 98 9314 16
2 8 1 188 10778 15
3 7 9 263 13013 25
4 5 2 357 14337 20
5 4 9 444 11172 18

Table 3: The Task Set
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Fig.47: The Exp-3-1 Network Topology

Fig.48: The Exp-3-2 Network Topology

Fig.49: The Exp-3-3 Network Topology
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Fig.50: The Exp-3-4 Network Topology

Fig.51: The Exp-3-5 Network Topology

Fig.52: The Exp-3-6 Network Topology
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Fig.53: The Exp-3-7 Network Topology

Fig.54: The Exp-3-8 Network Topology
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Fig.55: The Exp-3-9 Network Topology

Fig.56: The Exp-3-10 Network Topology

VII.  Group-3 Experiments Simulation Results

A. Simulation Experiment 3-1
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Fig.57: Exp. 3-1 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput
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B. Simulation Experiment 2-2

Fig.58: Exp. 3-2 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput
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C. Simulation Experiment 3-3
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Fig.59: Exp. 2-3 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput

D. Simulation Experiment 3-4
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Fig.60: Exp. 3-4 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput
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E. Simulation Experiment 3-5

Fig.61: Exp. 3-5 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput
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F. Simulation Experiment 3-6

Fig.62: Exp. 3-6 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput
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G. Simulation Experiment 3-7

Fig.63: Exp. 3-7 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput
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H. Simulation Experiment 3-8

Fig.64: Exp. 3-8 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput
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I.  Simulation Experiment 2-9

Fig.65: Exp. 3-9 Results: (a) Overall Solution Eamhess, (c) Task Earliness, and (c) Task Throughput
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J. Simulation Experiment 2-10

Fig.66: Exp. 2-10 Results: (a) Overall Solution Ediness, (c) Task Earliness, and (c) Task
Throughput
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K. Group-3 Simulation Experiments Summary

The simulation results obtained from the ten experits are summarized in Fig. 67-69. The
overall solution earliness of the five solver cgnfiations are given by Fig. 67 as the average
earliness over the ten experiments. Similarly tlutsmn earliness, the overall task earliness and
throughout are given by Fig. 68 and 69.

Fig.67: Overall Average Earliness of Group-3 Expements

Fig.68: Overall Average Task Earliness of Group-2 Eperiments
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Fig.69: Overall Average Task Earliness of Group-1 Eperiments

VIIl. Results Discussion

In this section we discuss the results obtainedhftbe three experimentation groups. For the
purpose of clarity, we combine the performance watébn results summaries given by sections lll, V
and VII. For the three experimentation groups,dtierall average solution earliness is shown by Fig.
70 and the overall average task earliness andghput are shown by Fig. 71 and 72 respectively.

From the earliness bar graphs shown below, the K&¥ed configurations significantly
outperform the polynomial counterparts, especiaflyFig. 10 (b) and (c). The best earliness is
achieved by the CRP-Eager configuration, which learcin Fig.10 (a)-(c).The earliness of CRP-
Hopped and -Overlapped is very close. In Fig. J0tfe CRP-Overlapped outperforms CRP-Hopped
by 1500 seconds, while in Fig. (b) and (c), CRPpptd outperforms CRP-Overlapped by 3000 and
1500 seconds.

The per-task expansion of the overall averageressdi is elaborated in Fig.72. It is clear that the
average per-task earliness in the three experitiemtgroups is consistent with the results given by
Fig.9. It can be also noted that the CRP-basedgunations significantly outperform both of ED and
EDAQ configurations. Moreover, CRP-based configora achieved a complete schedulability, while
ED and EDAQ failed. This is seen through the averaarliness of the five tasks solved by the CRP-
based configurations in the three experiments sratgr than zero. Furthermore, the average per-task
earliness of the CRP-Eager configuration achiehedbest in the three experimentation groups, while
EDAQ achieved the worst. On the other hand, aecfformance is demonstrated by CRP-Hopped
and —Overlapped configurations. In Grop-1, the GRRrlapped slightly outperforms the CRP-
Hopped in Group-1, while the CRP-Hopped outperfoitiisthe remaining two groups.

In addition, the average task throughput of thedhexperimentation groups is given by Fig. 72.
From the three groups, It can be noted all solesfigurations satisfy the tasks throughput demands.
However, the performance of CRP-based configuratitii dominates both ED and EDAQ ones. This
is shown by substantial throughput margin in Fig(a}(c). Moreover, the average task throughput
achieved by the CRP-Eager is higher than both CBppEld and Overlapped. Furthermore, both CRP-
Hopped and —Overlapped still exploit a close pentomce.
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On the basis of the performance results given by %il1, five observations are made. First, ED
outperforms EDAQ configuration. This is because &3umes infinite node hop buffer capacities,
while the rest of configurations do not. Hence, Ei& configuration does not account for node buffer
waiting time delays.

Second, underperformance of both ED and EDAQ isltext due to the lack data transfer
scheduling support and complete network knowle8geh ED and EDAQ configurations are based of
Dijkstra shortest path algorithm, hence both camfijons are routing only. Never the less, these
configurations implicitly assume hopped data fodiag mode, where the size of the data segment is
limited to minimum link hop MTU along a given routshich we call bottleneck MTU. Therefore, for
an arbitrary task, whose size greater than théemeitk MTU, both of ED and EDAQ would break that
task into a finite number of sub-tasks. Third, tperformance achieved by the CRP-Eager
configuration is attributed to nature of its datawiarding mode. As shown earlier, the eager mode
does not wait until the beginning of the activeiparwhen a task segment is ready for transfer.
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Fig.70: Overall Average Earliness, (a) Group-1, (b{roup-2 and (c) Group-3
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Fig.71: Average Task Earliness, (a) Group-1, (b) Grup-2 and (c) Group-3

Moreover, this mode also leverages the overlappietgveen task segment arrival and departure
between two conductive node hops.
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Fig.72: Average Task Throughput, (a) Group-1, (b) Gup-2 and (c) Group-3

Fourth, both CRP-Hopped and —Overlapped configunatiexploit a near-similar performance.

Although the fact the latter leverages the taskrsay arrival and departure overlap, while the farme
does not. By carefully studying the behavior of theerlapped forwarding, it can be noted that the
overlapped mode does not commence data transférthumtentire route is available. On the other
hand, the hopped mode does not wait, it commentae tdansfer once the first link hop is available.
Therefore, the hopped mode operates on partiak rauailability while the overlapped operates on
complete.
The size each sub-task is less than or equal tiigedeck MTU and is further scheduled to be
transferred to its destination. Due to the lackcomplete network knowledge, ED and EDAQ are
mandated to re-compute the route between the samdaestination, which significantly contributes
against their performance.
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