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Abstract In the recent years, popularization of mobile devices such as Smart Phones, PDAs and
MP3 Players causes rapid increasing necessity of power management technology because it is most
essential factor of mobile devices. On the other hand, despite low price, hard disk has large capacity
and high speed. Even it can be made small enough today, too. So it appropriates mobile devices, but
it consumes too much power to embed in mobile devices. Due to these motivations, in this paper we
had suggested methods of minimizing power consumption while playing multimedia data in the disk
media for real-time and we evaluated what we had suggested. Strict limitation of power consumption
of mobile devices has a big impact on designing both hardware and software. One difference between
real-time multimedia streaming data and legacy text based data is requirement about continuity of
data supply. This fact is why disk drive must persist in active state for the entire playback duration,
from power management point of view; it may be a great burden. A legacy power management
function of mobile disk drive affects quality of multimedia playback negatively because of excessive
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I/O requests when the disk is in standby state. Therefore, in this paper, we analyze power consumption
profile of disk drive in detail, and we develop the algorithm which can play multimedia data effectively
using less power. This algorithm calculates number of data block to be read and time duration of
active/standby state. From this, the algorithm suggested in this paper does optimal scheduling that is
ensuring continual playback of data blocks stored in mobile disk drive. And we implement our
algorithms in publicly available MPEG player software. This MPEG player software saves up to 60%
of power consumption as compared with full-time active stated disk drive, and 38% of power
consumption by comparison with disk drive controlled by native power management method.

Key words :

1.M B

1.1 H7 A

Fog =uid A7} iFsEn F45% J)ed
AoE TIS VTS AYIAEAM, Bukd FRjoA A}
$He Mg 2A7le d7e 7 283 ol
HAk A, ?'U?_ AF8g 7 Bupd AXe F
& 2R 5E AP FUE 4 9 dhe)
tH1). 59, E'.B}%l FRAAE A5 Aol 2ole
A8 287} 717 AAY aReA BE BRS AXT
TH2l. 83Foinl 71Fo] AR U2a@=ys=, 3
£23)E VPt ZAH Buly Ao ALLETHEA,
2RHH i3 AgZHoln AFF B/sF ¥E A
3 AWM o] @EE A7UF @e) IyHT U o
2} olAE mHlY AR M LARAFHE oS Ez%
Aoz #AYY £ YE F2F REE0] Folgth &
AYS 2437 A HAEFHQY WL /0 8% %7}
Hlo] Q& of, iz =gto|ne F&E A AFe
Aot} &, /O £3¢] TASHE w, J2=3ag FTFA
719, /O 8340 fig w, d2aE A= AZcH3].
23 =gl FAYA e FL A 45 Pil4]
I 54 Byblez 2R 5 itk Z¥A vxd 2
< BEAY g vx3 =eto]lBe AeE uly] A
X T2 FHZ MBI AL BE AYo] ATHTL
oEbd, txa =2lo|BE AAZHE7 Y FE
289 54& A3 BA3Y tazm zegolrn 53
£ Aosl= Zo] W=l dasioh Gnkdel AFE 9}
g2, o 2oke] Fold Eukd FA e vlwE zh
2% 7 5oz HAge ¢ Ue Alzdelth o
714 dEu|to] Age] AUFA =g o7t ofytt
a#ez, S HEute 259 543 /O 8.3&
g3 A3 oS o 583 A2RAF A by
£ Z2& & gvdx FAFAT B =Fd49s Ad 104
T A9dR3T AN 2EE) 7 £, YA HE
vjtjo] A7 AP Fag 2xAF éiﬁ\_ﬁ}oﬂ g &
Aol s ATt e AAY vz =goln
o] AYLEHHE AwsA F38lHa, By v

Disk Scheduling, Power Management, Multimedia, Playback, and Mobile Device

9} =24 d9g Jiftez @ dnSEL ALEA
o 2 guIEEe Ha9 HPoez AEE Y] AR
5 AAte g AAE o

1.2 B o7

2ald ARl Ay #HAele Al A
W Folze BAAelD BAIE Seoras Ay
Fejol tist B2 A7 50 AL Ha Utk Ad 2 @
o] JPdFeME, taa =gold 2AZYPYES
B39 10%0A 2B6%AE ARAYES ZaAedH
AF3AcH6]l. Simunic[7,8]12 semi-Markov 23
& =S ARSI o] WEE dluvsde) g 2
e TEY 4 e AA(session) o2 BFI Fo,
H23 Egpo]lHE AATHE 43R A Aotk
Ramanathan[9]° LH"J** A}’“Eé] _,,]3]- g 43]

A7 g 849 TAZMY] HES &2 9,1" 2t
@5 Gy ES AR Lullole #XE A4
TEE AT AR AHA3) AR BMI6IA
© U&d =gpelBy JEE o YAZ UM o
23 =go|Be AREE AFHL FAAAT Green-
awalt[l]1e ohdd A9 dejs} A2=¥ A5z AS
zetatsch

EF FFAA BHAAM ulEE, AEB) diFd o
3t A7 2A§0HE 10,12,131. Helmbold{14]& =u}
d ZAFEAN ARHEE 74AE7] 948 g2z A
A 1(Spm down) 2 Al gk dndES 23
At Sharegt £33 o] ¢uEL H29 Hza &
LA we} YA|EeHtime-out) IS EHoZ A
gt o] HEFE vIHe Bubd AFEE ik
QoA s 7Hgsed, wnld A7 S
715(MP-3 A7), dAd Flezl, A=y 5)& Y8
el HAs W, ARG L22HEE o FL3Ho
2 #2% Utk Makoto[15] vlaz Aer)7h &
22 W] YIS AR|ste ¢9)7)/2v) 324 A
< ATFshe W o3 ARAY 724 Wy wA
stk o] WEe Ade w|Elel7] ¥ (read-ahead



244 AR =g A AEH D o] A 33 A Al 4 2(20064)

buffer)7} tl&3e] A4 ARE F=vzzug] WH
Z gojEolA @t Aol A F WA 75 Ad
vlglelr] Mi¥E AAEtn Yrl/2r] SE2A AE T5
& FaAG A7 SIERAY oy ¢7] B384 9
s wmst v o, B8 A7|2HE JEHYE As
7} CPUS] Agdd o] AZE CPUY ¢7l/27] 3=
o #gFF AANFEE stz t2z Aofrle vxa
o AZE e AB(sector)E glEolA 3l HY
FEE dAIske Wyl Kojill6l= CD-ROMelA1<]
A" 24 s &Y o] W CD-ROMY]
Hy Jei2 MRE Aojste Yotk

o)A WHEL P 45 AHE YA He
g, g3 AFe dEudY] R85 AAUTSE A
Ashsd oM 7 F48% fAle 2EWH AR
£ £2(loss), AA(delay) 2&]3 AE(itter) §lo] =l
Ashe Aotk £&8F7)(round) 71¥ty Y3 Eg}o}
B 2AEY daEe A59 AE54e BAste
de] AMEET 9oH17,18]. ol#d LxEEe tla3
caloluy) B AN Rt g 2
#HAuU 57 A" Be)(dynamic power management)o
93] Aojd Y2z =eielBe ¢ Aol wel fi
a =zo|Be AH(5F ' wr7)E ¥ dE
dll6,7], mutd F=xlo) wigle] £9& FE3] dAAA
o Helngo] A8 AAHA A olHeS oF
71%e}.

2. HE|O|CI0f HO|E Xi4d

$dE gguido] zg9) Al Mg HAIVE
AAsnA VBR 543 A el dial 4ok

EEAME o8 HEn o sl & MPEG UL
o) i3] 2Aslgch MPEG e 1, P, 22|31 B
zygdez FAHY U1, =3I 7 ZHP P AP
48 GOP(Group Of Picture)E 74X itk EE9
o] g}de] zjade] ojFolRA wos WA, ¢xsE A
22 Yxa=RyE ®¥E 7 F Hdel FHod
GOPol wat WA AAS gt g AL F
Shofl wimr}l AYAA goq, AF 2@ B33 HA
o7 W) o3l & EE Aok ¥, Wyst ¥
W overflow)std, ZEjv|c]o] B QWA A #F
o] vehdth B =FdA, o3 EAE HE37] 4
3wy 3718 =% Heolth

ttgog, $Pe AT wEe =ZVE ARs] 4
Azt ZEde =)ol 22 oy ZH LY AVE
HwdtRe 128 1A Re 2T Zo], YL FF
Ha o2 27|18 713 15KB o9 AVIE VHAE
AL =AY, 5KBAA 15KBE= P Z#l¢d, 5KB vk

Frame Size [KBytes]

601 80t 1001 1201
Frame Numbers

¥ 1 MPEG2 ®g9] 2z =& 27)

T v T
B aggregate frame to 32
e agiGtEGate frame to 24
<
s

Frame Size [KBytes]

1 261 4(;1 661 801 10I01 1261 14.01
Frame Numbers
Oy 2 A%d T s AF

B Z#|goltk o|RA Wale] 4T FES EUE A
g wm=mrg 2AE AL e oFn A,
a9 20 R A3 o] 4 Frz Fgd =4
do) Wzl vy ResER, $ode 2gE =Y
o 7} 2 2712 dEnel Yo A3 HH
7% FE 5 Atk ol2A wFe My & WA
@‘ _/[: elt])

3. =2 CIOIE XK

3.1 8l= ClA3 =elo|ee| d3y A7 T

a9 30A BE R o], 2Ele AHY g3 =
gholpo] AHAT Hel& wASIFTE o 282, AN
go} 15 Mbps?l 20% ®%F2] MPEG 9d-g Compaq
Are] Windows XP7} Ax¥ ARMADA M700 xE5
oA AAEPIL, ©]AL LeCroyAte] WavePro 950 £
drrzzg B8S 2SI 23 3a)e MP3 %
Qo] AA A HHEALEE, 2Y b Y A
AT BE(startup)2, vt =o 2 1Y 3(c)e A3H



AAE @A BEEte g A4S AT d2a 2429 714 245

;
8

03 03
P
g g
E a 02
O g
T o 3
Y] 01

o
W

"

current(A)
2

-

0.08
s 10 % E] 5 n"b 05 1 1.5 0 oy 0.2 03
time(sec) time(sec) time(sec)
(a) MPEG ¥ #A4 AQEAy =g (b) AE 72te] A 2% ) (0) o8 7209 A8 A% FH)
25 g
2% 3 IBM Micro Drive(DMDM-10340)¢] A8 AR )
Standby Startup o idle 70 |Finish | Standby
=
T
g
3
- T RUCRROSRN i SIS JU—
b
t t Time(sec) b %

29 4 A= AfolNe) Pz Sdolns e 43

9] tjx= zglo]vr} vlEE(finish phase)He F&
VerdTt

a8 4ol Be AR Zo|, e taa Zolr
7} B3 e AY 27 AHE BNt o=
sEolH 2 RE A5E HAfshe Ele A5 (Startup),
9171(Read), &H(Idle), vH-e](Finish) 28] w7]
(Standby) HEIE E£RFATh 23 =golBHE &7
7] Aol stk o] W] dejeA, a3 =8Bt
/O 83& @ow, tiad =golH JHE AISYEHE
AZAT ASAHE tAaz Sgolne AMY(Spin
up), ¥AAFocus) 2B E#A(Tracking) AFL
2Egith ¢7] AdHoide d2ae AFE AFEE W
HEZ A4dch 55 ga3a zaejr /O 830 Ay
2 HY, fa3 =golHE ¢17] A I JEE
Agdc) vl23m =golHrt FH AHY W, t&=9
== Z7]9 X (parking position)Z ©]F3}AqH ¢
2 ZHEe Ha $EE AS HH o] A
MEL /O &30l tl2=a =gjo|Be HEHY, Yaa
EgtolEe 97 deEE AgHd, A8 At duEE:
2 FAHE A% AT Altime-out value)o]
ok weF taz =golrrt X AdHZ AdE F
GAIFE AIZEERtel AlZE /O 830] glod, tiaa

tlo

=dolne iR s Fgse], Haa HFe A
AN7| 3, H7) ZEE AgEch =3 d7] delelM o
239 F=e 27 HA2 ojFUch t)2ae Ho
AR, TAE QlE|Ho|X(Host Interface)S #]2)5
RBE 32e HY A REZ J@Pnh oL oA
7IA dEE 7R & 4% "x3dX AgE I%
A7)l dolA W F23F oot

LA FErne] A4S A, SEZ2aY0NA
€ #7184 W 97 835 taa =golBE YAy
g A% FV2 ARE FFch -tk girle] =
HEF 7] o] AL f8% wHarl A" A%
7] AZE A e ewI= oz [ tiz] Al
Zol wet of - AFs] ZFstefor FrH19l MHH o
23 =gloluoixe] A dek e thy] e wWE
of HelM AFT o HEe ZASr s BAD
£ a7tk 2EvHo] A4d Tad HY 4w
28t 8l7] AF AR AY =AZAAM thr] el
dole Wt F23 98L Ik
HoAlM EHT AMS 7oz do 2uE =&
Hsl e yxae] Ao me 2 /A geteig
F&sf Wdet 2o st & 14 Z1Askgch o
de 2zt 73t AP A SeteiEE FoEAch o

5.4

fo oy 4z

Nt



246 AR 8B =5 A

% 1 taze 540 g BefviE

g @4 a4
Ts Second A5 F3he] Azt
T Second 8l7] 7] ANz
Tr Second opig ke AZF
T Second 7] #7ke] A
Ps Joule Al 73 AR 9y
Py Joule upg g F7ke] &R Yz]
a Watt 8171 79 &% HdE
B Watt oy 79| AR MY
R MBytes/sec gid AEE
B Mbytes/sec LEEEY

2og Zt P uid A% AYS Tk AlF
T ohRE] PR g A7 Adgolw, afEz
Azl BE AMEsld Uelidch. wEA E9E
Joule2 JEMIoH, 7] 334 diy] 77t A8
AT AREzEe] g 4o mel HElgh 4 glomE [y
G E ARSI el wEtd g9 E WattZ
ERf Al S At

3.2 24 He|

aY 55 "23€s 2uld #FAA9 ZEv|t]o]
g A dFd T3 47 BES Folth 59
‘dazg 73" 53 A8 B Jeol s vz
cgtolne] F&& Jehdd. meEkA, et 5
AA7E Aol $43E YA vrz tEolEe 84
BHActive) AEIE FA3t}h. 19 59 FHESadF Lol
AY A 7o gls dugBIdMe Ysza ziglo)
BE e g Aol B w7pA dtxzv) IAd
ok e 0]742 “Normal Playbacl_{"c’]a} A ojgie}
W T8 59 £& O I Ro), T3 MY HE J%
o] e AMY ¢z =dolHe Y23 ZRE T
22 ¥ ARE A$siy iFEH R AT o
ne Pelnre] 1as AMske Bl Uaz =3
By}l 843 Aol Qe AHE ZaAE § dve

;%
'3

o]

Desk Top Environment
Round

Active .

- Vl Time
playback duration

fl: Data Block

Azel 2 o]2 A 33 F A 4 Z(064)

Roltt. £ =&AA ANE Il LneF2 oA
Aol Hrs) d2zzRe A8E A$scy Ty
HHLRE HA4337] S8 ndHERT

3.3 Normal Playback H&HIMQ| M3 @2k

22 9ubAQ) Normal Playback A &4 213 HE
utjo] dlojel AANA ARHE AFFE FuRgic
B'e w59 avjelth Re tl23d AR ARE o
2 HEdhe dd A $Eol3, v& HEuHY T
Ao HF AMEE vEhdth Le ﬂ“lﬂoi Tl o]
% AAAIZelth. Normal Playback A3 3ol ol
A9 A& HEZ AFshe V] A9 Ho] T=
o A (D3 2o] 78 & Ut

*

T - B N L-r-B
L r (1)

H Playback Length (L)
=
g Startup Play (Read) Finish
; ______
a
a

T, T, T,

2% 6 Normal Playback o] 23 Hg AR Y

= A ()T Zo] AL F de oFT dxza
°ﬂ"1 AQEz2 (g7t AfEH HHst ?.Wi 7V =
AKDAA =z, 18E 1 GSRE e HHA (57}
ARSHE &£5d @Fo tazadA WHE A8E A
$317] W&ol Pi= AlsAY A LFFo|m, Fr
£ vl dEdl g Badk My LARFolth av ¢l
Jefoll Mgl My ARgolth 18 62 Normal Play-
back WHE& o83 BEH|tio] HPe) e oiF
A8 A2 HE HAED e 4 @9 2ol
Normal Playbackol]l B3t £ A& A& Pvg 32
sty

Low Power System
Round

Active Active

15 ={ Time
playback duration

29 5 HEHu™o] Al HE: H2ag o zukd 873



AdY AN EErYo Ag AYE AT vaT 2AEH VW 247

Py=F+P.+al,

=R+Pf+a(L+L'r_B
R—r

) )

3.4 218 =9l 78] xH4(Physical Unit Based
Retrieval) : Fuil Butfering

2 doMe 293 99, F E5S tdeE
ol Helelg AAde ML dnIdEg N
fE= Hyude fdg Adste ® & P
Full Bufferingg 3¢}t Full Buffering #4]-&
HA7 715 ANE W7k d2zeA AE5EE ¢ B
A F A7 7S AYAE EA gz =glolHg
FEHE B8 oA di7] JelE A@gich o8 E
e FHE Yol HA Ao A tj=zm =elo]
B 534& o2 e ¢#FVZ E8% 7 &30
otk AlE, 87 Zela wpEe] duEE 7" 843
Al E 7R 1t} Full Buffering 48 A3 9
ElH|t]o] Aol digl A L= Fe|E 1y 79
39t Full Buffering #2eld 2z £8F719 97)
F3he] ZAo] T,= 4 (33} Zo] A4l 7hssich

¥

*

B
L =R, )

T3 ZF eEFIM, Toe AlF Ay Az T

olFe] e AlZE 283 T, ir] AeEe Azke
ARk 24 €819 ole Tolth vt 917] A
o} Alzke] T',old, #2l& Z+ 8579 Zo] TE 4

(4} o] AME F At
T=T+T,+T,+T,
_T,:~R
¥
iRt £FIE ANY =E 2¥FVIE FUE
Zololx, weluTlo] A wiAer £ EIE U9
EUS Polg e £BFVIE ok 2 A @

(4)

ARG 5 Y3, PrE 4 O 78 F Utk

‘Pp=PS+Pf+an (5)
P,=F+F +aT, ®)
YT 2olg RE £8FIEY +8 NolF 89,
NE& &3 2ol 78 # ok
NZLL-r(R—r)J
B -R (7)

olal ¢d= 9o 2E9lA Full Buffering *4&
AHEE F A ANF Pre ] 8)F o] ALY 5 A
ok

P.=N-P+p ]

=N(P,+P,+aT,)+(F,+F, +al,)]

_{Lv(}?—r)

B R

A7 A Tp& WA E8F7|0AM ¢7] el Al

J(Ps+Pf+a B_r)+(1§+P,+an’)1 (®)

L
[FJMWE, Is 1otk =3 7} 09 o), Ful
k HY &% geol}

3.5 -“EI—1 Et2| Z|4re] FM(Logical Unit Based
Retrieval)
2 BoXe =gy e =34 99E Uges

T HErto] A4 S e 9, 28 8A
HE 23 2], MPEG Y2 Mz t& =Avlg e
a2 Y ZHYER FEH Jith olFA FAHE &
de wlznich AR o T A(ps)E T=F 3
el BEAFeZA AdE. o FE wgez
2bE LUBLIEES EEvito] g AgAe AH
S AQ @aol TASA A= AN ZHYA FE
AEH F, 023 SgolHe AEE Hae Zgd] &

«BFN M) A 228 Pt Fostn vy & TF WFd HdES Fo wiz dy] s A,
709 FE A2E P @ W P A B)2 AFE TSl AMAHAE Fdd wr] AHE
21\
TE..’ M e »
T T T
5 [ L el » e —— = — e »
2 Read Read Read
© e === —»] - — ———» [ — >
a
L — —
[ = B = — — — P [ P — D M — Dl — 1 — >
T T ITIlT, TAT, 1T,

2% 7 Full Buffering Z&o) ¢l

g ax Je



248 AR =5

A28 D ojE A B A A 4 FQ0064)

| |frame l P frame

I B frame

Size

Time

¥ 8 MPEG 39 z&+ =g ¢ iEx

fA, ol#lg Hale Full Buffering®}al= vpdr}
A= FEEge] A Bag txz =jolHe F
e o8 A £@F72 B F &8I0
Ag, 87 283 wRe e 74" 2493 dHS
A1 Sich LUB @uelEos deuoe] YAl
Uehls b2z =gtolne d8 &% HEE 29 9

of ¥3dstch
LUB ¢xa&s FA8s7] 93] g8 A2 8

&L ‘—‘Fli"* gea 2ok fe TP HE, F 2
2 ZYY golx, mfe 2zt £8F79] ¢l7] AdelelA
A% W °}°F g Ha = 9o otk B 2 fpsE 7]
Foz A¥H =AY AY F M E AVE JE
dok T £ fps7]EY ZaYd 5 taIoA HEE
Agste ARlR, Tl & F &8F719 TY) T
71 2 Azleld). WA, mf & fps2 ZV|EE F Z
T AL fpsEHHE A3 =) F PR E A7 BY)
= 4 (9)ojth

Sos+m—-1
B(f)={max(x)|x= ) SizeofFrame.

1< m < (total_frame —fps)} @)

olgA T B EEIMIHO ANAY & &
g37] F 7] e Akl 7 2 Azbe 8.3
g2bA, B() o ZEd mfHE tx3oA W= AF
shed dale AUAE Tl & o2 2 103 2ol

78+ Uk
B(f)
Ll =32 (10)
WAL T, 8 A=g 4&8s 93 H3 AF
Azbm g Alzte] gEd Zdan AR E8F
7} T tza =gelne Alg Az mhE-g Az, o
ga gaze] AFE W Agshe At FET
2 ArE JAer 3, & &8F6A Ho EU =
Age A ARG £B8FVe 2AG o
T cBFY] Fetdl tzIdM HHE AT Hb =
A = 4 an= 2
mf > fQAT,+T,)+T,.(f) an
$e& LUB ¢egd 8% Ha W 271§ 7
at7) g3, HelRlto] g 2 =¥ AVIE Ha
ZhY mf & 71E02 Ak oJ¥A ZAFE =
dE9 A7) Fo 71F & A7 BimpH & A (12)) 2
=3

mf +m-1

B(mf) = {max(x)|x= Z SizeofFrame:,

1< m < (total_frame —mf)} (12)

o}, PEintel A4l BYEE WY =10t
Bm) Bt} o9, o EHFI|NE HzadlA o
A2 AFHIAE TaY EAo] AT & ok ot
3, 1 w34 HEE Zdde] 78 A% 2

<
E
t
g T T
A 0 »
g Read Read
P e ——— == »> [ ———— >
1BBPBB PBBPBB ceee e
« N
_‘ oo
= — > [ P —— — — — — » Time
Ts Tf To

1% 9 MPEG THg9) 7t =dq wid=



ARAY @73 Dyl RHr AL

715tk "ejrde] AAve] @38 e mv)st 7
7] wjZelt}. wetA, dElv|tio] AAF7Ie] dFEHe ¥
H9) A7)E BEA B(mf) Bt Aok 3tk Sl 3
LUB ¢xg&E o)&3ty, Helmte] e A4
W 2R=EE F AYPFe FAsdd 9A, AH £
7|9 £ N2 gejutie] s Ax =z &
T =8I 9o Solof & ZHY & mfE Ly
o] Alxtg & ok Z4zbe) FEF7julc} tazd A |
H2 A4sHe zY = 2oy, 2 =Zyds A
azie Z7] bdath J8ER 4 85719 47 A
AlZbe BE ¢3Frvit dolsith =g, vixg
F7)M t=a2XE AR A$Ee Wﬂ“*«l 1
7] D-& "Ewte] gde] F A7eM wixT &&
7] A7A ¢lol £9 TEYY F A7E W g 2
ot ARE g3EES o8¢ U A o
23 z@olne FF0E ARHE F NHF Pp
2] (13)7 zt}

mf
=(m+I)P+P)+a i ————ZFM_”W ifrome; D,
S R-r R 3

4. 2Z F7| wigt 4 78|E (Adaptive Round
Merge Algorithm)

WAl A, WAz JHE AAAE, o
23 =gto]lHE A8 A$S FA3NZ, 7] dH= A
ok ol8d e HY ARE FaAT|edH W
wgHoltt. e, diY] HEldAM 92 e8FE |
e AR AlEed e #73E SubEiol He 2
HEl=7F Sk ek npAT EEIA Ho
olo} & olsle A&7} o™, Algd upte kg
E415 2L £8AFI) A AE ALE s AL A
Y AF M= 7FA = dol ofth Wt &
22 715 A9A4E, 2+ dolgle AEE @AY &
g7 A& %i% 27}, oflH, tjxz: =glo)
BE viFE dER A8 AdtE 2H4E et o
c}.

Full Buffering

+Ee ol 2R uF LnES AL sk
HA, ty] A faa sdelreA ARHE MY
& FAGT 7] dEe] ol Toe 4 (149 ol

A 5 gk
r=l
o (14)
5
o714 B HAHE s A2 R-r otk HHA}

A2 $HH AYAE, t2a =golnEs WA 2
g7} ARse ¥EE diadM Hiz ARE A

AY g2z 2AEY 719 249

@k adER, T, 59 dolEele AaF 4 (15

7 o] ¥
T -R, if T, < il
4 P R—r
B=g . .
RB—rRJr[T”_RB—rjr’ otherwise (15)
BE she] £8%7] Sl tazz s W] A
$5E ARFolth. vhalw £@F71IM golseiof o

3o AgE B & L-¥r—N- B9} v} 3 mpxut £

aRAN 2EHE % T olch, gk,
7 oA $BFONE wE g RIS WY
g ¢ Ak, 2L oY 8% AFH vhre
TN ARFE AYE AGY & Uk 2, F
el £BF71E FUA Y, & #8771 97 7

B,
o Fhelm, =9 Ay ave X5 ae

Ae ke P +P +a

e 7

At ek, Sele viAE £8F71E wE A

FF7)0] HFE AU HE LS 5 3
4 P E A (163 2ol e
P=p+Praly_a B
(B+F+a)=(a—)

No merge term Merge term ( 16 )

ek PP o)y, niAY £8FEsE uE A &%
F71o B, 1%‘11 ¥ow, Folde A8 B
NZE 870 HEz Afan o gdxdde
Fo HEuto] HAL Hio AY L AT}
7] 913 Aoltt. B ¢ Fe 9AlZs= X 20 AA
3 ZHsG) o] gmEEolM, $elE v A8E
e veE A 518 BAE A @) o
2}x, o] BAE &dslr] A% i Wy =278 4
(17)3} o] Az},

(R r)r
o ——(T,+T;), R>2r an

gelel AlZrol, Ty w12 Aele} A
vt EEto) Y Aol el wH =
AgPosd, 5L A 229 AY g A
Qejuitie] AL ¥ & ok

i

wh My o
rlr

T: & AF 4
7+
NE
At
5. AIE80|M
B =FA e dwgE
Aol o Hrlekgch
DMDM-10340[20] ©]~= =gtolBe] z} WGy e
33 2l AlE AR 1Ze]n, ARFEL 0858
Jouleolth, mpE] A|ZRE 0.7%0)1, ARAHE (07
Jouleolth. =3, FAbateiolMel oy Fzd Had



250

X 2 Adaptive Round Merge €18]Z&

Algorithm: Adaptive Round Merge Algorithm() {
i=0;
compute N;
compute Py, P;;
compute P*;
IF( P <P ){

startup();

continue reading;

finish();

}
ELSE {

WHILE ( N=0 ) {
D,=L.r-i-B;
startup();
read();

IF(D,<B AND P' <0 ){
continue reading;
finish();

N-—;

}

finish();

N++;

i++;

}

}
}
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