


Chapter 9

Results

This chapter presents the results obtained by the experiments done (please note that
these results are discussed further in chapter 10). Here, only the values will be explained
and whether or not they match the expectations. Main focus will be put on three main
characteristics of the SM and GST packets:

e Average end-to-end delay
e Packet Loss Ratio

e Packet Delay Variation

A comparison of SM and GST will be made, using plots that graphically represent the
results obtained. But first some of the raw data received from the Spirent TestCenter and
calculations made are presented.

9.1 Data

As mentioned in chapter 8, section 8.3.3, a total of 18 experiments were performed. The
way this was done was to set a fixed GST load of 95% or Lg%T = 0.95 and then change
the SM load or Lg]\g from 10, 20, 30 and so on up to 90%, 95, 96, 97, 97.2, 97.5, 97.8,
98, 99 and 99.5% as can be seen in Table 9.1. The reason of having a finer granularity
between 97 and 98% is explained in section 9.3.

Appendix D has a very detailed set of tables that show absolutely all of the relevant
raw data collected by me, separated by each different SM load. Table 9.1 shows the actual
total load being used in the 10GE lightpath (L{OGE) or xe0 port of the H1 nodes. Because
the 1GE SM stream goes through the 10GE link 9 times as explained in chapter 7, section
7.2; and the ng‘r is always equal to 0.95, then the formula to calculate the total load on
the 10GE lightpath is

LT.op = (1Gbps x LZM % 9) + (1Gbps * 0.95)

The L{OG p serves as the base point of comparison between the SM and the GST streams,
meaning such values will be shown in the x-axis of the plots for the end-to-end delay, PLR
and PDV.
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CHAPTER 9. RESULTS

Table 9.1: 1GE SM and GST load; and total load in the 10GE lightpath for the 18
experiments.

| Ler | Léx' | Ligoe
0.1 0.95 1.85
0.2 0.95 2.75
0.3 0.95 3.65
0.4 0.95 4.55
0.5 0.95 5.45
0.6 0.95 6.35
0.7 0.95 7.25
0.8 0.95 8.15
0.9 0.95 9.05
0.95 | 0.95 9.5

0.96 | 0.95 9.59
0.97 | 0.95 9.68
0.972 | 0.95 | 9.698
0.975 | 095 | 9.725
0.978 | 0.95 | 9.752
0.98 | 0.95 9.77
0.99 | 0.95 9.86
0.995 | 0.95 | 9.905

Next there are the results of each of one of these characteristics. It is important to note
that the results shown come from the average of both streams, i.e. from port 2 to 3 and
3 to 2, which individually are very similar but not exactly the same.

9.2 Average End-to-End Delay
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Figure 9.1: The average packet latency for both SM and GST traffic as a function of the
normalized offered load on the 10GE lightpath.
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9.3. PACKET LOSS RATIO

Figure 9.1 illustrates the average end-to-end delay of packets for both SM and GST traffic
as a function of the normalized LlTOG - The results are exactly as expected:

SM The SM packet delay increases slowly as the 10GE lightpath load increases up until
L1TOGE = 0.9698 which is when Lg% = 0.972. At the next tiny load increase of only
0.003 (0.3%), i.e. L2M = 0.975 and LI ., = 0.9725; the end-to-end delay increases
exponentially from exactly 301.69 us to 134,891.18 us. From there on the SM delay keeps
increasing dramatically to a maximum value of 712,526.37 us or 0.7 seconds. It can be
said then, that there is a fine granularity on the load when a spike in delay occurs.

GST The GST average end-to-end delay is 21.47 us through all the measurements, which
means it remained constant regardless of the network conditions and total load utilization;
a characteristic that according to the definition, needs to be fulfilled.

9.3 Packet Loss Ratio
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Figure 9.2: The total packet loss ratio for the SM traffic added on the lightpath. The
GST stream does not experience any losses.

Figure 9.2 illustrates the total PLR experienced by the traffic, which as can be seen, is
only experienced by SM traffic and not GST traffic as it was expected:

SM From Lg%[ =0.1to Lg% = 0.97 there was absolutely no packet losses. Every single
packet sent was received on the other side. However, when Lg% = 0.98 was tested, there
was a PLR of 0.813%. One of the objectives, as mentioned in chapter 7, section 7.3, is
to find the exact SM saturation point, at which packets start to get dropped. This is
the reason why between Lg]\é’ = 0.97 and Lg]‘g = 0.98, there is a finer granularity of
experiments, to find such point. The results indicate that packets started to get lost at
Lg]\g = 0.975 or LF{OGE = 0.9725. We can then conclude that SM insertion increases the
10GE lightpath utilization up to 96.98% without any packet losses and that with SM PLR
of 1E792 (exactly 3.977%) for the total load LT, = 0.9905, the network performs as a
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CHAPTER 9. RESULTS

saturated statistical multiplexing packet network with high utilization while providing a
service with circuit QoS properties.

GST As seen and mentioned in Figure 9.2, GST presents no packet losses whatsoever
regardless of whether the network reaches the saturation point (gets congested) or not.
So, in combination with the results in section 9.2, it is safe to say that GST traffic is
transported through the network with absolute priority and neither delay nor PLR are
affected by the SM insertion.

9.4 Packet Delay Variation
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Figure 9.3: The average packet delay variation for both SM and GST traffic as a function
of the normalized offered load on the 10GE lightpath.

Figure 9.3 shows the average PDV or jitter for both SM and GST traffic as a function
of the normalized LlTOGE' The results were as expected, especially for the GST traffic;
however, for the SM the shape of the curve was surprising, although correct:

SM As can be seen in Figure 9.3, the greater the load the lower the PDV up until the
saturation point, where the PDV starts to increase again. This is because “in general,
higher levels of jitter are more likely to occur on either slow or heavily congested links”
[LLC]. When the load is low, then buffers will never be full, and so since we are using
the store and forward switching (see chapter 2, section 2.1.2), it depends on the size of
the packet being sent (64 to 1518 bytes). The delay of sending a 64-byte packet and a
1518-byte packet is different and so PDV is large. When the load is optimal, meaning
large but still no congestion occurs, i.e. L{OGE = (0.9698, the buffers are being utilized
more efficiently, that is, almost every packet, no matter what their size is, will have to
wait approximately the same amount of time in the buffer before being transmitted out,
and so the PDV will decrease. This trend of course changes when congestion occurs, and
packets start to get dropped due to buffers being full.
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9.4. PACKET DELAY VARIATION

GST In correlation to the average end-to-end delay seen in section 9.3, it can already be
assumed that the PDV of GST traffic will be constant, and it is. The PDV value was as
little as 0.05 ps or 50 ns through all the measurements in average. The PDV peak value
(seen in Appendix D) ranged from 0.53 to 0.56 us. So yet again, the GST traffic maintains
the absolute priority it is supposed to have, with no packet loss, little delay and a tiny
constant PDV of 50 ns.
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Chapter 10

Discussion

This chapter deals with a more comprehensive discussion based on the results presented
in chapter 9. The main result of the experiment is that using TransPacket’s H1 nodes, all
of the fusion networking characteristics and advantages described in chapter 3 are 100%
fulfilled.

That is, the GST traffic performance is completely independent of the added SM traf-
fic and its load. GST was always given absolute priority and remained with a constant
average end-to-end delay of 21.47 us, no packet loss and a minimum PDV of 50 ns while
SM traffic load increased, increasing the overall 10GE lightpath utilization up to 99.5%.

The insertion of SM traffic is necessary to achieve the optimal utilization of the link
resources (high throughput efficiency) and have as little waste as possible. This was def-
initely achieved during experimentation and found that the point of saturation was at
L1T0GE = 0.9725, where statistically multiplexed packets started to overflow the node’s
buffers and so packets started to get lost, at which point delay increased exponentially
and PDV went up as well.

And so it was found that with this network setup, the highest throughput efficiency
achieved without any losses is at LITOGE = 0.9698 or 96.98% of the 10GE lightpath. This
way, demanding services such as real-time traffic, synchronization and control information
can be transported as GST traffic with absolute priority; and all other data transmitted
as SM traffic with an average end-to-end delay of 301.69 us, no losses and a PDV of 670
ns. But, is that enough?

Section 10.1 presents the minimum requirements in terms of delay in order for certain
time-sensitive applications and general data to work properly, and compare them with the
GST and SM performance achieved in this experiment.

10.1 Delay Requirements for Time-Sensitive Applications
and General Data

Time-sensitive applications are services which performance is greatly affected when there is

end-to-end latency, i.e. real-time traffic such as online gaming, telemedicine and e-health,
online banking and videoconferencing; and also synchronization and control information.
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10.1. DELAY REQUIREMENTS FOR TIME-SENSITIVE
APPLICATIONS AND GENERAL DATA

These demanding services are increasingly being used and so it is very important that
they receive the priority and QoS only GST traffic can provide.

General data is concerned with traditional applications such as web browsing, e-mail and
file sharing and so they fit into the SM type of traffic for transmission.

Online Gaming “Latency determines not only how players experience online gameplay
but also how to design the games to mitigate its effects and meet player expectations”
[CCO06]. Unfortunately, measuring the maximum amount of delay that would be acceptable
for online games is not so straightforward, since there are different kinds of games and
actions within that game. For example, shooting a high precision weapon such as a sniper
rifle at a moving target is more delay sensitive than moving around a map. Mark and
Kajal Claypool have come up with a categorization of actions in games, and how they
are differently affected by latency in [CCO06], but that is outside the scope of this paper.
According to [BC04, CD06, Cla05, NC04], the maximum threshold for the most highly
sensitive online games is 100 milliseconds.

Telemedicine and E-health “The core capability of telemedicine is to deliver rapid
and high quality healthcare across large distances” [MJLHO09]. Teleoperation or telesurgery
is one of the most important services within telemedicine, since any minor error caused
by network latency or any other factor could kill patients. Several experiments have been
conducted by universities in the US, England, France and Japan using the US Army’s
RAVEN to record its latency times under different circumstances. The results are found
in [MJLHO9]: the time delays range from 16 (0.5 km) to 172 milliseconds (7,700 km).

Online Banking “Banking is an information-intensive business and thus Information
Technology (IT) has become increasingly important in this industry” [SF06]. The the
effect of latency is directly proportional to the amount of money the transaction is dealing
with. According to [Tod11], “even a one millisecond advantage could be worth up to 100
million USD a year to the bottom line of a large hedge fund”.

Videoconferencing This is becoming more and more popular not only for businesses,
but also for regular users, since it allows them to interact with other people around the
world across long distances. “In order for the participants in a videoconference call to
interact naturally, the end-to-end delay should be below human perception” [BO00]. Ac-
cording to several experiments performed in [BOO00O], to achieve this natural interaction
the end-to-end one way delay must be of approximately no more than 100 milliseconds.

Control Information Meaning the exchange of status, signaling and routing informa-
tion in a network is highly sensitive to packet loss and according to [NSR11] has an upper
bound delay of 100 milliseconds.

General Data Data from applications like web-browsing, e-mail and file sharing have
very variable bandwidth demands and are sensitive to packet loss; however, they have low
real-time demands which make the use of retransmissions possible. That is why, according

to [NSR11], the upper bound delay of this kind of data can go up to 1 full second.

Figure 10.1 shows the end-to-end delay gathered from the results of both GST and SM
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CHAPTER 10. DISCUSSION

traffic (but only GST traffic is shown), with the upper bound delays identified above for
each one of the different kinds of demanding services or time-sensitive applications.
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Figure 10.1: The GST average end-to-end delay is 21.47 us through all the measurements
no matter the SM insertion. Upper bound delay 1 is at 100 ms for online gaming, video-
conferencing and control information. Upper bound delay 2 is at 1 ms for online banking.
The range between both upper bounds have been proven to be acceptable for telemedicine
and e-health.
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Figure 10.2: The SM packet delay increases slowly as the 10GE lightpath load increases up
until L{OG g = 0.9698. At which point it increases exponentially from exactly 301.69 us to
134,891.18 ps. From there on the SM delay keeps increasing dramatically to a maximum
value of 712,526.37 us or 0.7 seconds. The upper bound delay for general data is 1 second.

Figure 10.2 shows the end-to-end delay gathered from the results of both GST and SM
traffic (but this time only SM traffic is shown), with the upper bound delay identified
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10.2. ADDING PROPAGATION DELAY TO RESULTS

above for general data.

And so, as can be seen from Figures 10.1 and 10.2, the experiment results have proven
that the H1 nodes are capable of transporting the most demanding services with absolute
transfer guarantees and circuit-switched-like QoS; while at the same time achieving a high
throughput efficiency of 96.98% and transport the rest of the data with an average delay
of 300 ps and no packet loss. It is worth mentioning that all of the upper bound delays
are the extreme cases in which the specific kind of traffic will still work decently, but a
good network performance should always be way below such values, as the ones achieved
by the H1 nodes.

However, a very important detail in such results is the fact that both H1 nodes com-
municating and used during experimentation are physically located in the same room.
And so these results represent only the processing, queuing and transmission delays men-
tioned in chapter 2, section 2.2; but the propagation delay, which depends entirely on
the physical distance between source and destination and the propagation speed of the
physical link used, has not been taken into account. Section 10.2 shows an approximation
of how much latency is added by propagation using fibers.

10.2 Adding Propagation Delay to Results

As mentioned above, propagation delay depends entirely on the distance between source
and destination and the propagation speed of the physical medium being used, which in
this case it is fibers, as we are working with an optical network.

According to [MRV10, Inc11, Nor12] latency sources in fiber optic networks include (1) the
fiber itself, (2) the optical components and (3) the opto-electrical components needed to
carry out the function of optical networks from source to destination as seen in Figure 10.3.
Each of these latency sources are described below.

Dispersion Dispersion
\ compensation compensation
[ Transponder H Amplifier H Regenerator H Amplifier H Transponder EDQ
Color Color
conversion conversion

Figure 10.3: Optical nerworking functions that can increase latency.

1. Light in a vacuum travels at 3 x 10® m/sec, which in terms of latency translates
to 3.33 psec/km. However the optical signal propagation speed through a fiber
cable is lower than the speed of light because of the cable’s so called refractive
index property. According to [Norl2], this speed reduction increases latency to 4.76
usec/km. On this source of latency, it is important to note also that the fiber is
not always installed on the shortest physical way between two points which would
also add to latency. Rerouting fibers, however, is a very expensive process and only
extremely time-sensitive applications, such as online banking, would be willing to

pay.
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CHAPTER 10. DISCUSSION

2. The optical component that introduces the most latency is the Dispersion Compen-
sating Fiber (DCF). The DCF is used to remove the effects of the so called chromatic
dispersion of the fiber which degrades the fiber’s performance and limits its maxi-
mum reachable distance. Only used in long-distance networks, a DCF is a long spool
of special fiber that is usually 20-25% of the total fiber length, therefore adding 20-
25% of latency. The longer the distance, the more DCFs need to be in place, adding
up to a few milliseconds of latency.

A second optical component is the optical amplifier. Amplification of the signal
is needed in long distance networks, since the light source fades as it travels through
the fiber. They also remove the need for optical-electrical-optical (OEQ) conversion
which of course removes latency. The most common optical amplifier is the Erbium-
Doped Fiber Amplifier (EDFA). An EDFA adds tens of meters of extra fiber. Each
EDFA introduces only hundreds of nanoseconds of delay, but when a lot of EDFAs
are needed, as is the case for long distance networks, they can introduce considerable
latency.

3. The opto-electrical components include transponders and muzponders. The former
is in charge of color conversion (traffic signals are converted from gray to a specific
light color or wavelength). The latter aggregates multiple colors into a single high-
speed channel. Both components introduce latencies of about 5-10 us each. If
Forward Error Correction (FEC) is performed, the extra processing creates even
more latency.

Figure 10.4 shows an example of two data centers 400 km apart with 5 spans of 80 km,
meaning there are 6 amplifiers. From the information above, we can calculate the total
latency introduced by the different latency sources. These calculations can also be seen in
Figure 10.4.

Fiber latency = 400 x 5 psec = 2,000 psec
DCF latency = 20% = 400 psec
Transponder latency =2 x 5 psec = 10 psec
Amplifier latency = 6x30m = 0.9 psec
Total latency = 2,410.9 psec

Transponder Transponde

Optical fiber

| D>

Figure 10.4: Latency introduced on a 400 km long fiber network.

The total latency of such optical network is 2,410.9 ps. This might be perceived as very
low latency considering it is not even close to a millisecond, but in delay-sensitive appli-
cations even 1 us can have a negative effect. That is why new technologies are arising in
the optical world, to strip off as much latency as physically possible.

When it comes to the optical fiber itself, there is nothing anyone can do, unless some-
one has found a way to change the laws of physics of light speed.
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10.2. ADDING PROPAGATION DELAY TO RESULTS

A new technology known as Fiber Bragg Grating (FBG) [Incl1, Norl2] has enabled the
development of the Dispersion Compensation Module (DCM). DCM is used to compensate
for the fiber’s chromatic dispersion as DCF does, however, DCM does not introduce any
delay when doing so. This will shave off up to 25% of the total latency.

For signal amplification, an alternative to EDFA is also available. The Raman ampli-
fiers [Inc11, Norl2] do not require extra meters of fiber to amplify the signal, and so they
deliver low-latency amplification. This will shave off the small latency introduced by all
the EDFAs in the network.

Last but definitely not least, there are the so called ultra low-latency transponders [Nor12].
These are transponders that do not perform complex operations like FEC or management
channels. These kinds of transponders can have up to 1,000X better latency performance
than regular transponders.

Figure 10.5 shows how latency has been reduced by applying these changes to the ex-
ample shown in Figure 10.4.

Low-latency options
Replace DCF with DCM, transponders with ultra low-latency
transponders, and EDFA for Raman amplifiers.

That effectively removes all DCF, transponder , and amplifier
latency for a 17% savings and a total reduction of 411 psec.

Figure 10.5: Lowering latency in optical networks.

So in the end, it is fair to say that the optical network latency can be limited to the
physical limitations of the fiber, to around 5 us per kilometer.

So by mere approximations, this would mean that it would take around 20,000 km (or half
the circumference of the Earth) between source and destination, for the end-to-end delay
of GST traffic to be over the 100 ms threshold of most of the time-sensitive applications
described in section 10.1. And for SM traffic, it would take around 200,000 km (or five
times the circumference of the Earth) distance to reach over one second delay.

So it is safe to say, that even after adding up the propagation delay, using the fusion
technology provided by TransPacket’s H1 nodes, demanding services are transported as
GST traffic with absolute priority, no packet loss, no PDV and minimum delay (way under
upper delay bounds found in Figure 10.1); as well as with regular data, sent as SM traffic,
with a delay way under one second (300 us + distance*5 us), no packet loss and a PDV
of nanoseconds; and a high throughput efficiency of 96.98% of the 10GE lightpath.
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Chapter 11

Conclusion

This thesis work started with the motivation of addressing the following networking prob-
lem: how can we offer the necessary QoS to enable zero packet loss and low predictable
latency to guarantee the transport of demanding services (i.e. real-time traffic, synchro-
nization and control information) with absolute priority while at the same time sharing
link capacity dynamically for traffic with changing intensity and connections with different
bandwidth needs resulting in a higher throughput efficiency?

The first step was to start with a theoretical study of hybrid optical network architec-
tures that would be able to address this problem and combine the best characteristics of
circuit-switching and packet-switching. It was found that research has been made on this
topic, although it was not extensive. Three main architectures have been discussed in
chapter 2, section 2.4. But the main focus of this paper was to work with TransPacket’s
Fusion Networking solution, which is an integrated hybrid optical network; that is they
share the network resources such as bandwidth simultaneously, i.e. each node in an in-
tegrated hybrid network can choose to send traffic wavelength-switched through a pre-
determined connection or circuit; or ignore that circuit path and process the traffic in a
packet-switched manner.

In the fusion network approach, traffic is divided into two service classes while still using
the capacity of the same wavelength in a WRON: the high priority traffic labeled GST for
the circuit-switched class; and the best-effort packet-switched traffic labeled SM offering
high bandwidth efficiency. During experimentation, we worked with TransPacket’s H1
nodes, and VLAN configurations were set in order to differentiate between SM and GST
traffic.

Once a full background study of how fusion technology works and the characteristics
and advantages it theoretically brings was made, we had to set-up a network scenario in
which we could at first-hand, work closely with the H1 nodes, perform several experiments
and get results that would either prove fusion network performs as it does in theory, or not.

In order to accurately measure the GST traffic performance, we generated two 1GE GST
streams from the packet generator in opposite directions and averaged the results together.
Also, SM traffic was added from both N1 and N2, each as a single stream that would go
through the 10GE link 9 times before arriving at its destination. The average GST load
was set to 0.95, and its performance was measured for different network loads on the 10GE
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link by increasing SM load until network congestion occurred.

The experimental results point out that the integrated packet/circuit hybrid optical net-
work known as fusion, carried out by TransPacket’s H1 nodes has the capability of trans-
porting even the most demanding services with no packet loss, ultra-low fixed delay and
almost no PDV (properties that were only offered by legacy circuit technologies like
SONET/SDH); and these values were not impacted or in any way affected by the in-
sertion of SM traffic.

The high throughput efficiency and utilization of the 10GE Ethernet wavelength was
demonstrated by increasing the SM load until SM packets started to get dropped. The
saturation point of this specific network setup was found to be at LF{OGE = 0.9725 and
so according to the results, this network was able to transmit the rest of the data as SM
traffic without packet losses, an average delay of 300 us and a PDV of 670 ns at 96.98%
wavelength utilization.

We also discussed that such results did not include any propagation delay, given the
fact that both H1 nodes were physically connected in the same place. But chapter 10,
section 10.2 concluded that this delay is calculated to be 5 us per kilometer using fibers.
However, for further work (see chapter 12) an actual hands-on experiment where two or
more H1 nodes in different cities or countries are communicating with each other is still
necessary to have actual results on how much this propagation delay contributes or affects
the network performance.

Apart from that, I can conclude that fusion technology works and can be used instead of
legacy circuit technologies like SONET /SDH to transport demanding services with abso-
lute priority and a QoS that can only be provided by circuit-switching; but offering a very
high throughput as the one offered by packet-switching. Fusion networking: the best of
both worlds.
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Chapter 12

Further Work

This master thesis gave a full theoretical background of fusion networking as well as a com-
plete hands-on experiment that provided results to support the theory. However, there is
always more to be done. This chapter gives suggestions on how to proceed with this topic
or experiments that need to be further investigated since they were not covered in this
paper mainly due to time constraints.

As mentioned in chapters 10 and 11, the experiment performed for this thesis did not
include any propagation delay since both H1 nodes were situated in the same location.
And so, the next logical step is to perform a new experiment where N1 and N2 (and maybe
even N3) are physically located hundreds of kilometers apart. I would personally suggest
a connection between Trondheim (Uninett premises) and Oslo (TransPacket offices).

Last but not least, aggregation of 9 GE wavelengths using an H1 with a built-in C2
CWDM MUX/DEMUX module is theoretically possible. This means that the link will
then be able to support up to 90 Gb/s transport capacity. It would be interesting to per-
form an experiment where these C2 modules are used in combination with the H1 nodes
as further work.
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Appendix A

TransPacket H1 Technical
Specifications

Line interface

10Gb/s rate, pluggable. Uncolored, CWDM 8 channels,
DWDM up to 40 channels

Tunable XFP optical interface

Optional XFP for OTN support

Client interface

Up to 9 x 1GbE; SFP: Uncolored, CWDM or DWDM

Aggregation scheme

Up to 9GbE transparent Ethernet lines

Up to 10GbE interfaces for statistical multiplexed aggregation

Latency

1.2 us delay (RFC 1242 store and forward metric) for GE to
10GE aggregation

Latency variation

50 ns packet delay variation (PDV)

Optional plug-in

Optical WDM, OADM or other

Application areas

Metro networks

Mobile backhaul networks
High frequency trading
High quality video transport
Business access segment

Supported functionality

Transparent transport of all types of Ethernet-framed packets
VLAN tags

Add/Drop/Bypass features

- Transparent Ethernet lines configured as bypass or add/drop
- Packet channels add/drop or bypass with QoS guarantees
Synchronous Ethernet

ITU-T 1588 transparent; Extremely low latency and latency
variation, enables transparent tunneling of packets

Quality of Service

Wavelength grade service on Transparent Ethernet ports

- No packet loss

- Future proof QoS Channel option: zero packet loss, mini-
mum latency and latency variation

Management & OAM

In-band or out-of-band management
CLI for installation and commissioning

SNMP
Netconf
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‘Web-browser

RMON
Power consumption Typical 48 W (Including optics)
Dual 24 V or -48V feed
Physical size 43x430x300mm

The specifications and information presented here are subject to change without further
notice, as TransPacket sees fit.
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Appendix B

Master Thesis Outline and Time
Plan

B.1 Outline

TransPacket is a startup-company that has implemented the novel fusion technology, also
called OpMiGua integrated hybrid networks (www.transpacket.com). In the project the
student will perform a network experiment involving TransPacket H1 nodes measuring per-
formance parameters like latency, latency variation (packet delay variation) and packet
loss. The experiment shall be performed in the premises of NTNU but remote operation
of experimental equipment is available.

A rough outline of the master thesis is as follows:

What is the problem? What is the motivation, objective and scope behind this
project?

Comparison of circuit-switching and packet-switching. Why do we need fusion tech-
nology?

Background knowledge of the fusion technology and hybrid networks.
Overview of TransPacket’s H1 fusion networking muxponder.
Previous work done and its results.

Introduction to the lab environment, the software and tools used during experimen-
tation.

Network scenario used for the experiments.
Experimental procedure.

What were the results, what was achieved?
Discussion of the results.

Conclusions.

Further work to be done.
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B.2. TIME PLAN

B.2 Time Plan

Time Plan

Jan 28

Weeks 5 & 6
Week 7

Weeks 8 & 9
Week 10

Week 11
Weeks 12 to 15
Week 16
Weeks 17 to 20
Week 21
Weeks 22 to 24
Weeks 25 & 26

Master thesis start up

Reading background theory

Write final project description

Start writing process

Start experimentation in the lab

Submit an interim report of the thesis to my supervisors for feedback
Lab work and result gathering

Submit a second report for feedback

More lab work and experimentation

Submit a third report for feedback

Wrap up experimentation and document final results
Polish written thesis and final delivery
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Appendix C

H1 Configuration

C.1 Running Configuration
yangcli root@localhost> xget-config select=/ source=running

RPC Data Reply 1 for session 36:

rpe-reply {
data {
arp {

}
hadm {

forward-unmatched-packets true
¥

interfaces {
interface xe0 {
name xe0
ethernet-switching {
trunk-interface {
vlans {
vlan vlan0 {
vlan-name vlan0
h

vlan vlanl {
vlan-name vlanl
}

vlan vlan2 {
vlan-name vlan2
}

vlan vlan3 {
vlan-name vlan3
}

vlan vland {
vlan-name vlan4
}

vlan vlan5 {
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C.1.

RUNNING CONFIGURATION

vlan-name vlanb
}
vlan vlan6 {
vlan-name vlan6
}

vlan vlan7 {
vlan-name vlan7
}

vlan vlan8 {
vlan-name vlan8
}

vlan vlan9 {
vlan-name vlan9
}

}
}
}
}

interface ge0 {
name ge(
ethernet-switching {
access-interface {
vlan {
vlan-name vlan(
}

}
}
}

interface gel {
name gel
ethernet-switching {
access-interface {
vlan {

}

vlan-name vlanl

}
}
}

interface ge2 {
name ge2
ethernet-switching {
access-interface {
vlan {
vlan-name vlan2
}

}
}
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APPENDIX C. H1 CONFIGURATION

interface ge3 {
name ge3
ethernet-switching {
access-interface {
vlan {
vlan-name vlan3
}

¥
}
}

interface ge4 {
name ge4
ethernet-switching {
access-interface {
vlan {
vlan-name vlan4
}

}
}
}

interface geb {
name ged
ethernet-switching {
access-interface {
vlan {
vlan-name vland
}

}
}
}

interface ge6 {
name geb6
ethernet-switching {
access-interface {
vlan {
vlan-name vlan6
}

}
}
}

interface ge7 {
name ge7
ethernet-switching {
access-interface {
vlan {
vlan-name vlan7
}

}
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C.1.

RUNNING CONFIGURATION

}
}

interface ge8 {
name ge8
ethernet-switching {
access-interface {
vlan {
vlan-name vlan8
}

}
}
¥

interface ge9 {
name ge9
ethernet-switching {
access-interface {
vlan {
vlan-name vlan9
priority gst
}
}
}
}

interface me0 {
name me(
inet {
address 158.38.152.166/24
}
}

nacm {

routes {

route 0.0.0.0/0 {
destination-prefix 0.0.0.0/0
next-hop 158.38.152.1

}

vlans {

vlan vlan0 {
id 100

name vlan(

}

vlan vlanl {
id 101

name vlanl

}

vlan vlan2 {
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APPENDIX C. H1 CONFIGURATION

id 102
name vlan2
}
vlan vlan3 {
id 103
name vlan3
}
vlan vlan4 {
id 104
name vlan4
}
vlan vlan5 {
id 105
name vlanb
}
vlan vlan6 {
id 106
name vlan6
}
vlan vlan7 {
id 107
name vlan7
}
vlan vlan8 {
id 108
name vlang
}
vlan vlan9 {
id 109

name vlan9

C.2 VLAN Summary

yangcli root@localhost> show-vlans

RPC Data Reply 2 for session 37:

rpe-reply {
info '>>
VLAN: vlan0
802.1Q Tag: 100
xe0,  trunk
gel, access, sm
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C.2. VLAN SUMMARY

VLAN: vlanl
802.1Q Tag: 101
xe0,  trunk
gel, access,
VLAN: vlan2
802.1Q Tag: 102
xe0,  trunk
ge2, access,
VLAN: vlan3
802.1Q Tag: 103
xe0, trunk
ge3, access,
VLAN: vlan4
802.1Q Tag: 104
xe0,  trunk
ged, access,
VLAN: vlanb
802.1Q Tag: 105
xe0,  trunk
ged, access,
VLAN: vlan6
802.1Q Tag: 106
xe0, trunk
geb, access,
VLAN: vlan7
802.1Q Tag: 107
xe0, trunk
ge’, access,
VLAN: vlan8
802.1Q Tag: 108
xe0,  trunk
ge8, access,
VLAN: vlan9
802.1Q Tag: 109
xe0,  trunk
ge9, access,
<<
¥

S

S1

S1m

S

S11

sm

Sm

S

gst
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Appendix D

Raw Data

D.1

SM 10%

Total Tx Count

Total Rx Count

Total Tx Count

Total Rx Count

Tx L1 (bits)

Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,130,511 732,130,807 4,632,855,825,552 | 4,632,855,630,264 | 4,749,096,707,312 | 4,749,096,573,784
Port 2 77,065,384 77,065,757 487,667,646,456 487,645,822,328 499,998,107,896 499,976,343,448
Port 3 77,065,757 77,065,384 487,645,822,328 487,667,646,456 499,976,343,448 499,998,107,896
Port 4 732,130,897 732,130,511 4,632,855,630,264 | 4,632,855,825,552 | 4,749,996,573,784 | 4,749,996,707,312
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(us) (ps) (us) Count Frame % (ps) (us)
(Frames)
Port 2 -> 3 88.44 26.94 174.49 0 0.000 34.31 112.29
Port 3 -> 2 88.48 27.01 171.95 0 0.000 34.22 108.9
Port 1 -> 4 21.47 20.8 21.59 0 0.000 0.05 0.54
Port 4 -> 1 21.47 20.8 21.6 0 0.000 0.05 0.54

D.2 SM 20%

‘ Total Tx Count ‘ Total Rx Count Total Tx Count Total Rx Count Tx L1 (bits) Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,133,334 732,131,463 4,632,854,408,656 | 4,632,855,345,806 | 4,749,995,742,096 | 4,749,996,379,976
Port 2 154,130,941 154,130,408 975,332,880,808 975,346,816,200 999,993,831,368 1,000,007,681,480
Port 3 154,130,408 154,130,941 975,346,816,200 975,332,880,808 1,000,007,681,480 999,993,831,368
Port 4 732,131,463 732,133,334 4,632,855,345,896 | 4,632,854,408,656 | 4,749,996,379,976 | 4,749,995,742,096
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D.3. SM 30%

Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(us) (us) (us) Count Frame % (pus) (us)
(Frames)
Port 2 -> 3 96.32 26.93 184.53 0 0.000 28.07 104.59
Port 3 -> 2 96.31 26.94 177.12 0 0.000 27.98 103.31
Port 1 -> 4 21.47 20.8 21.59 0 0.000 0.05 0.54
Port 4 -> 1 21.47 20.8 21.6 0 0.000 0.05 0.55

D.3 SM 30%

Total Tx Count

Total Rx Count

Total Tx Count

Total Rx Count

Tx L1 (bits)

Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,126,957 732,129,916 4,632,857,601,976 4,632,856,122,840 4,749,997,915,096 4,749,996,909,400
Port 2 231,197,287 231,197,346 1,462,989,791,840 1,462,988,887,040 1,499,981,357,760 1,499,980,462,400
Port 3 231,197,346 231,197,287 1,462,988,887,040 1,462,989,791,840 1,499,980,462,400 1,499,981,357,760
Port 4 732,129,916 732,126,957 4,632,856,122,840 4,632,857,601,976 4,749,996,909,400 4,749,997,915,096
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(1s) (us) (1s) Count Frame % (1s) (1s)
(Frames)
Port 2 -> 3 106.13 26.88 185.21 0 0.000 21.46 115.89
Port 3 -> 2 106 27.07 182.03 0 0.000 21.16 115.32
Port 1 -> 4 21.47 20.8 21.59 0 0.000 0.05 0.54
Port 4 -> 21.47 20.8 21.6 0 0.000 0.05 0.54

D4

SM 40%

Total Tx Count

Total Rx Count

Total Tx Count

Total Rx Count

Tx L1 (bits)

Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,130,801 732,133,431 4,632,855,629,608 | 4,632,854,355,036 | 4,749,096,572,168 | 4,749,005,704,896
Port 2 308,262,068 308,263,532 1,950,671,633,848 | 1,950,657,153,400 | 1,999,993,564,728 | 1,999,979,318,520
Port 3 308,263,532 308,262,068 1,950,657,153,400 | 1,950,671,633,848 | 1,999,979,318,520 | 1,999,993,564,728
Port 4 732,133,431 732,130,891 4,632,854,355,936 4,632,855,629,608 4,749,995,704,896 4,749,996,572,168
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(us) (us) (us) Count Frame % (us) (us)
(Frames)
Port 2 -> 3 112.87 27.26 185.54 0 0.000 16.52 111.63
Port 3 -> 2 112.96 27.27 185.03 0 0.000 16.32 109.23
Port 1 -> 4 21.47 20.8 21.59 0 0.000 0.05 0.54
Port 4 -> 21.47 20.8 21.6 0 0.000 0.05 0.54

D.5

SM 50%

Total Tx Count

Total Rx Count

Total Tx Count

Total Rx Count

Tx L1 (bits)

Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,130,006 732,129,474 4,632,856,075,784 4,632,856,340,344 4,749,996,876,744 4,749,997,056,184
Port 2 385,329,763 385,329,604 2,438,327,745,176 2,438,328,796,648 2,499,980,507,256 2,499,981,533,288
Port 3 385,329,604 385,329,763 2,438,328,796,648 2,438,327,745,176 2,499,981,533,288 2,499,980,507,256
Port 4 732,129,474 732,130,006 4,632,856,340,344 4,632,856,075,784 4,749,997,056,184 4,749,996,876,744
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
‘ (us) ‘ (1s) (1s) Count Frame % (1) (us)
(Frames)

Port 2 -> 3 118.92 27.45 194.75 0 0.000 12.87 108.97
Port 3 -> 2 119.03 27.63 193.39 0 0.000 12.77 108.25
Port 1 -> 4 21.47 20.79 21.59 0 0.000 0.05 0.54
Port 4 -> 1 21.47 20.8 21.6 0 0.000 0.05 0.54
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APPENDIX D. RAW DATA

D.6 SM 60%

Total Tx Count Total Rx Count Total Tx Count Total Rx Count Tx L1 (bits) Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,126,957 732,129,916 4,632,857,601,976 4,632,856,122,840 4,749,997,915,096 4,749,996,909,400
Port 2 462,395,672 462,397,726 2,926,001,283,064 2,925,992,079,232 2,999,984,590,584 2,999,975,715,392
Port 3 462,397,726 462,395,672 2,925,992,079,232 | 2,926,001,283,064 | 2,999,975,715,392 | 2,999,984,590,584
Port 4 732,129,916 732,126,957 4,632,856,122,840 | 4,632,857,601,976 | 4,749,996,909,400 | 4,749,997,915,096
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(1s) (1s) (1s) Count Frame % (1s) (ns)
(Frames)
Port 2 -> 3 125.48 29.01 196.67 0 0.000 9.87 106.24
Port 3 -> 2 125.6 29.14 199.58 0 0.000 9.84 106.04
Port 1 -> 4 21.47 20.79 21.59 0 0.000 0.05 0.53
Port 4 -> 1 21.47 20.8 21.6 0 0.000 0.05 0.55

D.7 SM 70%

Total Tx Count

Total Rx Count

Total Tx Count

Total Rx Count

Tx L1 (bits)

Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,130,801 732,131,812 4,632,855,629,608 | 4,632,855,172,408 | 4,749,096,572,168 | 4,749,906,262,328
Port 2 539,462,074 539,461,730 3,413,673,243,632 | 3,413,674,255,008 | 3,499,987,175,472 | 3,499,988,131,808
Port 3 539,461,730 539,462,074 3,413,674,255,008 | 3,413,673,243,632 | 3,499,988,131,808 | 3,499,987,175,472
Port 4 732,131,812 732,130,891 4,632,855,172,408 | 4,632,855,629,608 | 4,749,996,262,328 | 4,749,996,572,168
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(us) (ps) (us) Count Frame % (ps) (us)
(Frames)
Port 2 -> 3 132.55 31.09 204.42 0 0.000 7.17 101.29
Port 3 -> 2 132.76 33.53 214.58 0 0.000 7.17 93
Port 1 -> 4 21.47 20.79 21.59 0 0.000 0.05 0.55
Port 4 -> 21.47 20.81 21.6 0 0.000 0.05 0.56

D.8 SM 80%

Total Rx Count Total Tx Count Total Rx Count Tx L1 (bits) Rx L1 (bits)

Total Tx Count ‘

(frames) (frames) (bits) (bits)
Port 1 732,130,052 732,129,797 4,632,856,054,128 4,632,856,178,640 4,749,996,862,448 4,749,996,946,160
Port 2 616,530,651 616,529,093 3,901,342,381,056 3,901,345,159,512 3,999,987,285,216 3,999,989,814,392
Port 3 616,529,093 616,530,651 3,901,345,159,512 3,901,342,381,056 3,999,989,814,392 3,999,987,285,216
Port 4 732,129,797 732,130,052 4,632,856,178,640 4,632,856,054,128 4,749,996,946,160 4,749,996,862,448
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(1s) (1s) (1s) Count Frame % (1s) (1s)
(Frames)
Port 2 -> 3 140.89 45.75 211.53 0 0.000 4.6 75.97
Port 3 -> 2 141.12 62.44 216.44 0 0.000 4.64 71.84
Port 1 -> 4 21.47 20.79 21.59 0 0.000 0.05 0.54
Port 4 -> 21.47 20.8 21.6 0 0.000 0.05 0.55

D.9 SM 90%

Total Tx Count

Total Rx Count

Total Tx Count

Total Rx Count

Tx L1 (bits)

Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,126,802 732,129,850 1,632,857,636,080 | 4,632,856,155,256 | 4,749,007,038,800 | 4,749,996,031,256
Port 2 693,594,213 693,597,928 4,389,020,571,496 | 4,389,017,298,600 | 4,499,995.645,576 | 4,499,992.967,080
Port 3 693,597,928 693,594,213 4,389,017,298,600 | 4,389,020,571,496 | 4,499.992.967,080 | 4,499,995,645,576
Port 4 732,129,850 732,126,892 4.632,856,155,256 | 4,632,857,636,080 | 4,749.996,931,256 | 4,749,997,938,800
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D.10. SM 95%

Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(us) (us) (us) Count Frame % (pus) (us)
‘ ‘ ‘ (Frames) ‘ ‘
Port 2 -> 3 154.65 48.38 229.09 0 0.000 2.22 72.44
Port 3 -> 2 154.88 102.93 239.85 0 0.000 2.26 66.73
Port 1 -> 4 21.47 20.79 21.59 0 0.000 0.05 0.54
Port 4 -> 1 21.47 20.8 21.6 0 0.000 0.05 0.54

D.10 SM 95%

Total Tx Count

Total Rx Count

Total Tx Count

Total Rx Count

Tx L1 (bits)

Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,130,057 732,132,244 4,632,856,055,104 4,632,854,957,944 4,749,996,864,224 4,749,996,116,984
Port 2 732,130,246 732,131,791 4,632,855,952,840 4,632,855,178,296 4,749,996,792,200 4,749,996,264,856
Port 3 732,131,791 732,130,246 4,632,855,178,296 4,632,855,952,840 4,749,996,264,856 4,749,996,792,200
Port 4 732,132,244 732,130,057 4,632,854,957,944 4,632,856,055,104 4,749,996,116,984 4,749,996,864,224
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(1s) (us) (1s) Count Frame % (1s) (1s)
(Frames)
Port 2 -> 3 178.66 52.36 269.82 0 0.000 1.13 73.32
Port 3 -> 2 178.93 103.36 261.79 0 0.000 1.13 61.45
Port 1 -> 4 21.47 20.8 21.59 0 0.000 0.05 0.54
Port 4 -> 21.47 20.8 21.6 0 0.000 0.05 0.54

D.11 SM 96%

Total Tx Count

Total Rx Count

Total Tx Count

Total Rx Count

Tx L1 (bits)

Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,129,108 732,133,105 4,632,856,531,144 | 4,632,854,519,624 | 4,749,097,188,424 | 4,749,005,816,424
Port 2 739,837,667 739,837,265 4,681,623,201,680 | 4,681,623,369,584 | 4,799,997,228,400 | 4,799,997,331,984
Port 3 739,837,265 739,837,667 4,681,623,369,584 | 4,681,623,201,680 | 4,799,997,331,984 | 4,799,997,228,400
Port 4 732,133,105 732,129,108 4,632,854,519,624 4,632,856,531,144 4,749,995,816,424 4,749,997,188,424
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(us) (us) (us) Count Frame % (us) (us)
(Frames)
Port 2 -> 3 194.25 52.39 292.06 0 0.000 0.92 68.46
Port 3 -> 2 194.49 108.75 286.61 0 0.000 0.91 55.07
Port 1 -> 4 21.47 20.79 21.59 0 0.000 0.05 0.54
Port 4 -> 21.47 20.8 21.6 0 0.000 0.05 0.55

D.12 SM 97%

Total Tx Count

Total Rx Count

Total Tx Count

Total Rx Count

Tx L1 (bits)

Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,129,165 732,129,700 4,632,856,502,992 4,632,856,233,168 4,749,997,169,392 4,749,996,985,168
Port 2 747,544,696 747,543,428 4,730,390,689,256 4,730,391,155,592 4,849,997,840,616 4,849,998,104,072
Port 3 747,543,428 747,544,696 4,730,391,155,592 4,730,390,689,256 4,849,998,104,072 4,849,997,840,616
Port 4 732,129,700 732,129,165 4,632,856,233,168 4,632,856,502,992 4,749,996,985,168 4,749,997,169,392
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
‘ (us) ‘ (1s) (1s) Count Frame % (1) (us)
(Frames)

Port 2 -> 3 255.72 50.75 423.62 0 0.000 0.71 70.27
Port 3 -> 2 255.13 112.43 412.88 0 0.000 0.71 64.34
Port 1 -> 4 21.47 20.79 21.59 0 0.000 0.05 0.54
Port 4 -> 1 21.47 20.8 21.6 0 0.000 0.05 0.54
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APPENDIX D. RAW DATA

D.13 SM 97.2%

Total Tx Count

Total Rx Count

Total Tx Count

Total Rx Count

Tx L1 (bits)

Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,131,050 732,133,334 4,632,855,551,528 4,632,854,408,656 4,749,996,519,528 4,749,995,742,096
Port 2 749,084,760 749,087,568 4,740,144,656,512 4,740,143,687,168 4,859,998,218,112 4,859,997,698,048
Port 3 749,087,568 749,084,760 4,740,143,687,168 | 4,740,144,656,512 | 4,859,997,698,048 | 4,859,998,218,112
Port 4 732,133,334 732,131,050 4,632,854,408,656 | 4,632,855,551,528 | 4,749,995,742,006 | 4,749,996,519,528
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(1s) (1s) (1s) Count Frame % (1s) (ns)
(Frames)
Port 2 -> 3 302.05 52.46 549.66 0 0.000 0.67 77.5
Port 3 -> 2 301.32 105.6 557.74 0 0.000 0.67 63.32
Port 1 -> 4 21.47 20.8 21.59 0 0.000 0.05 0.55
Port 4 -> 1 21.47 20.8 21.6 0 0.000 0.05 0.54

D.14 SM 97.5%

Total Tx Count Total Rx Count Total Tx Count Total Rx Count Tx L1 (bits) Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,130,477 732,132,836 4,632,855,839,144 | 4,632,854,657,728 | 4,749,096,715,464 | 4,749,005,011,488
Port 2 751,397,630 751,397,006 4,754,774,651,152 | 4,754,774,849,688 | 4,874,998,271,952 | 4,874,998,370,648
Port 3 751,397,006 750,776,430 4,754,774,849,688 | 4,749,898,044,040 | 4,874,998,370,648 | 4,870,022,272,840
Port 4 732,132,836 732,130,477 4,632,854,657,728 | 4,632,855,839,144 | 4,749,995,911,488 | 4,749,996,715,464
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(us) (ps) (us) Count Frame % (ps) (us)
(Frames)
Port 2 -> 3 262,649.27 50.62 275,283.11 621,200 0.082 0.64 122.08
Port 3 -> 2 7,133.08 108.62 59,352.89 0 0.000 0.61 97.36
Port 1 -> 4 21.47 20.8 21.59 0 0.000 0.05 0.54
Port 4 -> 21.47 20.8 21.6 0 0.000 0.05 0.55

D.15 SM 97.8%

Total Tx Count

Total Rx Count

Total Tx Count

Total Rx Count

Tx L1 (bits)

Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,130,477 732,132,836 4,632,855,839,144 4,632,854,657,728 4,749,996,715,464 4,749,995,911,488
Port 2 753,708,810 749,333,561 4,769,405,185,888 4,736,346,264,008 4,889,998,595,488 4,856,239,633,768
Port 3 753,710,460 750,506,487 4,769,404,681,560 4,745,196,965,672 4,889,998,355,160 4,865,278,003,592
Port 4 732,132,836 732,130,477 4,632,854,657,728 4,632,855,839,144 4,749,995,911,488 4,749,996,715,464
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(1s) (1s) (1s) Count Frame % (1s) (1s)
(Frames)
Port 2 -> 3 517,695.65 51.78 544,692.02 3,202,323 0.424 0.67 113.73
Port 3 -> 2 275,091.54 105.41 346,964.99 4,376,899 0.580 0.71 124.05
Port 1 -> 4 21.47 20.8 21.59 0 0.000 0.05 0.54
Port 4 -> 21.47 20.8 21.6 0 0.000 0.05 0.56

D.16 SM 98%

Total Tx Count

Total Rx Count

Total Tx Count

Total Rx Count

Tx L1 (bits)

Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,129,165 732,129,700 1,632,856,502,002 | 4,632,856,233,168 | 4,749,007,169,302 | 4,749,996,085,168
Port 2 755.250,052 748,717,998 4,779,158,732,088 | 4,729,882,738,888 | 4,899,098.740,408 | 4,849,677.618,568
Port 3 755,250,948 749,502,194 4,779,158,472,472 | 4,735,660,597,232 | 4,899,998.624,152 | 4,855,580,948,272
Port 4 732,129,700 732,129,165 4,632,856,233,168 | 4,632,856,502,992 | 4,749.996.985,168 | 4,749,997,169,392
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D.17. SM 99%

Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(us) (us) (us) Count Frame % (pus) (us)
(Frames)
Port 2 -> 3 532,510.53 51.85 547,566.25 5,747,858 0.761 0.72 126.06
Port 3 -> 2 513,152.71 103.11 573,188.61 6,532,950 0.865 0.75 128.8
Port 1 -> 4 21.47 20.8 21.6 0 0.000 0.05 0.54
Port 4 -> 1 21.47 20.81 21.6 0 0.000 0.05 0.54

D.17 SM 99%

Total Tx Count

Total Rx Count

Total Tx Count

Total Rx Count

Tx L1 (bits)

Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,127,348 732,131,888 4,632,857,407,608 4,632,855,137,216 4,749,997,783,288 4,749,996,239,296
Port 2 762,960,341 730,127,698 4,827,925,482,312 4,580,199,212,752 4,949,999,136,872 4,697,019,644,432
Port 3 762,956,673 750,126,943 4,827,926,308,280 4,729,540,680,024 4,949,999,375,960 4,849,560,990,904
Port 4 732,131,888 732,127,348 4,632,855,137,216 4,632,857,407,608 4,749,996,239,296 4,749,997,783,288
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(1s) (us) (1s) Count Frame % (1s) (1s)
(Frames)
Port 2 -> 3 740,926.28 50.56 829,094.49 12,833,398 1.682 0.78 183.41
Port 3 -> 2 684,126.46 107.77 877,712.63 32,828,975 4.302 1.51 158.74
Port 1 -> 4 21.47 20.81 21.6 0 0.000 0.05 0.55
Port 4 -> 21.47 20.8 21.59 0 0.000 0.05 0.54

D.18 SM 99.5%

Total Tx Count

Total Rx Count

Total Tx Count

Total Rx Count

Tx L1 (bits)

Rx L1 (bits)

(frames) (frames) (bits) (bits)
Port 1 732,130,850 732,126,057 4,632,855,653,856 | 4,632,857,601,076 | 4,749,996,589,856 | 4,749,097,915,096
Port 2 766,808,243 724,004,546 4,852,310,426,520 | 4,529,716,567,080 | 4,974,999,745,400 | 4,645,557,294,440
Port 3 766,811,322 748,614,015 4,852,309,836,952 | 4,713,982,791,080 | 4,974,999,648,472 | 4,833,761,033,480
Port 4 732,126,957 732,130,850 4,632,857,601,976 4,632,855,653,856 4,749,997,915,096 4,749,996,589,856
Avg Latency Min Latency Max Latency Dropped Dropped Avg Jitter Max Jitter
(us) (us) (us) Count Frame % (us) (us)
(Frames)
Port 2 -> 3 514,354.85 52.03 720,923.39 18,194,228 2.372 0.84 147.77
Port 3 -> 2 760,839.1 104.61 898,070.25 42,806,776 5.582 1.75 161.2
Port 1 -> 4 21.47 20.8 21.6 0 0.000 0.05 0.53
Port 4 -> 21.47 20.8 21.59 0 0.000 0.05 0.54
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