II Migration Problems

Given an undirected graph with edge lengths.
(Each node represents a processor, the lengths
represent latency in a network.)

A page is to be kept in one of the processors.

There is a sequence of accesses to the page from
the nodes.

The cost of an access = dist from request to page.

Also, the page may be moved at a cost of pd.
(Where p is a fixed constant, the page size, and d is
the distance of the move.)

Problem: Decide on-line (look-ahead 0) where to
keep the page.

Note: For two nodes with distance 1, the task
system is as follows:
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A 3-competitive algorithm for 2 nodes

de |
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Alg A:

Maintain a count (init 0) on each node. c;,
C9.
Four cases:

page in 1, access to 1:
Do Nothing
page in 1, access to 2:
cp+—co+1
if cg =2p
migrate from 1 to 2
cp+— 0
page in 2, access to 1: ---
page in 2, access to 2: ---




‘The Potential Method

Define a real potential function

& : {state of B’s task system x state of A} — R
Define the amortized cost of an operation to be:

‘Amortized Cost = ac,= CostA+ Ad

‘We prove:

(1) For each request ac4 < ¢ Costp

(2) @, — ®; < a for a constant a.

Summing (1) gives
Cost‘f)+ ®;— ®, < c Costg(0)
Applying (2) gives

Cost(fjs c Costg)+ a
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IF AN ALGORITHM IS C compeT,
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Proof that A is 3-compet.

Choose @ as follows:

’ * .

(1) 86 —i) = 2

) 86—%) = 39—,

Here “1” is A’s page
“¥” is B’s page
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Accesses:

Need only consider accesses to the one without the
“7. (the other case trivial)

Case (1) Costy =1, Costg =1
Ad =2
acy =3 < 3 Costg

Case (2) Costy =1, Costg =0
AP = -1
acqy =0 < 3 Costg

Adversary Moves:

Case (1) — (2): Costy =0, Costg =p
A® = 3p—c;—(3c;) = 3p—3c,
acq = 3p—3¢c; < 3p < 3Costp

Case (2) = (1): Costy =0, Costg =p
AP = 3c; — 3p
acqy = 3¢c;—3p < 3p < 3 Costp
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A Moves:

®* ¥*

1\
® before = 2¢; = 4p
® after =3p —c; = 3p
Costy=p
Costg =0
acy =p+3p—4p =0<3 Costp

Case .

#* . . % .
Case s o—"j = { =— %

® before =3p—c;=7p

® after = 2¢; =0

Costy = p

Costg =0
ac,=p+0—p=0<3Costp
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Can you do better? . ,
MA(N TAIN  CounTS

. . : INCREMENT AccESSED
No. 3 is the best DECAEUERT ANOTWER

‘Mpve WANEN Coygyl caP

‘What about other graphs?

3-compet. algs exist for uniform graph and
tree.

‘Not known for any other graphs
(ExcepT: CLOSED UNDER MULTIPULATION )

‘Algorithm for trees of Black and S.

‘Maintain counts on each node.
Increment counts along access path
Decrement counts on “peripheral paths”
Move page through all vertices with i\y
count= 2p. /
-/
[ NVobES ai 7No~~ism covnT
[smmuc From T
+ (bfvmrf FROM AccEss

PR7TH AS Shonm AS
POSCIBLE

_ MAXIMAL ( CanT BE
Exyenpa )
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