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PROBLEM STATEMEN'T

input: K the size of the cache
di, d,, ..., dn memory accesses
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output: min # of cache misses
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cache is fully associative, line size is 1
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SURPRISING THEOREM

The schedule in which we evict the item
that Is accessed farthest-in-the-future, Ie, Sff

IS optimal.



SCHEDULE

Schedule for access pattern d1,d2,...,dn:
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Exchange Lemma:

Let S be a reduced sched that agrees with Sg on j items.
There exists a reduced sched S’ that agrees on j+1 items
and has the same or fewer # of misses as S.






Thm: Let S be a reduced sched that agrees with Sg on j items.
[T1. There exists a reduced sched S’ that agrees on@tems

and has the same # of misses as S.
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State of the cache after | operations under the two schedules.
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n testimony before the committee, Mr.

matter of days. At that point, the count

Department would run out of “extraord
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Lew stressed that the Treasury
nary measures” to free up cash in a
y’'s bills might overwhelm its cash

on hand plus any receipts from taxes o

r other sources, leading to an

unprecedented default.Mr. Lew said that Treasury had no workarounds to
avoid breaching the debt ceiling. “There is no plan other than raising the
debt Iimit,” he said. “The legal issues, even regarding interest and principal

on the debt, are complicated.”
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MORSE CODE

International Morse Code
-1 dash = 3 dots
- The space between parts of the same letter = 1 dot
- The space between letters = 3 dots.
The space between words = 7 dots.
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MORSE CODE

International Morse Code

- 1 dash = 3 dots

- The space between parts of the same letter = 1 dot

The space between letters = 3 dots.

The space between words = 7 dots.
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DEF. PREFIX-FREE CODE



DEF. PREFIX-FREE CODE

Vr,y € C,x # y = CODE(x) not a prefix of CODE(y)
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DEF. PREFIX CODE

Ve,y € C,x #y = CODE(x) not a prefix of CODE(y)
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DECODING A PREFIX CODE
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PREFIX CODE
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BINARY TREE
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GIVEN THE CHARACTER FREQUENCIES { ? C } C 6 C

PRODUCE A PREFIX CODE | WITH SMALLEST COST
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OBJECTIVE



EXCHANGE ARGUMENT

LEMMA:



EXCHANGE ARGUMENT

LEMMA: Let z,y € C be characters with smallest frequencies f,, f,. There exists an
optimal prefix code T” for C' in which x,y are siblings. That is, the codes for
x,1y have the same length and only differ in the last bit.



EXCHANGE ARGUMENT

LEMMA: Let z,y € C be characters with smallest frequencies f,, f,. There exists an
optimal prefix code T” for C' in which x,y are siblings. That is, the codes for
x,1y have the same length and only differ in the last bit.
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EXCHANGE ARGUMENT

LEMMA: Let z,y € C be characters with smallest frequencies f,, f,. There exists an
optimal prefix code T" for C in which x,vy are siblings. That is, the codes for
x,1y have the same length and only differ in the last bit.

PROOF:



EXCHANGE ARGUMENT

LEMMA: Let z,y € C be characters with smallest frequencies f,, f,. There exists an
optimal prefix code T" for C in which x,vy are siblings. That is, the codes for
x,1y have the same length and only differ in the last bit.
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EXCHANGE ARGUMENT

LEMMA: Let z,y € C be characters with smallest frequencies f,, f,. There exists an
optimal prefix code T" for C in which x,vy are siblings. That is, the codes for

x,1y have the same length and only differ in the last bit.
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IS ALSO OPTIMAL



EXCHANGE ARGUMENT

LEMMA: Let z,y € C be characters with smallest frequencies f,, f,. There exists an
optimal prefix code T" for C in which x,vy are siblings. That is, the codes for
x,1y have the same length and only differ in the last bit.
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LEMMA:



OPTIMAL SUB-STRUCTURE

AN AN

PROBLEM OF SIZE I

f PROBLEM OF SIZE n—-1

LEMMA: The optimal solution for T' consists of computing an optimal solution for T’
and replacing the left z with a node having children z, y.
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SUPPOSE [ 'IS NOT OPTIMAL
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SUPPOSE [ 'IS NOT OPTIMAL

. BU)<B(T)
s Do
B(U') = B(U) ~ f» — Jy
< B(T) - FX - FY

d \Q But THIS IMPLIES THAT B(1’) WAS NOT OPTIMAL.
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THEREFORE




SUMMARY OF ARGUMENT



