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Abstract We consider the problem of scheduling tasks of a precedence constrained task graph,
where each task has its execution time and deadline, onto a set of identical processors in a way that
simultaneously minimizes the number of processors required and the total tardiness of tasks. Most

existing approaches tend to focus on the minimization of the total tardiness of tasks. In another
methods, solutions to this problem are usually computed by combining the two objectives into a single
criterion to be optimized. In this paper, the minimization is carried out using a multiobjective genetic
algorithm (GA) that independently considers both criteria by using a vector-valued cost function. We

present various GA components that are well suited to the problem of task scheduling, such as a
non-trivial encoding strategy, a domination-based selection operator, and a heuristic crossover
operator. We also provide three local improvement heuristics that facilitate the fast convergence of

GA’s. The experimental results showed that when compared to five methods used previously, such as
list-scheduling algorithms and a specific genetic algorithm, the performance of our algorithm was
comparable or better for 178 out of 180 randomly generated task graphs.

Key words : Scheduling, Real-time System, Deadline, Total Tardiness, Multiobjective Genetic
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7}A ol & N =2
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M) 7V ol& AlF Ak AR =e A% Az

a9 1 g3 adzs 7P ol& AlF At B AP =2 AR A

{11 (21 (3] (4 (81 (61 (71
sched; | t6 | t3 | t1 | t6 | t4 | t2 | t7
alloc; | p2 | pl | p3 | p3|pl jpl|pl

[11 21 31 f[41 (51 6] [7]
sched; | t3 | 16 | tl | t4 | t5 | t2 | t7
allogc | pl {p2 | p3 {pl |p3|Dp3]|0pl

(@) 9] PIAEE AFIA B3 o | (b) ZE 1 E AE 3
og 2 sie B9
1} do {
2)  Remove the first task, say & (sched/i)), from sched
3) Schedule ¢ in processor affoc/i] using the insertion approach to aliow # to start the

earliest;

4) Compare the finish time of £ against its deadline to compute its tardiness

5) } until (all the tasks are scheduled)

a3 3 9 7t
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1) Create initial Popufation of fixed size:

2) do {

3) Select two solutions Parent! and FParent? from
Population

4) Child + crossover (Parentl, Parent2):

5) Mutation (Chitdl)

6) Local-improvement (Chia);

7 Replace (Population. Chiid);

8) } until (stopping condition is satisfied)
9) Return the set of best solutions in Population;
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/! sched,, alloc, chromosome of parent p
/1 sched,, allocs chromosome of parent g
/! sched., afloc;: chromosome of child ¢
/1 m the number of tasks

AZEY o)

2 &8 A 31 E A 35043

1) Generate a crossover point & randomly, 1<k < 7
2) The left segments of sched: and alloc. of child ¢ are inherited directly from sched, and

alloc,, respectively;
3) Set mto k

4) for /= 1 to n{ // tasks in sched, of parent q are visited from the leftmost task to the

rightmost one

5) Let # be the /" task in sched, of parent ¢

6) It & + scheaplj] for Yj (= 1,2, ..., A, then {

7) sched./m+1] and alloc,[k+1] are copied from sched,[i] and afloc,(7], respectively:
8) Increase m by 75

9) }

10) }

¥ 6 93 uA #3¢

ymz REL g25E BAEE, & ASRE ¢lolr)
B oA o}A AMESIA e 71EEE gdA JEeRd
FAUE ARtk B =24 P Z2AAE F
ERA AL Yug x4 sl N SME HE
g},
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€ 73T 93 B3 FAME AL dF 28 79
vERY )

Wol Ak 4R alloc A Y2 FAA s
A ohs 1 g o9 AEE Fe= WHATT
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Crossover point

Parentl | t3 | 6 | ti t4 | t5 | t2 | t7
pl | p2 | p3 | pl | P31 p1 | p1
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a
Childl | t3
pl
2 | 7
pl

a9 7 BA ANNE HES A
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3.3 XY JHM F2JAEl(Local improvement heuristic)
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/] num_task([j]: the number of tasks allocated to processor j

/!l proc_set: {j: num_task(j] > O}

1) Find the processor m €proc_set such that num_task{m] < num_task[i] torV /&€ proc_set ;
2) Find the processor m_next €proc_set — {m} such that num_task{m_next] < num_task({i] for

Vi Eproc_set — {mhk

3) Randomly select r tasks allocated in the processor m (r < num_taskimJ);
4) Reallocate the r tasks to the processor m_next ;

(@) fr& NHste Fe2H

/] sched, alloc: chromosome of input solution s

1) for /= 71to #_ of tasks { /* 1*' phase: reordering */

2) forj=/to 2 step -7 {

3) if solution s satisfies all the task deadlines, then return;

4) Let r-s and 7 be the j~7" and / ” task in sched of solution s, respectively;
5) if r; starts not later than its latest start time, then break:

6) if 7-/5 latest start time is greater than ;s latest start time then {

7) Swap the genes sched/j] and sched(j-17];

8) Swap the genes afloclj/ and alloclj-17;

9) }

10) else break;

11) }

12) '}

13) for /= 1 to # of tasks { /x 2™ phase: reallocation +/

14) Let n; be the /" task in sched of solution s ;

15) it 7 starts later than its latest start time, then {

16) Find the processor j such that mASHT;[n] < mAStT.[n] for any processor &,

where mASIT[n;] denotes the start time of n when n; is reallocated to

processor A

17) Allocate the task 7, to the processor /;

18) }
19) }

(b) 8 Ndste Fel=H

¥ 8 A9 A FelaH

I HHE $ ok € f IS VR AE d3de
olfte 9 3 ol Hi JFe HIVE
ARgEtE B2 o W] eET ¢ 7] wWRolth

T ¥ FE2EE a3 A3 o5 A
G718 M(E Hi33E R Alxsth. 73 He
9 Y23 g FPIE Ayl mg AEsn 2 g
as F 9 A8 U AV monexto] ©lFAIZITh
m_next= &7l m& AAYE W AF FHL 59 H
235 Y3l Agrjeltt. o]FA I it A
e HYrlY ASE Y 740l A7l dielth of
A4S I9 8(a)oll 7&stguh

Al B FEl2ge ga2aEe] wiAITE Ady F
T2 HA233E e AER Y 2AF M2 A
Hala(a2g 8b)e #9) 1-12) A3 ES ¢ YL A

712 ATFFHQ 13-19). A GA(EM =23 @
ANA scheddll e BAIES 9% TXRE Q
2% 27X 71AAM AR a8l 2004 11
Alole Zr Bl&A ni(sched(jl)el tisl nob 1 k9] ©f
£3% 9l $ evkE AU 9ok vl 1R3¢
7 E=& AR ARG =A4 ARGOEER] 5) 2
o] el2A ny(schedlj-11)9 7V &L Al AJzte)
mel 2 Bk 2 AE HARCHES] 6). weF a¥oiE
el A& AIZhg w2A ) A8 i} n g ME 9
sHrTHERR]D 7-8). olEgr ud HAPL wky glaz
(sched[j-1Del disiA A&dd 3, n,9 72 =
2 A1E Aol mo} A Bk 24 GobEEst 6), F
3 B7Fsd 7 wEold 4 gloEmd mEe o]Fo
AA evhErel 10). AW Bl2zrt AAY 7 B2
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Selected task

t6 | t3 [ tl | t5 | 12
p2 | pl [ p3 | p3 | pl

2 g8 A 3 A A 3T

(a) 7] &

6 | t3 ] tl t5
p2 | pl | p3 | p3
t6 t3 tl t5
p2 | pl | p3 | p3
t6 t3 tl
p2 | pl | p3

d 5
ad 9 £E Addke

Al AIZERTE A 3S AR, O oglaa E
a9 FPx7l vlpAzkE o7jAl goke AME F
Ee} gg7t Qi

F A dAe A R =8 AE A B =
A AFseE B3 nE B3I I H23E FHiY
mRStTi{nd & 7YAE A7) jol @38t 47X
mRStTiln:]= n7t A7) jol AEFE a9 Al A
7+ QT 15-18). ol=F FrelxEe B
H2aZe] 714 & AlF AkRY A AR &
=2 37 8 &M 230 A T A Az
< 2F7IEE Aol Wo] AakAe] 3 FAE A4
o 18 8(b)e] ZEAAE HELIHE AR AN A
£ mdEsie d7t A4E Relth 2¥ 19 ®za
aAZE XA L AX FE2EE F83 o8 a9
99 Bk ¥ 9@l &7 a7t FATh A @A
A AaE B23 oA LA BA2AE 2EE
Wt 28 9a)e UE AENM & S AR} W)
Aok B2 ogre] 7H =2 A AIZERT =4 A1
817] gFdl w7t A9k 9 J1F £ AlE Aj7lel
ol ART ZY) & of 5L Dbtk ¥ 9b)
t FA=HR Folt 4= oHE W ZAIRES o7z
Aen o] FHF =& AF AZR] 4o AR 3V

0 5 10 15 20 25 30
ol B3 [e] u
p2 t6
p3
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pl] B8 o] u
6

0 5 10
t3

15 20 25 30
t4

psol ABFE 39 3

#2288 489 o

W) 7 EE BEHRETHIY 9. olAl L mA
g oA BOBE © o REBL FUHA
oW sTheel 9ol FolA B A WAL AA £
38 SINE o) BiAIziel AAAA eth T W
A BANNE B Adstd A7) pel ATV
ag oD e HE9 de Ec "HzAEY 3
Ak BEAT,

4. 8 3

o] FMNE foE AN "2z aYZTE 1A
£ =7A Ajtete e 4%5E Hrigt

AFAA 2AZ2 Zol(makespan), BlAZ vhA|ZE
A4, == A7) 9 Hiie 2L dF BFHL F
Ao BE2AIZ 4 A H23 AAESY PHES gA
QA grH24]. 71E tREe] YL A8 EFHE F 3
gk n#3hs Aol o ol olf W&ol WA
LSTF(Least space-time first)[1912 A ®3ale] AotsH
Qg Ee] %S FAAT LSTFE Highest- level-
first[15], Earliest-deadline—first[16], ~18]3L Least-laxity -
first[17] 53 2& V&9 FElag ¢dugFRo 8=
AE9) viAZE A9 HAZ(maximum tardiness of
tasks) & Hi33e HelM Hgo] 53ty g A

fd



=

924 44 ¢ndF

te

o]-&&

AN Bze BH 2AEY VY 301

/! nOfTasks: the number of tasks in a task graph

/! listAlgln): a list-scheduling algorithm whose input 77 denotes the number of processors

that can be used by the algorithm

1) Set feft and right to 7 and nOf7asks, respectively;

2) Set minProc to nOfTasks;
3) while (feft <righd
4) middle = {left + right) | 2

5) if listAlo{midale) finds a schedule that satisfies all the task deadlines, then {
6) minProc = middle;

7) right = mjddle - 1

8) }

9) else /eft = middie + 1

10) 1

11) Return minProc:

I¥ 10 B2E 2AEY dunSdA AHgste A7 A4 AFE dohr) A7 Z2AA

217] W&o|tk. Monnier ol AL FA L&Y
Monnier-GA31E &3 A3 7IWHE 7H&vlA 1
2E 3 Adgsged, ofre o] e Fol Al
7t A Q9] F%(total tardiness of tasks)e] FHi3}
ANzt g 53 FE2H gudFEg -39
7] Qo £ v ¢nIdFER Hm WP E
n#3g o] "MyEe] ¥R "3 EY wAIRE A
Q9 FHzFNg nIrle AT A8 d7+13.21]9
A A% vl AHEeIsty] | &k

SList-Est$} LSTF: °|Z €2 w8 Atg 4%
el wet =ass 2AENE BY Y=E 27
=% ¢ 18 E(static list-scheduling algorithm)e]t}.
SList-Est= 7Fg 1€ Az Azre] Z& g2adA
L SHEYE Bojgo wHde LSTFE 713 %2
Al Azre] ZFe Hl2IdA e £AEHE RH3
th. &t 2AEY AN e B2EANM MR &
A7t &L "H2avt AAES 7B 4R AFE ¢ 3l
= 7o) ghd
ETF-Ests} ETF-Lst: ©13E52 T3 82E 24
7 918&(dynamic list-scheduling algorithm)o]
L 7 2AEY DA Ado] e, EE H&A
JAIZ Z+ A7) B3 g 2 Foll HH
Adegich ETF8]elA HXMel Bold 713 dF
12 4= Qe "H2as s Xr71g vt &
Me] exzmzt Ao A = g We 3FH ¢4
&7 &8 H23E 94 2AE$T. ETF-EstolA
£ 71 ol& AF ATHE M H2FY] & FFH ¢
X

il

ok Mt &y

(e}
=
O
=

w

i

A& A)zhe] 2Zhe glAazd B BFF SMe9]
gheh
7 Y2E 2AEY dagFel s7ske A9
Hax 75 goll7] 95 o) g} fARE ZEAIA
£ AR 10). lefiv AAY MY Ha A
FE ey rights HW AFE vt lefrd =
7] & 1019 righte B3 g ZoA HAZEY
Mz 27189 middled left$} righte] F7t gkol
ot g9 middle MY AL7|E 22E 2AEY
guglge] B a3 viAE wEse LAE
& PEERAE Arbshe Aotk weF 1 dttHA mid-
dle€ minProcdl AR FiL rightE middle-12 A2
Aty a8 AFsA 498 AR RukstE &
AEd EngFel a7skeE Agre dx AFe
middle®tt AA 7] WiEolch. 284 FotH leftE
middle+12 27331 BA& AL APt} o] A
2719 HA NS¢ middleitt F Flo]7] wjiEo|t}
0] U minProcs W3
a3 109] ZEA X Monnier-GAS] 39 HY
A @& o] ¢aEe FiE 2AEY dudEgR
o "8 g2 FPALGE 2787 gEelvh. Monnier-
GASl 7Af-ole Ao Hi MFE otz fs)
e AME3Y. minNOfProceg Wl 712 8l&E
A28 ¢udZ3 RT-MGA7} AHshs FHa A
71 8 FAM Ax@teladx A nOfProcd] =71 3%
€& minNOfProce. 2 2R3}, VA nOfProc 7159
A2 712 Monnier-GA7} 2E 239 nlRARE
WHEdhe 2ASS A, agEtE

el

geAe
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nOfProcs 1 #A2A7)3 A4 848 APsct Mon-
nier-GAZt 1313 2AEE #A £ w7R AL
o a%A ¥ BSAE nOfProcs 1 F7H171a
Monmer GAZ} 183 2AEE & w7y €48

1S3, g4 EUE nOfProcg wHagth

-?—?,]“ 52 FI4A7 g8 HEIDUT 650904
2AEY d1FE FEAY 48 L FYIHEA G
3 22 9AEE JPEEEH. 232y =Zve 700)
W mat FEL 1001 o] BEL 0015tk £8
Z7& 2D %7t 2 F2Y SR AN o

ot aAEY AT E B "ok gvh 74
F o7k 2 BACl Aule fi% £2) o) HRTe
gulelt, oM ASEA W A4E 2500HE BN

23}
4.1 EfA3 T4 NN
P =89 dueEe AFY 5 Q= dAwart 2
F3td Jdoz YA} GAF) g3 aghTEL 7HA
I AFIAch 71E BA J7E Y Qo =g
AHERE ggee] G7 Jo13,201
A9e 3 71E £E3L Fustd g 2L, o¥
AA duEe R¥shE wBd adZ {38 A9
Ak
1) CHAIN: RE gl23x @olo} 3hte] & M3
A} A& FYRE A = 9l
2) BTREL: B2 Bl23E Polol shig] A& Ay
2 F el A FYPAE M $ Stk
3) RBTREE: RE ®l23& @olol % 79 A&
APt} shte] A& FYPAE 7HE 5 Uk
4) LATTICE: RE ®i23E golof ¥ o A
Agaer F e AL FYPE A 5 ok
5) GEN: B "H2ae d9 9| AL Azl 3
% FYPAE 7HE F At
6) CoM: 9ol 7149 aH=E FolA F A o3
9] =] A union) o2 FAHT}
O 118 2} £F EE a3 IYZE B £k
<29 Blaz aH= Qg AHEE 89 e
E 19 Ao Bz 2z oA Jge Haa
9] = F(# of tasks)dl Wl A 2§, & Ep, Es 21
i Exl2 vyth 7 1FE "z adz H
3 10 MR dAr EAsie dEbd F dAe 180

Edo] 2 & A 31 E Al 3520043

A7 ek 2+ A 23 a2z gz AFre
{minsores, Mmaxsgres) A0l F53) EXFES 319
th 7 dA oA st} Bia3 aE=e] XY el
9 Mee [minsgrass, Maxsgmasks] AFelolA #5383 £
FHREE ) gz APNRL [5, 10] Atelo A
753 BIE=E dvh #Haxmd ne wgAzRe
[estStTInid, L5*estStTindl AleldA 53] EEsI=
5 3y

42 Ms ®J}

d714 $EE RT-MGAQ A%L fi(AM&&E A
719 AP)E NELR 3 & O 7R ¢uElE
# wlmch 180 e oo Wie, & ¢nYFdEe »
€ H2a nZAEE U5t H4 o AIE AL
43E 2AZS I8 At duYF A "2z 2
W TGl Hgst) 4L sh9 f Fe fMA, TG
sk weF A, TG) < (B, TG)olW 823 1
AT TG disiA gnelE AE BRUG o 53 A
22 Brigit

\\ i

AW

BTREE

Ay §8

@_g@ A &5 I

LATTICE COM
a9 11 ﬂ% 2z af=

A AAE £ 20 Jeho] nustEth X A%
9 el ¢xEEFEL RT-MGAS ®¥udth %9
Z+ Aol 349 7 A 2 F9 gele ztz
> 4=" agam ‘<zt AAHY gtk olAY guie
g daEFoA 1 MFHEY E-97F RT-MGAR.
o ‘g Ry, “FSIY, EE ‘D EFIOE Jgd
th dlg Zof 1F ExolM ETF-Lst® RT-MGAZ
2R Y 37 A AL)M RT-MGAZE Bo} -8
4%5€ Holng 28 7HA 73-?—011/\1 553 gFolv 1 7}
A 7%ut ETF-Lst7} ol $53l). g232 a#d= &

§ Q0 000D

CHAIN

F 1 99 AAAM A 29 #&

Example type # of tasks min#of TGs max#of TGs min#ofTasks max#ofTasks
E32 32 2 2 10 22
E64 64 2 3 10 54
E% 96 2 4 10 86
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¥ 2 RT-MGA$} 0 oAl 7kA daEss "Ba 957, "2, Z8ja “Ho yi'e2 vlag 4 vy

gma= u];,,; A o= =27) 8= 9 % g
3 E32 | Es4 E% |CHAIN| BTREE | LATTICE | RBTREE | GEN | COM

> 0 0 0 0 0 0 0 0 0 0

SList-Est = 19 9 7 22 0 3 0 6 4 35
< 4 51 53 8 30 27 30 24 26 145

> 0 0 0 0 0 0 0 0 0 0

LSTF = 47 41 a7 29 18 23 19 23 23 135
< 13 19 13 1 12 7 11 7 7 45

> 0 0 0 0 0 0 0 0 0 0

ETF-Est = 20 9 7 22 0 4 0 6 4 36
< 40 51 53 8 30 2% 30 24 26 144

> 0 0 1 0 0 1 0 0 0 1

ETF-Lst = 43 27 28 29 5 13 20 17 14 98
< 17 33 31 1 25 16 10 13 16 81

> 0 1 0 1 0 0 0 0 0 1

Monnier-GA = 29 13 10 25 0 4 2 14 7 52
< 31 46 50 4 30 26 28 16 23 127

Felag Mg > 0 0 0 0 0 0 0 0 0 0
3 g = 20 9 3 18 0 1 0 9 4 32
RT-MGA < 40 51 57 12 30 29 30 21 26 148
T 60 60 60 30 30 30 30 30 30 180

¥ 3 HHY 2AZEL L AL £, CPU 2¥IAZY 3 a8z A o4
gz HAH9 2AEE L F99 £ | CPU &HIAIZE (&) 24 Ad ezt

HAe 2AZ % BFE 3 BFE & ki

SList-Est 33 18 0.016 778 4322 89.72 0.498
LSTF 133 74 0.016 47 0.261 8.79 0.049
ETF-Est 34 19 0.260 768 4,267 88.40 0.471
ETF-Lst 98 54 0.257 241 1.339 30.12 0.167
Monnier-GA 53 29 933.906 249 1.383 3379 0.188
zz‘;‘i_;’f :}X] 31 17 56.907 515 2.861 71.44 0.397
RT-MGA 178 99 1483.138 2 0.011 1.14 0.006

& GENYlA RT-MGAT LSTFRT 7 717 Lo
Hro} £2 A4%E& Hoja ¥ AHAee= gloy 23 71
Sl FE5F £Fot) o] RE HWE NE HAA
OPT G839 ZU|E A 2§l RT-MGA7L t&
oAl e gaEER F5IAY B 943 Hes
Holx Q&8 € 4 Utk o2y RT-MGAE daF
719 MFE FAAR USE ¢ 5 Uk

¥ 32 dnEEdeE 180 e g9 o shed HA
2] ~AZ(best found schedule)S e A9 &
HoAgEoh "l23 adZ TGr Fo)d o, A9 24
£ BestSched(TG)1&, 94 A dnZoA e
A FoA 7P FROl F2 2AEL U

“CPU ABIX|ZV& BF CPU AHIAZHR)S vehdd
g ezl 33 BFL vEllEd o)A iz
g = TG Fold uf 4uE A9 2AE Error
(A, TG &3 f™(A, TG)-(BestSched(TG) 2] f)
o2 Aod )2 So] SList-EstE AHgste] 1}
2AZEL 180 N9 Do dESL HAH AAznt
PAog of 4 /) A B HerNE ARG oy
o A exle A B JE&Ho|mg AU g1
g9 F84% Hol7] 5 £ ok =meld ® 39
2ol 238 F7lE Btk 9474 B3 ad= 76
7t Fold o dmIF A9 Al e Error(A,
TG)/(BestSched(TG)9] fi)o2 AHoHd dF E
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Avg. relative error

60%

Avg. relative error

EEA AZEYS B 38 A 31 @ A 3 E(20043)
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E32 E64 E960‘2

Graph size
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—%— Monnier-GA

(a) 2= ZV]E Ao} 23} BF

—a—LSTF
ETF-Lst
—o—RT-MGA

o a-6 5
o oo caa oo

BTREE GEN

CHAN LATTICE RBTREE COM
Graph Type
—e— SList-Est -a—|STF - ETF-Est
- ETF-Lst -~ Monnier-GA ~e- RT-MGA

(b) ZHZ F¥E Jdl 23 FF(EIDH)

Og 12 2%z 279 F¥E 3 2% B

Mo 2AZFol N A9 AFZIE gt M3
W) SList-Estell ols] w5013 e N+04957% o &
2 HErE AHgddE oujeink. ® 34 93iH
RT-MGAY 180 7|9 #l&3 ad= 44 7k2d 178
Ao HHe 2AEE gon, UMz 2 A9 g2z
IYP= Ao e HMe] sE 1 A BE HE
7N1E AHgshe 2AFE ARG Ao 24 HFEE 0
o 7z}

28 128 ga3 adlZe §37 B2z a2z
a7de RT-MGAS 4%5¢ 249 £th 18 12(a)¢
A RT-MGA9 At o4 gL =z =277} 32,
64, 283 %Y W &7 0%, 1.7%, 21 0.2%°)t)
RT-MGAS] AW 23 BFL& 0 g gueEig
g F), = @) 329 W AdFes 7 gn
22 At 23 Wil FL2 AL & & e, o)A
2 JH= A7) FESE 2z 2AEY FAY &
A F7re] HoA 7] wEol FHMe HE V|7 @ o
Yohe AHIE ol & lth ¥ 12()F B 2
= §3o] CHAINY w9t RT-MGAS2| o) &3 H7
o] 33%ol1 1 olgelE 05%7F VR & otk
CHAIN §8¢ #$ RT-MGAEZ A3 T2 Lug
Z9] A4t 23 ol e fIRD FoHozm A2
&g Holed oL I HE BAY) Gwdt
7] @jFoltt ef23 §8o] CHAINY 4% RT-MGA

o] HFFel AHHoE & Ho] FEyAEH, & 29
Bo|AM RT-MGA7F 2§32 823 ad= o 7}
<8 49 dE 2R Rahs B § kA Wl 9|
2o|th, BTREE, LATTICE, RBTREE, GEN, 2131
COMe| 7Af-cle B3] A=At

¥ 49 5= 2= =) FEEE @O CPU 4H
AZHE)E BAFEWG H] Y f2E 2ASY g
Z Jled OE A ARG 4Bl 53] WEd
LSTFE A9stgct LSTF+ ZA #(deterministic) tF
3 AIZF gneElZolm® RT-MGASH Monnier-GAR
t} #43] szt Monmer-GAE RT-MGARCH B
oz o 164 U W=ch

AZ A3 dFdn 59 ATE BUs] s
RT-MGAY Z7] sidgd AZF AATE 1€ 139
JERIQLE o] age = =27 96, 2d=T &3
o] BTREESQ] Bl&=z 2= Ao sl RT-MGA
g I £ AHE Vet »F2 AT A

¥ 4 gz =718 CPU &M AIZHE)

. =z =27)
ganE E32 E64 E%
LSTF 0.005 0015 0.029
Monmnier-GA 78.183 588.284 2135.252
RT-MGA 102,502 1042169 | 3304744
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¥ 5 282 §%49 CPU &4 AHE)

aH= /%
Py
CHAIN BTREE LATTICE RBTREE GEN COM
LSTF 0.005 0.015 0.029 0.016 0.018 0.016
Monnier-GA 78.183 588.284 2135.252 1078.750 743.605 1103.750
RT-MGA 102.502 1042.169 3304.744 1666.103 1011.212 1437.383
9] Z,I:, yé"\‘c_’_“ D]'Z:}')‘]Z_" Z]ﬁ.ql %i}% _Q]U]@‘J_—T;]- —.;_‘—l- Population ;
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g Fe] BeE 92 AN £AE FHAMoL vz
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A ¥l . TE /e WYHeEE 5HES 8
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