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Abstract. \Ve ex:tend a measurement-ba&ed admission control algorithm 
Huggest.cd for prcclic:1.ive service l.o provide a.dvaucc rcscrvatio118 for gua.r­

a.nt.eed a.nd predictive service while keeping the attractive features of pre­
dictive service. The admission decision for a.dvance reservations is based 
on information about flows that overlap in time. For flow& that have not 
yeL 81.arte,L Ll1<, re<!'wsl.ed va.lueH a.re 11Hcd , a11cl for those l.l1a.l. l1ave a.I ready 

81.arted rneasu rerncuLH arc 11Hcd. Tl,is a.llowH 118 l,o c,sl.irna.Lc, 1.l1e 11dwork 

load accurately for the nea.r future. To provide advance reservations we 
a&k users to include durations in their requests. \Ve present &imulation 
results to &how tha.t predictive service with advance reservation& provides 
111,ili~a.tio11 levels sig11ific:a11tly l1igl1er l.ha.11 t.l1ose for gu,Ha,11l.eed service, 

a.nd compa.ra ble to those for predicted service without. advance reser­
vations. Those utilization levels are reached without any preemtion of 
other admitted flows. Finally, we discu&& how to setup advance reserva-
1.ior1s over rn u l Lip le hops i 11 1.1,e Tu l.c:rnc1. 11si 11g resou rc:c reserv,d io11 set II p 

protocols. 

1 Introduction 

Real time multimedia applications will share future netwo,·ks with traditional 
data applicaliorn. To provide qualiLy-of-:;ervice (QoS) for real lime applicaLion:; , 
it is likely that resource reservations will have to be made in the network. Cur­
rent. resource re8ervaliou prolocob allocale re8ource:; j u:;l, before comm uni ca.Liou 
begins, e.g., ST-2 [14] and various AT:VI signaling protocols reserve resources 
during connedion esrn,hlishrnent. This model of cornm,mirn.tion may nor fit the 
need:; of fuLure nelwork U8ern, [12] pp. 11-t ,t,'J. 

l{esomce reservations should he optional and decoupled from the starring 
lime of Lhe :;es8ion. One should be able Lo re:;erve re:;ources prior Lo or during a. 
network session depending on ,vhen a specific service is needed. Users may kno,v 
far in advance of their needs and would like ro plan their activities by making 

1 This work was supported by a grant from the Cent.er for Distance Spanning Tech­
nology (CDT), Lulea, Sweden 
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advance reservations Lo ensure that they are 110(. blocked by Lhe net.work's ad­
mission control mechanism. Imagine some users with busy schedules in different 
Lime z.ones who want Lo have an imporLant. Leleco11ference on a resource-limiLed 
net\-vork at an agreed time in the near future. They should be allowed to ma.kc 
an a.dvancP rPsPrva.tion givPn that thPy know wlwn and for what duration thPir 
Leleconference will Lake place. 

111 this pa.per we will look at an irnport.anL candidate for a11 admission conLrol 
algorithm originally proposed in (8] and later refined in [9], for a service called 
prPdid.ivP sPrvicP [::l]. PrPdictivP sPrvicP providPs quality of sprvicP for applica.­
Lions LhaL ca11 LoleraLe some loss such as real Lime digiLal audio and video appli­
cations that can adjust their playback points in response to jitter in the network. 
The efficiency gai11 of predidi ve service comes from allowing more flows in Lo Lhe 
net\-vork than guaranteed service, thus providing more sharing and lower cost. 
Tlw archit.Pd.mP dPscrihPd in [::l] supports g1rnrantPPd and prPdict.ivP sPrvicP , hm 
110L adva11ce reservaLions. 

The possibiliLy of maki11g ad va11ce resource reservaLions should be a parl of 
a communication architecture to provide better service to the users. \Vhcther 
a.dva.ncP rPsPrva.tions arP actually nPPdPd dPpPnds on fot11rP rPsom'cP scarcity. 
1Vhere resource.~ are plenLiful, noL even immediate reservaLio11s may be 11ecessary, 
but where resources arc scarce enough to justify reservations at all , it makes sense 
Lo be able Lo make Lhern in advance. In Lhis paper we will show that advance 
reservations can be provided by the network with little overhead. 

2 Fran1ework 

'l'hP- sPrvicP- mod P-1 and th P- admission control algorithm suggPst.Pd in this p;i11Pr 
are exLension:; of Lhose presenLed in [:1] a11d [9]. In [:1], Lhe proposed net.work ser­
vice interface offers guaranteed service, predictive service and best-effort (ASAP) 
sP-rvicP. 'l'hP- sPrvicP intP-rfacp rP-liPs on tokP-n hud:P-t traffic shaping; th P- smJrcP 
specifies Lhe bucket siz.e b and Lhe Loken general.ion raLe r. C uaranteed service 
providP-s a minimum trnnsmission rnt.P- and thPrnforp thP quP-11ing dPlay hound 
becomes Lhe buckeL siie divided by the raLe. Predictive service provides J{ differ­
ent service classes with widely spaced target delay bounds D; and it is suggested 
that tlw targP-t bounds am spa.cpd by an ordP-r ofmagnitudP. 'l'hP- ho1mdP-d qua.n­
LiLy is Lhe q ueui11g delay per hop, so it is necessary Lo add up Lhe LargeL delay 
bounds at Pa.ch hop to find thP- 11ppPr hound on thP tota l quPuing dday. 

To support this service interface a scheduling algorithm is presented in (3]. 
ThP- gua.ra nrnPd sPrvicP traffic is scl1P-d11 lPd with wP-ighrnd fair q11 Puing ( W ~'Q) (4] 
so LhaL each guaranteed service clienL has a separaLe vVFQ flow. All Lhe predicLive 
sPrvicP Aows and ASAP traffic sharp thP spa.rP bandwidth in a. psPmlo-W FQ flow, 
called flow O. The available band width for flow O is Lherefore J.l - vc; where J.l is 
the link bandwidth and 1)G is the measured bandwidth usage for all guaranteed 
Aows owr thP link. lnsidP Aow 0, thPrn arP a numh P-r of strict priority classPs : 01w 
class for ea.ch LargeL delay bound a.11d ASAP Lraffic aL Lhe lowesL prioriLy. The 
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8LricL prioriLy 8cheme implie8 Lha.L queuing delay experienced by higher prioriLy 
classes will be conveyed to lower priority classes. 

Admi;;8ion cont.ml i8 performed in each ;;w iLch a.long I.he palh of a ilow. 
Admission requests will be carried to the switches by an encl-to-end resource 
reservation protor.ol. 

K oLe LhaL our use of I.he Lenn "guarnnLeed ;;er vice" in Lhi8 paper i;; a<lopLed 
from [3]. There arc other ways to provide guaranteed service which may give 
beLLer uLiliz,aLion, e.g., jiLLer-EDD [fi]. 

3 Duration Intervals 

To achieve an efficient scheme for advance reservations without preemption we 
have exLended Lhe service inLerface 80 Lha.L each admii::i8ion req ue;;L include8 a. 
duration interval: / = [ts, t , ], where t., is the starting time of the requested 
8ervic.e an<l le i;; I.he fini8hing Lime of I.hat. i:iervice. Knowledge of Lhei:ie inLervab 
is necessary for the admission control algorithm to determine which requests 
overlap and when the reserved resources 1..vill he released. As a special case, 
requesL8 for immediaLe a.dmi8sion will ;;pecify uow a;; Lheir 8LarLing Lime. ::'foLe 
that a duration interval refers to the resource allorntion only, sending packets 
ouL8ide Lhe inl.erval i;; po8sible buL as no re;;ourc.e8 are allocaLed Lo Lhose packe L;; 
they 1..vill receive a lower service quality. 

A user that does not know how long a session will be should he able to 
u;;e a <lefaulL value or a value <lerive<l from a per8onal profile . If a resour ce 
allocation turns out to be shorter than needed, it ,vill be possible to renegotia.tc 
by calling admi;;8ion conLrol again. If Lhe new req ue,sL is granLed Lhe <luraLio11 
of the resource allocation is cxtcnclccl. If not, the session is in clanger of loosing 
servir.e quality when the resom·r.e allocation expires. l)efault intervals could he 
renegoLiaLe<l auLomaLically j usL before Lhey expire. 

If a resouce allocation turns out to be longer than necclecl, other advance 
reservaLion req ue;;Ls might. unece:;;;arily be rejecLe<l. Fort. una.Lely, Lhe unu8ed re­
sources can be given to those who arc requesting immediate admission. This 
is because the measurement procedure of predictive service automatically de­
LecL;; uuuse<l c.apaciLy ouc.e a. ilow is acLive. Therefore, over-re;;ervaLiou ha8 liLLle 
impact on the total utilization as long as there a.re some immediate requests 
for admi;;8ion. In a<ldiLion, I.here i8 an opLion for user8 Lo e.x.pliciLly cancel Lhe 
allocation before it expires. 

4 Admission Control Decision for Advance Reservations 

The admi8sion deci;;ion for predictive service is based 011 reque8Le<l rat.es for ilow8 
that have not yet started and on measured rates for currently active flows. If 
Lhere a.re 110 advance reservaLion;; an<l a reque8L for immediaLe adrni;;;;ion arrive8, 
our extended conditions give the same result as the conditions stated in [9]. 

~·igure I is a snap-shot of admitted ftows in a time/ bandwidth diagram. ~'lows 
a. b a.ud c are current.ly acLive an<l we have mea;;ureme11L8 of Lheir raLes an<l 
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maximum delays which are used as predictions of their future behavior. When 
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Fig. 1. Snap-shot of reservations 

link bandwidth 

} measured bandwidth 

time 

a new admission request arrives, admission is granted if the new flow would not 
cause any delay bounds to be violated or bandwidth limits to be exceeded. The 
admission conditions (section 4.1) only consider flows that overlap with the new 
flow (b,c,d,e,g,h), using measured bandwidth if they have started or, otherwise, 
bandwidth requests; we call this the estimated bandwidth. The conditions are 
checked at all points where new flows begin (ts, ix and iy)-

For reservations in the distant future the number of currently active overlap­
ping flows is small and admission decisions are based mainly on requested rates. 
In the near future the number of currently active overlapping flows is probably 
large and admission decisions are based mainly on measured values. So, in the 
distant future, the admission criteria are conservative, but as time proceeds more 
overlapping flows will become active and we get better estimates of bandwidth 
usage. Thus, as we get closer in time to the point at which a flow with an advance 
reservation is to begin, we have a more accurate knowledge of the network load 
and more flows can be admitted. Requests for immediate reservation can fill up 
the remaining bandwidth. 

4.1 Admission Criteria 

A client may request admission for predictive service in one of the classes 1 to 
K (where class K packets are scheduled at the lowest priority level), or for guar­
anteed service. The following notation will be used in the formulas 2 describing 
our admission criteria: 

2 These formulas are extensions of those presented in [9] 
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I/G(t) e8Linrnt.e<l bandwi<lt.h for guara.ut.ee<l ilow8 at. Lime l 
1/P(t) estimated bandwidth for predictive flows at time t 
l/f>,(i) e8Limat.e<l bandwi<lt.h for ilows in pre<lict.ive di:IS8 i at. Lime l 
Rc(t) requested bandwidth for guaranteed flows at time t 
D1 measured delay in predictive class j 
Hj(t) h11r.kP-t sizP- sum for not yP-t startP-d flows in prP-dictivP- class j. 

Predictive service: iVheu a dieut. reque:;ts ::;ervice iu pre<lict.ive da.-;8 k for a 
flow ct, shaped by token bucket filter (rf, bf , Ia), the admission control algorithm 
pP-rforrns tlw following r.hP-r.ks: 

l)P-terrnine if the bandwidth usage, aftP-r adding the nP-w load rf\ will ex r.P-ed 
Lhe available link capacity -u1-i <luring the reque8Led interval I"' ; 

The available link capacity, ·u1-i, is <let.ermiue<l by Lhe link capacity I-' and the 
link utilization t:nget 1.:, th;i.t is tunable. 
Det.ermine whether Lhe worst pos8ible behavior of Lhe uew ilow and the 
other flows that have not yet start ed can cause violation of delay bounds for 
predictive servir.e r.lassP-s l: through l{. 

T he wornt case is when all predidi ve 8erv ice ilows Ilu:;h Lheir eut.ire tokeu 
buckets simultaneously in one burst. The result ing queue will be emptied 
accor<liug l.o the a vailable ban<l width. 
- check the delay bound, Dk , of the same priority level : 

( 
. b? + Lt=l H;, (t ) ) 

D k> m ax Dk + k-l 
t el ~ J.l - V(~(l ) - L,=1 l/ f'; (/) 

(2) 

- check the delay bound of the lower priority levels , i.e., D j where k < _j :::; K . 

Guaranteed service: \Vhen a client requests guaranteed service for a fiow ct 
sh;ipP-d by (re , be,!"') , the ;i.drnission r.ontrol a lgorithm first p P-rforrns the tot al 
ban dwi<ll.h check expressed iu (1), then Lhe follo wing checks are perform ed: 

D etermine whet.her the requesl.e<l bandwi<lt.h of all gua ra.ul.ee<l service ilow8 
will exceed link capacity : 

u1-i > max (r~ + Rm 1)) (f ) 
t el ~ ' · 

Determine that t he delay bounds of each predict ive service cla ss is still ob­
served when the rem aining h rmdwidth is decrP-ased (estima ted bandwidth for 
guaranteed flows and for predictive classes with higher priority is subtracted 
from tlrn link bandwidth). 

( 

.i -1 ) 
D1 > D j *max _ 1 

· . • /1, - .ZIG(now) -.. · Li=l 11
F ;(n0v.. ' ) 

tel ·' 11, - r~ - vG(t ) - L·;=1 llF ,(t) 
(5) 
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flows 

#flows "'\.},..,,.,.""'.,...,..., 
200.00 

#advance 

100.00 

sec x 103 
1.00 1.50 2.00 

Fig. 2. Plot of number of active flows when there is a large block of flows admitted in 
advance. 

4.2 Operation of Admission Control Algorithm 

Figure 2 illustrates how our admission control algorithm operates. At time 1700 
a large number of sources start. These sources, which were admitted in advance, 
have reserved all of the available bandwidth and all finish at time 1800. There 
is a background of sources asking for immediate admission with predictive ser­
vice. The figure clearly shows that the number of active flows goes down to 
zero just before time 1700 because admission control rejects new flows to honor 
the resource commitments to the previously admitted sources, and because ac­
tive sources finish. At time 1700 the number of active flows increases sharply as 
the previously admitted sources begin to transmit. As the aggregate traffic is 
measured and found to consume only part of the resources needed to accommo­
date the worst case according to the token bucket parameters of the admission 
requests, more sources can be admitted and the flow count increases further. 

4.3 Renegotiations 

If a request is made for extending the duration of an already active flow it would 
be very conservative to base the admission criteria on peak-rate values obtained 
from the token bucket specification. Instead the available measurements of the 
flow could be used to predict its future behavior. This can be done by checking 
the conditions (1) to (3), replacing the bucket rate rf with the measured rate 
and replacing the bucket depth bf with zero (so that it has no effect on the 
admission decision). This means that the future behavior of any active flow is 
given by the measured values only. The conditions need to be checked at the 
points in the requested interval where previously admitted flows will start. This 
ensures that the extended duration will be granted only ifno previously admitted 
reserva tions are j eopardized . 
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5 State Requirements 

To make the admission control decision the original admission control algorithms 
[8] [9] needs the current bandwidth use for all guaranteed flows plus maximum 
delay and bandwidth use for each predictive service class. These are measured 
values and per-packet processing is needed to maintain them. 

The information needed to make advance admission decisions in a switch is 
summarized in figures 3 and 4. Figure 3 shows the cumulative requested band-

bandwidth bandwidth 

time ~. time 
now now 

Fig. 3. Cumulative requested bandwidth Fig. 4. Predicted bandwidth use of cur­
rently active flows 

width admitted to flows that have not yet started. Figure 4 shows the predicted 
bandwidth use of currently active flows. Present measurements are used as pre­
dictions of future bandwidth use for those flows. We need to keep state corre­
sponding to these diagrams for the guaranteed flows collectively and for each 
predictive service class individually. Note that the state corresponding to fig­
ure 3 need to be accessed only when making an admission decision, while the 
state corresponding to figure 4 are measured values and per-packet processing is 
needed to maintain it. 

A straightforward implementation for advance reservation would keep an 
amount of state proportional to the number of active flows plus the number 
of flows reserved in advance. Aggregation methods, however, can decrease the 
amount of state needed for the admission control decision: flows that start or 
finish at the same time, or nearly the same time, can be treated collectively. 

There is a tradeoff between the amount of state saved by aggregating requests 
and the flexibility of making requests. A simple way to aggregate requests is to 
use time slots. Duration intervals may then start and finish only at certain points 
in time. A disadvantage with this scheme is internal fragmentation: clients may 
have to reserve longer intervals than they will actually use. 

Any scheme for resource allocation in a packet switched network requires that 
switches can find the appropriate resource allocation when a packet is received, 
so that the packet can be scheduled correctly. It seems inevitable that this map­
ping requires an amount of state linear in the number of active reservations if 
resource reservations can be made for individual flows. For instance, the values 
that identify flows with reservations ( addresses, port numbers, flow identifiers, 
etc) will typically be kept by the switch. 

To summarize, regardless of whether advance reservation is supported or 
not, predictive service requires that a switch keeps, and accesses on a per-packet 
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basis, an amount of state that is no more than linear in the number of active 
reservations. To support advance reservations, our admission control algorithm 
needs to keep an additional amount of state not more than linear in the number 
of admitted flows that have not yet started. This additional state needs to be 
accessed only when admission decisions are being made. 

6 Simulations 

Our simulations aim to show that adding advance reservation capability to the 
admission control algorithm for predictive service does not decrease utilization 
levels very much. This implies that advance reservations for predictive service 
give significantly higher utilization levels than advance reservations for guaran­
teed service. 

The simulated network topology is a single link, and the source models are 
simple on/off models with exponentially distributed on and off times. We have 
done simulations of scenarios with immediate reservations only, and with both 
immediate and advance reservations. We have also examined the effects of ag­
gregating state for active flows with similar finishing times. Finally, as it is likely 
that advance reservations will be made a long time in advance and have longer 
durations than immediate reservations, we have studied how such scenarios affect 
utilization levels. 

6.1 Simulated Topology 

The simulated topology is a single 10 Mbit/s bottleneck link connecting two 
routers. A number of sources are connected to one of the routers with links of 
infinite bandwidth. All sources send data to a sink connected to the other router. 
Our data comes from the upstream router R (fig 5). 

source 1 

source 2 

source n 

bottleneck link 

10 Mbit/s 

Fig. 5. Simulated topology 

6.2 Source Model Parameters 

We use three kinds of sources, all generate packet trains at some peak rate p. 
The train length is exponentially distributed with mean N. The time between 
packet t rains is also exponent ially dist ributed wit h mean I . T he rat io between 
the peak and average rate, p/ a, can be calculated from those values. 

Ex.1019 
CISCO SYSTEMS, INC. / Page 9 of 21



All sources regulaLe Lheir ouLpul wiLh a Loken buckeL filler wiLh Loken gener­
atic,n rate rand bucket depth b. Each token is worth 1000 bits which is equal to 
Lhe packeL size; sew.ling one packet consumes one Loken. If Lhe bucket is emply 
the packet is queued until a token is available. The token bucket tilters in table 
I ,UP- dP.sip;nP-d to always hn.vP- a tokP-n availn.hlP- wlwn tlw sourcP- wants ro output 
a packet.. 

}Ioele! Name Model parameter5 Token bucket Delay bouncb 

p I N p/a ,. b D D1 
pk ts/ sec: rJIHCC pkt.H Lk11s/scc tkns rn~cc rJIH('.C: 

Exp I (i4 :12.5 20 2 64 In In 
Exp2 1024 <)0 10 10 :120 .'iO 160 160 
Bx:p3 107 

68'1 9 76000 512 80 160 

Table 1. Source model parameters 

A 11 somcP- paramP.ters are listed in tahlP- 1. In tlw table, /J is the maximum 
delay for a guaranLeed flow, cakulaLe<l from Lhe Loken buckel pararnelers. Dj 
is the rP-quP.stP.d delay hound whP-n the so11rcP- asks for prP-dictivP- sP-rvice. ThP­
rouLer supporLs Lwo predicLive service classes, one wiLh a delay bound of 1() ms 
and the other with a dday bound of 160 ms. 

6.3 Flow Generation 

SourcP.s ask for admission according to a poisson process; thP- timP-s betwP-P-n 
admissio11 requests are exponenLially <lisLribuLed wiLh a mean of ,1()() ms. In all 
simulations, the offered load is about 2.4 times larger than the capacity of the 
link, so most admission requests are rejected. 

In Lhe firsl set of simulaLions, Lhe requesle<l <luralion inlervals are exponen­
tially distributed with a mean of '.:l00 seconds. For sources that ask for admission 
in advance, Lhe Limes between Lhe admission requesL and Lhe sLarL of Lhe dura­
tion interval, henceforth called the booking t imes, arc exponentially distributed 
with a mean of 5 min. 

In Lhe second sel of simulaLions parL of Lhe load , henceforLh called Lhe ·urt'ifonn 
load, conks from sourr.es with durations that n.re uniformly distrihuted in an 
inlerval + - GrJfX, of their mean. These sources use booki11g Limes LhaL are also 
uniformly distributed in an interval + - 50% of their mean. The offered uniform 
load is kept r.onstant by der.re;isinp; the number of admission requests when 
duraLions are large. E .g., when duraLions have a mean of :10 min Lhe number of 
admission requests are (:i times fewer than when dmations have a mP-an of 5 min. 

A source requests admi.ssio11 by sending a selup pad.el conLai11ing Lhe desired 
service type and token bucket parameters towards the destination. If all routers 
along the path grant admission, the source transmits during the requested in­
Lerval and Lhen iL slops. 
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6.4 Measuring Process 

The measuring process estimates current bandwidth utilization v and experi­
enced maximum delay iJ in the same way as in [9]. When deciding whether 

bw ,I\ 
f3: finish time of flow 3 

~ f4: finish time of flow 4 

-
now f4 f3 time 

Fig. 6. Estimated future bandwidth use for currently active flows 

to admit an advance reservation, the algorithm needs estimates of bandwidth 
utilization in the future, e.g., at time t in fig 6. This is done by continually es­
timating current bandwidth utilizations and using these as predictions of future 
utilization. The estimates are obtained by a straightforward extension of the 
measuring process in [9]. The packet rate of every active flow is sampled; these 
rates are then used as in [9] to obtain estimates of bandwidth utilization between 
finishing points of flows. The sum of the rates of the bottom three flows in figure 
6 are used to estimate v between f3 and f4, i.e., the finishing points of flows 
three and four from the bottom. This procedure ensures that the estimates are 
conservative in the distant future and accurate in the near future where many 
currently active flows will still be active. 

In a straightforward implementation, calculating the estimates is linear in 
the number of flows. To avoid keeping track of every individual flow and reduce 
the overhead in calculating the estimates, we have experimented with aggregat­
ing flows that finish at about the same time. The bandwidth utilization of the 
aggregated flows is then estimated collectively. 

6.5 Simulation Results 

To verify our simulation environment we first replicated some relevant results 
from [9] in our simulator. In this first set of simulations, all sources in a single 
simulation conformed to the same source model and all requested immediate 
admission for the same type of service. The results of these simulations are 
summarized in table 2 under IMM. In table 2; util is the utilization of the 
bottleneck link and delay is the maximum experienced queuing delay. # sources 
are averages of flow counts; act is the average number of sources that were 
transmitting. The measuring pa rams are the size of the T and S windows used 
in the measuring process ( see [9]). 

T he ut ilizat ion t arget v was 90% in all simulat ions . All simulat ions ran for 
a t least 3000 seconds simulated time. The data in table 2 comes from the second 
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Na.me Model Serv util dela.y # sources (a.vg) Measuring pa.rams 

% (ms) act adv adm '1' (s) s (s) A. (s) 

L\tM Expl C' -' ,15 2.6 HO - - ,3.0 0.80 -

ADV Expl C' _, ,a 2.3 H7 B7 282 .3.0 0.80 -

L\-1.M Expl p 78 2.3 2-H - - ,3.0 0.80 -

ADV Expl p 68 1.9 2B 160 265 ,3.0 0.80 -

GRA Expl p 70 1.9 119 164 249 5.0 0.80 32 
GR:\ F xpl p 7!'> V i 232 1.5:1 240 .'i.O 0.80 128 

L\-IM Exp2 G 28 9.3 28 - - 1.0 0.12 -

;\DV Fxp2 (.j 27 8.4 27 27 I O!J 1.0 0.12 

I::VfM Exp2 p 76 37.0 7G - - 1.0 0.12 -

;\DV Fxp2 p .5!) l:l.4 .~8 .n 124 1.0 0.12 
GR:\ Fxp2 p .54 I I.I ,H 17 1·n 1.0 0.12 32 
CHA Exp2 p '50 11.5 ·19 :33 123 1.0 0.12 128 

Table 2. Simulation results, cluration5 exponentially distributed 

half of thP simu lat.Pd timP. Visual inspPdion confirm Pd that no startup transiPnts 
remai11ed aL t.lrnL Lime. 

In the simulations with advance reserva tions, 50% of the sources asked for 
imnwdiatP admission and ,')0% for admission in advancP. ThP choicP was random. 
All so urces conformed Lo Lhe same m odel a.11d as ked for Lhe same Lype of service. 
These simulation results arc sununarizcd in table 2 under ADV. There, adv is the 
avPragP nmn hPr of sourcPs that wPrP transmitting and WPl'P admittPd in advan cP, 
and adm is t he average num ber of sources that were admitted in advance but 
havP not hPg1m transmitting. 

·ThP GK,;\ simulations arP similar to A I )V , thP only differPnce hPing the m ea­
suri11g process: all ilo ws LhaL fi11ish wiLhin Lhe same A. seconds are aggregaLed 
and measured collectively. This also implies that for purposes of admission con­
Lrol, finishing Limes a re rounded upwards Lo Lhe nearesl A seconds. In Lhe Lable, 
s'l is the granularity of the measuring process. 

6.6 Discussion 

These simulations d early show tha.t predictive service with advance reservations 
provid es higher network utili ~ation tha n guaranteed service with advance reser­
vations. They also show that adding advance reservation capa bility t o predictive 
sPrvice dPcrpa,sps bandwidth milirntion. ThP lPvPls arP not much lowPr though 
for smooLh Lraffic, buL for bur.sly Lraffic Lhe uLilizaLion level decreases more. 
\Vhcn the fraction of sources asking for advance admission is lo-wcr the decrease 
in utilintion is lower. K g ., in sinrnlrdions when 10% of thP som ces (instPad of 
50%) ask for adm ission in advance, the ut ilization is 69% for t he burstier Exp2 
t raffi c. 

ThP rPri.son for th e dPcrerisP in milirntion is tlrnt advan cP rPsPrvations will 
block requesl.s for immediale admission. This blocking e1fecl is larger when Lhe 
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:;ources are bursLy since Lhe Loken buckeL paramelers a.re larger. :\'Ioreover, when 
token buckets arc deep the admission decision is based on delay considerations 
more Lhan on available bandwidLh. To make a good admission deci:;ion in Lhi:; 
case, the aigorithm would need to know how much ca.ch fiow contributes to 
the <:urrent queuing delay. This would enable the algorithm to estimate future 
delay since iL knows which ilow:; will be acLive aL any fuLure Lime. ln:;Lead, Lhe 
algorithm uses the current delay as an estimate of future delay. Since this is a 
very corniervaLi ve esLimaLe, neLwork uLifoiaLion suITer:;. 

An interesting and somewhat surprising result is that ·when there was ag­
gregation of flows in the measuring process 11tili:rn.tion inc.rer1.sed for the smooth 
Lraffic genera.Led by Expl sources, buL decreased for Lhe bur,;Lier Exp2 sources . IL 
is easy to sec that utilization might decrease since the durations of active rescr­
vaLions are virLually exlended by Lhe aggregaLiou in Lhe measuring proce,;s. Thi:; 
gives less room for new reservations. The simulation results arc not conclusive 
on why aggregation in<:reases utili;,;a.tion for the smooth ~:xp 1 sources. 

An iuLeresting observaLion is Lha.L for guaranteed ,;ervice, source:; asking for 
immediate admission arc almost completely shut out by sources asking for admis­
sion in advance. This is due to the fad that for guarnnteed servi ce the admission 
decision is based on requested values only, regardless of estimated bandwidth use. 
The sources ;i;;king for admission in advance are admitted first and so <:an st;i.rve 
ouL source:; asking for immediate admission since no bandwidLh is freed when 
the sources with guaranteed service begin to transmit. 

6. 7 Dooking Time an<l Duration 

These simulations investigate how booking times and durations arc related to 
11tili;,;ation. Table 2 shows tlrnt there is virt11ally no deaease in milization levels 
for guaranLeed service when Lhere are advance reserva.Lions, :;owe concenLraLe 011 

predictive service. l\"o effort was spent in finding good parameters for the mea­
suring process, so it is likely that utilizations levels could he improved somewhat. 
[9] discu:;,;es Lhe eITecls of changing various measuremenl parameLers. 

In this and all following simulations, 60% of the load lrns ;,;ero hooking times 
a.ml duralion:; Lha.L are expouenlially disLribuLed wilh a. mean of ,i min. ,1l)% of 
the offered load is uniform as explained in 6.3. The parameters in tables 3, 4, 
and 5 refor to the uniform load only. /\ 11 sources in a simu lat.ion obey the same 
:;ource model, and a.!l req_ uesL predic.Li ve service. SimulaLions ran for 7.j()() seconds 
simulated time and the reported results come from the las t L:i0O seconds. 'fo 
delay bound,; were v iolaLed. 

Table 3 gives utilization levels for a. simulation series where all booking times 
were ;,;ero, i.e ., all requests are for immediate reservation. This allows comp;i.r­
i:;on wiLh laLer re:;ulls u:;ing non-zero booking Limes. Table ;1 genera.!ly show a 
tendency of increasing milirntion as the durations of the 11niform load increase. 
Thi.~ is expec.Led as Lhe number of acl-ive ilow,; wiLh long duralion:; increa.:;e and 
there arc fc-wcr dips when flows leave. 

The uniform load in the next set of simulations have duration means of 
10 minuLes. The booking Limes vary. Re,;u!l.s are reported in Table ,1, which 
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Mean duration (min) ,) 10 15 :30 '!,) 60 7.3 

Expl util (¼) 79 81 8:! 78 78 83 83 
Fxp2 111.il (%) 78 79 80 80 81 8 1 81 
Fxp.1 II Lil (%) 40 42 4.1 46 45 47 46 

Table 3. Zero booking time 

lists utilization levels, ttiil, and average number of active reservations that were 
hookt:d in advan<:f:, #adv. 'l'ablt: 4 show that. utilization lt:vds art: indt:pt:ndt:nt of 

.Mean booking time (min) ,3 15 30 -15 60 7.'5 

Expl util {%) 80 79 79 78 79 78 
#adv 16:! 136 132 133 134 13:! 

Exp2 util {%) 76 76 76 76 77 76 
#adv 36 26 26 25 ') r:: 

~ ;) 25 

Fxp.1 u 1.il (%) 16 19 20 l!l 21 21 
#adv 30 15 15 15 15 1,) 

Table 4. Effect of booking time. 1fean duration 1~ 10 min 

Lhe lengLh of Lhe booking Lime when Lhe booking Lime i8 longer Lhan Lhe duraLion 
intervals. As there is no overlap with active flows at the time of admission, the 
number of ilow8 LhaL ccrn be admiLLed in advance is determined by how much 
will fit into the link given the token bucket parameters. Simple calculations on 
th t: tokt:n bllckt:t paramf:tt:rs and rnmparison with t.ht: rt:port.t:d #ad1; nllmlwrs 
confirm Lhi8. The uLili;1aLion levels for Lhe 8mooLher Expl and Exp2 models 
decrease only a fc,v percent compared to the simulations with zero booking 
timt:. For t.ht: ~;xp::l modt:l utilization lt:vt:ls dt:nt:ri:sf: dramatically, from 42% to 
21% when durations arc 75 min. Kot.c, however, that the utiliza tion level would 
ht: lt:ss than 2.7% if gllarantt:t:d st:rvict: wt:rf: rt:q11t:st.t:d . 'l'ht: utifo:ation dt:crt:ast:s 
because of Lhe blocking Lha.L occur j usL before reservaLious ma.de in ad va.nce 
become active, sec Figure 2 for an illustration of this dfrct. 

·Tht: final simulations kt:t:p t.lw m t:an hooking timt: fixt:d at. Ii, min , and th t: 
durnLion means vary from G Lo 75 minuLes. Table 5 li8L Lhe re8u!Ls. T here, #adv 
is the number of active flows that ,vere reserved in advance and #advstarts is 
Lhe number of 8uch flows Lha.L sLarLed wiLhin Lhe 2G minuLe inLerva l. 

Table 5 8how Lha.L longer duraLion inLervals increase uLilizaLion levels. The 
rt:ason appt:ars ro ht: that tht: numht:r of starts of rt:st:rvations that wt:rf: hookt:d 
in advance decrease as Lhe lengLh of duraLion inLerval.~ increa8e. The number of 
accompanying dips then also decreases. l"tilization levels for the bursty Exp3 
sourct:s fllld.llatt: sip;nificanrly dut: to th t: 1mt:vt:n distrihution of starting tinws 
of advance reservaLious. A plot. of Lhe uLilizaLion level and number of sLarLing 
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Mean durat,ion (min) 5 10 1.s .3(1 ,15 60 75 

Expl util (%) G9 79 82 84 84 85 8G 
#adv I ;10 144 I ,SJ 187 20.~ 219 224 
#adv~tarts n28 J42 244 , .~2 109 !)J n,S 

Exp2 util (%) 71 7G 78 79 80 80 82 
#adv 20 20 28 J8 50 S2 57 
#adv~tarts 1;13 n'.l S2 JI 24 19 20 

Exp3 util (%) 11 19 14 28 30 35 37 
#adv 15 lG 19 29 42 GO G3 
#,Hlv~tarts 80 42 29 27 22 21 24 

Table 5. Effect of Duration. },lea.n booking time is 15 min 

advanr.e reservations per tim e unit clearly show this phenomenon, the utilir.ation 
level drops significantly before a high concentration of starts, 

When hooking times are shorter than durations, the number of adive flows 
LhaL were admitled in advance will increase. This does noL appear Lo have much 
effect on utilization. A 20000 second simulation where durations ha.cl a mean 
of 7,) min, and hooking times were large, resulted in ::36% utilir.ation for b:xp::l 
sources. Compare this to the 37% utilization when booking times had a m ean 
of 15 min (Table ,5) 

To conclude, Lhese simulaLiorn; show LhaL when duraLions of advance reserva­
tions a.re long, utilization levels a.re about the same as the levels without advance 
reservations, 1111 less token hur.ket parameters are very la rge in which case the lev­
els decrease somewhat clue to blocking before the starting times of reservations 
hooked in advn.nr.e. \Vh en hooking times nre longer than a few minutes, utili r.a­
Lion leveb are noL relaLed Lo Lhe lengLl1 of Lhe booking Lime. ULiliz.aLion does 
depend on the duration of advance reservations, longer duration gives higher 
utilir.ation. There were no violations of delay bounds in any simulation. 

7 Setup protocols for advance reservations 

To provide an end-to-end advance reservation service in a.n internetwork, it is 
ner.essary to have a protocol whi ch is able to set up reservations in advanr.e across 
mulLiple hops. So far, we have been concerned only wiLh admission conLrol in Lo a 
single hop . There have been some protowls suggested for setting up reservations 
in a packet. swiLched neLwork, including ST-2 [HJ, HSVP [H>], Q.29:n [17]. RCAP 
[1]. The first two protocols were designed to provide reservations in the Internet. 
One diiferenr.e between th em is that S'l'-2 relies on hard state and H.SVP on 80ft. 
st.a.Le. AnoLher difference is LhaL in ST-2 Lhe sender makes Lhe reservaLions and in 
l{SV P it 's the rer.eiver. For our purposes, hard 81ate means that the reservation 
st.a.Le in Lhe rouLen,, once seL up, will remain in Lhose rouLers unLil expliciLly Lorn 
clown . By soft .state we m ean that reservation state must be refreshed periodically 
and will time out otherwise. In pradice, this means that as mutes change, the 
reservaLion sLaLe in RSVP will Lime ouL and be rebuilL a long Lhe new paLh. 
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7.1 Setting up Advance Reservations using RSVP 

vViLh some mi11or changes, RSVP [rn] ca.11 be used Lo sel, up adva11ce reservations 
in almost the same way as it is used for setting up immediate reservations. 
To e8Lablish an advance reservaLio11 for a mulLi-parly ses8io11 Lhe senders have 
to announce their session by periodically sending announcement messages (in 
H..S VI-' terms, "PATH'' rnP-ssages) down ;i, rn11 ltirn.st trP-P-. Receivers respond to 
U108e an11ounceme11L8 by sending reservaLions Loward Lhe senders. The resources 
have at this point been reserved for some time in the future. At the time the 
8ession sLarLs, resource;; are allocated and Lhe service Lo each se8sion pa.rLicipanl 
increases from best-effort to the requested quality. 

For reservations made for in advance, there is potentially a very large number 
of path and resP-rvations messages that must he sent before thP- session begins. 
To reduce overhead, Lhe freque11cy of .~e11ding Lhese message8 8hould ;;Larl. low 
and increase as the time of the session approaches. HSVP could support advance 
reservaLion;; efficie11tly while allowi11g Lhe a.dmi8sion conLrol algoriLhm and mea­
surmg process to aggregate session state if the following two minor changes arc 
made: 

'l'o support advanr,e reservations the flow sper,ifkation rnrried hy H..SV P path 
and re;;ervaLio11 uie8sage;; should include se;;8io11 duraLiorrn. A sender will 
state a duration for the session and the receivers arc free to reserve any 
i11Lerval w iLhin Lha.L duralion. Since senders may le11gLhen or 8horlen dura­
tions, special wildcard durations can be used by the receivers to follow the 
changes made hy the sender. 
'l'o cancel a reservation, H..SVP should provide the original ftowsper, in the in­
terface between RSVP and the admission control mechanism. This is because 
om admission r,ontrol algorithm aggregates requests for sessions of similar 
duraLio11 Lo save ;;Lale and for mea.~uri11g purposes. \Ve propo8e Lhal RSVP 
provide the original fiow specification when making a call to the admission 
control mer,hanism to delete a session. 

Setting up advance reservations with RSVP is attractive because relatively 
sm;i.ll changes are needed to the protocol. Also, K..SVP seems to he ;i setllp 
proLocol LhaL will be widely used in Lhe InlerneL. However, Lhere are Lwo problems 
with the scheme. 

~' irst, both senders and receivers neP-d to he presP-nt when the resP-rvation is 
made and during Lhe whole perio d before Lhe reserved inlerval .~LarLs. The aclual 
application need not be present, but some agent on each involved host needs to 
join the rn11lticast group and tell the local H..SVP agent to start sending and 
receiving path and reservation messages. If hosts fail or arc temporarily cut off 
from the network, the reservation may time out. ~;ven ·worse, the sender and/or 
receiver hosls may noL even b e presenl when Lhe re8erva.Lion needs Lo be made3 . 

A truly fiexiblc resource setup protocol should allow resource reservations by 
third parties as well as receivers and/or senders. 

3 This point was made by David Clark 
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Second, RSVP currenlly does nol prevent. rouLe changes. Changed rouLe8 
will cause the reservation messages of existing reservations to pass through new 
rouler8, which may or may noL have sufficienl resource.~ Lo granL Lhe re8ervalions. 
If not, some reservations will be rejected, which introduces an ordering problem 
in rP-huilding adv.i.n<:P- rP-sP-rvation st.itP-. Thus, P-.i.rliP-r rP-sP-rva.tions can hP- shut 
ouL by laler reservations whose reque8L happens Lo arrive first. al Lhe rouler in 
the ne,v path. Such behaviour will decrease the utility of advance reservations. 
If you cannot. l.ru8L an advance reservaLion Lo be presenL al ses8ion Lime, why 
bother to ma.kc it'? There appears to be a strong connection between a resource 
rP-sP-rvation and thP- pa.th owr whir.h it holds. 

7 .2 Soft versus Hard State Setup Protocols 

Hard-state-based resource reservation protocols a.void the problem of changing 
roules buL al. Lhe co8L of Ile.x.ibiliLy. Some rouling change8 LhaL are due Lo failures 
arc unavoidable. \Vhcn a hard-st.ate based resource reservation protocol encoun­
tP.rs such a routing r,ha.np;P-, its only a.vailahlP- action might hP- to rP-P-stahlish thP­
connecl.ion on a new roule or Lear down Lhe connecLion. ReesLabli8hing Lhe con­
nection on the new route has the same consequences for the user as RSVP's 
way of rP-huildinp; statP- on thP- nP-w pa.th: rP-sP-rva.tions could hP- rP-huilt in such a 
way as to deny service to users that had earlier reservations. On the other lrnncL 
rnaring down thP- connP-d.ion c:ompldP-ly and not rP-P-stablishing a 1ww 01w SP-P-ms 
a11 inflexible way of handling Lhe siLuaLiou if a new roule in fad exisLs. Only au 
"all-or-nothing'' user would desire such a service. 

l{ourn "pinning" has lwP-n suggP-stP.d for 1-lSV P to avoid situations wlwrP- tlw 
route protocol "flaps" between two different. paths without a failure on either one. 
This could happP-n , for P-x.irnplP-, whP-n whilP- routing tablP- rnkulations attP-mpt 
Lo converge afler a change. Such "!lapping" would ueedles8ly di8Lurb l.he qualiLy 
of service for an application. Route pinning would allow RSVP to keep a pa.th 
stahlP- afrP-r a rP-sP-rvation is ma.dP- by c:ontinuing to forward packP-ts on thP- initial 
paLh, even Lhough Lhe roul.e ha.~ changed. Thi.~ might. help Lhe sil.ual.ion where 
a.dvancP- rP.sP-rva.tions would othP.rwisP- nP.P-d to bP- rP-huilt a.long 1ww paths . In a 
proposed scheme [18], a pln !lag is added Lo Lhe reservaLiou me8sages of RSVP. 
"\Vhcn the pin flag is present, the pa.th towards the source is pinned down as long 
as pin statP- is rP-frP-shP.d. If rP-al routinp; failurP-s o<:<:mP-d , pinnP.d routP-s would bP­
freed and Lhe RSVP palh would migra.Le Lo Lhe new rouLe. Thus, RSVP would 
lw abl P- ro ta kP- a.dvanta.gP- of thP- rohust fea.tmP-s of lntP-rnd. routing (such as 
being able Lo roule around "damage") while pre8erving quality of service in l.he 
face of "flapping" routes. 

OnP- way to ;i,void thP- situation of ha.vinp; rP-s011rcP- rP-sP-rva.tions rP-huilt in a 
new order and denying 8ervice unfairly i8 Lo have re8ervalions Limesl.amped Lo 
rnAP-ct tlw original timP- rP-sP-rvations arP- madP-. i\lthough this would add m orP­
complexiLy, iL could in principle be implemenled in a sofH;l.aLe based as well as 
hard-st.ate based setup protocol. 

Thus, RSV 1-''s soft-statP- stylP- of rP-so11rcP- rP-sP-rva.tion would SP-P-m to haw 
advanLages over 8elup prolocob Lhal use hard 8Lal.e. The major problem for set.-
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Ling up re8ource re:;erva.Lion:; in advance wiLh 8uch proLocob i8 Lhe demand Lha.L 
senders and/or receivers must be present at booking time for these schemes to 
work. Thi8 i:; a problem for boLh hard and :;ofL-8La.Le-ba:;ed 8elup proLocob. Thu8, 
a third-party approach to making advance reservations on behalf of potentially 
absent senders or receivers would seem to lw needed. 

8 Related Work 

't'lw distinguishinp; foatme of our work is that we offer an admission control al­
goriLhm LhaL allow:; advance re:;erva.Lion:; for predicLive 8ervice wiLhouL preemp­
tion. The algorithm results in significantly higher utilization levels for predictive 
servir-e than for guaranteed service. 

There are few paper:; on advance re:;ource re:;ervaLion in Lhe lit.era.Lure. The 
earliest mention of advance reservations in packet switched networks we have 
found i:; from 1992 [12]. 

The ,vork closest to ours is [6], where advance reservations arc for a kind 
of p;uaranteed service. ·Their simulations show net,vork wide utili:,;ation gains 
8ince conference 8e8:;ion:; (Lha.L :;ha.re re:;ource:;) geL prioriLy by being re:;erved 
in adv.i.n<:e. A 11 sr,henws for advance reserv.i.tion where reservations are m erp;ed, 
including ourn if u:;ed Logel.her w iLh, e.g., RSVP, would 8how 8imilar ga.irn. In 
their scheme a separate partition of the link is allocated to advance reservations. 
If such partioning were used for predictive servir-e there would be small or no 
utiliz.aLion gain:; com pa.red Lo gua.ranLeed service, becau8e parLiLioning prevenL:; 
allocating unused resources to immcdia.tc requests. 

[lfi] de:;cribe:; a. general model for re:;ource re:;ervaLion in advance. Admi:;:;ion 
control algorithms arc not suggested. 

A new sr.heme r.alled H.HO \J ~; for makinp; advanr.e reservations in the Mbone 
(i.e., Lhe InLernel. mu!Lica:;L backbone) ha.:; been pre:;enLed recenLly [2]. The key 
idea is to assign priorities to sessions that arc pre-registered. Resource reser­
va.Lion i8 done a:; Lhe flow become:; a.dive and RSVP reservaLion reque:;L:; carry 
priorities. The receivers learn what priority to use by an out-of:-band mechanism. 
'!'he routers p;ive resources to the requests with the highest priorities, possibly 
by preempLing re8ervaLion:; w iLh lower priori Lies . The scheme i:; imlependenL of 
routing and routers do not keep much state for advance reservations, except 
for what i:; needed Lo a.uLhenLica.Le re:;erva.Lion reque:;L8. A disadva.nLage is Lha.L 
preemption is necessary. The scheme is geared towards large and dense sessions. 
When fow hosts parti<:ipate in ear.h session, it is necess.iry that the ap;ents assip;n­
ing prioriLie:; know Lhe Lopology of Lhe neLwork in order Lo provide an adequaLe 
response to registrations. Users, for example, may want to be notified if their 
registrations are likely to he preempted. 

9 Further work 

\:Ve have used simple on/off somr.e models . H.ecent studies [I 0 , I :1, 7] have shown 
LhaL real data Lraffic and VDR video Lraffic a re 8elf-:;imila.r, which mean:; Lha.L 

Ex.1019 
CISCO SYSTEMS, INC. / Page 18 of 21



our simple Lraffic modeb can give resulls that are Loo oplimistic. Jamin et al 
[9] show by simulation that predictive service works ,vcll for some self-similar 
Lraffic models when flows enter aml leave frequently. However, when reservatiorn 
arc made a long time in advance and traffic is sclf-simila.r, current estimates of 
bandwidth and deby can he poor estimates oft he future. A natural r.ontinuation 
of our work is to simulale using self-similar traffic. 

Anolher conlinual.ion would be Lo sLudy larger topologies. This has been done 
by Jamin ct al for the original predicted service admission control algorithm . 
The concern here is that it is possible for existinp; advanr.e reservations in parts 
of a multihop path to block new admission requests a.long that path so that 
11tili:,;ation deneases intolerably. The reservation setup protocol and its timinp; 
pararneler~ are imporlant here since partially irnLalled reservalions Lhal are later 
n~jccted in another part of the pa.th could introduce severe blocking under high 
load [11]. This prohlem is not specifk to predicted service since reservations for 
other kinds of service would also suffer from such phenomena to some degree. 

10 Conclusions 

We have shown how the predir.tive servir.e admission control algorithm developed 
in [8] and [9] can be extended to support advance reservalions provided Lhal 
requests for admission specify the duration of their reservation. Our work shows 
that it is possible to have advance reservations without preemption. 

The extended admission control alp;orithm proposf!d in this papP-r rf!liP-s on 
know ledge of which flows overlap in Lime with Lhe flow that requests advance 
reservation, measuring those overlapping flows that arc active, and assigning the 
requested rate to Lhe flows that have nol yet slaried. Thus, more reque~Ls for 
a certain duration of time can be granted as we get closer to that duration of 
timP- incrP.asinp; sharing and lowP-rinp; cost for those flows that occupy that dura­
Lion. \Ve have abo suggested way;; Lo minimille the amount of stale informal.ion 
necessary to provide advance reservations and to simplify the measuring process 
Lhal estimates fuLure bandwidth use. 

Our simulations show that predictive sP-rvicP- with advanr.P- rf!sP-rvations pro­
vides higher network utilization than guaranteed service with advance reser­
vations. ThP-y also show that addinp; adva.ncP- rP-sP-rvation capability ro prP-dic­
Live service decreases bandwidLl1 uLilizal.ion. The levels are not very much lower 
though, and they a.re still significantly higher than for guaranteed service. The 
dP.crP.a.sP. in utili:,;a.tion is d11P. to tlw fa.r.t that a.dvancP- resP-rva.tions will block 
sources asking for immediate admission. This blocking effect is larger for bursty 
so11rcP-s which rP-quP.st morP- rP-som·cP.s a.nd whP-n durations of adva.ncP- rP-sP-rvations 
are short. 

iVe have also discussed how to set up advance reservalions in the Internet. 
RSVP can, with minor changes, be used to set up reservations in advance. There 
a.rP-, however , problP-ms with this solution and we suggest tlrnt a more general 
mechanism might be more appropriale. 
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