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ABSTRACT

This paper proposes a memory allocation model for Real-Time Linux. The proposed model allows users to create several continuous memory
regions in an application, to specify an appropriate region allocation policy for each memory region, and to request memory blocks from a
necessary memory region. Instead of using single memory management module in order to support the proposed model, we adopt two-layered
structure that is consisted of region allocators implementing allocation policies and a region manager controlling regions and region allocator
modules, This structure separates allocation policy from allocation mechanism, thus allows system developers to implement same allocation
policy using different algorithms in case of need. In addition, it enables them to implement new allocation policy easily as long as they preserver
predefined internal interfaces, to add the implemented policy into the system, and to remove unnecessary allocation policies from the system.
Because the proposed model provides various allocation policies implemented previously, system builders can also reconfigure the system by
just selecting most appropriate policies for a specific application without implementing these policies from scratch.
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At mae syl $40] HP 389 SN #E o
g MEg 498 /1A § A 1 7 994 A2 gE
T YL AR ¢ AEE 37 A, 71EY 29 2
9 AL AT 1Y E Hatn, dFY 8T AFE Al
28 5 9E Wk ANPD olE ASAR Fd4E &
Wre Jogdg Wra 27 §4& A¥3 Fosa 7}
A Age AAL HAGT £ YA oM v A
Ae&4e Fusistaa gold.

o2 YA 71EY dd vxd] #Y RES 9
Az AW TE REL B F oA AF
2 Aagc oy F 7= AYY WAYZFY £ (policy/
mechanism separation) 719 [141& AF&ch 49 B
7t AFEE 49 g3 FYL ¥ AUFHAE FA
Hog THAY 99 Ao eRy BFgozM, Axd
AgRE 548 &9 Y& A=o] g dnygFe A
£33 FEY £ Utk £ o] FRE Al2d ATAHE
B}t §dsHA FET 2 AFidAME dele @3 AF
EE A FEs AT gloen, A2W FHFAE
ol 71E AASL 2o TEYE " §lo] o AFd
cest AAE F I 8o M A AE AHE
ANzde ATAE £ doh Buk oz, Abde] Aojd
AEHolAE F4E AS ML AN 44 FE8 A
A% & Ax, AF S8l Ehad AL A2dAA A
A F= ot

2 A8
+H o
o

4. 99 @2 28 =(Overhead)

B AqAE A vEa 2do] AYsE ot 49
g9 Ay dxz F78E w2 M= Hopd
AL AYARE 24 ARE AN ol F #Msuz
gk o2 B Aot 2o EAS HIFsaA F4.
B dFdA AS ey g9 2d g 99 9
AAHEL Linux 22148 71weg & RT-Linux 22 4
o FEAUTE 71¥t A28 Pentium I MMX 233MHz
zz A9 128MB RAM, 33MHz PCI busE A& A2
gojc},



41 oj22| 2HHE

<E 1>¢ AL ZYL VMo 7 4AY og FEB
49 ¥4 27), Y AAo| Bt Te) frEd F
F 9 4 44 Ao 222 99 vz oM 58 ¥
3l Aolth,

(B 1) ¥Y g g g2 2H3=

¥ 93 RGN_ RGN_ | RGN_ | RGN_ | RGN_| RGN_
FIXED |FIXED_ 2! ONCE | HF QHF QSHF
qYq Gz}
BF 37 20 2.1 18 45 5.2 5.7
(KB)
. . ick,
g 2E single quick, |3
2 table table pointer half half segregated,
half
ZAE 87 = 139 =
= ! ! Vol 32| apens | eavee13
oH3= rgn_sz / rgn_sz / 12 o4 % 1160
(bytes) |unit_sz * 2|unit_sz * 2

A Aol EE& Wy Y& @3] o3 "oy
BE AFREL B@sE doly FRo|h ol AWE=R
MZ g 27§ 7HAY, dxe vEe =R g
5] ojo} gl

#FoA RGN_HF, RGN_QHF, RGN_QSHF%} & 7}
W a7 g9 JAEL s = O ojide T YPrE
ZH(quick, half, segregated lists)E 7}zit}, o]E& &%
83 ard gt H45e ARHY & ol M2 o
2o AL oudd wbd, 13 Z27) €9 AYgL =
g BE2ES Y3z A3 9439 fEste Ao oly#,
459 HolEL F1 o HolE A¥rE #EF4
dAdg. ole WiRy #A Ze EEEC dF Y
23 H2E Az B HolEW T EA, WE
A2 A4 (locality) & F7HA17132 M Al(cache)d) AF&
(hit ratio)& FgA1717] §¥elch

RGN_ONCEE A& 7hd z7] &3 A Fo] AL}
YRy EE9 =k BF 598 F2E /Y. EF
Jor Ty T AL 39 E2EE #9s) 99 Zs
g Hae dolg FREA, olF A7 UL F AY
74A o L(boundary tag)E 7HAH, F 16 byteso|th. 1
U AR FR EE dsE M8 AA "9 Ve (15]e
ARE B 2 BE HEoE Y o)F 9F 2UAHSY
el A efank AbEgnt (F 12 bytes). ¥39E £F
9 FAE double AT @S 1FS A 8 bytes ¥iF
T4 o2 ZH(aignment)@ch ol2F EE A= T2
Ao AA g eHsiest wEe zzbste] WA 4%
< 524894 =oEr), 1A 3 AL EF = 7

Real-Time Linux Al2EHE 2T 74 Jtstt HZel 29 22 19%

ZAG AA B2 71EeE AHEA FGoBE o2 JIF 2
W= ik gy #eldte 499 B59 7 57
g2 A Ao 59 W =r} AdFer S
HolA rgn_szt G494 Zvloln, unit_sz= AR} F9
g 134 E8E9 A7t

Z Ay olg 7ET 949 ¥FAY BF 3n= Arle
99 FolA B wist ) Aot 24 7|2 @Y B
EZ TAHY v2d 3 2ds AYsin 49 3R
9 99 A2 Lse F A A3 T2E AR
ok AFERIS 99 €3RIty F7 ddA 928 e 9
o #xE 49 @I 55 E AA, ARE 499
AR 9 24, A9 sF 9y g 55 58 293
t 49 #Px REL J|E B wxe #@a Tdd
3 F A AFFE 722 M A 2dg 48 ¥z
Z7Hd ®EEo|r). wEA o] RELS Ad Tde nIT
2 05d 9oy, 1 53 3= a7l ¢ 15 KB A
Tolth 2y o] Axe W= FIF AR UH
Hol28 AFFEME I 99 €9 FHL AT
F AE A} 2do FAAH ATY FHE 1T 9
%3 % 7Mesitn ddgch

42 z|ete| A AMHAIZH (WCET)

AN A2 % qrE €9 dadFEe B
of & o] A 2]l Faelol I YA Fconstant)
AYPIANE BFAY EE HA4 A APAE &4
(bounding)AZ 4 glojot &t} o3¢ AL dndyF
del A7t BRE(time complexity)9) o1& FHENE w9
WCETe| A2 & 44¢ B & g7 fid nje 3
2§ Hrb 8a0lth 48 £, oA ¥ Al 2¥(binary
buddy system) [16]2 ¢ngF EF=rst ODYAEE,
#dte AR 499 &3] FrHEdl wel WCET=
A ZIHETHTL olfrE ol ¥ A XA B9 &
g 2 A wH Heole A 32w(Y=9 HE )9
e 2 #FEe sl 59, o] HAAN Z Zg g2
Eo] EEO AY/AAE A3 v=e AHite] ZA FHY
3 HITol ol FojAy] wFo|rt et B AFdME o
e GgE v A8 24 27 8 FHEL T
BE57te] AAA YA E i, HolEH o|9 Y
g ol&d ] BE #E wyEe Aded, i 2
7] @3 AAEL WCETS AL & se ¢nddFE
& A= sl

<FE 2>E 99 % AAE JE dY dxEE @y B
B2 TEHAL 299 Ag 24 ez FAHUS
AL g 2 ddd 42988 WCETE B9 Holt} 4
Yol AbgE A2"E Pentium I MMX 233MHz X2 A A
9 128MB RAM, 33MHz PCI busE ®@A# AlagojH,

[



196 HEXMEIES=EXIA MB-AT XI3=(20019)

AAe #EY Z2AM7 AT 64-bit TSC(time
stamp counter) & ©o]-8&9 ZFdAch

(B 2 9o gt Mg zof0] Z A#AIZH (# sec)

RGN_ | RGN_ | RGN_ | RGN_ | RGN_ | RGN_
FIXED {FIXED_2| ONCE | HF | QHF | QSHF
Ve ed | gd | 33 32 30 128 | 152 | 177
BEEZ 73
He A4 w32 28 N/A | 100 | 103 | 105

A | @F | 38 36 35 132 | 156 | 162
Rk A4

4 5_':’*9‘ W | 36 | 33 | NA | 104 | 108 | 109

% 34

HolAq 1A 27 €9 AH¥Ede A 27 €3 A
(RGN_ONCE®E dl9))o] Aulzog AggA|zte] Aw, =
g 7hd 27 €73 AY FedAx EF A A(RGN_QSHF,
RGN_QHF)o] &¥ AMRGN_HF)HT Jddeg A
Uetdt, ol #gdol @ 28 FH H2E F7 5
7b87) w&oltt, =4 A7l &9 FM} RGN_ONCE A
ge 3 13d APALE Holx gk RGN_ONCEE A
3 7 Ay ¥ AHEL sPEAH AHALE Bl
Ak Hote] A9 APAzHe s dAFG £§ o] o
U Alz"as 9 gdor & 99 Zvieh FHdel ¥
A AdAQF Hote A9 APATHE BT

AR 7|& B REEZ THHE ARG AY B
BN FEIUL A7 F 04~05 wsec HE ¢
289t o AR aAE @ 9y #AHAIL ¥
2 94y FFAE &3 228 AReRA F @A
AZH 728 717 A 2do) 43 owI= BAE
o 28y o] Axe Ad oWy wWE APALE
f3tn g23 A F Z2AAM o] &E] Ld sk
A4 (hard) AAIZF Alaglo] ol o]} F#8& JHeditta
gerdr

5 99 #a2l ad@d 24

2 ANE A 2do] Adde vEd 99 ¥9
Ay 99 we 2848 vzar] A8, A 2
£ A A 99"z A vxy ¥F L @
g Heg gt mre 2743 &2 FANUNY, 12
17 B oA AP AHE AEHA HE Ve
3, o] Wil o8 dAE Y AFHE AN F, o
& #4384,

51 48 ¢d
Aoty Bdo] sks AAE dee nlady] A
B AN Agse Hrt 1§ diRd 89 R s

288t N 2743 &, % =48 &, F 243 &,
g Ad & Soin.

2748 & DSA ¢ fFHET AH)o] HEdE &8
z2ad, FolH, EFAAstY Fu dAd ut g
FatA A" & AvHIZl # Ao A% A2d
o B4 Jbg HEgE Fa 9 1919 $HE w2
Aok webd Uiy 2743 &2 [F=A/RZ 39 o
714 A% DSA dudFol g3d F wime ¢olu, RE
AR 23T & vRY Folnk. £ A5 2748 &2
gol AdY etk ZHYHW, EF-M/AZ Ho¥oh
A71N M Aol AHEE F R &F(ApE] 2A)e]
I, Ax ¥go] 4% wix F3d F v geolth
4 AgolME o8 W &3 Aurt LAY £ e,
a weith 9% 273 &8 Adsle olE %ﬂ'fﬂ kel

O AgolMY 9% z27g golth F 243 && W
z7t3 &3 uiF 273 &2 s FAse Uﬂ*ﬂl =4
ZA, b3 Zo] Ao

TF=IF+*EF=(A/R)*(M/A)=M/R

gt &2 273 &2 F wEe $3F9 AEA &
A 58 M Gz Jd3Fd HER vEhdo
ol & DSA ¢z Fol ALgArt Q3T e FR
tE dzd #2g g8 de 4E9 vry £%E o
g4z gE7tE s, DSA 4xgEY WEY ALE
4 UehE AE7 & 3§t
7li«l Aol 2w Wiy ¥ AlEggoldd 8
2o &Y A7), ¥3E EE9 A2q] Yo &
fi? g 277t BojoE A HA F ilﬂxl
1 93 gL HEg17] B ddAe 3L E
[]9} gol @3 A7) XS HE‘H ] & (exponential)
X9} #%(uniform) ¥ 5 ¥ 74X & EEXE AR
g9 av) £x9 S’Qﬁ'r 8, 10, 12, 14, 16, 32, 64,
128, 256, 512, 1024, 2048 Y == oAl WA H
gy ol AMgEE & vixe £3F& I 3K A=
2 aANAS 899 Wzgd B89 Axd U9
7 BExE #5 B¥E nazn, 594 15 Abole]
o9 8 el A 58, FFL 10 AL el
BE 87 EF A 34 EXE A5 E¥XE 9
mt Aol M/G/o 9 (queuing) EEE
o, Al2" Yo &3t 839 WRY £59 A
HF & A/pE 7HAE Fol4(Poisson) £EXE wWETH
A7|H 1/A¥ &7 3 Az 744 B A gold,
Vet &98 B29 &4 7|7 X9 HF glolt. 4
ol AHEHE £ vE 3 g4 nAH o=
2, 3¢ &9 a7 2390 A2 o &8s @
2d Wey B89 A7 AF /e GE AR F A

Jl’f -U

Mz HE = rﬂ

¢

>

£ g, o b

i

fe

© 3 8



AJpol AAEA AF £4 VAL 10G=1/p)o2 4
A= glenz HF 8F & A7 713 1/ & A
3 £ 9t}

52 Ay dAn 3 824

(28 99} (18 5 47 gA 71 7Y 2dd o
& 97 89 zvd Jh 3] @9 APE R 274
3 &3 9% =73 &8 BQl Aotk

HE 93 ol vt Axd [16]9 243 §& 7
23389} Iyengare #F3 & (191914 71E A (wighted)
8t [2019F o E(double) WY [21]¢] B$ ol Bt A]A
Y 27 §8 248 FHol2 vAT &7 ABE 43
3 s A 448 wgoh £ oo AS A
7 HEe] AZER AARE Axage HEsty] 2AF F
AR 7B 9ok webd 2 dFoA s dEFH oA
o] Al2gRhe nesr|2 o B AN st 9
¥ 8 bytesold, F4 AN £F =g & d:z=
o @94 vEe] F32 uF 2743 & AN BF X
A H .

-0 BinaryBuddySystem  ®  RGN_HF

@ RGN_QHF «- RGN_QSHF

16 'y

3

[ - e

30 Tttt
§ N

1.3.\ '

‘ ]

giz -
BER) A

1 e ]

09

8 12 16 32 64 128 256 512 1K 2K
Mean of Exponential Size Distribution (Words)

(28 5 UR =435 8 (XI5 22)

-0 Binary Buddy System - = RGN_HF

—a - RGN_QHF — o— RGN_QSHF
16
15 ) l
s n
54 -
; - » o
o
L]
gm - ///"
£ e
3 12 - o . [
. s .
5 » . e o o
1.1 ‘/ - o o
et
09

4 . 1 ) . .
8 12 16 32 64 128 256 512 1K 2K
Mean of Exponential Size Distribution (Words)

(3% 5) AR =248 & (X5 22)

Real-Time Linux AIAEHIE 218 7Y 7tsS Hlzel 25 =29 197

7t ageld €% 27 E¥E Ay X E A o
v o&5 e ukel o] o Mt A& R 243
&8 Ad Zd9 APE vF HdH¥ezR AF £A
gh, 9% =73 &8 Addez 1 wrh. RGN
QSHFE 714 22 UE 273 &2 He vl 9
2713} §2 o)A ¥g ANad Hoe A7 Avtyezn
FHE W3} glo] olg fFAME HEE B oy FH
A7) wWre a7 ) wE-H3} "HFE AlgEa,
3 A7 segregated-fit AL, & A7 Huk-AH{
AFS A183lE RGN_QSHFY EA oz A% Aol
oo olEd @4 F 2743 &§(IY 6)A Flo] &2l
& ¢ 9l

~©@  Binary Buddy System w - RGN_HF
—a - RGN.QHF ——e—— RGN_QSHF
17 o
» .
16 9 e’
- o
§ 15 - g o o o~ .
4
14 [ . - s w ¥
-
513 o
g \\ o //
12 | — I
- .
-} . -
11 F
1 | L A L i i |
8 12 16 32 64 128 256 512 1K 2K

Mean of Exponential Size Distribution (Words)

(O 6) X+ BE M2 & X248 8

-0 Binary Buddy System = - RGN_HF
—a - RGN_QHF o RGN_QSHF
17
16
fi5¢ |
5 14 .- -
9 o~ 0 o0 @ .
. L
o« 13 | ,&)
E .\ 4 A
12 \.\ ’ e
T ‘ —
| e EARES S
1 . L L 1 . | L |
8 12 16 32 64 128 256 512 1K 2K

Mean of Exponential Size Distribution (Words)

(28 7) 7S 2E 0o & =43 8

(29 694 RGN_QSHFE @ 73 ZA oz o
O Al2¢ % RGN_HF 2ot 4i3os e 243 &
& B{th RGN_QSHF$} RGN_QHF7F %2 27|(32
A= oldholq RGN_HF Bt} @2 2713 §& Hole
AL quick-fit AF Adoltt. EF T3¢ 2764 A=
ool A %6 RGN_QSHF$t RGN_QHF9| 2273} &o]



198 EXZ|ET=2X A HE-AT H3=(2001.9)

o7t U= A& RGN_QSHFY segregated-fit A2k
FE ol

g 77 B¥7} 75 EXE JIAE ALdE AR
HEE 5Ye (2¥ DA &9 4 3ch RGN_HF A
B3} o)A v A2ge F 2243 & Fu 28 49
A¥ Ael A $XE Bt RGN_QSHF A A2
A Fre] AR A e 243 §8 H WHE, o7 B
o] A2 7bg e 2743 &4 2tk RGN_HF %4
o g 277t AEFE oA Wi A 2gH FAE =
743l €& 2t RGN_QHF A¥& HF 277k &L
2932 9= o|3h) RGN_HF$} 3, Hd =77 (256
9 o]4) A$ RGN_QSHFS$} ol Ao, {F 277t
AZ#HA ANGH RGN_QSHFY =73 && TF3H2
Z RGN_HF$} 2ol A Aoz oddrh

ole] zzta & APolM Sold AFE AT 277}
Z71st A Wgol #Aadtrt 4 AV1E AYEA B4
Z7lgtE ARdelt ojjd XL BT €% A7t &
¢42 Hxy B2 #YE 98 Agste B8 d= 72
Ao oWt AgFer Z718 Aoz Fudc) o
3 B2 d= FRAE JF Rt A B [18l6A o
ul AHE Ago}7|E 3t

kgt 289 WEY 87 B¥7F A9 dFE 0~40
g WY vg= a7 23 [12,13,18,19,22, 2318 o3
2 oo, AA7 ¢& T2 frY a7 £EE o ¥
ZojA ZA Yol ¥& Aoz Hudrh HAPHo=z
z27t8k g4 RGN_QSHF7 7b¢ Hold wi=za #g
g BHEAT, <F 1>F <F DM} Zo] 4HF
oz Zrte g ez oo A AL L
W=yt gan, geby Az S8 Hie 87 X
2 A o2 J15% 7A$olE RGN_HF, RGN_QHF
2o A% 3¢ & 5 Yrk o 49 ¢ FHg A
g2 3240 A AXNE us} o] P R F9E& AHE
e g23e Az GAA, APA T FHEAitter),
2e 7 B¥Y 4 7bsA §& sy, 7 {4
HAg Mestoiof g}

6.d &

E ApolAi= RT-LinuxE 9% =2y 83 Zd&
Aergch £ Z Yo AN &89 dFF 27 F
g3 o AAD 99 &3 FYeE TS, o 7
Z A2dd 44 A4 5 de ATA Gg= A A
A3t} o] & ntgto g Aad AAAE RT-LinuxolA
Aol mdlo] F|BHo g AY3te hFF AT 49 @

2 AAE F, 49 S8 HE T AYEL HHYs
o AN2PE HTATE ¢ Uth ol 71&9 dd Ry
#e 5L 99 B} 4 394 74 LEE ¥4
e F A A3 TRE AR AEd AR
th oolgld 2= AAd dAAUEY ¥ 7EE AT
o 3% AL T WAYZOZRE RIFoRA,
Axd AEAE 598 €9 39S Ao g ¢
22 Mg FEE £ gtk T8 AbHd FoE UH
HolAE #4% A% Azd AL 4A 7 A
F Az, AF 8o Bhad FHL AagdM AA
& +x gt

At mdo] HoF wre FHE A AT} A
A AgD 2719 448 vy FHelth ole AR
o AR Wy AHEF dF Er 2A%E AT Wrg
27 ZAE #3AE & doh A olgF EAE 49
A 2} AH(exception handler)& %3t AZAstn AAT =
Aol 2 et 2 4 gtk mEq AFoE A2d
2 g o @9 o} Y dd9 V|8 FAATE ¢
3 olm MAT & Ux HI A IR WFE
olgA FAAL AU dF F7t AFE ALY AF
ot £ X ATA AFdE I e ¥F A
Bo| oW &0l 7HF AFHA AAT A" LA
Zo] ARV EHE F AR, ALl 2HH® T HHo|
A4 Aad Aol wet AR dEd FE JenEg,
g5 HAY A2d deo] wel AsHer T AL
Adgzy wte] £ 7l di@d A7t o o]FoH
of & Aot}
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