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Abstract : These days, mobile embedded systems adopt flash memory capable of XIP feature
since they can reduce memory usage, power consumption, and software load time. XIP provides
direct access to ROM and flash memory for processors. However, using XIP incurs unnecessary
degradation of applications' performance because direct access to ROM and flash memory shows
more delay than that to main memory. In this paper, we propose a memory management
framework, dynamic XIP, which can resolve the performance degradation of using XIP. Using a
constrained RAM cache, dynamic XIP can dynamically change XIP region according to page
access pattern to reduce performance degradation in execution time or energy consumption
resulting from native XIP problem. The proposed framework consists of a page profiler gathering
applications' memory access pattern using PMU and an XIP manager deciding that a page is
accessed whether in main memory or in flash memory. The proposed framework is implemented
and evaluated in Linux kernel. Our evaluation shows that our framework can reduce execution
time at most 25% and energy consumption at most 22% compared with using XIP-only case
adopted in general mobile embedded systems. Moreover, the evaluation shows that in execution
time and energy consumption, our modified LRU algorithm with code page filters can reduce

more than at most 90% and 80% respectively compared with applying just existing LRU algorithm
to dynamic XIP.
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Fig. 1. Performance comparison between Code
Shadowing and XIP
(This shows the performance when Mplayer
plays an 8 MB movie in Linux)
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Fig. 2. Performance comparison between Fig. 1

and Mplayer with code-shadowed five pages
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S3AIZE AR 223
dee Cache size Cache size
371 S 10 20 40 60 S 10 20 40 60

50 015 | 375 706 |1316 | 1435 | 0.23 203 | 684 |1183 | 1359
100 | 065 | 334 867 |1292 | 1465 | 027 336 | 706 | 1179 |13.64
200 | 091 | 340 744 | 1285 | 1517 | 0.66 308 | 679 | 1145 | 13.66
500 | 113 | 390 754 | 1314 | 1479 | 064 350 | 758 |1184 |1354
1000 | 058 | 375 803 |1283 | 1491 | 010 245 | 760 |1192 | 1357
2000 | 134 | 356 883 | 1366 | 1568 | 102 317 | 750 |1210 |13.95
5000 | 084 | 445 861 | 1294 |1558 | 058 249 | 743 | 1207 | 1346

% 11. XIP9}e] A% W]l Mplayer

Fig. 11. Performance comparison with XIP:

Mplayer
LA A4z 228
e Cache size Cache size
37| 5 10 20 40 60 5 10 20 40 60

50 183 | 1079 | 1908 | 2277 | 2477 | 372 | 949 | 1612 | 2044 | 2107
100 | 274 | 1049 | 1956 | 2301 | 2501 | 429 |1117 | 1731 | 1993 | 2154
200 | 219 | 1049 |19.26 | 2350 | 2495 | 339 |1050 |17.62 | 20.55 | 22.05
500 | 431 | 1109 | 1999 | 2356 | 2501 | 383 |1090 | 1818 |2105 | 2204
1000 | 443 | 1133 | 1944 | 2380 | 2501 | 619 | 1048 | 1685 | 2026 | 2285
2000 | 425 | 1170 | 1932 | 2356 [2471 | 341 [1025 | 1690 | 20.34 | 2174
5000 | 407 |1L51 |1805 |2247 |2550 | 396 | 997 |1566 | 1953 |2193

a9 12. XIP$Fe] A% vlal lout(MRe] %ol
VB $8)

Fig. 12. Performance comparison with XIP: lout
(This application shows the most memory

accesses)
=k HYx Lo
ace Cache size Cache size
37 L i 20 40 60 L i 20 40 60
50 — |oss | 280 [487 |80 | — — |17 438 |se
ples) — | 083 | 320 | 487 | 665 — | Q00 | 185 [ 402 | 339
200 | — [o083 344 522 [e70 | — |07 [235 |38 [500
300 — | 087 [305 | 542 | 6T — | 015 [ 1% | 4098 | 605
w00 | — | 112 [334 [s52 [6s0 [ — |o7s [ 245 [431 | 529
2000 | — | 0B3 | 330 | 557 | 665 — [ Q25 | 230 | 445 | 571
s000 | — | 122 [ 343 5Bl | €85 | — |o055 | 258 |417 | 539

17 13, XIP9Fe] Al W]l Ghostscript
Fig. 13. Performance comparison with XIP:

Ghostscript
THAIZ A% 22
dre Cache size Cache size

371 4 6 8 4 6 8

50 — 0.52 0.87 — 0.03 0.29
100 — 0.64 0.87 — 0.14 0.36
200 — 0.64 110 — 0.14 041
500 0.06 0.76 110 — 0.3 0.46
1000 0.06 0.87 110 — 047 0.58
2000 017 0.87 122 — 0.24 043
5000 0.06 0.98 122 — 0.14 041

a9 14, XIP9kel s L
GSM(H =8| o] A9 AL &-8)
Fig. 14. Performance comparison
with XIP: GSM (This application

shows the least memory accesses)
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