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m Preemptive scheduling
m Cache related preemption delay (CRPD):

» Impact of preemption on the cache content
» Overall cost of additional reloads due to preemption

T |
[/ — 1T 1]
0 = CRPD

T = Task Activation
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CRPD computation for set-associative caches =Ll
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m CRPD computation:

» Useful Cache Blocks (UCB)
» Evicting Cache Blocks (ECB)

m CRPD for set-associative caches:
= Pitfalls:
» LRU: CRPD not bounded by the number of ECBs
» FIFO and PLRU: CRPD not bounded
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Definition (Useful Cache Block)

A memory block m at program point P is called a useful cache block, if
a) m may be cached at P

b) m may be reused at program point P' that may be reached from P
with no eviction of m on this path.

X = hit

O=miss
P
—6—6—6—)(—)(—9—)(—)(—'—9—)(—)(—)(—9—)(—)(—7
A B D C B A C
Cache Content:
[A.B,C, D]
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Useful Cache Block - [Lee et al., 1996] A

Definition (Useful Cache Block)

A memory block m at program point P is called a useful cache block, if
a) m may be cached at P

b) m may be reused at program point P’ that may be reached from P
with no eviction of m on this path.

X = hit
O= miss

HK—HK—H—O——X—H—>
A B D (o} B A C
Cache Content:
[A.B,C. D]

c
CRPD-"Y = 3" CRPD'"(s)
s=1
. n = associativity
CRPDcs (5) = BRT- min(JUCB(s)|, n) BRT = Block Reload Time
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Evicting Cache Blocks UNIVERSITY
[Tomiyama and Dutt, 2000]

Definition (Evicting Cache Blocks (ECB))

A memory block of the preempting task is called an evicting cache

block, if it may be accessed during the execution of the preempting
task.

Cache Content: L z Cache Content:
[ABCD r—O—O—%—O0— [X.V.Z.0
~ N . 7’
~ 7’
~ 7’
~ ’
~ 4
A B C B A C

@ = additional miss due to preemption (CRPD)
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[Tomiyama and Dutt, 2000]
Definition (Evicting Cache Blocks (ECB))

A memory block of the preempting task is called an evicting cache

block, if it may be accessed during the execution of the preempting
task.

Cache Content: L z Cache Content:
[ABCD r—O—O—%—O0— [X.V.Z.0
~ N . 7’
~ 7’
~ 7’
~ ’
~ 4
A B C B A C

@ = additional miss due to preemption (CRPD)
5
CRPDLRY(s) = BRT - min(|ECB(s)|, n)
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0x08
0x09
Ox0a
0x0b

!

b,2,9.8] 2:(8,b,4,9-2:[9,8,b,a]-%[2,9,8,6] 2:[5,2,9,8] 0 misses
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CRPD computation for LRU using ECB: Pitfall 2=l
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0x08
0x09
Ox0a
0x0b

!

[b.2,9.8]-2:[8.b,2,9]-2[9,8,b.2]-%(2,9.8,b]-2:[0,2.9.8] 0 misses

ECBs
le,b,a,9]=-[8,e,b,a—[9,8,e,b]-"[a,9,8,e]—[b,a 9,8 4misses

m |[UCB(s)| =4
m |[ECB(s)| =1
mEn=4

® number of additional misses= 4
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m ECB derivation used only to know if the set is used by the
preempting task:

0 if ECB(s) = 0

LRU oy _
CRPDeeg (S) _{ BRT-n otherwise
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[b.a] -2 [b.a] & [e.b] L-le.b] C-lc.e] - [c.e] 2 misses
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CRPD for FIFO: Pitfalls —_—
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ECBs
= {x}

< b, a] 2. b, 2] € e, b] L[, 6] < [c, 6] S+ [c,e] 2 misses

[x, b] [a x] [e al H[b e] [c b] H[e c] 5 misses

m |[UCB(s)|=2
m |[ECB(s)| =1
mn=2

m But: number of additional misses= 3
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Notation

mp(p,S) = number of misses that policy P incurs on
access sequence s € M* starting in state p

Definition (Relative miss competitiveness)
Policy P is (k, c)-miss-competitive relative to policy Q, if
mP(p7 S) <k- mo(q7 S) +C

for all access sequences s € M* and compatible cache-set states p, g.
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Notation

mp(p,S) = number of misses that policy P incurs on
access sequence s € M* starting in state p

Definition (Relative miss competitiveness)
Policy P is (k, c)-miss-competitive relative to policy Q, if
mP(p7 S) <k- mO(q7 S) +C
for all access sequences s € M* and compatible cache-set states p, g.

m PLRU(n) is (1,0)-miss-competitive relative to LRU(1 + logzn).
m FIFO(n) is (7=}, r)-miss-competitive relative to LRU(r).
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A sequence of memory accesses e
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= Notation:

» m = number of misses
» 'm = number of misses in the case of preemption

A N\ g
v
Mpre = 4 Mpost = 2
~ . . ’
~ ’
~ 4

46—e—e—x—x—e—x—x;r—,e—0—0—0—e—x—x—>
~ - ‘

. 4 — v~

Mpre = Mpre = 4 Mpost = Mpost + McRpp = 5
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A sequence of memory accesses e
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= Notation:

» m = number of misses
» 'm = number of misses in the case of preemption

A N\
~~
Mpre = 4 Mpost = 2
r—O—0O0—%—0—
~ . . ’
~ ’
~ 4

46—e—e—x—x—e—x—x;r—,e—0—0—0—e—x—x—>
N - _

. 4 — v~

Mpre = Mpre = 4 Mpost = Mpost + McRpp = 5

m Relative miss competitiveness:

—(t —(t —(t
m = mfyr)e + m;.)gst
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A sequence of memory accesses e
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= Notation:

» m = number of misses
» 'm = number of misses in the case of preemption

A N\
~
Mpre = 4 Mpost = 2
r—O—0O0—%—0—
~ . . ’
~ ’
~ 4

46—e—e—x—x—e—x—x;r—,e—0—0—0—e—x—x—>
N - _

. 4 — v~

Mpre = Mpre = 4 Mpost = Mpost + McRpp = 5

m Relative miss competitiveness:

—(t t t
m = mfyr)e ;:;gst
RU LRU
k- M+ c] + [k - (5 + mis

+m

IN
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A sequence of memory accesses e
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= Notation:

» m = number of misses
» 'm = number of misses in the case of preemption

A N\ g
v
Mpre = 4 Mpost = 2
~ . . ’
~ ’
~ 4

46—e—e—x—x—e—x—x;r—,e—0—0—0—e—x—x—>
~ - ‘

. 4 — v~

Mpre = Mpre = 4 Mpost = Mpost + McRpp = 5

m Relative miss competitiveness:

(¢ t
m = m(r)e + m;xzst
RU RU LRU
[k mpre © 4 ¢+ [k-(m post o mCRP(Ds)) +¢]
rRU LRU LRU
(K- (Mpre © 1 m ost(s )+cl+ k- mCRP(DS) + ]

IN
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= Notation:

» m = number of misses
» 'm = number of misses in the case of preemption

A N\ g
v
Mpre = 4 Mpost = 2
~ . . ’
~ ’
~ 4

46—e—e—x—x—e—x—x;r—,e—0—0—0—e—x—x—>
~ - ‘

. 4 — v~

Mpre = Mpre = 4 Mpost = Mpost + McRpp = 5

m Relative miss competitiveness:

(¢ (), (t
m = mfyr)e + m;xzst

LRU LRU LRU
[k - Mpre © o]+ k- (Mpost o mCRP(Ds)) +¢]

LRU
[k - (mpre ) + mlﬁgsLtj(s)) +cl+ [k mggpy) + ¢l

= [k-mRYO) 4 q] + [k - marel) + ¢
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m PLRU(8) using LRU(4):
mPLRU(B) < m-RU@) 4 mLRL,i(A')
m FIFO(8) using LRU(5):

mrIFo®) < (2. m-RYG) 1 5) 4 (2. mg;gg) +5)
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Conclusions e e
Pitfalls Solutions

m LRU: m LRU:
|ECBs| is not an |[ECBs| =0
upper-bound = the set is not used

m FIFO and PLRU: ®m FIFO and PLRU:
|UCBs|,|ECBs| and n using relative
do not bound the number competitiveness
of additional misses and LRU bounds
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m using UCB [Lee et al., 1996]:

CRPDycg = BRT - [{sj | 3m € UCB : mmod ¢ = s;}|

m using ECB [Tomiyama and Dutt, 2000]:

CRPDecg = BRT - [{s; | 3m € ECB : mmod ¢ = s;}|

m using UCB and ECB [Negi et al., 2003, Tan and Mooney, 2004]:

CRPDycssece = BRT - |{sj| dme UCB: mmodc=s;
AIm’ € ECB: m’ mod ¢ = s;}|
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> mp;(: 4 7 mp,?s,(: 2 g
> ’
ipre = Mpre = 4 Tipost = Mpost - Mcapp = 5
—(1) LRU(s) —(1) —LRU(s)
Mpe < k mf,ReU( ) +c Mpost < k- mpﬁgu( )+ c LRU( )
s s s
K-Mpe " +c = k- (Mpyost  + Megpp’) +C
wmh = w0 L md
m - pre + mpost

RUGS) LRU(s)
post .+ Mcppp”) + €

(k- (e + me2s/) + €) + (k- megpg” + )

(k- m-RYO) 4 6) 4 (k- mR2l®) 4 ¢).

IN

k-mel®) L etk (m
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Relative Competitiveness — Application —

m PLRU(n) using LRU(1 + logzn):
» k=1,¢=0

RPLRU(n) < mL-RU(1-+logzn) +n,,LFiHLIing/ogzn)

» Example (n=8):

mPLRU®) < mtRU() L mtggg‘r)
m FIFO(n) sing LRU(r):
> k= n— r+1 c=r
mrFom < N R r) + (L A
“‘n—r+1 n—r+1 ~CRPD

» Example (n=8,r=5):

mrIFoe) < (2. mRY6) 1 5) 4+ (2. mlégg(DS) +5)
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N LI LN LI LN LN
0 misses
alb|c|d abcd abcd abcd abcd a|bfc|d abcd
—(xv}
—> —> —> —>
5 misses
aycx aydx bly|d|x bydc bydc byac bdac

m |[UCB(s)| =4
m |[ECB(s)| =2
mn=4

m But: number of additional misses= 5
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