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Caches in WCET Analysis

Predictabllity Limits on the Precision of Cache Analysis

Uncertainty in Cache Analysis Predictability Metrics Evaluation of Policies
| Evict | Policy | Evict(k) Fill(k) Evict(8) Fill(8)
3 i “ il j LRU K K 8 8
_ == 1. Initial cache contents unknown. Ted] FIFO | 2k —1 3k — 1 15 23
MRU | 2k-—2 0 /3k — 4 14 00/20
“>= 2. Need to combine information. ’ ge] PLRU | Slog, k +1 35logy k + k — 1 13 19
,':/,' 3. Cannot resolve address of z. [feC] [hgf] _%U |S Op_tlma wrt me_trlcs
—> Amount of uncertainty determined : l97d] i FO’ MRU’ PLRU less predmtable
by ability to recover information ' dox] [ fde] gse | RU

Competitiveness Cache Analyses for FIFO, PLRU, etc.

Associativity: | 2 3 4 5 6 7 8
PrOblem: (h, h) Qe Iast-iﬂrSt-in |VIRULF{U LRU \L FIFO 27 1 37 2 47 3 57 4 67 5 77 6 87 7
e J | L J (h, h) Legend LRU VS PLRU 17 O — 2, 1 — — — 5, 4
Cache Analyses for LRU only [eatdrro [eabduny | obcdleio. lobedin | 2, | i Gaheset state LRU vs MRU | 1,0 2,1 3,2 43 54 65 7,6
|dea: Cl <h7 h) d ‘ (h’ h) i) . Memory access 5%58 VS ;EEU 37 1 37 2 ja i 57 1 67 3 77 6 27 g
(h,m),... Misses in pairs of VS ) — : — - — :
Transfer guarantees for LRU to FIFO, PLRU, etc. | leabclgifos lceab] ay | [abed]g e, [dabe] gy | cache-set states FIFO vs MRU | 2,1 3.3 44 55 6.6 MEM MEM
: . el(m ) PLRU vs LRU 1,0 — 00 - — — 00
Solution: i | | PLRU vs FIFO | 2,1 — oo  — - - 00
Relative COmpe'ti'tiveﬂeSS | leabe]iro, [cedal gy |(—(h ) leabelgigo, [edabl py |—’(m " | deableipo, [deabd]  py PLRU vs MRU | 1,0 — 00 — — — MEM
’ ’ MRU vs LRU | 1,0 2,1 3,2 43 54 65 7.6
MRU vs FIFO | 2,1 4,3 6,5 8.7 10,9 MEM MEM
- . . - MRU vs PLRU| 1.0 — 4.3 - —  MEM
Definition (Relative miss competitiveness) =
Policy P is (k, c)-miss-competitive relative to policy Q if inite
olicy P is (k, c)-miss-competitive relative to policy Q i QUOtient . PLRU(K) is  (1.0) comp. rel. to LRU(1 -+ logok),
mp(p,s) < k- mgq(qg,s) + ¢ . N — LRU-must-analysis can be used for PLRU
stem (m,m) C_| labed] g e, [abed]
for all access sequences s € M* and cache-set states p € CP,q € C® 4 | FIFOl 7 h)LRU\ FIFO(k) is (3,%") hit-comp. rel. to LRU(k), whereas
that are compatible p ~ g. ’ LRU(k) is  (0,0) hit-comp. rel. to FIFO(k), but
| labed|gpo, [dabe] gy | (m, h)
Definition (Competitive miss ratio of P relative to Q) l(m, m) LRU(2k—1) is (1,0) comp.rel.to FIFO(k), and
The Sma”eSt k, S.t. P |S (k, C)-mISS-COmpetItIVG rel to Q fOr some C. [ea’bc]FlFO7 [Ceda’]LRU j<— [eabC]FIFO’ [edab]LRU j LRU(Zk R 2) IS (1 ) O) Comp rel to MRU(k)

(h,m) — LRU-may-analysis can be used for FIFO and MRU
— optimal with respect to predictability metric Evict

SeﬂSitiVity Caches In Measurement-based VWWCE I Analysis

Measurement-based Influence of Inrtial State Sensitivity Results
WCET Aﬂa‘YSB Policy| 2 3 4 5 6 7 8
variation due to LRU| 1,2 1,3 1,4 156 1,6 1,7 1,8
|. Measure execution times niialcachestale FIF0 2,2 33 44 55 66 77 88
| : | : : : y PLRU | 1,2 — — — —
of basic blocks BCET WCET upper  execution MRU | 1,2 3.4 go 6 7.8 MEM MEM MOI;M
bound time
2. Combyne measurements Definition (Miss sensitivity) LRU Is optimal:
for basic bf\f\';é tEOT obtain Policy P is (k, c)-miss-sensitive if minimal influence of Initial state
estimate o k mo(p.5) < k- el ) + ¢ FIFO, MRU, PLRU:
HOW Wrong can thIS get7 for all access sequences s € M* and cache-set states p, p’ € CP. gr‘ea't inﬂuence Qf |n|‘|:|a| State
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