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|. INTRODUCTION Il. PRIORITIZED LRU

In prioritized LRU, an access specified with a priority

A number of hardware systems have been built or proposerhkes the accessed datdngo to thepth position in a cache
to provide an interface for software to influence cache mastack. There are 6 cases determined by the relations-tfe

agement. Examples include cache hints on Intel Itanium [Hurrent positionp—the priority indicating the target position,
bypassing access on IBM Power series [4], and evict-ragdm—the cache sizeD hit move-up(1 < p < i < m)—d
bit [5]. Wang et al. called a combined software-hardwaig moved up fromith position topth position;@ hit no-move
solution collaborative caching5]. Our work showed that in (1 < i = p < m)—d keeps staying at the same positiéh;
theory collaborative caching may enable a program to manage move-down(l < ¢ < p < m)—d is moved down from
variations of LRU cache optimally [3]. ith position topth position but still in cache® hit bypass

A common limitation, however, is that the optimal man{l < i < m < p)—d is moved out of caché® miss move-in
agement is cache size specific. For the same execution trdée= oo and1 < p < m)—d is moved into cache® miss
a different collaboration scheme may be needed if the cadpipass(i = oo andp > m)—d keeps staying out of cache.
size changes. The size dependence hurts portability andamak In LRU, the accessed datum always goes to the top of a
it unattractive to consider optimal collaborative cachmga cache stack, i.e. has value 1 for the priority. In LRU-MRU,
general-purpose compiler. the accessed datum has two choices—the top or the bottom.
Our recent work showed a generalized model call&i- Correspondingly, the priority value may be 1 for LRU accssse

MRU cachef2]. It supports two types of accesses: the norm&f the size of the cache for MRU ones. However, the target
LRU access and the special MRU access. The datum loadi@gition indicated by the priority is still limited to the ow
by an MRU access is managed by MRU replacement. gpds of a cache stack. In prioritized LRU, the accessed datum

an eviction, it selects the most recently used data as {R&Y 90 in any possible positions including the middie and the

victim. MRU access is equivalent to cache bypassing in IB@Utside of a cache stack. , ,
processors [4] and tagging the loaded data with an evict-meVe have proved that prlorltlzed LRU holds |nf:|u.s.|on prop-
flag [5]. With LRU-MRU cache, a program controls the cach@"Y: An access trace is executed on two prioritized LRU
management by selecting which data to be accessed by wHi@g€S—1 andC: (|C1| < |Cz|). At every access, the content
type. But like previous schemes, the optimal selection gban ©f cacheC is always a subset of the content of cadfie

with the cache size.

In this work we first present a prioritized LRU model. he simulation i ired L .
For each memory access, a program specifies a priority. Thé\n OPT cache S'mﬁ atlo_nhls requw_ef:_ tq m|n|m|zehm|sses
loaded datum can be inserted in the middle of the cache st&&% a" LRU-MRU cache with a specific size [3]. When an

between the LRU and MRU positions. It may be byp«':1ssedeﬂ"ictio_n thé)ens ir_1 thﬁ simucljaftion, tEe (T?St lrefgr&t ac;c/leszt
the associated priority is too low. Prioritized LRU natlyal t ?I_ﬁv'det_ all_ttum IS (t:) ang;: . r(()jm 'tthe te(;;’_lf hto imul ’
organizes program accesses for all cache sizes. € optimaiity can be acheived withou cache simula-

. . . tions if we use the forward OPT stack distance as the priority
Alternatively, we describe a dynamic cache control sche

Like prioritized LRU h . ated with a i e hardware compares the priority with the cache size elf th
K€ prioritize » €aCh access IS associated Wi ""“_'W” riority is greater, the access is realized as an MRU access.
The dynamic cache control compares the priority with t)—%

he si 4 th h ither the LRU the M herwise, the access behaves as a normal LRU access. In
cache size and then chooses either the or the Ff Is way, only a preprocess of OPT stack distance analysis is
position for placing the data. As a result, a program IS

o : . . eeded.
optimized for all instead of single cache sizes.

In the discussion, we assume fully associative cache. T i ) ) .
. . L. K. Beyls and E. D’'Hollander. Generating cache hints forproved
same idea can be applied to each set of set associative cache.program efficiencyJournal of Systems Architectyr2005.

Another problem is the instruction overhead now that eack] %. Gu and C. Ding. On the theory and potential of LRU-MRUI-co
laborative cache management Pnoceedings of the 10th International

load and store is associated with a number. One way to reduce Symposium on Memory Manageme2a11. ]

the cost is to use a few registers to hold the priority numbers! %. Gu, T. Bai, Y. Gao, C. Zhang, R. Archambault, and C. Din:
. e X . OPT: Program-directed optimal cache managemen®Prateedings of

and then include a few bits in a load or store instruction t0 the Workshop on Languages and Compilers for Parallel Comgut

indicate the priority register.

[1l. DYNAMIC LRU-MRU DETERMINATION
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