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Abstract The multi-level storage architecture has been widely adopted in servers and data
centers. However, while prefetching has been shown as a crucial technique to exploit sequentiality in
accesses common for such systems and hide the increasing relative cost of disk I/O, existing
multi-level storage studies have focused mostly on cache replacement strategies. In this paper, we
show that prefetching algorithms designed for single-level systems may have their limitations
magnified when applied to multi-level systems. Overly conservative prefetching will not be able to
effectively use the lower-level cache space, while overly aggressive prefetching will be compounded
across levels and generate large amounts of wasted prefetch. We design and implement a
hierarchy-aware lower-level prefetching strategy called PMS(Prefetching strategy for Multi-level
Storage system) that applicable to any upper level prefetching algorithms. PMS does not require any
application hints, a priori knowledge from the application or modification to the I/O interface. Instead,
it monitors the upper-level access patterns as well as the lower-level cache status, and dynamically
adjusts the aggressiveness of the lower-level prefetching activities. We evaluated the PMS through
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extensive simulation studies using a verified multi-level storage simulator, an accurate disk simulator,
and access traces with different access patterns. Our results indicate that PMS dynamically controls
aggressiveness of lower-level prefetching in reaction to multiple system and workload parameters,
improving the overall system performance in all 32 test cases. Working with four well-known existing
prefetching algorithms adopted in real systems, PMS obtains an improvement of up to 35% for the
average request response time, with an average improvement of 16.56% over all cases.
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Algorithm 1: PMS_Process.Req(reqy = [starty, endy})
regsize = endy — starty +1;
avg_req.size = average request size so far.
1% If req_size is larger than two times of avg_req.size, exclude it from calculation of
avg_reqsize. ¥/
rinsize = M AX (requsize, avgrequize);
PMS_Set_Param(requ):

startypc = start, + bypasslength;

endpse = endy + readmoredength;

process request [startu, startype — 1] directly;

forward request [start, ., endpy.] to native L2 processing;

PHInsert new items into queues™/

if bypass.queue or readmore gueue is full then
evict oldest items until required space is available:

insert [starty, startpse — 1] into bypass_queue;

endym = endpge + rm.size;

insert [endpy., endrm) into readmore_queue;

Algorithm 2. PM 5.Set. Param(req, = [starty, end,})
hit.cache = hitbypass = hit_readmore = false,

7* Check against aggressive L1/L2 prefetching */

if ((requsize > avgreqsize) and (L2 cache is full)) then
readmoreJength = 8;

endif

if (lendu, endy + reqsize} € cuche) then
bypasstength = veqsize;
readmoredength =0;
return;

endif

7% Check hit status of L2 cache and PMS queues ¥/
for starty < ¢ < endy do

ifz € cache then hit cache = trug;

if > € bypassgueue then hitbypass = true;

if 2 € readmoregueue then hit_readmore = true;
endfor

/% Adjust PMS parameters */
if thit_bypass then bypasslength + +;
ifthit.cache then
if kit bypass then bypass jength — —;
if hitreadmore then
readmoreJength = rm_size:
else readmoredength = 0;
wndif
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