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Notation

o We consider several special weight functions

nuoduclon. o Throughput Maximization: all packet weights are equal.
® Network Model
® Noton o Maximum Network Utilization: Vp, w, = |p|.
Our Results and Previous Work
Throughput Maximizaion  In what follows we use the following notation
Maximum Network Utilization .
M -  max, |p| Pmin = Mminy wy/|p|
Arbitrary Weights .
m - min, |p| Pmax = Max, wy/|p|

Ring topology

Q- M/m B - pmax/pmin

Conclusions and Future Work

and R denotes the number of different packet lengths.
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o We study the online version of the problem, i.e.:
At any time ¢, the algorithm makes decisions while only

knowing of packets which

arrived by time ¢.

o We use competitive analysis to evaluate the performance

of our algorithms:

o Compare the performance of our algorithm with an
optimal (clairvoyant) schedule.

o Analysis applicable to every input sequence (e.g.,
Independent of probabilistic assumptions).

e An algorithm A is 6-competitive if for every input o,

A(o)

> %OPT(U).
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o Offline 2-approximation algorithm for Throughput

Maximization in linear networks.

e Extension to arbitrary weights.

[Adler et al. (1998)]

[Adler et al. (1999)]

o Offline constant-approximations for trees/mesh networks.

But,

[Adler et al. (1999)]

e (O(logn) online LB for trees. [Adler et al. (1999)]

e Closely related to interval scheduling and call control
problems. [Garay et al. (1993)], [Lipton and Tomkins (1994)]

e Hard to approximate for general topologies. [Adler et al.

(1999)]
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e Not allowing preemption might be costly

o Aowpreenpion ]

e The case where all packets have zero-slack can be solved

efficiently.
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Theorem. No deterministic algorithm can achieve a competitive ratio

better than 2.
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Given packet p newly arrived,
1. If p has a free eligible wave c,
assign p to c.

2. Otherwise,
Schedule p instead of an assigned q if
o ¢ is assigned to a wave eligible for p,
°© p and q intersect,
lp| < lq|/2, and
o t, < tg.

(@)
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e Intuition: prefer packets with short paths.

e Overview:
o The algorithm will assign packets to waves.
o A packet’s assignment turns active in due time.
o De-assignment/preemption may occur at any time.

o Algorithm Ayr:

Given packet p newly arrived,
1. If p has a free eligible wave c,
assign p to c.

2. Otherwise,
Schedule p instead of an assigned q if
o ¢ is assigned to a wave eligible for p,
°© p and q intersect,
lp| < lq|/2, and
o t, < tg.

(@)

Theorem. Ayt is O(min {log a,, R})-competitive.
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Let O be an optimal schedule.
e Every packet g € O\ Ayt is mapped to a packet p € Ayr.

e O(min{loga, R}) packets are mapped to any p € Ayr.
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Let O be an optimal schedule.
e Every packet g € O\ Ayt is mapped to a packet p € Ayr.

e O(min{loga, R}) packets are mapped to any p € Ayrr.
Consider a packet g € O \ Anr.

e Case 1: ¢ IS assigned to some wave c by Ay.
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Let O be an optimal schedule.

e Every packet ¢ € O\ Ayr is mapped to a packet p € Ayr.
e O(min{loga, R}) packets are mapped to any p € Ayrr.

Consider a packet g € O \ Anr.

e Case 1: ¢ IS assigned to some wave c by Ay.

o ¢ is later de-assigned by some ¢’, de-assigned by some

q’...
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Let O be an optimal schedule.
e Every packet ¢ € O\ Ayr is mapped to a packet p € Ayr.

e O(min{loga, R}) packets are mapped to any p € Ayrr.
Consider a packet g € O \ Anr.
e Case 1: ¢ IS assigned to some wave c by Ay.

o ¢ is later de-assigned by some ¢’, de-assigned by some

1/

q ...
o Letq,...,qr be the preemption sequence on c.

qk
I:I/

q1

. _

o Notice that |qx| < 2= *=V]qy|.
— k <log|q1|/|qx| + 1 <logM/m+1=loga+1
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o Clearly k¥ < R.

o Hence, the length of any preemption sequence is

O(min {log o, R}).
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o Clearly k£ < R.

o Hence, the length of any preemption sequence is
O(min {log o, R}).
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e Case 2: ¢ IS never assigned by Ayr.
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o Consider the preemption sequence ¢, ..., qi ON wave c
on which O schedules g.

o Any g; prevents an assignment of a packet p Iif:
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o |p| > |¢i|/2: at most 2 packets in O on this account, or

o d, > dg,: at most one packet from O on this account.
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 All packets have zero slack.
e Non-tagged packets are decoys.

e p’ IS just a little too long to preempt p;.
o Ayt ends up scheduling only the last non-tagged packet.
e There exists a schedule which schedules all tagged

packets.

—> Anmr IS 2(log n)-competitive.
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Experimental Results for Ayr

 We compared Ayt with a natural greedy algorithm
AurgeENT, ON randomly generated input.
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@ Prokteies e Lover o A packet is urgent at time ¢, if its residual-slack is 0.
® Algorithm . . .

® Experimental Resuls o Prefer the packet with least residual-slack (i.e., most
Maximum Network Utilization ,u rgent’) .

Arblrery Vieights o An urgent packet is never preempted.

Ring topology

o Preempt only in favor of an urgent packet.

Conclusions and Future Work
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Experimental Results for Ay (Cont.)

We evaluated the performance of both algorithms vis-a-vis
the offline 2-approximation of [Adler et al. (1998)].
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e For randomly generated input, Ay performance is close
to OFFLINE.

o Ay outperforms the intuitive algorithm which prefers to
schedule urgent packets first.
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Maximum Network Utilization - Algorithm

(adapted from Garay et al.)

Introduction

e Intuition: prefer packets with long paths.

e Given some wave ¢ and a newly arrived packet p,
S, - the set of packets currently assigned to c,

Our Results and Previous Work

Throughput Maximizaion

Maximum Network Utilization Intersectlng p On C.
Arbitrary Weights ° Algorlthm AMNU
Ring topology
Conclusions and Future Work leen paCket p neWIy arrlved,
1. If p has a free eligible wave c,
assign p to c.

2. Otherwise, assign p instead of a set of packets
S, already assigned to some c eligible for p iff

p| > ¢maxgese |q| (¢ - the golden ratio).

Theorem. AnnNu is (2¢ + 1)-competitive.

| |
March 25th, 2005 Online Time-Constrained Scheduling in Linear Networks - p. 16/19



Arbitrary Weights - Algorithm

e Assume w.l.0.g. pmin = 1.
e Define for every set of packets Y,
e c U(Y) =2 pey [P
Throughput Maximizaion © w(Y) — ZpEY Wp-
iaximum Network Utlizaton Run Aynu. Let A be the set of packets scheduled.

Let Onvinu (Oaw) be some optimal schedule to maximum
network utilization (arbitrary weights).

For c the constant approximation guarantee of Aynu,
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Theorem. Annu is O(0)-competitive.
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Ring Topology

e Results extend to the ring topology.
e e Follows from an adequate concept of waves.
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e We give analytical results independent of traffic pattern.
e We give experimental results on randomly generated input.
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e We give algorithms for online bufferless time-constrained
scheduling.

e Our results apply to both linear and ring networks.
e We give analytical results independent of traffic pattern.
e We give experimental results on randomly generated input.

e Closing the gap between the LB and the UB for the
problem of Throughput Maximization.

e Can rescheduling help?
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