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3.3 Is network coding feasible for media streaming
on the iPhone?

We are now ready to investigate the following question:
From the perspectives of CPU usage and energy consump-
tion, is it feasible to incorporate random network coding as
part of a P2P media streaming solution on the iPhone plat-
form? Although we are not yet at the stage of deploying a
complete and working P2P media streaming system on the
iPhone, it would be interesting to study its feasibility before
such a deployment. We would like to know if there exist
realistic network coding settings that can work efficiently
while the content of a media stream is received and played
back on the iPhone.

3.3.1 Profiling YouTube playback on the iPhone

Before bringing network coding to the picture, we need to
know more about properties of receiving and playing back
content of a video stream on the iPhone platform. We use
iPhone’s YouTube player for this purpose, and try to pro-
file the network bandwidth and CPU usage while watch-
ing a video stream over the WiFi connection of our iPod
Touch (chosen over the iPhone 3G due to its higher clock fre-
quency). We use WiFi connectivity over 3G as it is the com-
mon denominator of wireless interfaces across the iPhone
family of devices. It also allows us to playback higher qual-
ity videos than using the 3G network.

To monitor the activity of processes during playback, we
use the Instruments application included in the iPhone de-
velopment environment (Xcode), running on a Mac desktop
connected to our iPod Touch via a USB connection. We
tested three video clips from YouTube, with various media
properties. We monitor the CPU usage and network activity
while each video clip is played. As it is not possible to save
video clips on the iPhone platform, we eventually needed to
determine their properties using our Mac desktop.

Table 1: YouTube contents & steaming experiments
Clip name Size Bitrate Length CPU Ingress

min:sec usage
History of 320x 300 Kbps 8:10 12.9% 61 KB/s
the Internet 180 (37.5 KB/s)
Validation 320x 400 Kbps 16:23 14.1% 101 KB/s

240 (50 KB/s)
Obama’s 640x 620 Kbps 21:22 14.9% 112 KB/s
Inauguration 360 (77.5 KB/s)

Table 1 shows the properties of each clip and our measure-
ment results regarding the average ingress streaming rate
and average CPU usage due to video decoding and playback
of the clip. It turned that the YouTube process is only active
for a short period of time, when the user interacts with the
GUI to search and to launch a video clip. The decoding and
playback are handled by the mediaserverd process. The
springboard process, which manages the matrix of applica-
tions on the iPhone, consumes about 2% of the CPU. We
noticed a separate DTMobileIS process continuously consum-
ing around 6% of CPU cycles, which is the instrumentation
service running on the device to collect measurements and
to transfer the data via USB to the monitoring Mac desktop.

As noted in Table 1, media decoding and playback con-
sume only a small portion of the CPU processing power,
implying that more complex media decoding operations are
all delegated to the POWERVR GPU. This is good news
for us as it enables us to use the available CPU cycles for
network coding. The average ingress rate is higher than the
actual video rate because it reflects the raw incoming bytes,
and also due to the overhead of the streaming protocol.

3.3.2 CPU usage of random network coding

At this point, we wish to design experiments with network
coding that complement the playback of YouTube video
clips. Without a fully integrated network coded stream-
ing system, we have designed a simpler experimental setup
that is still able to capture the CPU usage of network cod-
ing at the streaming rates relevant to each video clip. In
our experiments, we have implemented an iPhone applica-
tion that performs network decoding and encoding at rates
corresponding to a realistic P2P media streaming scenario.
Since the iPhone prohibits third-party applications running
as a background process, we have no choice but to run our
streaming experiments in a standalone manner, i.e., without
the YouTube application running concurrently.

We first need to determine the appropriate settings for
network coding in our video clips. Our (n = 128, k = 4096)
benchmark leads to a segment size of 512 KB, suitable for
higher quality streaming rates, such as 768 Kbps. For a 300
Kbps clip such as History of the Internet, a segment size
of 512 KB would correspond to over 13 seconds worth of
content, leading to a long initial buffering delay. We have
selected a segment size of 256 KB, corresponding to initial
buffering delays of 3–7 seconds in our three video clips. With
this segment size, we intend to evaluate two network coding
settings: (n = 128, k = 2048) and (n = 64, k = 4096).

If a network coded P2P streaming system is deployed on
the iPhone, it not only needs to decode the incoming stream,
but also needs to encode and serve a small number of neigh-
boring nodes with network coded blocks. We intend to run
different experiments for 1, 2 and 4 downstream nodes. Un-
fortunately, based on our coding performance results, the
ARMv6 core does not have the computation power to decode
at the video bit rate R and encode at 4R (for four down-
stream nodes). To reduce the computation load, we vary
the density of random network coding. Existing work [12]
has demonstrated that the coding matrix can be as sparse
as a 7 − 10% density setting, without increasing the risk
of linear dependence among coded blocks. Conservatively,
we use a density of 1/d if d downstream nodes are served
concurrently so the aggregate encoding rate will still be R.

Table 2 shows the average CPU usage in our experiments,
with network coding performed at the corresponding stream-
ing rates of the three test video clips. In addition to the
actually measured CPU usage, we have also estimated the
CPU usage through CPU usageEst = R/BWenc +R/BWdec,
where BW reflects the coding bandwidth from Fig. 4 at the
related setting. As observed from the table, the measured
CPU usage for d = 1 is very close to our estimates based
on the above formula. Also, the CPU usage of (n = 64, k =
4096) is almost half of (n = 128, k = 2048)’s across the
board as expected. However, the CPU usage decrease for
d = 2 and even further for d = 4 are surprising results. This
turns out to be from improved decoding performance as the
codes become sparser. The last column, d = 0, corresponds

Table 2: CPU usage of network coded streaming.
(n = 128, k = 2048)

Clip name Est. d = 1 d = 2 d = 4 d = 0
Hist. of the Internet 41% 42% 37% 35% 22%
Validation 55% 55% 49% 44% 31%
Obama’s Inauguration 86% 85% 75% 69% 44%

(n = 64, k = 4096)
Clip name Est. d = 1 d = 2 d = 4 d = 0
Hist. of the Internet 21% 22% 18% 17% 12%
Validation 27% 28% 25% 22% 16%
Obama’s Inauguration 43% 43% 38% 35% 22%
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Summary

iPhone has enough computation power for network coding

in VoD, live streaming; client/server, P2P

Various tradeoffs

coding setting, cpu/power usage

(n=64, k=4096)

@620 Kbps:  22% (decode); 35% (decode + 4 peers)

Does it worth it?

increase in power use

22% extra usage is high for real applications

sweet spot?

Upcoming devices

higher frequency; real SIMD?
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