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hnology,Chemnitz, Germany (e-mail: {dirkm,mwerner}�
s.tu-
hemnitz.de).Abstra
t: The sharing of a medium for 
ommuni
ation between nodes, forming a real network,is mu
h more 
ost-e�e
tive than building a fully 
onne
ted mesh. Due to the then possible
ollisions, spe
ial te
hniques have to be applied. Histori
ally, the two main s
hemes to handle
ollisions are the time-triggered (TT) and the event-triggered (ET) approa
h. While the formerone prevents messages from 
ollisions by time sharing, the latter one 
onsiders 
ollisions as eventsand tries to resolve them. For a long time, it has been believed that time-triggered te
hniquesare 
ontradi
ting event-triggered ones and only time-triggered approa
hes 
an provide real-time
ommuni
ation with hard deadlines. Both statements are not true. There are several proto
olslike TTCAN, TTEthernet and FlexRay 
ombining both approa
hes. Well-established event-triggered proto
ols like CAN are 
apable of real-time 
ommuni
ation to a 
ertain degree.In this arti
le, we provide a survey to systematize on TT and ET in the 
ontext of real-time (RT)
ommuni
ation systems. We dis
uss a wide range of approa
hes and try to identify relationsthat 
ross the border between TT and ET.Keywords: Real-time 
ommuni
ation, Deadlines, Event-triggered, Time-triggered, Time-shared
ontrol, Master-slave systems, CAN, Ethernet, Token-ring proto
ol1. INTRODUCTIONAs a matter of prin
iple, there are two ways to managenetwork a

ess of nodes. It is an issue to resolve 
on�i
tsbetween nodes whi
h try to get a

ess to the network atthe same time, or to ensure by a pre-de�ned timing thatsu
h 
on�i
t situations 
annot o

ur. The �rst solution
an be seen as an optimisti
 approa
h and is 
alled event-triggered. The se
ond one is pessimisti
 and was 
oinedtime-triggered.For a long time, time-triggered (TT) and event-triggered(ET) approa
hes in order to a
hieve real-time 
ommuni-
ation in networks of distributed embedded systems havebeen seen as 
on
urrent pro
eedings. At least, there 
ouldbe observed a heated debate on this matter, whi
h startedwith the famous paper by Kopetz (1991). However, bothapproa
hes have their strengths and weaknesses. Thus, itseems to be very reasonable to integrate them. In the auto-motive se
tor, this is exa
tly the way gone. I.e., TTCAN,ByteFlight and FlexRay, are the most su

essful ones,suggesting a 
on�rmation of the theoreti
ally anti
ipatedsynthesis.In this paper, we provide a survey on TT and ET ap-proa
hes in the area of real-time (RT) 
ommuni
ationsystems. We will show that there the relation of ET andTT are 
loser than frequently implied. We 
onsider a widerange of 
ommuni
ation approa
hes, even few that werenot intended to be used in RT systems in the �rst run.Figure 1 shows the approa
h we 
onsidered in relations todata rate and intended RT behavior.The remain of this paper is the following: After a shortdis
ussion of 
onne
tion-oriented proto
ols in Se
tions 2

we 
onsider in deep ET and TT approa
hes in Se
tions 3and 4. Then, we identify and dis
uss approa
hes thatintegrate both, ET and TT aspe
ts in Se
tion 5. Finally, we
on
lude the paper with a dis
ussion of our observations.2. CONNECTION-ORIENTED PROTOCOLSThe simplest way to manage network a

ess is to estab-lish 
onne
tions between two neighboring nodes and toroute the messages to their respe
tive destinations. These
onne
tion-oriented proto
ols were dominating before theadvent of LANs. While they exhibit a deterministi
 behav-ior between dire
tly 
onne
ted nodes, laten
y of messagessent between arbitrary nodes 
an be high be
ause pro
ess-ing is ne
essary in the routers. Collisions are resolved bysequentialization immanent to the nodes. All other herepresented methods are 
onne
tionless proto
ols allowingmultiple nodes 
onne
ted to one and the same physi
altransmission medium. Thus, this medium is shared, andspe
ial 
are has to be taken to manage the now potentiallypossible 
ollisions in the medium. Nowadays, only thesetypes are 
lassi�ed as networks.3. EVENT-TRIGGERED APPROACHESA �rst approa
h to deal with possible 
ollisions is to
onsider them as events. Then, there is a need for anappropriate rea
tion to them (ALOHA, CSMA/CD), aresolution by prioritization (CSMA/CR) or an avoidan
eto a large degree (CSMA/CA). These variants will bedes
ribed in the following.143
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Fig. 1. Communi
ation proto
ols for real-time systems: real-time and data rate 
apabilities3.1 ALOHAIn its highest 
onsisten
y, the optimisti
 prin
iple event-triggered approa
hes are 
hara
terized by leads to a simpleproto
ol �rst applied for 
onne
ting the Hawaiian islands,see Binder et al. (1975). A node just tries to send themessage in the hope that there won't be any 
ollision. Of
ourse, 
ollisions 
an o

ur. The nodes test the 
onsisten
yof ea
h message with a 
he
ksum. In 
ase of a 
ollision, aresending of the message whi
h 
ollided is initiated aftera random wait. It has been shown that only 18% of themaximum 
hannel data rate 
an be used by this proto
ol.This per
entage is the maximum throughput.Note the analogy to non-blo
king syn
hronization, see,e.g., Greenwald and Cheriton (1996), and Tsigas andZhang (1999). In databases, optimisti
 
on
urren
y 
ontrol(OCC), see Kung and Robinson (1981), is 
losely related.The reason that the optimisti
 prin
iple has less su

ess inthe network �eld than in the syn
hronization or database�eld is that periods of time with 
ollision risk are longerdue to the in
lusion of transmission times. Improvementsof ALOHA, in
luding time-triggered elements, are givenin 5.1 and 5.2.3.2 CSMA/CDIf a node not only sends the message, but additionallylistens to the network in order to get some feedba
k on thesituation there, we 
all this Carrier Sense Multiple A

ess(CSMA). In the 
ase of 
ollision, a �rst approa
h is todete
t it, to 
ommuni
ate this to the other nodes bysending a jamming signal, and to retry after a randomtime in the hope that the randomly 
hosen pause lengthsdi�er. Otherwise, endless repeating 
ollisions would o

ur.We 
all this 
ollision dete
tion (CD). The prin
iple isimplemented in the famous Ethernet. A spe
ialty of it isthe trun
ated binary exponential ba
ko� algorithm whi
his intended to provide a good 
han
e of a qui
k random

prioritization. Thus, pure Ethernet is not suitable at all forreal-time messages. On the other hand, data transmissionrates up to 10 Gbit/s are possible.3.3 CSMA/CAIn wireless lo
al area networks (WLANs), it is impossibleto send and to listen in parallel. Hen
e, CSMA/CD is notan option. In order to avoid as mu
h 
ollisions as possible,a less greedy behavior in terms of medium a

ess shouldbe used. A node listens to the medium prior to sending.If the medium is busy, the transmission is deferred fora random interval. This approa
h 
alled 
ollision avoid-an
e (CA) 
annot provide any real-time guarantees. Datatransmission rates of 54 Mbit/s are a
hieved.3.4 CSMA/CRThe requirements in 
ar ele
troni
s in the 1980s lead to thedevelopment of a real-time 
apable CSMA approa
h. TheController-Area Network (CAN) strives for 
ollision reso-lution (CR). It uses a non-destru
tive bitwise arbitrationwhere 0 is the dominant bit value. There is an analogy to�xed-priority s
heduling of jobs with a

ess to a 
ommonresour
e. This leads to a blo
king by lower priority jobs.They 
annot be preempted sin
e �rst a transmission of amessage must be 
ompleted. Hen
e, the 
on
ept behind isnon-preemptive �xed-priority s
heduling.Up to the mid 1990s, it has been believed that real-time guarantees are only possible for the highest prioritymessage. At that time, this 
hanged sin
e Tindell et al.(1995) provided a message response time analysis. Lateron, Davis and Burns (2007) showed that this analysis
ontains a �aw, making it too optimisti
. On the otherhand, it 
ould be pointed that the older analysis works
onsistently if there is a single maximum length diagnosti
message omitted. Sin
e CAN design in
ludes su
h rarelysent diagnosti
 messages in pra
ti
e, real-time guarantees
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an be determined by the optimisti
 analysis in these 
ases,too.So, CAN enables for real-time 
ommuni
ation. Neverthe-less, a blo
king of lower priority messages by a burst ofhigh priority messages is possible. The problem is solvedby restri
ting the frequen
y of messages whi
h 
orrespondsto the periodi
 task model. In time-triggered approa
hes,the frequen
y of real-time messages is limited due to thetime slots designed before. This is a matter of bandwidth,a te
hni
al limit. Maximum data transmission rate is1 Mbit/s.Up to now, we were assuming the absen
e of faults. CANhas several fault-tolerant me
hanisms. A problem remainswith the babbling-idiot fault, see, e.g., Buja et al. (2007).This type of fault leads in the worst 
ase to a blo
king ofthe entire system. It 
ould happen if a faulty node sentuseless data in high-priority messages at tightly pa
kedfaulty timings. It is important to distinguish betweenhardware and software babbling-idiot faults. The formerones 
an be fought by node or bus repli
ation (see, e.g.,FDDI in 4.6), the latter ones 
an be atta
ked by abus guardian. A bus guardian is easy to implement in(F)TDMA approa
hes as done in TTP/C (4.4), ByteFlight(5.5) and FlexRay (5.6). It is mu
h harder to provide itin event-triggered approa
hes like CAN, see Broster andBurns (2001). The during normal operation advantageousproperty of a �exible timing turns into a problem for thebabbling-idiot fault. So, more 
omplex (sub-)proto
ols arerequired to eliminate a great deal of babbling-idiot faults.4. TIME-TRIGGERED APPROACHESOpposed to the optimism of event-triggered approa
hes,time-triggered approa
hes are pessimisti
 as they use timeslots at least for important (probably real-time) messages.The time slots 
an be generated by a 
entral master(polling and TTP/A), by syn
hronized 
lo
ks at all nodes(TTP/C), or by a token passed from node to node (TokenRing and Token Bus). These proto
ols will be des
ribedsubsequently.4.1 PollingPolling is the simplest and oldest proto
ol among 
onne
-tionless ones. A 
entralized approa
h with a master andseveral slaves is realized. There, the slaves are asked bythe master for 
ommuni
ation in a prede�ned sequen
e.A problem is the only indire
t support of slave-to-slavetra�
 and the high bandwidth 
onsumption even at lowerloads. The overhead of the polling messages is signi�
ant.Another problem �as with all 
entralized ar
hite
tures� isthe master as a Single Point of Failure. Redundant masterhardware is an option, but an expensive one. Real-time
apabilities are o�ered to a 
ertain degree, but nowadays,there are more sophisti
ated derivatives whi
h remedy theweaknesses partially.4.2 LINThe Lo
al Inter
onne
t Network (LIN), see DeNuto et al.(2001), uses a 
entralized ar
hite
ture based on a masterand several slaves. The master manages 
ommuni
ation

in
luding sending timing data for syn
hronization purposeto the slaves. It supports real-time messages. On the otherhand, data transmission is limited to 20 kbit/s and, thus,slowly. The master is a Single Point of Failure.4.3 TTP/AThe Time-Triggered Proto
ol Class A (TTP/A), seeKopetz et al. (2000), is based on a 
entralized ar
hite
turewith Time Division Multiple A

ess (TDMA). It supportsreal-time messages. The time slots in whi
h messagesare ex
hanged between the master and a slave areprede�ned in a so-
alled Round Des
ription List (RODL).A redundant design with a ba
kup master is used. So,there is no longer a Single Point of Failure. Data rates upto 500 kbit/s are supported.4.4 TTP/CThe Time-Triggered Proto
ol Class C (TTP/C) uses ade
entralized (in
luding syn
hronization) TDMA ar
hite
-ture, see Kopetz and Grünsteidl (1993). Message sendingand re
eiving periods are prede�ned in a so-
alled Mes-sage Des
riptor List (MEDL). Data transfer rates up to25 Mbit/s are supported. Real-time tra�
 is possible. Aproblem 
ommon to TTP/A and TTP/C is the la
k in�exibility. Future modi�
ations in the set of nodes are hardsin
e they require a 
omplete redesign.A good feature in terms of reliability is the bus guardianprote
ting the system from babbling-idiot faults, see also3.4. Only during proper operation, a node is grantednetwork a

ess. Hen
e, problems are isolated, avoiding ana�e
tion of the entire network. Additionally, a membershipproto
ol even enables the dete
tion of faults not in
ludedin the error model. Faulty 
liques are avoided by periodi

he
ks for membership in the overall 
lique. Nodes notbelonging to it will be swit
hed into passive mode.4.5 Token RingIn a Token Ring network, see Bux (1989), the fun
tionalityof the master is transferred to a token rotating in a physi
alring stru
ture of all nodes. Overhead is relatively smallboth under light and heavy tra�
. Token Ring allows forreal-time messages sin
e it is deterministi
. A problem isthe la
k of robustness. A single 
ut in a 
able or a node
rash makes the entire network to 
rash. This 
an onlybe solved by an expensive redundan
y with node bypassesand a se
ond ring. Token Ring networks allow for datarates up to 16 Mbit/s.4.6 FDDIA doubling of the ring as mentioned in 4.5 is implementedin the Fiber Distributed Data Interfa
e (FDDI). There,two 
ounter-dire
ted rings are re
on�gured to a single ringin 
ase of a 
able 
ut. FDDI has been designed for opti
al�ber as the underlying medium. It be
ame a standardin 1989 and supports 100 Mbit/s. With some additionale�ort, it is 
apable of real-time tra�
, see Zheng (1993).
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al ring on a physi
al busstru
ture. It is deterministi
 as well, but slower than TokenRing sin
e there is no parallelism in the 
onne
tions. Onthe other hand, hardware failures do not make the entirenetwork to 
rash. Additionally, adding or removing nodesis easier. Data rates up to 12 Mbit/s are possible.5. HYBRID APPROACHES5.1 Slotted ALOHASlotted ALOHA improves pure ALOHA by introdu
ingtime slots. The basi
 idea is borrowed from Time Divi-sion Multiple A

ess (TDMA) approa
hes. By su
h a dis-
retization, the 
han
e of overlapping redu
es signi�
antly,and maximal throughput is in
reased from about 18% toabout 37%, see Binder et al. (1975). On the other hand,real-time tra�
 remains impossible. Note further that a
lo
k syn
hronization in order to establish the slots isne
essary.5.2 Reservation ALOHAA further improvement 
an be a
hieved by applying animpli
it or expli
it reservation s
heme for the slots. So, weobtain Reservation ALOHA, see Crowther et al. (1973). R-ALOHA allows for real-time messages to a 
ertain degree.In parti
ular, it is useful for multimedia data sin
e thereservation of future slots 
an be based on the streamednature of this type of data. A problem is that a node 
anpermanently blo
k all other nodes by impli
itly reservingall future slots for itself. This 
an be 
ir
umvented byexpli
it reservation rules interdi
ting su
h an impolitebehavior.5.3 TTEthernetTTEthernet, see Plankensteiner (2008), enables real-timemessages by pla
ing a layer on top of Ethernet. Messagesare 
ategorized into time-triggered, rate-
onstrained andbest-e�ort messages. Time-triggered ones 
an be deliveredin a real-time manner. Data rates rea
h already 1 Gbit/s,see TTTe
h Computerte
hnik AG (2009).For a more general view on di�erent proto
ols on topof Ethernet, see, e.g., Felser (2005). The EtherCAT, see,e.g., Jansen and Buttner (2004), abandons software pro-to
ol sta
ks and implements them 
ompletely in hard-ware. Although this is mu
h qui
ker on average, the herehighlighted aspe
t is the 
olloquial meaning of real-time:fast. It has to be stressed again that real-time meansthe 
omplian
e with deadlines and not ne
essarily qui
kpro
essing or transmission. This be
omes apparent in thetwo independent axes in Figure 1 whi
h will be dis
ussedin Se
tion 6 in more detail.5.4 TTCANTTCAN, see Saha and Roy (2007), uses a layer on top ofCAN. Again, messages are 
ategorized into groups. Here,they are 
alled ex
lusive and arbitration messages whi
h

are sent in the respe
tively named windows (slots). Theslots are established by a time basis whi
h is 
onstru
tedeither by a time master (extension level 1) or a distributedapproa
h (extension level 2). So, for ex
lusive messagesreal-time servi
e is possible. Data rates up to 1 Mbit/s aresupported.5.5 ByteFlightByteFlight, see Berwanger et al. (2000), 
an be seen as a
ombination of TTP/C and CSMA/CR. It uses advantagesof both approa
hes. The appli
ation of �exible TDMA(FTDMA) te
hniques makes su
h an integration possible.There are data rates up to 10 Mbit/s possible. For higherpriority messages, real-time behavior 
an be guaranteed.5.6 FlexRayFlexRay, see Pop et al. (2008), is one of the most so-phisti
ated known media a

ess proto
ols. It is based onByteFlight and improves it further by using a distributed
lo
k syn
hronization as TTP/C does. So, it is more fault-tolerant sin
e there is no longer a syn
hronization masteras a Single Point of Failure. Data rates of up to 10 Mbit/s
an be a
hieved. Real-time messages are supported.6. DISCUSSIONIn Figure 2 we show the relations of the dis
ussed ap-proa
hes and proto
ols. The arrows in the graph signifyan is-basis-for relationship. Note that the 
onne
tion fromTTP/C to R-ALOHA is dashed sin
e R-ALOHA usesTDMA prin
iples, but is not dire
tly based on TTP/C.If one 
ompares these relations with the 
lassi�
ationwith respe
t to intended RT behavior and data rateas provided in Figure 1 in Se
tion 1, there is no 
lear
orrelation between both diagrams. Although more ofthe non-RT approa
hes are on the TT side, there isno deterministi
 
ontingen
e between real-time and time-triggered 
on
epts.In general, event-triggered approa
hes allow for shorter av-erage laten
ies than time-triggered ones. Additionally, sys-tems based on them are easier to build and�in parti
ular�to extend. Typi
ally, new nodes 
an be integrated easily.On the other hand, maximum laten
y in event-triggeredsystems is higher than in time-triggered 
on�gurationsor just non-existent. Thus, in safety 
riti
al embeddedsystems as in means of transport (
ar, train, airplane, et
.)and in medi
al or industrial environments, time-triggeredsystems with real-time 
apabilities are preferable. Duringthe last years, new proto
ols 
ombining the advantagesof both �at �rst glan
e 
on�i
tive� approa
hes have beendeveloped. As in the 
ase of the state-of-the-art FlexRayproto
ol, this shows that �exibility 
an be 
ombined withdeadline guarantees.On the other hand, it would be naïve to see FlexRay asthe ultimate solution. Of 
ourse, a lot of older, less sophis-ti
ated proto
ols like LIN, CAN, Ethernet and others arestill in use for good reasons. These reasons are 
osts andthe reputation of older te
hnologies. The latter is 
learlyvisible in the attempts to improve widespread proto
ols by
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Fig. 2. Communi
ation proto
ols for real-time systems: relationshipsextensions, keeping them 
ompatible to existing systems.Examples are TTEthernet and TTCAN.As a rule of thumb, time-triggered systems are betterin real-time guarantees, and event-triggered systems arebetter in medium utilization and �exibility. Kopetz (2001)argues, that there is always a trade-o� between safety and�exibility. That might be true for a number of appli
ations.However, there are appli
ations where �exibility providesthe means to improve safety.Also, 
ombinations of both approa
hes are possible. Then,systems providing both the advantages are obtained. Froma te
hni
al point of view, su
h systems might the bestones. On the other hand, in pra
ti
e, we have to leave theivory tower and 
osts 
ome into play. Thus, a 
ost-bene�tanalysis is important in order to �nd the appropriatesystem for your appli
ation.However, the su

ess of 
ombined approa
hes as TTEth-ernet or FlexRay shows that the TT vs. ET wars belongto the past. REFERENCESBerwanger, J., Peller, M., and Griessba
h, R. (2000).byte�ight�a new proto
ol for safety 
riti
al appli
a-tions. Seoul 2000 FISITA World Automotive Congress.Binder, R., Abramson, N., Kuo, F., Okinaka, A., andWax, D. (1975). ALOHA pa
ket broad
asting: aretrospe
t. In AFIPS '75: Pro
eedings of the May19-22, 1975, national 
omputer 
onferen
e and expo-sition, 203�215. ACM, New York, NY, USA. doi:http://doi.a
m.org/10.1145/1499949.1499985.Broster, I. and Burns, A. (2001). The babbling idiotin event-triggered real-time systems. In G. Fohler(ed.), Pro
eedings of the Work-In-Progress Session, 22nd

IEEE Real-Time Systems Symposium, YCS 337, 25�28.IEEE, Department of Computer S
ien
e, University ofYork.Buja, G., Pimentel, J.R., and Zu

ollo, A. (2007).Over
oming babbling-idiot failures in CANnetworks: A simple and e�e
tive bus guardiansolution for the FlexCAN ar
hite
ture. IEEETrans. Industrial Informati
s, 3(3), 225�233. doi:http://dx.doi.org/10.1109/TII.2007.904144.Bux, W. (1989). Token-ring lo
al-area networks and theirperforman
e. Pro
eedings of the IEEE, 77(2), 238�256.doi:http://dx.doi.org/10.1109/5.18625.Crowther, W.R. et al. (1973). A system for broad
ast
ommuni
ation: Reservation-ALOHA. In 6th HawaiiInternational Conferen
e system s
ien
e, 371�374.Davis, R.I. and Burns, A. (2007). Controller area network(CAN) s
hedulability analysis: Refuted, revisited andrevised. Refuted, Revisited and Revised°. Real-TimeSystems, 35, 239�272.DeNuto, J.V., Ewbank, S., Kleja, F., Lupini, C.A., andPerisho, R.A. (2001). LIN bus and its potential for usein distributed multiplex appli
ations. Te
hni
al report.Felser, M. (2005). Real-time ethernet - industry prospe
-tive. Pro
eedings of the IEEE, 93(6), 1118�1129. doi:http://dx.doi.org/10.1109/JPROC.2005.849720.Greenwald, M. and Cheriton, D. (1996). The synergy be-tween non-blo
king syn
hronization and operating sys-tem stru
ture. SIGOPS Oper. Syst. Rev., 30(SI), 123�136. doi:http://doi.a
m.org/10.1145/248155.238767.Jansen, D. and Buttner, H. (2004). Real-time ethernet theEtherCAT solution. Computing & Control EngineeringJournal, 15(1), 16�21.Kopetz, H., Holzmann, M., and Elmenrei
h, W.(2000). A universal smart transdu
er interfa
e:



148 Preprints of WRTP/RTS. Mr¡gowo, 2009TTP/A. In Obje
t-Oriented Real-Time DistributedComputing, 2000. (ISORC 2000) Pro
eedings. ThirdIEEE International Symposium on, 16�23. doi:http://dx.doi.org/10.1109/ISORC.2000.839507.Kopetz, H. (1991). Event-triggered versus time-triggeredreal-time systems. In Pro
eedings of the InternationalWorkshop on Operating Systems of the 90s and Beyond,87�101. Springer-Verlag, London, UK.Kopetz, H. (2001). A 
omparison of TTP/C and FlexRay.Resear
h Report 10/2001, Te
hnis
he Universität Wien,Institut für Te
hnis
he Informatik, Treitlstr. 1-3/182-1,1040 Vienna, Austria.Kopetz, H. and Grünsteidl, G. (1993). TTP - a time-triggered proto
ol for fault-tolerant real-time systems.In FTCS, 524�533.Kung, H.T. and Robinson, J.T. (1981). Onoptimisti
 methods for 
on
urren
y 
ontrol.ACM Trans. Database Syst., 6(2), 213�226. doi:http://doi.a
m.org/10.1145/319566.319567.Plankensteiner, M. (2008). Standards-basedrealtime ethernet: New entrant proposes newproto
ol. Industrial Ethernet Book, (47). URLhttp://ethernet.industrial-networking.
om/arti
les/arti
ledisplay.asp?id=2272.

Pop, T., Pop, P., Eles, P., Peng, Z., and Andrei, A.(2008). Timing analysis of the �exray 
ommuni
ationproto
ol. Real-Time Syst., 39(1-3), 205�235. doi:http://dx.doi.org/10.1007/s11241-007-9040-3.Saha, I. and Roy, S. (2007). A �nite state analysis oftime-triggered 
an (TTCAN) proto
ol using SPIN. InICCTA '07: Pro
eedings of the International Confer-en
e on Computing: Theory and Appli
ations, 77�81.IEEE Computer So
iety, Washington, DC, USA. doi:http://dx.doi.org/10.1109/ICCTA.2007.4.Tindell, K., Burns, A., and Wellings, A. (1995). Cal
u-lating 
ontroller area network (CAN) message responsetimes. Control Engineering Pra
ti
e, 3, 1163�1169.Tsigas, P. and Zhang, Y. (1999). Non-blo
king data shar-ing in multipro
essor real-time systems. In Real-TimeComputing Systems and Appli
ations, 1999. RTCSA'99. Sixth International Conferen
e on, 247�254. doi:http://dx.doi.org/10.1109/RTCSA.1999.811240.TTTe
h Computerte
hnik AG (2009). Evaluationsystem with 1 Gbit/s for TTEthernet. URLhttp://www.ttagroup.org/ttethernet/do
/TTTe
h-TTE-Evaluation-System-1Gbps.pdf.Zheng, Q. (1993). Syn
hronous bandwidth allo
ation inFDDI networks. In In Pro
eedings of ACM Multime-dia'93, 31�38.


