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Abstract Most mobile devices use a NAND flash memory as their secondary memory. A
compressed code of the firmware is stored in the NAND flash memory of mobile devices in order to
reduce the size and the loading time of the firmware from the NAND flash memory to a main memory.
In order to use a demand paging properly, a compressed code should be decompressed very quickly.
The thesis introduces a new dictionary based compression algorithm for the fast decompression. The
introduced compression algorithm uses a different method with the current LZ method by storing the
“exclusive or” value of the two instructions when the instruction for compression is not equal to the
referenced instruction. Therefore, the thesis introduces a new compression format that minimizes the
bit operation in order to improve the speed of decompression. The experimental results show that the
decoding time is reduced up to 5 times and the compression ratio is improved up to 4% compared to
the zlib. Moreover, the proposed compression method with the fast decoding time leads to 10-20%
speed up of booting time compared to the booting time of the uncompressed method.
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1.ME

FAste e YWti=(embedded) FRoMA = A
71AZS YA TE2aYW AS(program code)E UE
g = Z43(NAND flash)oll AAETHZE 1 &
Z). &3, F7194N(DRAM)Y AHS#E F0)7) A3
o tjil= #Ho|A(demand paging)e HELEIHIYH 2
Fz), 2oy At AYH7] " B=A F7)9%
Ao} 2 (loading) Holok el olWe] 229 AlZHS
% #Ho|RA(page)E W= ZHHRRE ¢gojew A7t
7 =2 A (decoding) 3= AlZe] Ste] "t webd
HE A Sxe ZT 4L AHESle FdlRset
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DRAM

L= 0|
=8 H |

ad 1 &% 2= HHHA

22 dHb=E FAGME B¢ FaF e47) doh

2ZE {FIHL A F /R E75Y £ e,
shbe AMdl(cache)d] =8 2937 A ¢
sAste Polall-6], e s Z= A=Y(sha-
dowing) oA 45-E A Paoll7-12]. o
714, Azdgeld 22y 3sg 4¥sty] Ad, d=
EdH9 2 u {4 vingzie DRAMTY 2
HEA vRee] BAlS) = #34& e

Aotsie Wge A=Y AN A4 = e ¢
S¥yoz AMHA 4F71H LZBA7]e] HWEd W
Helth LZ¥4 F s zibdAde 4L sAsis
b 28Hs ARFe diEo] WE @99 HolEHE
=St Agdolth AR WYe HE Wi da
& Hsl st zlibe] G0 His] A ouf we
A dEHAE FH48) 28, Pole 5L g43)
of zlibe] hEbalel wish Ao 4%9 4HEEL T
REQ=S

|

DRAM NAND

Paged Binary

29 2 4= URE Hold Any

2 =Re gew go] FAHY. 23AE Atsre
2= RH/Pe A9, 3RNE Ad® WA
Aibs) YEe MiE APAA AP AnNE Hua
4INE BEO| FolZtk

2. Hgtsh= A= gfsuy

2.1
Agshe g3y AbdA(dictionary based) ¥
Sl LZ8[71e) #y 8 4o g LZcoded) B}

dete FAA =Z= mlo|uE YFsied M3
Halde, d$ HE 4EA £x9 2 ¢5 80 °
831t} LZcodes FE3A 58 337171 A8A,
HIE ©9je] kg 4 @) a2lm o)z AT
g9 #4E HgsElr] 98 2ulolE(Thumb mode)
E& 4u}o]E(ARM mode)® TASE Wl B4
& 8439 4HEE PIANL LcodeddA zlib o
4] YE2E& AN JlRdee 29 39 2o
zlibel Al 2@ 39 dAe] WiE AFAHRE (12, 8),
(literal B), (12, 3)7} S ©}& EZTvHHuffman) 9
e ARE3le] JdE=ZT F(entropy coding)S §
o ZE (12, 8)9 12& A 4Fsux sk AEx
Q229 YAERE Fzrl He AlE29 109 IXE
9] AYE Jehi, 8& IXHE AlB29 Holg
B} & AR (22~207 AE2 (10~17)% 9
Stk e dujaith zeli (iteral B)E 37 ol
YAFHA @ dlolE ojck IE (12, 3)L AJEA (31~
3By7F e (19~2D)9 XS 9njic)
LZcodediAE 7|18 4&9$i7} 2njolE oz 1
39 A7t 29 49 2 Fepyb ek zliby AR ¢
299 blolE o|Auk LZcodes 7B YEUHE 2
slo|EE ALt olE FulyrlY m=ad zzs)
R 2ulo]E T 4ulo]E9] gHFolo]r] wjEol)

BE G A (10~21)
10 11 12 13 14 15 16 17 18
la]sfalsfafclale

19 20 21
BlclAl]

9= 50K S AlBA (22~33):
22 23 24 25 26 27 28 29 30 31 32 38
(alslafs]afc]als B[clA]

zlib 2= e

[ (12, 8), literal B), (12, 3)
a9 3 zlibe] FEe)Al

X sl ABA (10~15)
10 11 12 13 14 15
[ a8 ] a8 [ Ac | a8 [ A8 [ ca ]

o9& SN St ABA (16~21):
16 17 18 19 20 21
{ a8 | a8 | ac ] a8 [ BB | cA |

LZcode 2% SEY

| (6,8, (AB® 8B)
218 4 LZcodeol A 2] oA




FHRAE 9% 248

A= (6, 6)= AlEE (16, 21)7t FZHe AlE2
(10, 15)%} 6709) 2ntelE Azl 2z, 6719 2ulolE
7b BEaigo] Bre A& uehduh LZcodedME
zlibTe @] A7t 4338 IR 7 HA ol o
2 HA F= A9 dolge}t FxHE 99 H oy
ke Abo] 3hg AT PEE AHSEk el A
#oz FRuAL FAAZITE 27 4004 BYE 208
AAx9] doly BB ZxEHE 148 X9 ©lolg AB
7} dX8kA] gevh webA Aol gk (AB © BB)E A
Faed I 9Xe dEFaA Fe AEad gle 2
BHEold EY1E F= WES AMSSl AR 2
= LZcodet zlibell WIBiA © FHL 49 ALARE
A3 i Ao] gk Al EIE AT

LZcodelA #HAel REu]AE A= Z2& NP-hard
9] FAQ, Longest common subsequence problem
[13J2c o & A7t BT E Z227) g 8o 43 Alzho)
oFF A ag8th olg FEIHI A3 A e 2
ARRE 25 WS 24744 AATT

zlibe JdEZN Igor FxY IYS AL

pil

3= 39L B BEGNSE IFsimE & A)

2.2 g=slid o] BN

zlibe] &AM AR} Ho|FH, Tx
o9 Zhlitera) S AFY wl, TIP IJL A3
Y&, &8 o] shzole] nEGS s Ak
Aol LZcodedl e 2498 ZolQl 4ulojE with A]A
BE 2t At He AoAHE A ¥ £,
AZAE GA] Hlo|E X AEQ volE)R ARH T,
d¢ e JEZY I glo} aulZ AP wEtA,
HEQMo] Hadls o] Y24 S50 weiAA "o
The-2 zlibe} LZcode?] {EF el tht wimdA ot}

BE Sls NRA (0~15):
0 4 8 12
(alefals][a[c[als[aB]c]A]B]CTA[C]

& SN B AIRA (16~47):

16 20 24 28
(alslalklale[clelelc][afc]a]B]C]A]
32 36 40 44

[elcfafc]als[a[x]a]B]c]B[B]CTA]C]

Zlibe) &3

|_(14,3), (iteral K), (9, 3), (iteral B), (12, 6), (20, 18) |
a9 3 z1ib9 format

do =2y 3= U¢EUY 853

a9 394 gEEaA s dolee AEAE zlib
o2 oy Qe e ¥yl ok =ZE (14, 3)2
AR2 (16~18)7F AlEE 2~49)9 AFE, Z= (9,
3L AEA (20~22)7F AlhA (11~13)% 4x8e, =
= (12, 6)& AEE (24~29)7F AE2 (12~17% 4X)
e FT (20, 18)& AlB2 (30~47)0) AF2 (10~27)
9} YRS Yepdh

LZcodedlM e 718 =97} 2 vlolEclmg Y
39} zlib =Pt 1Y 49 2L Feyl Aok

X S NRA (0~7):
0 2 3 4 5 B8 17
[ [ABJAc [ a8 [ A8 ]ca]BC [ AC|

o SN SHe AlRA (8~23):

8 9 10 11 12 13 14 15
[ [AK [ AaB [ cB[BC|AC] AB [ cCAl
16 17 18 19 20 21 22 23
Bc[ac]m]ak]as[ce][BCc ]| AC|

LZcodeS SEHEY

el A5, 7,6, 10, 10,10, 10,10
SALEU:1,0, 1,0, 01,1, 0,11, 01,11
o2l E2H1: 1.0

xtol 2t: AB @ CB

oil2l gt(exception): AK

198 4 LZcode® format

AGAR 55 Wa2EE 8~97 AdL (3~499
Huwjge AR 72 =22 B (10~1D7 AE~
(3~ 9] RENAE, AYHH 62 wA2ZEE (12~13)
I NP2 (6~7)0] dXFE, AYFR 1082 AR
WAREE (14~23)80| AlAL (4~13)7 XL
EHdt). LZcode= €& 71EGHZ 2 Hlo|EE A%
sta] onlolEQ) WF o] wit}h FzdhE FHoY 2LA
£ Yehie ZIY2E AZsA Gk AYUAR HA 2
HlolE w9z et Tgx 4ubolE ot} AAn
g Zeth o] 4ulelE@MY HHONE WARES
(Macro Block)el2}t %o}

221 A AR

AHEE 4ulo)E with BT AR HE 5§
9] A7+g A3E BHeth weA, uiE g w32
B23 ARyt 2o AR Eda(dist flag)Th
12 43sn ARAPRe ARsSA &1, 22 god
AR ZYIE 028 MRty AIJYPRE AFF
o] 27, AZAR FHr)t RSk AlE=Y 2
olZ WA ) ol 1Y 49 <Ad F&sA o
3 o] Atk
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Helge Bd3:0,0,0,0,1,1, 1,1

Hel #%:5,7,6,10

A BATLO L0 L L L L L
Oiel 11,0

%ol 2 AB P CB

Gil2l t{exception): AK

222 z}o] gk

BHo wg 5HaA T o, Fxde PHA ro]
wel 22 gow uigl =2y 94 @ worg 3
o} ez AgslA sed, o ¢ dffwnE ¥
o). Aol & T W, Wil =9@& AHESe ol
E 22Oy I=E FAse BHAE diAle 2
Agt ¥ AxAF dhEa A Qi daxw 5 dit
A7} 2L g7} @ol RAEY] el o]E WHE
Hiel =2l3o g AdsA =HE {AE dee HE W)
do] Ho] WAy wRolty A s5E zo] FUE
FoA 71 B NEFE AT Ao FE A9y
ol FASm, o] wHol&el diff(wyr)o] EASA
G 22 ARt EA5A Lo o 9(excep-
tion)2 gtk

ARl de2y I3 A¢ ¥R €55
He nlESy i AMSAW, LZcodedlMe
HE 454 S5 A3A HolE AEY Fe
2672 stn Qldse ¢ welEY 9§ Holg
ok o7 U3 Holz deRy 39E& o g
£o] ZA A3HA ged, olv ¥ H¥E 6o} 2
o] AR} (operator)E 23 ¥ A4A} (operand)7} TF
EAY, ¥ didxte 23 G ohE 93eolEe] §
o] BAY 4 Y& ZEIY s BAY uRolvh v
Hell HiolE 292 eolBd] HIo] sy Wi,
4% A £x& WEA TETL o)F 22198 I
2431 g o] gk

HelBE #e60:0,0,0,0,1, 1, 1,1

HEl 3w 5,7,6, 10

#/qAEH1,0,1,0,1, 1,1, L 1,1, 1, 1,1, 1,1
G2 BaNT1.0

A0} 8t idx1, where tablelidx1] = ditt{AB, CB)

02l 2t{exception): AK

223 BE Ha}

22279 dAA, gl BA FYae vEANS
43 e FAY AFHES =ol7] #8A s nt
olER ¥olA Hrk ek 819 BA B} BN 1
o, 47he] AAE Fd dA 25 108y BER
Ab EFeL(block copy flag)ate 12 A =z, &)

3 $E 24 Edas AR e AR
e oM BEE e AZBEL Svl@
A9} Aol BRBA} El2E A$HW T 2k

EE=SMN BEA:0.1

Helss #9°1:0,0,0,0

Hel BR:5,7,6,10

SA 8217:1,0,1,0, 1,1, 1,1

o B 1.0

101 2t idx1, where tablelidx1] = diff{AB, CB)
0l at{exception) @ AK

e 9o EESBA EFgart FE4E ¢FIA=E
HAE #5 FZS(pseudo code)elt}). 97|A shte
EE ¢ g7he) goj2ulolm)R olfolA U7| HEe),
87He} BAL Z8:171 shile] wlolER HEo) shsdtA
so} HlEQLS s 3

if (block_copy) block = ref_block:
else {
mask = {10000000),;
for (int i=0; i<8; i++}
if (copy_flags & mask) block(i] = ref_block(i];
else if (exception_flag) block{i] = GetValue(expt_fist);
else block(i] = ref_block @ diff_table[Getidx(idx_fist)}:
mask = mask>>1;
}
}

A A LZcoded] AEHA £=71 zibe) ¢ ¥
Ao wa) YA HolHg A 4K B9 gHAA
Ho 5168 wWE AL B £ AT 2 FX).

2.3 5B gt

Zlibe] YoM e & BED I=dHe &
2ol YAt ASdy ADFEE sHAC Wb
LZcoder ¢Estuzl 3= BE31 FxsHe 859 ¢
ArPo] dagt e A=HFRE 71 F Utk
LZcoded A ©] 858§ Y-#v%) &S (partial match-
ing block)olgl g} HEvH BES zibdlAd ¢&st
Iz }oE, AB2) QXHEE RED 97 894 &
£ 7o) 77 w2 gFE ool 1, AFE o} =
AdARE A4 F A oldolth LZcodedlMe A
7R ol HAY A E2EY AYFRE A
AGARE $HFAN Bol=e HESVL U7t He
AARz 3YA7e $4S FEsd, shio APA
BE JIXA €tk ol F% H¥(backward refine-
ment)olg} et T AL 22339 Aje] H&8
W oLy 22 gyl g



FHIAE A

EESAN BOD: 0.1

HeldE E42:0,1,0,0

Hel ¥ 5,6, 10

EA BeHT:1,0,1.0.1,1, 1.1
G2 Bl 1,0

X018t idx2, where table[idx2]
G2 Bi{exception): AK

= diff(CA, CB)

22349 qANAM T WA azBE AR 7
< A ¥A 22829 AR 602 RANAHS
73, diff(CA, CB) GAl Ae] gk elo)Bol &A3hd,
AAPR e AFEA golx HEg 39 IAE
{cost)7} EolEth @A, F ¥A AR EYas
0dl 12 wHn AAR 72 AAFh

24 &5 &5 N

21804 AFHAUWE AAH LZcodedA 713 He
BRFE WEo] e FENAS I R NP-hard
o] EAlo}7] WEo AHAgto] o} HA 28T o
A H3A ghol old ZAES FE YFEEE WA
7= WHe A

241 34

ZiibAl M= A gEslaal = dHolelst A4 24
A7t He AFEAE 27] 93 e dEee w2
= A FAshks Ao} ol 3ulolEY ZFE 7
(key)2 AREsh= 971ME ARSI LZcode® ]9
A S9S Agsted 459 JlEdde 2uoE
o]7] W&o, 2nlolEe] HHE keyE AEdhe &4
718E AT A2 FRPe 9599 RE AEA
g Ad3ke Aol oy, HYE T3 AdE Fny
FoAM Hd FRFSE o] Y REOAL et

242 REuH A4

zlibdlXe a4E F3 FAE TR F FAA WA
o] 7% ZAA doju= JXRY AJYRE ANFI
a2y LZcodedl A e HIE F3ho] AX3A) ge ghol
EABtiRE AF 94X sHelE FFEe HolHY

o] gl HolE dYx EE HolE AXE ARl
HEMASE 428 5 ok

HE 39& AMEste FH #9 8 29dEE,
Ho| HEujFg A=

e B Aol raFHEER
LZcoder QEIAVIZERE Zooe HIESY o
M g fxze AUYRE APt ArlelN Fo
EE HESY, shte daziEe U8 779 32
EQNY 2utolE wHo)oA AYAPRE HEslHe
B, Zase WESY *& ouidt & 4, d4
FFsna e WazEER FxHe wA2E=29
dlelEl7} X8k, AggEr) ¢o] Wjagise] F=
3= AR FYsithy, AP azEEe 453

o) 2oy IE AFHIY 855

7] 93 HE FE EAZYa 209 AYFR EHa
1718 2 30] 51 Zoj=E HIE $E 32-3 ¢ 297}
"

REuAe dole F /9 d5HY WZAZEE o
2] gh(exception)e] WA & w7x7t Ho}h o7|oA
AR EE 49 golF FJ= HIESFT} 09 A=
£5-¢ o3t

A Wee AEsiE HYgS B3 MY @ FR &
ol g3t F A A& WAZEER 49 o] U
Wrixel FEUMAE Folr] Fol=T HIESFS] FTo)
7V & REuAS A9ste] Agg)

243 4% ¥nE

A HEES A T A4S daEEe
Step 1: &7]8}+

- A 409 a2z EEL 49 goE [/F
- 47 AR EZEY F Y HHAAEY AA A
RBE &4 dolBd A%

o 2

Step 2¢ AMI2E 74
- AAZAEY Prev_dist 4¢Y
- 3z 259 BHHAE 7] goE 3= 4
olBo 9x g A ¢FsuA sh= dHolH
9] 91 g AYPRE A 2E A4

Step 3: A2
- AN g2E9] Z AR it 2789 w2
ZEE 99 Fexception)o] A & W71A] w)
A 23, Badle vlES] BEgE AN
- #AHE HESF Higel Ad & ARG
Aolg AR

- 3ol Wel Waole] 9XE sl4sjo)Be] AR

Step 4 YR2F4Ne] HAZEE vlo})
- AYAE 919 ﬂﬂ’éif’—— A% AR Z
I HpolE UE A JHedles dEE A%
- 8719 BAl FHOE 3 Hlo|ER AF
- g A%
- Diff table index =& <9 & AA
Step 5! Step2~45 wHE

2.5 zlibae| #0|H 29

Aotshes WA zlibFe] 71 2 AolFL HE @
9] AFL H28 FoBH, ¢4F A 58 wole
Aotk HIE ©@912 AFE HolEE Heler) A
E WHE ARgEodol 3 7]d A o] W ¥ F
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gzlo] HlolE FE AFH dHoHE ¢ojex AH
o AlZo] ®e] 289k weld, 4% dA 28 W
27 37] 98k HE @99 ARE i ¢
g ALg3th Aoz HE G982 AFHE U
ol€e] %7} ZlibHET} 58 o] FolEV] Wi ¢
A 57} a9 ol FolEA Hrh

HE B9 A%E His s Ui, vlolE gl
Aol FI1EIY7) Wel g4Ege &4dol wAsH
gok olg FEs] A, wg =g e o]4F A
o] & Holgg AMSsly, REMAL AME3Y AR
& Ad AR g9 5 F28 stn, REYL 5
Fez A A3, Fakd AB(backward refine-
ment)& AHE-F)

3. oF #

A8 dA Ful AZlM LSS B 7ke] A
7Ae 2gay RS velulelE IM byte, 4K byte
EEU9E 4SBT A Ag F A 840
A &35 1 F s CPUZF ARM9 624MHz,
RAM®] 128MBY @, IMBE NANDEZYE ¢ojee
Alzto] B 86msoltHE 1 ). & #§74¢& CPUZL
ARM9 146MHz, RAM¢] 64MBY #, IMBE NAND
ZRE gojes Azte] BF 487TmsoltHE 2 #F=).

GE2EL IM B9 zib Br} oF 4% E31 4K @
Aol zlib# fASIE dEEA AZe ARMY
624MHz, RAM 128MBelA 1M @$. 1.84), 4K 29I
359 zlib Bck w23 ARMO 146MHz, RAM 64MB
oA IM &Sl 464, 4K T9: 519 zlib Bt mpach
4K 29l g2aiA &= Fgo]l IM B9olA 2o}
For olg ¥ WME YA £EF 27 = ¢S
ti= wojgof Hg g HojFrl

&= Al2Ee] HEl(booting) Al ¢EHY 2
9 AT gEEA A7ke) go) Hed, g9y 29
AZbol QiEgol ulEaled ZdER FHEHAA Azlel
W wEng gIac By Azle] § gtEns 2
Alzkel wisle] 10~20% (CPUS A% 2% Ay
wel 9xE ®29) F4E BITh ¥ 19 @344
IMBE ¢oleed Azle AI7He 86msolt). gEEo)
o 50%EH 4EE IZ=E goleEd 48ms7) B3
ol &34 sH=dl Bmsr} 2AG. AF ¢EL 3§
7 sk frck o 8ms BT wWEA 9oL 4 Utk
E 29 #R4dME IMBE goleeH ¢22 84 @
%& W B} o 130ms IE w2A gole 5 Utk

F83 By B hEe A 22 &L NAND
AHSHE oF o g ZojuA BE Azk g #Ho
e T3 2" 4%E 10~20% AR

¥ ] "Hl&E 7. ARM9Y 624MHz, RAM 128MB
IMB NAND Read Time: 86ms

Code Binary 1 size 69MB
. . avg dec
Method unit comp rafic time (ms)
Jib ™M 48% 61.244
z
4K 45% 0.503
M 52% 34595
Z
LZcode 4K 4% 0.146
Code Binary 2 size 72MB
Method unit comp ratio ,a Ve dec
time {ms)
. M 51% 59.955
zlib
4K 47% 0.468
LZeod M 55% 33.820
code 4K 46% 0135
Code Binary 3 size 65MB
. . avg dec
Method urit comp ratio time (ms)
. M 49% 61.908
zliby
4K 46% 0477
- M 54% 34227
¢ 4K 5% 0.130

X 2 g2E #7: ARM9 146MHz, RAM 64MB
1IMB NAND Read Time: 487ms

Code Binary 1 size oOMB
, . avg dec
Method unit comp ratio time (ms)
. M 48% 511.125
zlib
4K 45% 2.241
i 1M 52% 111.625
code 4K 4% 0434
Code Binary 2 size 72MB
Method unit comp ratic .a ve dec
time (ms)
ib 1M 51% 492.342
yA
4K 47% 2120
1M 55% 104.231
LZcod
code 4K 6% 0421
Code Binary 3 size 65MB
Method unit comp ratic .a ve dec
time (ms)
. M 49% 508.167
zlib
4K 46% 2183
LZeod M 54% 109.980
code 4K 45% 0423

GEE 2P 23 AXY TP FE9
HHE FASAY, 222804 A o) & HelE
o azlg W7stm, Helgd H2 € W, 23E @



FogAE 9% 2

HOIES QlHAR HIss Ao} ol vE @99
78 Zojo] YAz AZ st Aotk ¥ =4
do] ¥YE Z7N74E 8 37 Zo] = Alge] ol
solued vl YEEL FA AXHA ge
& 7hd Zold] QIYAE o)&ste WEE ANRE,
B 49} o] deolEel #:vld) ule} $FFo] F/1EA
% 4E HA 4% 9A 2U1EA "ok B 49 B9
256Te volE @] Quag o]§3ste] o} g H)
oo Feste dWbgoli, 508T, 1020T, 2044T+ )
E 999 7hH do] AHAE o]&3hs el

E
o

FE I-F? Ao

E 3 H2E #7: Intel E5300(2.6GHz)

Code Binary 1 size 69MB
i
refinement unit comp ratio ayg comp
range time (ms)
2 1M 50.5% 1214
4 1M 51.5% 2143
8 M 52% 4410
16 1M 52.2% 8207
X 4 §2E 37: ARMY 146MHz, RAM 64MB
Code Binary 1 size 69MB
Table size unit comp ratio .a Ve ldec
time (ms)
256T 1M 52% 111625
508T M 53.1% 125.239
1020T M 53.4% 126.164
2044T 1M 53.6% 125784
4. 4 E
B Epe vE gue Fasse N2 94 &
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