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Abstract The most significant difference of embedded systems from general purpose systems is
that embedded systems are allowed to use only limited resources including battery and memory.
Especially, the number of applications increases which deal with multimedia data. In those systems
with high data computations, the delay of memory access is one of the major bottlenecks hurting the
system performance. As a result, many researchers have investigated various techniques to reduce the
memory access cost. Most programs generally have locality in memory references. Temporal locality
of references means that a resource accessed at one point will be used again in the near future. Spatial
locality of references is that likelihood of using a resource gets higher if resources near it were just
accessed. The latest embedded processors usually adapt cache memory to exploit these two types of
localities. Processors access faster cache memory than off-chip memory, reducing the latency. In this
paper, we will propose the enhanced dynamic allocation technique for structure-type data in order to
eliminate unused memory space and to reduce both the cache miss rate and the application execution
time. The proposed approach aggregates fields from multiple records dynamically allocated and
consecutively remaps them on the memory space. Experiments on Olden benchmarks show 13.9% L1
cache miss rate drop and 15.9% L2 cache miss drop on average, compared to the previously proposed
techniques. We also find execution time reduced by 10.9% on average, compared to the previous
work.
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Node {
y_t key; // 4 bytes
data t datum; // 8 bytes
N Node *nexf; // 4 bytes

s

data_ tsearch s _type *target) {
“Node ( q‘ g
whlle cur' NULL
if(cur->key =:ta et->key);
return cur->data;
cur = cur->next;

r}eturn NOT_FOUND;
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/MaximumFieldSize
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Node {

no_t NthObj
key_Tkey;

dafa_t datum;
Node *next;

]
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2 23%E 100008 #e AMESI Wadds #
F @ow(2}¢] 4) BankLimito. 2 3tddg W gl
BRS IR E s(FR] 5 Fo) Yady 2
g A=HEE ok WAFYGLS malloc) 5 F30
?__}%E]Ei, Hagae Alzke AYsA 2FEC. o
A wlA7E Z8] BankAlloe ¥UHE EA AR

o] BAIAZETHER 6). BankAlloce AME- 7} H=a
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soh(kel 9). dhuel dixe E gl ARY F U=
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NthObj = (P & BitMask) / FieldSize(+Pf;) (4)

BitMask'= P7} 7171 dzm=rt &3 d=e &

|° mtﬁ

Output: Valid heap (base) a

01. Static Initialize
8% if PoolAlloc = PoolLimit then

08. PoolAlloc € BankAlloc

11.end if
12. AllocatedAddress € PoolAlloc

14.Return AllocatedAddress

Input: Record type R and sta d%ger constant SC.
ress where R is allocated.
// use 4KB memory pool, £=1000 (in our experiment)

. if BankAlloc + 4KB > BankLimit

04. BankAlloc € malloc&4096 *k

05. BankLimit € BankAlloc + 4096 * k -

8? o BankAlloc < (BankAlloc +4095) & 0xfffff000
. en

09. BankAlloc € BankAlloc + 4096
10. PoolLimit € PoolAlloc + MaxObjCount*FieldSize(R.f;)

13.PoolBase € PoolBase + FieldSize(R.f;)

// do it once for the first time
/1 extend Bank

g 6 olF 2R I A
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Bench Input Original DDRemap CFRemap
marks L1 misses |L2 misses| Mem(kb) |L1 misses| L2 misses | Mem(kb) | L1 misses | L2 misses | Mem(kb)
4096 5678 6171 756 7761 8271 888 5203 5709 728
Tsp | 16384 21033| 21463 1716] 29687 29789 2236 19115 19558 1016
500000 2398123| 328742]  20920] 1884191| 461633 29228 1357646| 296596 19508
healtt, |_6500 | 36260780 200891 | 12988| 28147850| 174175 11320] 27121008 173246 11264
1020 | 30618246| 24578011 154048| 26158740] 2326307  146828| 25701759  2314565| 145096
et 2048 | 19995826| 53294|  13744| 6691827] 862162 13880]  6904606] 853682 13748
3000 42330914] 1830223  115512] 41022807| 1849247]  116700| 39533743| 1831051| 115564
] 11] 4639289 1548484|  O7144| 3540019] 1362930 85548 3503828 1357631 85216
perimeter 12] 10395273] 3460685] 216656] 7932706] 3045031|  190732| 7850267| 3034082| 189996
avg. improve (%) +10.89% | -808%| -521%| +2480%| +781%| +10.54%
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Fxoy AFH TERAE 93 452 = AR 1011
R 2 AZAIZE vlme} AfRFA] 2L AFol g e
Origin DDRemap CFRemap
‘—Benchmarks Input (sec) (sec/improve %) (sec/improve 9)

5+105 2.96 2.76 +6.76% 2.77 6.42%

tsp 5+106 50.57 16.35 +7.36% 4611 +8.82%

24107 881.93 142195 261.23% 649.77 126.32%

health 10,20 397 373 +6.05% 364 +8.31%

e 11,20 15.36 14.49 +5.66% 13.93 +9.31%

. 3000 6.70 7.00 -4.418% 6.89 ~2.83%

ms 10000 731.25 716.49 +2.02% 712.57 +2.55%

. 11 257 1.99 +2257% 1.964 12361%

perimeter 12 765.20 618.82 119.13% 616.19 +19.47%

avg. improve (%) - - +0.43% - +11.33%
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