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1. F,F,.

F={f(@)|f(0)=0,Vu<t f(u)<[f(t),te[0+x)};
Fo={/()| /() e F,f(0)=0C}.

/0

2.

(f @) =minlf(0).e(®)], f.geF.
3.
(/@0 =minlf@)+g(-u), /g F.

4. o). 0zt<T ,68,()=0, t>T ,0,(@t)=+o.

1. VfeF,[f®8,=6,Qf=f 8, ®

2. VfeF,f®65,=f(t—d)

5. feF, flu+t)<ft)+ () f

6. feF,f VA

/7 (0)=0,
ST @ =minlf (@), min[ " )+ /" (-u)]].t > 0.

3 f f S* ek, VARV

4. feFk f S, =

7. -.f®g(t)=Sug(|§)[f(t+u)—g(u)],f,geF-

8. Ld(@)=inf{T:T>0 I{)<OF+T)}.

9. h(4,S) =sup[inf {T:T>0 A@)<Sw+T)}].

10. (@) =1()-0() .
1.2

11. . AeF, 1(1) I<I®A, A(r) I A.

A)=c+pt , 1 (o,p) .

5. dek ( ), 1(1) A@)
FIRA  I=I®A4

1. I A, A

2. 131 I11=(1@I)".
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NE S(1) . ITeF( ),SeF.
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1.3
4 A S , h(4,S).
5. S , sup[ A(u) — S(u)] .
u>0
2
1 )
) ( ) )
13. )
14. GS(greedy lossless shaper). ,
2.1
6. GS A, ) Ogs=1,®4, .
6

=6, f) =lim,® /)" =limS, @ f® P @..® My,
O, )= n-1)&f;
0,, 14 0=1®0,,0,<0,4,;

0,<1,®0,04)<I,®(,Q4)®(,®A?)®..®(,QA4") =1, (5, DA ®..® 4™) ;

0.<I.®4; GS Oy =104, . |
7. A, GS . A 4,(0)=0,
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: 6 Ogs=I,®4,; A €F, . 4
Oups=1,® 4., A, . m
8. A, GS . A 4,(0)=0,
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ust
A €F, , 4 A=4; 6
Ogs =1,® 4;, O(t) = suplZ, (1) — 1, (u) — A, (t —u)] . O
u<t
2.2
6. fe®, , geF h(f,/®g)=h(/.g)
feF, geF f®g=<g, 9 hf.f®g)=h(f.g);
W=h(f.f®g)h=h(fg).g'=/®g, 9

h=inf{T>0: f(r)<g(t+T)},

W =inf{T>0: f(t)<g'(t+T)};
O<e<t+h', H=Iinf{T>0:f()<g'(t+T)}
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= fW)>gv+h—¢e) =>h—-c<h=>h(f,f®g)<h(f,2);
h(f ./ ®g)=h(f.g).
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9. A NE, , NE,, A >4
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1 , A A, A eF,
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NE1,NE, 51®8( 2), h(A,S1®8,)( a); 7
4, € Ky , A, NE, NE,
5,4, ®S,=4,05,®5,, , W4 .4,88,®S));
A2A>4*, A" AeF, ) 7 h(A" A®S18S8,)=h(4",5:8S,),
O
A2A :
, 6 , .
10. A 4, GS , A €F, A,
; A.
11, I A, I<I®A; A,eFod,
6
Ops =104 =I®A <(I®A)®A, =(I®A)®A=0y ®A,
Ous SO0 ® A . O
3
15. TC(traffic clipper).TC ,
1.  TC A, I, O =(1.®4,) .
LGty =1, 1, (u)(u <1) .
: o,, 15 0,<0,®4,,
0,()-0,w) <I,()~1,(u) =1, (ut)(Yu<t),
0,()-0,(w) <1,(u.1) 0,<0,®I,.
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0. (t) = min[O, (u) + minl 1 (u,1), 4, (u,)]] = min[min[O, (u) + 7, (0], MIn{O, () + 4, (u,1)]]
15
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L(0) = sup{ sup| S L)~ A, (1t )] kB -
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: A, B, SFB A +B, TC ,

s

11 12
OSFB = (iA @ (As +BL))* ’
L(t) = sup{ supl S at) = A, ) 1= KB Y O

QoS :
QoS

References:

[1] Clark, D., Shenker, S. Integrated services in the Internet architecture: an overview. RFC1633, 1994.

[2] Blake, S., Black, D., Carlson, M., et al . An architecture for differentiated services. RFC2475, 1998.

[3] Turner, JS. New directions in communications (or which way to the information age?). IEEE Communications Magazine,
1986,24(10):8~15.

[4] Cruz, R.L. A caculus for network delay, part  : network elements in isolation. |EEE Transactions on Information Theory, 1991,
37(1):114~131.

[5] Cruz, R.L. A calculus for network delay, part : network analysis. IEEE Transactions on Information Theory, 1991,37(1):
32~141.

[6] Shenker, S., Wroclawski, J. General characterization parameters for integrated service elements. RFC2215, 1997.

[7]1 Zhang, H., Ferrari, D. Rate-Controlled service disciplines. Journal of High Speed Networks, 1994,3(4):389~412.

© hEE

HOFIFFIT hetps/ www. jos. org. cn




2230 Journal of Software 2002,13(12)

[8] Cruz, R.L. SCED+: efficient management of quality of service guarantees. In: Guerin, R., ed. Proceedings of the |IEEE
INFOCOM'98. San Francisco: |EEE Computer Society Press, 1998.625~634.
[9] Peris, V. Architecture for guaranteed delay service in high speed networks [Ph.D. Thesis]. University of Maryland, 1997.
[10] Sariowan, H. A service curve approach to performance guarantees in integrated service networks [Ph.D. Thesis]. San Diego:
University of California, 1996.
[11] LeBoudec, J.Y., Thiran, P. Network Calculus. Berlin: Springer-Verlag, 2001.
[12] Chang, C.S. On deterministic traffic regulation and service guarantees: a systematic approach by filtering. |EEE Transactions on
Information Theory, 1998,44(3):1097~1110.
[13] Chang, C.S, Cruz, R.L. A time varying filtering theory for constrained traffic regulation and dynamic service guarantees. In: Doshi,
B., ed. Proceedings of the [IEEE INFOCOM’99. New Y ork: |EEE Computer Society Press, 1999. 63~70.
[14] Agrawad, R., Cruz, R.L., Okino, C.M., et al. Performance bounds for flow control protocols. IEEE/ACM Transactions on
Networking, 1999,7(3):310~323.
[15] Okino, C.M. A framework for performance guarantees in adaptive communication networks [Ph.D. Thesis]. San Diego: University
of California, 1998.
[16] Agrawal, R., Baccelli, F., Rgjan, R. An algebra for queueing networks with time varying service and its application to the analysis
of integrated service networks, Technical Report, ECE-98-2, ECE Department, University of Wisconsin-Madison, 1998.
[17] Zhang, Xin-ming, Chen, Guo-liang, Gu, Jun. On the computation of end-to-end delay bound in guaranteed service by network

calculus. Journal of Software, 2001,12(6):889~893 (in Chinese).

[17] : . . ,2001,12(6):889~893.

A Traffic Shaping Framework Based on Network Calculus®
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Abstract: Traffic shaping has an enormous impact on the provision of QoS (quality of service) guarantees. In
this paper, the fundamentals of network calculus, a set of recent developments which provide a deep insight into
flow problems encountered in computer networks are summarized and refined. By using network calculus, a general
framework of traffic shaping is developed which includes greedy lossless shapers, traffic clippers and shapers with
finite buffer to obtain, the input-output characterization of three traffic shapers, and how a traffic shaper can be used
at all network elements to improve the efficiency of QoS mechanisms.
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