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Abstract—Nowadays, most of the data traffic on the Internet
is audio and video content, such as streaming media, Internet
TV and so on. High-quality interactive multimedia content re-
quires a high-quality real-time network. The traditional network
protocol cannot meet all of the low latency, reliability, and time
deterministic requirements for real-time data transmission. Fur-
thermore, the currently packet-switched network cannot avoid
the disadvantages of delay, large overhead, and time uncertainty.
Flexilink is a kind of new dynamic time division multiplexing
protocol architecture that provides a low-latency, unified network
infrastructure for real-time traffic and traditional best-effort
traffic. Based on the Flexilink protocol, this paper proposes a new
data flow scheduling model called “Short Cycle Conversion (SCC)
” to further ensure deterministic transmission and low latency.
Experimental results show that SCC provides better real-time
performance than the existing RMS and NP-RMS algorithms
and can meet requirements of professional multimedia data
transmission.

Index Terms—Flexilink, latency, scheduling, deterministic

I. INTRODUCTION

With the increasing network bandwidth, multimedia data
such as audio video content has been recently exceed the
ordinary file transmissions on the Internet. High-quality mul-
timedia data has higher complexity and variability, which
causes the data transmission with higher complexity and
unpredictability. This will have an negative impact on high-
quality multimedia data transmission which required to be
low-latency, reliable, and real-time.

Due to retransmission and congestion control mechanisms,
TCP network transmission is not suitable for low-latency
real-time transmission [1]. For network voice communication,
network video chat, etc., people often have bad experience
on unstable data transmission. Not to mention high-definition
interactive multimedia applications and other commercial ap-
plications which have high requirement on low latency, like
intercontinental high frequency transactions and e-banking, as
well as the emerging internet of things. Existing solutions,
such as complex quality of service (QoS) management [2] and
redundant bandwidth, do not fundamentally solve the problem
[3]. Instead, they greatly increase complexity, cost, and energy
of network systems [4] [5].

Flexilink is a new network framework protocol that supports
both best-effort data and efficient real-time traffic (real-time
data) [6]. It can make full use of the effective network
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bandwidth and considers the time management of real-time
traffic. Also it has the advantages of high throughput, low
latency, time certainty and avoiding high packet loss rate.

Based on Flexilink, this paper proposes a novel data flow
transmission scheduling model SCC to achieve low-latency,
reliable, and real-time data transmission. The model perfectly
fits the transmission strategy of the Flexilink protocol and can
improve the throughput of data transmission, making SCC
more efficient to reduce transmission delay, avoid packet loss,
and predict the transmission time of critical data.

The rest of this paper is organized as follows. The second
section describes the Flexilink protocol and the RMS schedul-
ing algorithm [7]. The third section proposes the scheduling
model of SCC. In the fourth quarter we conduct experiments
to test the performance of SCC. Finally in the fifth section,
we summarize the paper.

II. RELATED WORK

A. Flexilink protocol

Flexilink is a Layer 2 based network protocol that combines
the advantages of Time Division Multiplexing (TDM) and best
effort networks [8]. As a result, it can effectively support
best-effort general data as well as time-critical audio data.
Flexilink’s hybrid transmission mode predicts the transmission
delay of time-critical data, improves transmission efficiency
and guarantees quality of service (QoS). Because Flexilink
is developed with the prototype network processor architec-
ture and interface cards, it has maximum compatibility with
existing network infrastructure and related network protocols.
Flexilink supports full-duplex mode operation, avoiding the
uncertainty of CSMA/CD.

In Flexilink network, there are mainly three types of traffic
data: Synchronous Flow (SF), Asynchronous Flow (AF)
and Control Message (CM). SF refers to data that has a
fixed period and requires predictable delays, that is, time
deterministic data [6]. AF refers to data that has no high
requirement for latency but is transmitted as early as possible,
that is, best-effort data. C'M is a kind of initial interrupt signal
and present in session control and link management to ensure
the reliability of data transmission. Among these traffic data,
C'M has the highest transmission priority.



The data link layer (MAC layer) of Flexilink uses the second
layer of network. For C'M, since it controls connections
and interrupts, the amount of data contained is minimal.
Moreover, due to its highest priority, it is not encapsulated into
frames for transmission but transmitted directly. The real-time
performance of SF' and AF is not as high as that of CM,
but the amount of data is much larger than that of C'M, so
the method of transmitting frames is used.
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Fig. 1. The transmission architecture of Flexilink

The transmission architecture of Flexilink is shown in Fig.
1. It has the following main parts: transmission logic, receiving
logic, and buffer. The transmission logic layer includes point-
to-point identification, real-time transmission of C'M data, and
transmission of information content and traffic encryption. The
receiving logic layer identifies the transmitter, receives the
CM data in real time, and analyzes the encrypted content [3].
The design of the transmission logic and the receiving logic
effectively improves data security. The buffer can reduce data
jitter during transmission, degrade the probability of packet
loss, and ensure stable transmission under high load.

The data transmission consists of two stages. First, data
enters the transmission logic, and the transmission logic iden-
tifies the data. If the data is the C'M data, it is transmitted
directly to the receiving logic over the network. If the data is
the SI data or the AF data, it is transmitted to the buffer.
When a certain amount of data is buffered in the buffer, data
is scheduled and sent to the network. Second, the buffer of
the receiving logic end buffers the transmitted SF and AF
data and performs scheduling. After scheduling, the receiving
logic identifies and output data.

For Flexilink, by using a Simplified Jumbo Frame (RJF)
as a transmission frame, the transmission time of multiple
RIJFs are regarded as an Allocation Period (AP), which makes
each data flow have a fixed position in each AP [7]. For time
division, a periodic uniform distribution of SF' data is formed.
As shown in Fig. 2, it is an ideal transmission link. In a link
with sufficient bandwidth, we can pre-allocate space or time
slots for SF' data flows. AF data flow can be transmitted in
the gap of the SF data flows during transmission process.
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Fig. 2. An ideal traffic link

The purpose of SCC proposed in this paper is to convert
the AP into shorter periods to schedule as much SF data as
possible, which can ensure the time certainty of the data and
make the AP cache time shorter.

B. The RMS algorithm

The Ratio Monotonic Scheduling (RMS) is a static real-time
scheduling algorithm and known to be optimal [9]. It assigns
a fixed priority for each task on the basis of their periods. The
shorter the period of a task, the higher its priority. For example,
there are two tasks u and v, and the period of u is smaller than
that of v, then w has a priority higher than v. RMS typically
makes decisions at the least common multiple (LCM) period of
all tasks, where the LCM period is repeated until all tasks are
scheduled. RMS can not only solve preemptive task scheduling
problem, but also non-preemptive task scheduling problem.
When it is used to solve non-preemptive task scheduling
problem, it is called NP-RMS [10].

1II. THE PROPOSED SCC SCHEDULING MODEL

In this section, we will propose the SCC scheduling model.
Since the C'M data is directly transmitted through the transport
logic layer, only the transmission of the SF' data and the AF
data are considered in the Flexilink protocol.

A. Data flow task set

For SF data streams which are usually periodic, we can
represent them with a set of periodic data flow tasks, and each
task Flow; is a data flow with 3 parameters C;, T;, and D;.
Where

o C; is the worst transmission time of task Flow;.

o T; is the transmission period of task Flow;.

e D, is the cutoff transmission time of task F'low;(Usually

equal to the end of the current cycle).

For the AF' data stream which is non-real-time and the data
stream length is variable, we transmit it in the gap of SF' data
streams during transmission in the model.

B. The period of the data flow task set

Periodic task scheduling algorithms usually make decisions
based on the LCM period of all tasks, and the subsequent task
scheduling is repeated in each periodic LCM. SF data stream
in Flexilink is periodic, so our SCC scheduling model also
adopts this LCM period decision method.

Let T'S be the initial period of a set of real-time data flow
tasks, then we have

TS = LCM{T;},1<i<n, (1

where n is the number of data flows (i.e., tasks) in the given
set.



C. Scheduling priority

The SCC scheduling model uses a hierarchical priority
allocation strategy to divide data streams into two layers. The
first layer is the real-time data stream SF', and the second
layer is the non-real-time data stream AF'. Since the SF data
stream 1is real-time and the AF' data stream is non-real-time,
the first layer has a higher priority than the second layer.

For each data flow in the SF' data stream set in the first
layer, we use the priority strategy of the RMS algorithm to
assign priority for it. The shorter the data flow period, the
higher its priority. In order to avoid the interruption which
increases the burden on the network transmission system,
preemption behaviors cannot occur between data streams [11].

The priority strategy of the SCC scheduling model can
effectively eliminate data interference during the mixed trans-
mission process of the SF data stream and the AF data
stream, and improve the security of data transmission.

D. SCC scheduling strategy

Generally, the period of a data flow task set is the least
common multiple period of all data flows in the data flow
set. This often makes the LCM too large and results in too
much data being cached in the buffer. Excessive cached data
imposes an excessive burden on network devices that it is
prone to overload, high latency, and time uncertainty during
the transmission process, causing a poor network transmission
experience. SCC reduces the buffer pressure by narrowing the
period T'S of the data flow task set, conforms to the time
deterministic idea of Flexilink, and schedules the buffered
data flow in the buffer. By doing so, it makes the data
transmission mechanism have the characteristics of estimating
the transmission time of data.

In the Flexilink protocol, multiple simplified jumbo frames
are cached as one transmission frame. The AP of the trans-
mission frame is the period 7'S of the data flow task set. SCC
proposes a strategy of adding virtual data flow tasks to greatly
reduce the T'S. Let T'S’ be the narrowed task set period, and
we set T'S’ to be the period of the data flow with the largest
period in the real-time data flow task set, that is

TS" =maz{T;},1 <i<n. 2)

InaTs§s, let f; be the frequency that the real-time data flow
Flow; appears, then

In a T'S, suppose that the number of 7'S” is N, we have
N =min{f;},1<i<n. ()

In the SCC scheduling model, we propose a concept called
ideal frequency which refers to the number of occurrences
of each real-time data flow. Denote f;?% to be the ideal
frequency data flow Flow;. We have

fi

ideal __

1,1<i<n. )
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Since the value of ff4¢@! is rounded up, a situation may
occur in a T'S’: some data flows can reach the ideal frequen-
cies, and other data flows have a difference from their ideal
frequency value by one. To solve this problem, we add virtual
tasks (invalid data flows that occupy transmission resources but
have no effect on the system) to replace the corresponding real-
time data flows, so that the frequency of each data flow can
reach the ideal frequency fantasy in each T'S’. After virtual
tasks are added, the number of the same data flow in each
TS’ is the same. Then, we only need to schedule data flow
tasks in each 7'S’ according to the same scheduling scheme.
The period of the data flow task set can be changed from the
initial period T'S = LCM{T},T5,...,T,} to T'S’, so that it
is shortened several times of T'5’.

For the problem of how to schedule the data flows in each
TS’, we assign a priority for each data flow according to the
priority allocation strategy of RMS: the shorter the data flow
period, the higher its priority. Then we schedule all the data
flows in a T'S” by the order of their priorities. After data
streams in each T'S’ are released from the buffer, they will be
transmitted according to their scheduling orders. In each 7°S’,
all data streams may not be able to fill the entire TS’ peirod.
In order to avoid wasting system resources and bandwidth, we
choose to perform non-real-time best effort data flow AF' in
the remaining time slot.

The caching mechanism of the Flexilink protocol enables
Flexilink to provide time-deterministic data transmission. SCC
is time-deterministic in accordance with the Flexilink protocol.
When the entire T'S’ is buffered in the buffer, the buffer will
release all the data flows in a 7'S’ for transmission. Since SCC
has no preemption mechanism, we can accurately calculate the
locations of all data flows during transmission, which allows
to estimate the time and delay of all data flows.

RMS has been proved to be optimal for static priority
scheduling. SCC follows RMS’ priority allocation strategy to
schedule data flows in a T'S’. Therefore, it is also optimal.

Fig. 3 gives an example generated by the SCC scheduling
model. In the example, there are three real-time data flow tasks
Flow, Flows, and Flows with periods satisfying 77 < T, <
T;. Initially, 'S = LCM{T}, 75,73} and T'S’ = T3. Suppose
that f; = 15, fo = 10, and f3 = 6, and we obtain N = 6.
Furthermore, we get fidee! = 3, fideal — 9 and fidesl — 1. In
the first TS’ of a T'S, Flow; occurs three times, Flow, occurs
twice, and Flows occurs once, so the first three data flows are
Flows, then two Flows, then one Flows. After that, 'S’ has
remaining time slot and we use it to perform a AF' data flow.
In the second T'S’ of the T'S, Flow; occurs twice, Flows
occurs twice, and Flows occurs once. To keep fi%% =3, a
virtual flow is added with the same transmission time as that
of Flow;. Herein, the first two data flows are Flow;, then
one virtual flow, then two F'lows, then one Flows, then one
AF in the second T'S’. Table 1 summarizes the number of
virtual flows added in each T'S’ of the T'S.
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Fig. 3. An example generated by the SCC scheduling model

TABLE 1
NUMBERS OF VIRTUAL FLOWS ADDED IN EACH T'S’

1st 2nd | 3rd | 4th | 5th | 6th
TS |\ TS | TS | TS | TS | TS
Flow;| 0 1 0 1 0 1
Flowy | 0 0 1 0 0 1
Flows | 0 0 0 0 0 0

IV. EXPERIMENTS AND RESULT ANALYSIS

In this section, we conduct experiments to evaluate the
performance of SCC from three aspects: transmission delay,
high load transmission, and delay rate. All experiments in this
paper are simulated on Matlab.

A. Transmission delay

Let B be the bandwidth of the transmitted network, S be
the total amount of data of one TS, and S; is the amount of
data of a data flow Flow;, then

S=BxTS, (6)

In order to facilitate testing, we used a fixed bandwidth of B =
1Gbit/s. We also suppose there are three real-time data flows
Flow,, Flows, and Flows. The values of three parameters of
each data flow are randomly generate by the random function
in Matlab as following.

o Flow (C; =1%107%s, Ty = 6x107%s, D; = 6x10755)

o Flowy(Cy = 2% 1075, Ty = 1.2 %107 %s,Dy = 6 *

107%s)
o Flows(C3 = 6+ 107%,T3 = 2.1 x107%s,D3 = 6 *
107%s)

Through (6), we can calculate the amount of data in a T'S
of S = 10500 bytes. Through (7), the data volume of Flow;,
Flows, and Flows is separately S; = 125 bytes, Sy = 250
bytes, and S5 = 750 bytes.

Fig. 4 shows the scheduling results of above three data
flows generated by different scheduling methods simulated on

Matlab. It consists of 4 parts. The first part shows the number
of each data flow occurred in each T'S, and it is not a true
data transmission scheme. The second part shows the data
transmission scheme produced by RMS, the third part by NP-
RMS, and the fourth part by our proposed SCC. The triangle
symbol represents the Initial Transmission Time (ITT) of data
flow in the TS, and the pink data flow is the added virtual
flow. The jitter of real-time network transmission is mostly
solved by the buffer mechanism. Since the data flow task set
period of SCC is much shorter than that of RMS and NP-
RMS, it has lower requirements for the buffer mechanism of
the network system. As a result, SCC can reduce the cost of
the network system.

In practical applications, the delayed arrival and early arrival
of data packets have opposite effects. Generally, the packets
arrived in advance have a positive effect on network trans-
mission. During transmission, it will significantly improve the
transmission quality of network that the data flow with higher
priority arrives in time. In Fig. 4, Flow; data flows can be
transmitted without exceeding the ITT using RMS and SCC;
Only 71.4% Flowy data flows can be transmitted before the
ITT using SCC; Flows data flows cannot be completed on
time and have a slight delay using all three algorithms RMS,
NP-RMS and SCC. Therefore, SCC has significant advantage
in transmission delay.

B. High load transmission

Flexilink’s architecture supports high load transmission that
SCC performs better than traditional priority scheduling meth-
ods in high load situations. We perform transmission simula-
tion through a set of three real-time data flow tasks Flows,
Flows, and Flows with real-time data flow transmission
efficiency of up to 94.28%. The information of the three data
flows are as following.

o Flow(C; =1%107%5, Ty = 6%107%s, D; = 6%10755)

o Flows(Cy = 2% 107%s, Ty = 1.2 % 10755, Dy = 6
107%s)

o Flows(C3 = 6% 107%s, T3 = 2.1 ¥ 107%s,D3 = 6 *
107%s)
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Fig. 5. Transmission schemes generated by RMS, NP-RMS and SCC for high load transmission

Fig. 5 shows the transmission schemes generated by d-
ifferent scheduling methods for data flows Flow;, Flows,
and Flows in data flow task set. It also consists of 4 parts.
The first part is not a true data transmission scheme. The
second part shows the data transmission scheme produced by
RMS, the third part by NP-RMS, and the fourth part by our
proposed SCC. The triangle symbol represents ITT of data
flow in the T'S, and the pink data flow is the added virtual
flow. We can clearly see that during transmission process
using the NP-RMS model, Flow; with the highest priority has
multiple loss, which seriously affects the transmission quality.
For the RMS model, the number of data flow interruptions
is significantly increased, which cause extra burden to the
network transmission system. However, the SCC model does
not undergo any interruption or data flow loss during high load
transmission, showing extremely high network transmission
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stability.

Fig. 6 shows the delay attained by SCC, RMS and NP-
RMS respectively for data flows Flow;, Flows, and Flows
in one T'S of theirs. We set the delay of the data flow arrived in
advance to 0 and the delay of the lost data flow to infinity. The
above subgraph compares delay attained by SCC and RMS,
and it can be seen that the delay of SCC is lower than that of
RMS. The below subgraph compares delay attained by SCC
and NP-RMS, and the NP-RMS cause much larger delay that
SCC, especially for Flow; data flow.

C. Delay rate

Early arrival of data flows has a positive effect on the
network system during transmission, while delayed arrival has
a serious negative impact. In order to intuitively reflect the
low latency advantage of SCC in the transmission process,



— G-~ Flow1 delay on RMS
— = — Flow1 delay on SCC
——C- — Flow2 delay on RMS
— -~ — Flow2 delay on SCC
Flow3 delay on RMS
Flow3 delay on SCC

8 gé;@ B8 8 os-6-6-6-0-6-5

4

Delay
bowmnon oo

G

1 2 3 5 6 7 8 9 10

The index of the flow

11 12 13 14

P\ 1% — =3~ Flow1 delay on NP-RMS

5 U — — — Flow1 delay on SCC
\ — -G~ — Flow2 delay on NP-RMS

,‘ g — = — Flow2 delay on SCC
b Flow3 delay on NP-RMS

Flow3 delay on SCC

’%’X B-o-0-e-2-0-0-2
5

bowooNnmo= RN

6 7 8 9 10
The index of the flow

11 12 13 14

Fig. 6. Delay Comparison of SCC with RMS and NP-RMS

we propose the concept of delay rate, denoted by P. It is the
percentage of the number of data flows that are delayed divided
by the total number of data flows during a data flow task set
period. Therefor, the delay rate is calculated as follows.

2711 f’zielay
i fi
where f;ielay the number of delays of the data stream Flow;.

We randomly generated 100 sets of data, and their trans-
mission efficiency are gradually increased from 30% to 90%.
The test results are shown in Fig. 7. We can see that with
the increase of transmission efficiency, the delay rate of NP-
RMS increase fast, however the delay rate of RMS and SCC
increase more slowly. We also observe that SCC has a lower
delay rate than RMS. That is, SCC has significant advantage
in network transmission delay.

P = x 100%, (®)

RMS
NP-RMS
scc

Delay rate

40 50 60 70

Transmission efficiency (100% )

80 20

Fig. 7. Delay rate obtained by RMS, NP-RMS, SCC

In summary, compared with two existing scheduling models
RMS and NP-RMS, our proposed SCC is high efficient in low
latency, reliability, and time deterministy.

V. CONCLUSION

In this paper, we present a real-time data flow transfer model
SCC based on the Flexilink protocol architecture to solve the
problem of high latency, uncertainty in data transmission in
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network. Experimental results show that SCC performs real-
time data stream transmission high efficiently in Flexilink ar-
chitecture. Compared with two traditional priority transmission
modes RMS and NP-RMS, SCC has lower delay, supports
high load transmission, with small buffer period and no packet
loss. Addtionally, due to the Flexilink architecture design, SCC
can estimate the transmission time and delay of each data flow
when it performs real-time data transmission, which is of great
significance for some key time-deterministic data. To our best
knowledge, this is a feature that other transport scheduling
models do not have.
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