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Optimal Network Service Curves under
Banawidth-Delay Decougding

Jens Schmitt

Abstract: Providing Quality of Service (QoS) guarantees to data flows in padket-switched net-
works li ke the Internet has been and still i s an important research area. In particular, it isimportant
to ensure strict (deterministic) guarantees for highly time-sensitive data flows. In this work, we
derive optima network service arves for deterministic service flows which are scheduled by
bandwidth-delay decuped service disciplines.

Introduction: In future multi-service IP (Internet Protocol) networks, deterministic services
which gve strict guarantees on celay and loss characteristics are important, if those networks
really want to take over the traffic served by specialized legacy networks. Certainly, deterministic
services may na condtitute the major part of the overall caried traffic, yet their expensive imple-
mentation makes them neverthel essattractive for optimizaionwith resped to resource all ocaion.

An important insight for the resource dlocaion ogimization d deterministic services is that
delay and bandwidth need to be demuded to achieve efficient resource dlocaions. While in
many approaces this decougding hes not been taken into acmourt, e.g., the famous work by
Parekh and Gall agher [1], more recent work has dore so, seefor example [2]. The latter proposes
a bandwidth-delay decouping scheduling scheme, which is based on nonlinea scheduling dsci-
pline. In principle, they, like other approaches to decoupe bandwidth and delay, propose piece
wiselinea service curves. Yet, nore of these has dedt with an oggimal choice of parameters of the
piecewise linea service aurve for agiven (regulated) inpu traffic flow. Thisis what we focus on

here.



Network Calculusfor Deterministic Services: The mathematics of deterministic services,
commonly called network calculus, are originally based onthe work of Cruz [Cru95 on arrival
and service curves. While arival curves describe the worst-case behavior of a sourcewithin given
time intervals, service arves gedfy the minimal servicethat is provided by a queue servicedis-
cipline. By combining these two conceptsit is possible to derive deterministic guarantees onloss
and delay under the worst-case scenario of a greedy source and a fully loaded server. A typicd

and dten used arrival curveisthe so-cdled TSpedr,b,p,M) [3], defined by

U
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where T = (b—M)/(p—-r) may be considered as burst duration. The TSpec is esentialy a
doule token bucket, where burstiness is accourted for by the first bucket charaderized by peak
rate p and maximum padket size M, and the long-term behavior is captured by the second token
bucket charaderized by averagerate r and a bucket size b.

A typicd (linear) servicecurve for deterministic services[4] is
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where V = C/R+ D and Ris the servicerate asigned to a data flow by the respedive queue

servicediscipline, assuming that the stability condition R>r hdds. Here, the C and D termsrep-
resent the rate-dependent respectively rate-independent deviations of a packet-based scheduler
from the perfed fluid model as introduced by [1]. These error terms are summed up aong the
data transmission path for each server/router during an advertisement phase.

Applying retwork cdculus we can compute delay bound based onarrival and servicecurve:
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For the TSpec & arrival curve andthe linear service arve defined in (2) thisresultsin
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From the perspedive of the recaver desiring a maximum queuing celay d. the servicerate R

that hasto bereserved at the routers on the path from the sender foll ows diredly:
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Bandwidth-Delay Decoupling of Service Curves. To use alinea service arve & dore in the
formulas above may lead to wasteful resource dl ocations, in particular, for “low bandwidth, short
delay”-type of flows. For example cnsider a data flow with TSpec = (2000 100Q 800Q 500) [in
bytes resp. bytes/s]. Let usassume 5 hogs (all with MTU = 9188bytes and link speed ¢ = 155Mb/
) al doing PGPS (Packetized General Processor Sharing) [1]. Then we have C = 5M = 7500
bytesand D = MTU/c = 2.371ms. Let us further assume the receiver desires amaximum queueing

delay of dyax = 100ms. Then we obtain from the formulas given above that R = 30729bytes/s =

4p = 16r. That meansin order to ensure afairly strict delay boundthe rate asignment of aflow is
extremely over-provisioned in relation to its bandwidth requirements.
The solution here is to deauge the bandwidth assignment from delay gaals which can orly be

achieved by nonlinea service arves. The most simple nontlinea service curve that can achieve



bandwidth-delay decouplingisa antinuous piec-wise linea service arve mnsisting o two lin-

ea segments, i.e., aservice curve of the form
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where | denates the infledion pant which separates the two pheses of the service arve, with the
first phase where aservice rate Ris assigned to achieve aflow’s delay goal, and the second plase
whererate q is assigned to ensure its bandwidth requirements.

Whil e other nontlinea service curves also have the bandwidth delay-decouping characteristic we
further on focus on service airves as defined in (6) due to their smplicity and consequent attrac
tiveness for actual implementation [2].

Optimal Bandwidth-Delay Decoupling Service Curves. Obvioudly, the smaller we can choacse
| in (6) the more rate resources we can save for other flows (possibly from other service dasses).

A simple choice of parameters for the service curve asignment of a flow would be to chocse the

inflection pantat t = T +d,,,,, which resultsin the following service arve allocation
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However, taking into accourt that for the ase R= p (or, dternatively d,., < d) the delay bound

istaken onat timet = V+ M/R, we car adualy improve the service by shifting the infledion
point | further left (i.e., ealier). More accurately, | ischosen such that s;(T +d,,,) = a(T) . The

correspondng service curveis then gven by:
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This srvice curve, S ,isoptimal in the sense that the infledion pant | is“shifted” asfar left as
paossible without spending more resources on the short time-scales of the service arve than the

linear simple

linea service arve, s , and the simple nonlinea service airve, s . Thisrestriction on
the optimal service aurve isreasonable sincethe short time-scaes of service have to ded with sat-

isfying delay bound and are thus the rate resources most heavily contended for (especialy if we
ded with concave service curves as typicdly assumed for red-time services).

Numerical Example: Reoonsider the “low bandwidth, short delay”-type of flow taken as an
example a&ove drealy. For such aflow the different service arve asignments are shown in Fig-

ure 1. It isobviousthat the linea service arve gproach wastes alot of bandwidth, the fad which
led to the consideration d nontlinear service curves. In comparison d the simple vs. the optimal

nortlinear service curve it can also be observed that the savings in terms of the shifting d the
inflection pant are cwnsiderable for this example: | islocated abou 65 ms ealier for the optimal

than for the simple nontlinea service curve.

Summary: In this work we have derived explicit formulas for optimal service arves based on

bandwidth-delay decouping service disciplines. Furthermore, we have shown their potentia



when compared to “intuitive / naive” choiceof service arve parameters by a numericd example.

Their full patential can be exploited espedally in the case where “low bandwidth, short delay”-

type of flows are multi plexed with less delay-critical flows which can take alvantage of the rela-

tive moderateness of the optimal servicecurvesonlonger time-scaes.

References:

[1] A. K. Parekh and R. G. Gallagher. A Generalized Processor Sharing Approach to Flow
Control in Integrated Services Networks: The Single-Node Case. IEEE/ACM Transactions
on Networking, 1(3):344—-357 June 1993

[2] I. Stoica H. Zhang, and T. S. E. Ng. Hierarchicd Fair Service Curve Algorithm for Link-
Sharing, Real-Time and Priority Service. ACM Computer Communication Review, 27(4),
October 1997. Proceadings of SIGCOMM’97 Conference.

[3] J. Wroclawski. The Use of RSVP with IETF Integrated Services. Proposed Standard RFC
221Q September 1997.

[4] S. Shenker, C. Partridge, and R. Guerin. Spedfication o Guaranteed Quality of Service

Proposed Standard RFC 2212, September 1997.

Figures:

Figure 1: Different servicecurvesfor the given example flow.
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Figure 1: Different service arvesfor the given example flow.



