4800

10.11.2016
abhi shelat



Scheduling
L10

CS4800 F16

abhl shelat



sy3333
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mal23l
cs4102
cs4300
Cs6051
sy3100
cs1l000

start
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end
3.25

4.75

5.25

6.5



oroplem statement

(a1, ...,an)
(81,52,...,5n)

(f1, f2,---, Jn) (sorted) s; < f;

find largest subset of activities C={a;} such that

(compatible)



oroplem statement

(a1, ...,an)
(81,82,...,Sn)

(f1, f25- -, fn) (sOrted) s; < f;

find largest subset of activities C={a;} such that

(compatible)
i, A; € C,1 <7
Ji <8



problem Statemem

CL1 ..... CLn
(81,82, ..., S )

(f1, f2,.--, fn) (sorted) s; < f;
/1

of 2
>
o
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dynaric programming

f >




dynaric programming

f

BESTs + 1 in: a,

BEST f, = Max
BEST,, out:an



greedy solution:

f

8.1

€0 L. <9 eQn‘
definition:
SOLTNj;



f

>

greedy solution:

>

SOLTN; ;

goak SOLTNg 2n,
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claim: the first action to finish in e[i,j] is
always part of some soLTN; ;

proof:



greeay solution:

—3l h
. - J2

algorithm: find first event to finish. add to solution.
remove conflicting events.
continue.



greeay solution:

e S1 5 f1
J2

algorithm: find first event to finish. add to solution.
remove conflicting events.
continue.



greeay solution:

e S1 5 f1
J2

algorithm: find first event to finish. add to solution.
remove conflicting events.
continue.



greeay solution:

e S1 S| f1
f2

algorithm: find first event to finish. add to solution.
remove conflicting events.
continue.



greeay solution:

e S1 S| f1
f2

algorithm: find first event to finish. add to solution.
remove conflicting events.
continue.



greeay solution:

e S1 3 f1

f2

algorithm: find first event to finish. add to solution.
remove conflicting events.
continue.




greeay solution:

e S1 3 f1
f2

algorithm: find first event to finish. add to solution.
remove conflicting events.
continue.




running time

algorithm: find first event to finish. add to solution.
remove conflicting events.
continue.

(f1, f2,---, fn) (sorted) s; < f;
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guestion:



oroplem statement

iINnput:

output.

cache Is



oroplem statement

input: K, the size of the cache
di, do, ..., dm Memory accesses

output: schedule for that cache that minimizes # of cache
misses while satisfying requests

cache is fully associative, line size is 1



contrast with reality



Selaqy evict rule
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cache
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SUrprising theorem



scheaule

Schedule for access pattern di,do,...,dn:

Reduced schedule:



—Xchange lemma



Exchange Lemma:

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






Proof of Lemma

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



Proof Of lemma

State of the cache after J operations under the two schedules.

el S e R
S S

easy case 1

easy case 2



ProoT Of lemma
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GEENNO0
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case 3



Timeline




ProoT Of lemma
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| et access t



ProoT Of lemma
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what if t=e 7



ProoT Of lemma
L e

what if t=f 7



ProoT Of lemma
L e

what if t Is neither e nor f ?



VVVhat nave we shown

S?

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



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

S” St
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def: cost of an encoding

TAf}) =)  fe-t

ceC
ceC [e T /.
e: 235 OO0 3
i: 200 001 3
o: 170 010 3
u: 87 O11 3
p: 78 100 3
g. 47 101 3
b: 40 110 3
f: 24 111 3

3381
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character freguency

234803
200613
198938
170392
160491
158281
152570
139238
130172
103307
87211
78077
70504
68007
64165
51527
47011
40351
24110
20103
16012
13825
8439
6926
3729
3075

300

225 2

150

75




MOorse coge

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.

Ao mmm V eeoeomm
Eemeeooe W e s
Comommoe X mmm o o mm
Dosmeoe Y mmm o mmm mmm

E e 7 mm— e e

F oo mmme . ® EEN O BN ¢
G o o , EEN BN e ¢ HEN NN
Heeoeoe 7 o0 mmmamme e

| @ @ / wmm e o mmoe

] ommm mmm mmm (O mmm oamm e mm e

K mum o s 1 o mum mun s —
Leoemmeo 2 ® o mum mmm
M = ERENNE N

N s o 4 oo e o mm

O sum sun =— 5 eeseee

P o sum mum o O mmeoeoooe
Qe sumomm 7 mmummmeoo

R e mm e E s mmm amm 0 o
Seee O mm aam mmm - e
T = 0 mn man - mm .-
e o s

image http://en.wikipedia.org/wiki/Morse_code



MOorse coge

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.

A o mmm V eeo o mm
Bamese  Weo mmmm O m @ =
Cosmommoe X mmm o o mm
Dosmeoe Y mmm o mmm mmm

E e 7 mm— e e

F oo mmme . ® EEN e EEE ¢ N
G o o , EEN BN e ¢ HEN NN
Heeoeoe 7 oo mmmamm e e

| @ @ / wmm e o mm e

] ommm mmm mmm (O mmm oamm e mm e
K mm o mum 1 o s e s -
Leoemmeo 2 ® o mum mmm
M - ERENNE N

N = o 4 oo e o mm

O sum sun =— 5 eeseee

P o mum mum o O mmeoeoeoe

Qe sumomm 7 mmummmeoo

R o mme E s mmm amm 0 o
Seee O mm aam mmm - e
T = 0 mun -

e o mmm



def: prefix-free code



def: prefix-free code

Ve,y € C,x #1y = CODE(x) not a prefix of CODE(y)



-+~ O0Q T & O — (M

det: prefix code

Ve,y € C,x #y = CODE(x) not a prefix of CODE(y)

235
200
170
37
/8
47
40
24

0

10

110

1110
11110
111110
1111110
11111110



decoding a prefix code

. 235 0

. 200 10

. 170 110 1111110160111110
. 87 1110

. /8 11110

. 47 111110

. 40 1111110

. 24 11111110

-~ O0Q T & O — (D



-~ O0Q T & O — (M

code 10 binary tree

. 235 0 -
. 200 10

. 170 110

. 87 1110 o

. 78 11110 A

. 47 111110 N

. 40 1111110 S B

. 24 11111110 |

1111110101111160



orefix code

o

pinary tree



Use tree 10 encode

e

(\W(O)

T C O — (D

cC [

. 235
. 200
. 170
. 87
. 78

T (.
00 2
01 2
10 2
110 3
111 3



goal

given the



goal

(all frequencies are > 0)

given the character frequencies { fC } CG C

produce a prefix code T with smallest cost

min B(T, {/.})



oroperty

Q}j lemma.:optimal tree must be full.
o

=



divide & conguer”
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counter-example
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881

511

370
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(=) (=) (=

276

111

165

47 g

64

78 p

87 u

24 f

40 b
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40 b

24 f

'D"LQ"OGOI—'-(D

235 01
200 11
170 10
87 0011
78 0010
47 0000
40 00011
24 00010
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40 b

24 f

'D"LQ"OGOI—'-(D

I
V
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235 01
200 11
170 10
87 0011
78 0010
47 0000
40 00011
24 00010

470
400
340
348
312
1838
200
120

23738



objective



exchange argument

lemma:



exchange argument

Iemm t z,y € C be characters with smallest frequencies f,, f,. There exists an
optithal 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

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

-

& =
oo
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exchange argument

Iemm et z,y € C be characters with smallest frequencies f,, f,. There exists an
optithal prefix code T” for C in which x,y are siblings. That is, the codes for
x,y have the same length and only differ in the last bit.

Droof:



exchange argument

Iemm et z,y € C be characters with smallest frequencies f,, f,. There exists an
thal prefix code T" for C' in which z,y are siblings. That is, the codes for
x, y have the same length and only differ in the last bit.

\. first step
@/ I



excnange argumen

Iemm et z,y € C be characters with smallest frequencies f,, f,. There exists an
thal prefix code T" for C' in which z,y are siblings. That is, the codes for
x y have the same length and only differ in the last bit.

@/ "\ e @/ N
@/ o b

faéfb fa:éfa
fxéfy fyéfb






e —— @/\

b <
@/b fo < fa ‘b

=D fele+ falo + fala B(T') =} foli+ foly, + fall,

B(T) - B(T") > 0



exchange argument
" ® T "
-

B(T"Y — B(T") >0









excnange argumen

Iemm et z,y € C be characters with smallest frequencies f,, f,. There exists an
thal prefix code T" for C' in which z,y are siblings. That is, the codes for
x, y have the same length and only differ in the last bit.

()

@/\- o
=
pfie®




optimal sub-structure

i [ [ ' I [ [ I



optimal sub-structure

;, CHEDEDEDEDEDEDED

problem of size n

------’

fpfoblem of size n-1



optimal sub-structure

;, CHEDEDEDEDEDEDED

problem of size n

£ -------

problem of size n-1

Lemma:



optimal sub-structure

;, CHEDEDEDEDEDEDED

problem of size n

£ -------

problem of size n-1

Lem ma: The optimal solution for T' consists of computing an optimal solution for 7"
) and replacing the left z with a node having children x, .












SUppPose T 1S Not optima



Suppose T I1s not optimal

o @
o 0D e

B(U) < B(T)



Suppose 1" is not optimal

B(U) < B(T)



Suppose 1" is not optimal

b B(U) < B(T)
o Dow
- B(U') = B(U) = fo — fy
< B(t) - fx - fy

But this implies that B(T’) was not o

@/b
o @ o






summary of argument



