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Abstract— FlexRay is a new communication protocol supported 
by a large group of car manufactures and automotive electronics 
suppliers. It’s also accepted as the de-facto standard in the 
future. In this paper, we analyzed several message scheduling 
problems of FlexRay dynamic segment at first. Then we gave out 
a solution to improve the situations and also a detailed timing 
analysis. Finally, we simulated the system model stated in the 
paper and verified the solution with some experiments, and it’s 
shown that our solution works efficiently. 
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I. INTRODUCTION 
FlexRay is a hybrid communication protocol supporting 

both time-triggered and event triggered communication styles. 
It’s promoted by a large group of car manufactures and 
automotive electronic suppliers, and it’s introduced especially 
for safe-critical applications which needs very high speed 
communication protocol. However, there are more than 2500 
signals and 70 ECU (Electronic Control Unit) in an 
automotive today as in [1], so the communication on buses is 
very heavy and it’s meaningful to exploit the message 
scheduling of FlexRay. 

In this paper, we analysed several message scheduling 
problems in FlexRay dynamic segment and gave out a 
solution to improve the situations. Then we analysed the worst 
case response time of messages in the static segment, based on 
these theories we also gave out a detailed timing analysis of 
our solution. Finally, we simulated the system model in the 
paper and verified the methods of our solution with some 
experiments. It’s shown that they work efficiently. 

The paper is structured as follows. Section II summarizes 
simply the related works. Section III gives out the system 
model and the analysis of the message scheduling problems of 
the dynamic segment. Section IV describes the solution for the 
problems and the timing analysis of the solution. Section V 
presents the experimental verification of the efficiencies of the 
solution. Finally, section VI gives out a conclusion. 

II. RELATED WORKS 
Recently, many researches focus on the FlexRay dynamic 

segment, and the first important step forward researching 
FlexRay dynamic segment is presented in [2], the author 
computed the worst-case delay experienced by any message 
under the condition that the messages’ arrival rates are 
determined at first, the author also presented a 
computationally efficient (but pessimistic) heuristics to bound 
this delay. In [3] the authors assumed a very restrictive “quasi-
TDMA” transmission scheme for time-critical messages, 
which basically means that the dynamic segment would 
behave as a static (TDMA) segment in order to guarantee 
timeliness. In [4] the authors pointed out that a longer 
dynamic segment would transmit more messages, but it will 
bring longer delay for the messages. So the author searched 
the optimal dynamic segment length with the best 
schedulability in alternatives. In [5] the author presented 
Recursive-Qualification scheduling algorithm to prevent the 
propagation of delay to the next cycle and to reduce the 
absolute delay time by assigning multiple dynamic slots to a 
node. This improves the schedulability of the dynamic 
segment, but the authors didn’t consider the variable of 
pLatestTx which may prevent the transmission of a message 
with much smaller size than the biggest. In [6] the authors 
pointed out that a not enough long dynamic segment may 
make the message set non-schedulable, and proposed a 
method to solve the problem by splitting and merging bus 
phases after transforming the unused part of the static slot 
which periodically occurs and for each round in the static 
schedule into a dynamic phase to reduce the messages in the 
dynamic segment at last. 

III.  SYSTEM MODEL AND PROBLEM ANALYSIS 

A. FlexRay Protocol 
As shown in Figure 1, a FlexRay communication cycle 

contains the static segment (SS), the dynamic segment (DS), 
the symbol window and the network time idle. The static 
segment is composed of static slots (ST), and the size of all 
the static slots must be the same and no smaller than those of 
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all the messages transmitted in the static segment. The length 
of the dynamic segment is specified in “minislots”, if there is 
no message transmitted in the dynamic slot then its length is 
very small, otherwise its length will be equal to the number of 
the minislots needed to transmit the message. Both the static 
slot and the “minislot” are composed of “macrotick”. During 
any slot, only one node is allowed to send on the bus, and that 
is the node which holds the message with the frame identifier 
(FrameID) equal to the current value of the slot counter. There 
are two slot counters, corresponding to the ST and DYN 
segments, respectively. But a node can’t transmit its messages 
after pLatestTx (a node-specific upper bound). 

 
Figure 1.  Structure of a FlexRay communication cycle 

B. System Model 
We consider the system composed of nodes connected by a 

FlexRay channel, all the tasks run on the nodes generating 
messages at the execution end of each task instant and start at 
the same time with the first bus communication cycle, we 
consider a communication cycle is composed of SS and DS, 
and ignore the symbol window and the network idle time. And 
its size is fixed to TC. Each node is assigned one or more static 
slots and also transmits messages in the dynamic segment. A 
message on FlexRay is characterized as the tuple of<N, C, (T, 
I), D>, where N is the node sending it, C is its size 
transformed into transmission time by the following function.  
            Bus_SpeedBits_of_MC =  
T is its period if it is periodic, and I is its least arrival interval 
if it is sporadic, both T and I are inherited from the generating 
tasks of the message, D is the deadline and must satisfice D≤T 
or  D≤I. According to [6], ⎡ ⎤T/tΔ  or ⎡ ⎤I/tΔ instants of a 
message at most will be generated during the interval of tΔ .  

All the messages are scheduled by fixed-priority, and the 
worst case response time R of message M is defined as the 
maximum interval between the moment M arrives and the 
moment the transmission of M is completed. If R≤D, then M 
is schedulable. If all the messages in the dynamic segment are 
schedulable, then the dynamic segment is schedulable, 
otherwise it is not schedulable, otherwise it’s non-schedulable. 
We use function (1), which is similar to that in [7], to evaluate 
the schedulability of the dynamic segment, and N is the 
number of the messages in the dynamic segment. 
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C. Problem Analysis 
According to [6], too many messages or too short dynamic 

segment may bring the dynamic segment bad schedulability. 
The following are several problems we analysed. 

As stated in [8], the node specific variable pLatestTx 
determines the latest moment for the node to transmit 

messages, and its maximum value is got by function (2). 
Where DSLength is the dynamic segment length and max_size 
is the size of the longest messages of the node transmitted in 
the dynamic segment. 
      max_sizeDSLengthmaxpLatestTx_ −=     (2) 
Obviously, a smaller max_size makes a bigger pLatestTx_max. 
In this paper, pLatestTx is equal to pLatestTx_max. 

 
Figure 2.  Influnce of pLatestTx with message scheduling 

Figure 2 shows how pLatestTx influences the message 
scheduling of the dynamic segment. The figure considers the 
system containing two nodes (N1 and N2), the size of the 
dynamic segment (DS) is 6, and the size of the static slots 
(ST1 and ST2) is 4. N1 is assigned ST1 and dynamic slot 1, 
and N2 is assigned ST2 and dynamic slot 2. Then we can get 
the pLatestTx of N1 pLatestTx_N1=6-4=2 and that of N2 is 
pLatestTx_N2= 6-4=2. As presented in (b), The transmission 
of M1 ends at 4, and the latest moment (pLatestTx_N2) for N2 
to transmit messages has passed, so M2 can’t be transmitted in 
Cycle 1. If the longest message M3 of N2 is moved to the 
static segment, then pLatestTx_N2=6-1=5, then all the 
messages can be transmitted in only one communication cycle 
as shown in (c), and the response time of all the messages is 
reduced greatly. So we can improve the schedulability of the 
dynamic segment by moving the node’s longest messages 
from the dynamic segment to its static slots, which will bring 
a bigger pLatestTx. 

 
Figure 3.  Influence of the message size with message scheduling 

However, moving the longest messages to the static slots is 
not always possible. Let us consider the example in Figure 3, 
there are two nodes (N1 and N2).The size of the static slots 
(ST1 and ST2) is 4 and that of the dynamic segment(DS) is 7. 
N1 is assigned ST1 and dynamic slot 1; and N2 is assigned 
ST2 and dynamic slot 2. Obviously, the sizes of the longest 
messages in N1 and N2 are both 5, and they are bigger than 4, 
so M3 and M5 can’t be moved to the static segment. The 
pLatestTx of N1 is 7-5=2, and that of N2 is 7-5=2 too. At first 
it needs four cycles to transmit all the messages as shown in 
(b). Four cycles are still needed if we move M2 to the static 
segment as shown in (c). But we only need three cycles when 

ISBN 978-89-5519-162-2 899 Feb. 19~22, 2012 ICACT2012



moving M1 to the static segment as shown in (d). As in [4], 
the authors pointed out that a longer dynamic segment will 
transmit more messages. So a dynamic segment, whose length 
is fixed, will transmit more messages with smaller sizes. And 
we can consider moving the longer messages to the static 
segment, and the longer the better. 

 
Figure 4.  The influnce of dynamic segment length with message scheduling 

Another example is shown in Figure 4, there are three 
nodes (N1, N2 and N3). As shown in (a), the size of the static 
slots(ST1, ST2 and ST3) is 4 and that of the dynamic 
segment(DS) is 6, N1 is assigned ST1 and dynamic slot 1, N2 
is assigned ST2 and dynamic slot 2, and N3 is assigned ST3, 
so it needs two cycles to transmits all the messages . As shown 
in (b), if we combine the last static slot ST3 with the dynamic 
segment and the size of the static slots (ST1 and ST2) is still 4, 
then the length of the dynamic segment is 10. Now, N1 is 
assigned ST1 and dynamic slot 2, N2 is assigned ST2 and 
dynamic slot 3, and N3 is assigned dynamic slot 1, and it 
needs only one cycle to transmit all the messages. Because the 
action of message transmission starts at the beginning of the 
static slot, so combining the last static slot with the dynamic 
segment will not affect the determinism of the messages in the 
last static slot, and it will bring a longer dynamic segment 
which will transmit more messages in a communication cycle. 

IV.  SOLUTION AND TIMING ANALYSIS 

A. Solution 
As stated in previous sections, we can improve the 

schedulability of the dynamic segment without changing the 
size of the communication cycle. Our solution is implemented 
with two steps as follows, and called as “MMCD”. 

1) Moving suitable messages of all the nodes from the 
dynamic segment to the static segment. 

2) Exchanging the messages set of the last static slot with 
that of a best suitable static slot and combining the last static 
slot with the dynamic segment. 

In Figure 5, we present the algorithm for moving the 
suitable messages of a node from the dynamic segment to the 
static segment. At first we assume the messages set in the 
dynamic segment of node NK is DK= {MKi|1≤i≤n} and the set 
of static slots of NK is SK = {STKi |1≤i≤m}. Where n (respec. 
m) is the number of the nodes (respec. static slots). We sort all 
the messages by size in descending order to make sure the 
longer messages will be moved to the static segment. When 
we are searching for the lowest suitable priority for M’Ki , 

which is similar to that in [12] , we have to check whether 
M’Ki and other messages with lower priorities are schedulable. 
And the method for calculating the worst case response time 
of a message in the static slot is shown as function (7) stated 
later. We also use function(1) to calculate the schedulability of 
static slot STKh, and here N is the is the number of the 
messages in the static slot. 

MoveMsgToStaticSlots ()
Sort the all the messages in Dk by their sizes in descending order
and get: Dk = {M’K1, M’K2, M’K3… M’Kn} 

for i = 1 to n do

for h = 1 to m do

search the lowest suitable priority for M’Ki in  STKh

if there is no suitable priority then
save the schedulability of STKh as 0.

else
calculate the schedulability of STKh supposing M’Ki is in STKh

save the schedulability.
end if

end for

put message M’Ki into the static slot with the best schedulability
update all the priorities of all the messages in that static slot.
end for

end MoveMsgToStaticSlot  
Figure 5.  Algorithm for moving messages to static segment 

In Figure 6 we present an algorithm (CLSD) for exchanging 
the messages set of the last static slot with that of a best 
suitable static slot and combing the last static slot with the 
dynamic segment, and the static slots set in a communication 
cycle is {STK|1≤K≤N}, and N is the number of the static slots. 

 
Figure 6.  Algorithm for combining the last static slot with dynamic segment 

The free-space-ratio (FSR) of the static slots is calculated 
as follow. At first the messages in STi are {MiK│1≤K≤N}, 
where N is the number of the messages in STi, we consider the 
duration of ∏ ≤≤

=
Nk1 kC T*TD , and SST is the size of the 

static slot. The number of the instants of Mij is, 

∏
≠≤≤

==
jkandNk1

kCjj T*TT/DN      (3) 

And the sum of the transmission time for all the instants of 
Mij during D is 

 ijjj C*NSP =                   (4) 
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The number of the static slot is  

∏
≤≤

==
Nk1

kC TT/DN               (5) 

The free space is  

∑ ≤≤
=

Nj1 jST SP -S*N  FS          (6) 

The free-space-ratio is  
)S*FS/(NFSR ST=                (7) 

That is  
FSR = )S*N()SP -S*(N STNj1 jST ∑ ≤≤

 

B. Timing Analysis 
Definition 1: the offset of X is the position of X relative to 

the start of the communication cycle that X is in. 
Definition 2: the arriving point of a message is the position 

the message’s arrival occurs relative to the start of the 
communication cycle. 

Definition 3: )y,xgcd( denotes the greatest common 
divider of x and y. 

The messages in the dynamic segment are sporadic and 
their least arrival intervals are known, their timing 
characteristics can be analysed with the methods in [2]. And 
the worst case scenario for the message M in a static slot is M 
has to wait maximum long time (max_tw) for its static slot 
arrives, during this interval all the messages with higher 
priorities in the static slot will arrive, and all the sporadic 
messages with higher priorities arrive with their least intervals, 
so they are periodic at the moment. The worst case scenario is 
not periodic but the worst case response time R of M can be 
got by function (8). 

⎡ ⎤
⎪⎩

⎪
⎨
⎧

+=

+=
+

∈
+ ∑

M
1n

1

)M(hpk Ck
n
1

1n
1

CRR

twmax_T*TRR
    (8) 

Where twmax_R0
1 = , and MC is size of message M, CT is 

the size of the communication cycle as stated in section II, 
finally, hp(M) is all the messages with higher priorities in the 
static slot and the iteration ends when n

1
1n

1 RR =+ . 
If M is sporadic then CTtwmax_ → and CTtwmax_ < . 

But if M is periodic, then the upper bond of max_tw can be 
calculated by function (9) according to [9] [10]. 

(9)
GCD*hO,GCDT
GCD*hO,GCDmod)OTO(T

twmax_
C

STCMC

⎩
⎨
⎧

=−
≠−+−

=  

Where MO is the offset of M’s first instant, and OST is the 
offset of the static slot M is in, Zh ∈ , STM O-OO = , 

)T,gcd(TGCD MC= . When exchanging the message set of 
the last static slot with that of the best suitable static slot, the 
worst case response time of a sporadic message will not be 
influenced,  because the variable of max_tw in function(8) is 
not influenced. Next, we will discuss the influence on the 
worst case response time of the periodic messages. 
Theorem 1: For any periodic message M in the static segment, 
if the interval between static slot A and static slot B is 

)T,Tgcd(*n MC  ( 0n ≥ and Zn ∈ ), then the wait time for the 
arrival of M’s static slot is not changed when M is moved 
from A to B.  
Proof: According to [10], the arriving point of M is 

)T,Tgcd(modO)T,Tgcd(*ht MCMMC +=    (10) 
Where )T,Tgcd(TNand}1N,...,1,0{h MCC=−∈ , MO is the 
offset of M’s first instant. So M have to wait wt for its static 
slot, and  

⎩
⎨
⎧

≥−
>−+

=
tO,tO

Ot,tTO
t

STST

STCST
w                (11) 

Conclude 
CCSTw Tmod)t-TO(t +=  and 0t w ≥       (12) 

That is 
CMCMMCCSTw Tmod))T,Tgcd(modO)T,Tgcd(*h-TO(t −+=

Where OST is the offset of the static slot that M is in. 
Obviously, there are N different arrive points for M, so there 
may be multiple value for the variable of wt in function (12), 
we assume the value set of wt is RSA when M is in static slot 
A, and it is RSB when M is in static slot B. So we can prove 
the theorem true by proving RSA being equal to RSB, and 
also can get, 

⎩
⎨
⎧

+==
+==

}Tmod)t-TO( t|t{ RSB
}Tmod)t-TO(t |t{RSA 

CCSTBww

CCSTAww     (13)   

Where STAO is the offset of static slot A, and STBO is that of B. 
Set )T,Tgcd(modO C MCM=  
Then  

}Tmod)C)T,Tgcd(*h-TO( t|t{ RSB
}Tmod)C)T,Tgcd(*h-TO(t|t{RSA 

CMCCSTBww

CMCCSTAww
−+==
−+==

Where 1)T,Tgcd(TNand}N,...,1,0{h MCC −=∈  
Next, we will prove RSA=RSB by proving any RSAt w ∈  
will satisfies RSBt w ∈  and any RSBt w ∈  will satisfies 

RSAt w ∈  
At first, set )T,Tgcd(TK MCC= , then )T,Tgcd(*KT MCC = . 
Set )T,Tgcd(GCD MC=  and 1)T,Tgcd(TN MCC −=  
Assume )T,Tgcd(*n  O  O MCSTBSTA +=           (14) 
1) We will prove any RSAt w ∈  will satisfies RSBt w ∈  

Obviously, if RSAt w ∈ , then 

CCSTAw Tmod)CGCD*h-TO(t −+=     (15) 
So, CCSTBw Tmod)CGCD*h-TCDG*n  O(t −++=  
That is: 

 CCSTBw Tmod)CGCD*)n-(h T O(t −−+=   (16) 
a) If 0nh ≥− , obviously h-n<K because }N,...,1,0{hn, ∈ . 

Set h1= h-n, and N}{0,1,...,h1∈  
So CCSTBw Tmod)CGCD*1h T O(t −−+=  

Conclude RSBtw ∈  
b) If 0nh <− ,then Knh −>− , because }N,...,1,0{hn, ∈  

    That is KKnh0 <+−< ,  
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Set Knh2h +−=  then }N,...,1,0{2h ∈  
According to function (16), we can easily get, 

CCCSTBw Tmod)CGCD*)h-(n TT*2 O(t −−−+=  
That is 

CCSTBw Tmod)CGCD*)Kn-(h T*2 O(t −+−+=  
So CCSTBw Tmod)CGCD*2hT*2 O(t −−+=  
That is CCSTBw Tmod)CGCD*2hT O(t −−+=  
Conclude RSBt w ∈ . 

2) We will prove any RSBt w ∈  will satisfies RSAt w ∈  
Obviously, if RSBt w ∈ , then 

CCSTBw Tmod)CGCD*h-TO(t −+=  
So , CCSTAw Tmod)CGCD*h-TCDG*n  O(t −+−=  
That is 

CCSTAw Tmod)CGCD*)nh(-T O(t −++=     (17) 
a)If knh <+ ,obviously 0nh ≥+ because }N,...,1,0{hn, ∈  

set h3 = n+h, then }N,...,1,0{3h ∈  
so: CCSTAw Tmod)CGCD*3h T O(t −−+=  
Conclude RSAt w ∈  

b) If Knh ≥+ , then K*2nh <+ ,because }N,...,1,0{hn, ∈  
That is KK-nh0 <+≤  
Set K-nh 4h += , then }N,...,1,0{4h ∈  
According to function (17),  

CCSTAw Tmod)CGCD*)h(n T*2 O(t −+−+=  
Then 

CCSTAw Tmod)CGCD*)Kh(n T O(t −−+−+=  
That is 

CCSTAw Tmod)CGCD*4h T O(t −−+=  
Conclude RSAt w ∈  

As stated above, if )T,Tgcd(*n  O  O MCSTASTB += , it 
will be true that RSA = RSB . So the theorem is proved true. 

Lemma 1: If the interval between static slot A and static 
slot B is )T,Tgcd(*n MC ( 0n ≥ and Zn ∈ ), when exchanging 
the message set in A with that in B, for any periodic message 
M in A or B, the variable twmax_ in function (8) is not 
changed, and its worst case response time is not influenced. 

Lemma 2: If the interval between static slot A and static 
slot B is t)T,Tgcd(*n MC Δ+  ( 0n ≥ , Zn ∈  and <Δ< t0  

)T,Tgcd( MC ), when exchanging the message set in A with 
that in B, for any periodic message M in A or B, the change 
( wtΔ ) of wt  in function(12) satisfies <Δ wt  )T,Tgcd( MC ; 
and the change ( RΔ ) of R in function (8) is hard to determine. 

V. EXPERIMENTS AND RESULTS  
In the experiments we calculate the worst case response 

time of any message M in the dynamic segment by the 
iterative process that computes )R(R n

M
1n

M
+ similar to that in 

[2], and in each iteration we search the best suitable schedule 
with GA (Genetic Algorithm) by generating enough 
generations, the periods or least intervals of all the messages 

are in {40, 50, 60, 80}, and the lengths of the messages vary 
from 80 bytes to 250 bytes. Then the messages are generated 
with the toolbox of NETCARBENCH which is used to 
generalize parameterized message sets specially designed for 
broadcast networks embedded in cars as in [11], the load of all 
the nodes are between 10% and 25%. Figure 7 shows the 
schedulability of the dynamic segment before and after 
optimization by our solution (MMCD) presented in section IV. 
As it shows, the schedulability of the dynamic segment is 
improved markedly after optimization. When under the case 
of 5 nodes in the experiment, the dynamic segment is not 
schedulable at first, but it’s well schedulable after 
optimization, it obviously works efficiently. Figure 8 shows 
the schedulability of the dynamic segment before and after the 
optimization by CLSD algorithm presented in Figure 6. As it 
shows, when the number of the nodes is greater than 4, the 
schedulability of the dynamic segment will be improved by 
about 0.05 after the optimization by CLSD algorithm 
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Figure 7.  Schedulability of the dynamic segment before and after optimized 
by our solution(MMCD) 
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Figure 8.  Schedulability of the dynamic segment before and after optimized 
by CLSD algorithm 

VI.  CONCLUSION 
In this paper, we presented a solution for improving the 

schedulability of the dynamic segment, and analysed the 
timing characteristic of our solution. Finally, we carried out 
experiments to verify the efficiencies of our solution.  

Too many messages or too short dynamic segment may 
cause the dynamic segment non-schedulable. Moving longer 
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messages to the static segment may achieve three objectives, 
the first is reducing the number of the messages in the 
dynamic segment; and the second is that there will be less 
longer message in the dynamic segment, which means that the 
dynamic segment is relatively longer; the third is that it may 
change the value of pLatestTx, and there may be more nodes 
having the opportunity to transmitting messages in a 
communication cycle. And combining the last static slot with 
the dynamic segment will enlarge the length of the dynamic 
segment which is similar to [4]. But it doesn’t change the size 
of the communication cycle. 

There are many other factors influencing the message 
scheduling of the dynamic segment, and a little change of their 
value may cause the FlexRay bus non-schedulable. Next, we 
will pay more attention to the system level factors. 
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