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Abstract: Heterogeneous computing environments have been widely used in real-time embedded systems.
Efficient task scheduling is essential for achieving high performance in the synthesis of embedded systems. The
problem has been proved to be NP-complete and mainly heuristic algorithms which often have room for
improvement exist. In this paper, an algorithm called the dynamic BLevel first (DBLF) has been presented. The
DBLF algorithm selects the ready task with a maximum Blevel (n;) at each step and assigns the selected task to a
processor in an insertion mode. The task is assigned to the suitable processor that satisfies the precedence sequence
and has the minimum earliest-finish-time (EFT) of the task. When the EFT costs are equal, the task is firstly
assigned to the processor which has the least utilization. Comparied with the related work, the result shows that the
DBLF algorithm significantly surpasses the previous approaches in scheduling length.

Key words:  heterogeneous system; list scheduling; scheduling length; dynamic critical path; communication resource
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FEE S S: TP316 MEEARIRAD: A

S HR N TR 8 TP IR AT 45 B TR 1R I TR BR s, 78 38 T I AN H SR R 4 1 T g L Ak, 1T FL S SR R L
LI 6 45 510 IR [ 2 bF DR] sbt I 8] 4 R 2 S IO 23R 0 1) v o o o B B2 1 P s s T L, B B A 9 L ) 97
KA B4 s, o A X R G Ol ) 12 B 7R SN 2R Ge A, 06 - 1 1) 1 B8 225 1 2 it ke ek
PR .

LEHAT SR AN R GV ) 2555 1, 75 B0 TG Rl 4 5 4% 4 Ak 34 BR. TG (processing  elements, & BK PE) L4 AT
RIAT 55 04T 55 1) 0 30015 8647 2080 10 O S U, B0 3 A 2 00 i A il SR 1 A e R F3F 1) 0508 075 1 A Tl - —
ST AT 55 53 T B 26 110 Bl B AP Ak ¥R B G b 2% [) 2% R AR 0 U 1) AT M R S AN Ak SR B T B A
PR AT AT T

R JSE i) SBUIE 5 FH AT 25 PR AR UL IR AT 45 A2 — o B 170 6 24 [ (directed acyclic graph, ik DAG), ¥4
RN AT S5, 10 [ WL T A 45 ) P B 4.

H 6T 2 A BE 2% 3R G0 (W AT 55 18 8 1n) RURTE 0K 22 8 vh 7 W) A0 2R 4t b, T 87 4 i 00 TR0 4 28 98 908 3 1 R 4, 4 NP-
S84 ) Y BT DL S B N AR R OR R R BV A e R B e . B e R K R A A R
(list-scheduling) 5 yE V8t A 5L, it HL4 3 U8 8 090k 15 380 S L 0 Jon sz Y, P ek i) A 2 . 37 3% 1
JERVER A BRI | B RARIB S YO ATAT 451 88,58 2 202 4y M AL P28 RIKE 58 1 APk BRIMAT 55 1 5 3
JE R R B /N I AR R 2% T O 0 T 2 AR BE 2% R SE K 43K P 5LVA 4T Modified Critical Path(MCP)P),
Dynamic Critical Path(DCP)P45 I DCP 473 55 LA SV AR B AR B i BLAE S DCP AL A7 78 LT B
(D) HA S SRS B AR LI A BB AL B85 (H & 4T 55 B v U — 4 dion) S k42, B e &9 4
PC R — A4 BR S b, A — Se R OB IR A% B IR A 55 DA D AN RE 51N T Ak S8R 488 T 0 20048 40 iE 31 [) — AN AL 85 F,
AT A 8 R G R T K B 45 ANTE DG B AT 1IN 0 7T RE 5 51 N BT AR BR A% ULRIE IFAT .(2) 1E55 n TEARBRTR p; 1
ANET Ay BE BT AR IR AR PR p; bR AT 25 HEAT 46 N o3 T, (FUR O 77 3 G 3 R 26 U AT 55 IR HRAT I o 58 4
IR TTATPE SR/ 0 H,DCP SR IT 1 A2 R A4 22 Ah 348 28 40 1 B35 50325, 0T LA IS0 DAAT: 55 1) g 2 T 43 e 1)
A 2R 43 TE A 228 P A v

T8 574 R 45 AT 45 VA 18 1) JELRIE A % A5 /D107, 47 (¥ 5475 - Dynamic-Level Scheduling(DLS)',MH 4%
PEVIRI HEFT 453%. CPOP Sk & 51 28 U B2 510 L o HEFT S350 e i (28R LA L i 258 1 25,
TR 55 AR B AT 25 AT I TR RO R A B A2 rank,, IMEL(fE45 n; 10 rank, (2% TAT 5 n, 2 H TH{E & ik
PRATAEE), I AT 55 rank,, IR 366 386 0 26 BAE 45, (HUE B T rank,, (75 500 TT AR IS 525 WS, A RE 3 25 I LR
JEE 5 AT 55 B )78 A, DRI G AS e CRAF R 3 2 v 50 e % LA 5 DK 1Y rank,, fEL AT 555 55 2 28 L BOOAR R4 1) (1) A
FE AT 55 1A 5 W 5 JIGNT ), AN F8 2R 498 ) 1 3 4 AR 300 A5 5 U1 ] A B B s 1A 5 o B

IR B SRR 2 AN 1 22 A PR A R 4 1) FLSEE U XL A E BRI A T T BTG S A b B I il LR
B TE LI IR N R G255 I, TR B A 2555 1B R GBS AT 8, A Be AT B RS M R B 4 RN R B AT
U 1Y ) 2 e A SO S B A i N X 2R G AT 45 0 T R R J8E S804 T A 9, R P 0 2 O i B AR W L AR AR
A TEAF RS ) I BE A B4R T — AN 544 4 A U R 481 DBLF(dynamic-BLevel-first, 5 & K BLevel 1
FARGE) H%.

1 e R
PR RGBS N RS 12T T DL S (0 AR 45 00 A 4% T2 B A 1] ¥l DAG, & X R
G=(V,E,SourceNode,SinkNode).
Horp s s8R VRN AR S5 (|V=n) B S AT I (8] 4 R E=VxV 52 B R IA B (| El=m), 12 (n;ny) B 5E AT 55 (1 B4
WA ZR AT 55 n 2T I AT 55 ny A2 J5 4k AT 55 BRAT I B 00 R U8 T AR 55 AT IR 26 2R - KA DK AT 55
AT 56 5 5 G AT 25 A T LLAT 3 AL €y RoRAESS ny FUESS ny 18] 43 B AR AN [R) A BEFA TG 11 38 A 1 ]
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(inter_processor communication, i F% IPC), U1 % /i 9% AT 45 F1 i kAT 45 43 it 21 ) — AN AL 5T B P ANMT 45 2 ]
PEEE IR Cy A 0. B H AT IRAE 55 AR S5 B N RS SourceNode, 5% JG AR AR 55 AR 55 52 th D E 5%
SinkNode, 4 3L T I EE T T8 AR 45 & i b 250 RA 2 i — N LRI S AR 45

BATHEA S 2 AN b 3 2 50 A AL BB T 2 [A) 4 M i A0 o0 5 O i b B e o m) DA e 1 Ak
HLEs CPUs oA {1 ASICs 55 AL554E V AEAL PSS 00 O LRIBATREEE W=VxQ,w;; £ -ALS5 n /LA FL T p; |
PRI THPAAT B T (L B 1 3T 7 ) A B .76 2 T £ 3 1 32 42 S e b B P s ) DI B R e h A i &% i T
{5 R B 3@ A5 AT S AT DLIRAT AT RS &R G0 BACFIRITAE O Hh AR B FTT 2 [ PR I8 A5 50 A5 B  BR 4
HOF(PLP), W€ AT i=f I F(PLP)=0, FAth ek B {H AL B PR T 2 T W R AN B e B 2(a) T
’N,B={B1,B2,B3} ,F(P,,P,)=F(P,,P,)=B1,F(P,,P;)=F(P3,P,)=B2,F(P,P;)=F(Ps,P,)=B3.1 E 2(b) W .B= {(B1},H.4n
R i, F(P,P))=B1.

Task P, P, Py
18
2 4 ny 14 16 9
9 11
ny 13 19 18
ns3 11 13 19
ny 13 8 17
ns 12 13 10
ne 13 16 9
ny 7 15 11
ng 5 11 14
ng 18 12 20
nio 21 7 16

Fig.1 A sample task graph with 10 tasks in the Fig.3 of Ref.[9] and computation costs
K1 SCERIOTIIEL 3 A 10 AN S5 IOAE 55 LRI 55 AT I 1) 3

Bl
Py P, P, P, P;
B2 - ‘
P, Bl
(a) (b)

Fig.2 Two interconnect architectures with 3 processing elements
B2 % 3 ANAEBLEITH H AR R G54 PR 15 53X

B S AT A5G R — AN A B KU 10 2 e AT A o 2 B0 U RT LAJFAT U5 ) B 2(a) P (K R 4,
Hedhs oI AR N AEAL BE TG Py M Py 2 )38 BT AT . ALBESATC Py A Py 2 I B2 A fiidl . AL BE A
JC Py fl1 Py 2 [A) 1 B3 AT e dls M an &l 2(b) D7, R GE R #h 03B e AEHE —Hf s I 1A), L BB Py, Py, Py AR A
AR TIE I BT BEAT B A, H AR A5 AT L AR Ay

I Y PR AT 55 48 1L 3] (deadline) 3 7% 5 JAT: 55 P AR IS T U B 8 B0 1B 1 P s (KA 25 A 0 mT Ak
deadline=80.fik ARG L) 2 W TR AEBL A . BIRECA DGR AR A Bahih 5. EE S —
R 2 AR B IR ARG AEAEF & B 2 A P (14 MCU A1 DSP):HI Tl 5 1 2 4> MPC82XX. M
T H11) MPC8XX Bt MPC75X. FH T 44 &b 2 ¥ 2 4~ DSP(41 TMS320C6X),18 1T 7EiX L8 kb 8 5155 b AT 4520
JRIEAT 5 BRI 2 A REI AL IS T B ).
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NS A E
TEX 1. AR PAT I 8] W ARE S T AR 55 AR DT A B & B (-1 28 4R AT I 1),
Ini(R;) = average{w, ,} (@9)]
q€Q

AL, B A T FIAL FESS py I R =,
EX 2. tlevel(n) 2 WML BN LRSS B ny MR KRR K EAN R ETIES n AL AT IN ), B
pred(n)7EAE55 n; I ELHEHTIKER:
tlevel(SourceNode) = Rg,,,.onode
tlevel(n;) = max ){tlevel(n/.) + C/,i}} (2)

njepred(n;
blevel(n;) i WA 55 n; Bt AT 55 () e K B AR (K L (BB AR 55 e A5 I IRAT I 18] suce(n) REAT: 55 n; I ELER
JE 4k

blevel(Sinknode) = Rg;,xou } 3)

blevel(n;)= max ){blevel(n/.) +R+C 3

njesuce(n;
EX 3. Kk (critical path):fT-55 &l o i1 die K 25 A2, o 21 7 Pl v dge DK IR AT AR A5 A QA PR AT 45 SR A
AR SR AR |L ol 22 SN
|ch| = ma;({tlevel(n,.) + blevel(n;)} “4)

BRSBTS B B AT R TR B T AR T AN R RS AR KU TE AT 55 7 FL B R — A b 3 S AT
G5 1) PR ARAN B S 0, AT 5 | F o B A28 1 K 3 A A U8 55 — D7 T T8 e SR 4 v, | AT 45 IR A A R A T I (1)
ST A AR (8] 1 3 AT B () AT 45 9 TiC 21 2 A 10 A 328 5 AT 25 AT AA T I i) A0 2 o508, AT 75 | G B i 12
A AR T LA — AN TR BE AP RS o T AR 2 A 45 AT (I OB AT 55 BUR AR T o048, B 28 JC B B AR 3 A2 M AT iR
D8R G BRI O A

EX 4. HHAT 5 (ready tasks): WIRATSS n; (157 1T IRAT 25 4 O & PAT 5E BE 808 WA HTIRAT 55, AT 55
J& T AT 55 AT 55 B BE AT ISt 28 AT 5545 & T AL 5 N D AT 45 {SourceNode} .

EX 5. B FE (schedule length): (45 B v (1) BT A A1 45 20 08 FE 58 B 05, H A 9% 08 38 2 56 1 [

2 DBLF &%

FE AT 540 2R G0 AT 55 TR 5 22 T, A AN AT 45 TR BAAT I Te) W 4 48 B 8 s0(D) ¥ 2 .DBLF k8 T4 3K
HE H RO E LU RAS DR

551 D BT S5, T I IS Wi AT 45 B IR 46 AT 55 b, B B KB blevel {8 BT 45 34T 14 2. 0 SR A7 AL
ZAMES HAT B blevel A8, W BEMLIE X LA B 592 5 e E

55 2 20 4y AL B T, A SRR A A S I IR AT 5%, b TR AR T LA RS AT i AT 45 AR TR g AT 1) e
AN 25 B IR AR A R, BT LARE AT 25 B8 Ah B4R R4 PE; 0 2 R4 S I 09 AT 55 K AT 55 1 N B T 5 vl iz
1T AL B 3% p 3% P B B /s Bt EFT(earliest finish time){i i 4b 2 2845 b 55 J5 AT 4543 i H bk 76 48 N 0 fic i
TEAE LT Jr

JRM L. AAAE A4 NN 8] B schedule(ng.p) R 7nAT 55 ny 43 TEAEACBEZS p; (O FF AR IAAT INF[R], 7R AL B 28 p; b
Y IE TGS ny~m,, 32 TT 46 I 1) FE A 21 05 HEZ1, BB no=031,,41=00. AT 4 A IR 8] 4y

avail(n,, p;) = max {schedule(n,, p;)+ R}, J&
k= min}{schedule(nm,pj) —schedule(n;, p;)— R, >=w(n;, p;)}

0<i<m
DRI Sk 38845 e #% (1 U 1) 7 25 AR B 0 U5 1) 7 AR, B LUBLE AT 8 €y TRalAG W#s Bi Il 4 A [B] B
avail(Cy, BT AR 5 24 X (S)HH L.
B XL 5 2005 T 5% R K insert(n,p) R aNGEAT 5 n 4 N B E RS p; (9 TF 45 16 1] insert(n;,p,) HIAE 1 EA
T 3 AMHBHREATLS n MEBATATS W e 8 245 n, 5ILE B IKAT S 2 (8] (T8 A5 58 3 [a]

®)
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(communication-finish-time, fiiFX CFT)(A3(6)) 4LPEIE p; BT 3N I R B (24 2(5)).
CFT(c,)=insert(c F(Pnp P, )) = max {EFT(np),avail(cp’i,F(Pnp P, N} (6)

insert(n;, p;) = max{ ma;(( ){EFT(nP),rI xCFT(c,)+c,)},avail(n;, p;)} 7
npepred(n;
Wb P, P, RIRATSS nn, YRR IS R P, = P, =075 W) =1,
R L. [ 5§E .8 ne A5 n 1 Lep BRI JG 8K ne,n; 73 T B 2 2 20(9) AL F1 45
EFT(n;,p;)=insert(n;,p;)+w(n,,p;)+insert(n.,p;)+w(n.p;) (8)
schedule(n;, p;) = miré{EFT(n[,p/.)} )
pje ’

i’

) BT — 20 A JSU U AE R AT 55 my I, BE8E i (03 LA 225 A 55 1K) i 7t e ST T g G 336 Ak B e b A I, 3 e L
Jev SR AT 55 1A o 58 F 1) KK

TR XV, S35 508 RAEAE 22 AN A B2 A AR 1) 14 cost {EL W7 i 7 A B85 22 1] ~F- 35 ) 2%, BILKEAT 500 2
U EE BUAE 55 B/ IO AR BE A b A0 RAT 55 1] P A7 A 22 4% SR BRI 42, X by ST LA A5 3 RE AN () 110 5% Bk 6 422 2 M A2
ANTR] AR Ak PR B AT B et AT I B AT B2 12 5 Ak 3de T AR B A i 2 F) 20 e 7 58 o AR 4 v S S Ak B g
AT, 5y HE AL TS TR X A A

%% DBLF &%

1.assign the average computation data to every task;

2.compute the tlevel and blevel of all tasks;

3.while not all tasks scheduled do

4.  select the ready nodes n, with maximum blevel(n,);

5.  if task n, is a hardware task

6. assign task n, to hardware, schedule(n;,hardware)=CFT

7. else

8. for each processor py in the processor-set Q do

9. insert the task #, into processor py

10. assign task n, to the processor p; with minimum EFT(n,,p;), if there exist more
than one processor, choose the processor with least utilization

11.  endif

12.  mark n, scheduled, adjust the ready tasks set.
13.  compute the tlevel and blevel of all tasks according to the schedule(n..p;);
14.endwhile with not all tasks scheduled

DBLF S5 & ¥ R 4R o).

R O B 2 /e ) T AT 45— IR B IR BUR s TR — AT 55 (R U8 B2 R 0,4 — AT 554 A\ (insert) 3 4b
AN T R AR RN O(n). Ak B e 7 A 55 R OB G Ak FFARNF g AN b BE2S b, I LA N 29 TS AL BR 25 1
N8 52 2% )5 2 O(2nxq). 1 B ARFANMESS IR 5 S5, 7 38 14T 45 B LA S 30 A 1 BLevel {H A7 il 45 14 R AL B3R M,
3 R I TR R A O(m),m R E P L % H .

DBLF S0A I R 52 4% A O(n(2nxg+m)), 2erh m (KA R n®, et o0 AT 5 n KT b P28 %0 H
¢, 5 NSRRI B 2 2 O(n®). i DBLF 5L )8 T #4501k, & — P8 47 10 ] B (pre-run-time
scheduling) 5 ¥4, A Ut 50K (AT I TR) R £ 52 000 H b R 2 Ia AT I 1 92 0k 9T L IAT I )G O(n) S ]
AT ).

JH DBLF 898 FE ] 1 s (4T 25 B, 3% R Ge 10 H b fd 3R 4504 LU B 2(a) i 18 5 5K B e SR I8 AT IS
RSB F 4 {1,3,4,2,5,6,9,7,8,10}, A% I8 A5 VR L I B BE K BE D 76,1 SCHR[9]H 1) HEFT &3 i B
J 4 80,CPOP S )1 BE K B o 86, F MH SEv:U oy i P A B ) 24 91 4F 2% F& I8 {5 6 0 R 4% 1 % Ji5 ,DBLF 51
AR RE N 85,45 AP 3 FiiR; it HEFT MK B U 86.
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P; n n3 ng ny
N i >
Py n4 ny ng ng nio
Py ns
B1 ns—>ny
B2 ni—ns
B3 1—>4 ni—>ns ne—>ng n—>no
[ [ [ [ [ [ I [ | >
0 10 20 30 40 50 60 70 80 90

Fig.3 The schedule of the Fig.1 taskgraph generated by DBLF algorithm
K3 DBLF S#ikxt B 1 fia e gs 1

3 X I

AT PPl DBLF S35 LR, FATHEAT T — R A ROBLUHTE 5T

PR PEE A S I AR 1A £ 1 F AR TR S 2R — 8 58 00 0 A ol B 11 e B R A R R AR 5 U
A48 LN XA S T LR O v )R R R D At R R T AR A S v 2 R R, PR A AT 5 A A 55 1
JEE G5 R VA7 AEAG 20 RIS T, R DA A 28 00 8 2 3 AT I 18] A0y S50 T -2 18] PR AN — S804 453 552 s ) 2 e 2y ¢
P v R L DL T e A o LU A R 4 SR P K
3.1 PRASHRE

AR A AL SN 2R Gt o T AR R BE VAN A A ELR th T AR R SR TR AN R SR T, B
JEE AR 4 it 55 A 95 50 1 J8 i AR DK VE BBl A e 3l 168 AN ) S50 (9 1R RE AT A7 280 AL EU R, BTN BAT BE AL
FrifE:

AH X4 B K ¥ (normalized scheduling length, i FX NSL)xE XUl T :
schedule _length
min, o>, s}
Forh R BR AR CP L AR AT 55 1R M B 1 A 55 AT I 18] 8% TR0 26 B (1 22 (1) P8 ) I 10 S B i A DR B R A% |
FRIAE 55 #0823 IC 2 AT IR 90 B L ) Ak P 25 L, o S QB K A B i A 4 55 O AT IR ] R 3 gl B ok 28 e 43 i
B RO SR 2R T I AN A 0 7 AT 55 1R RO PR B2 4 S B i AT 18 SR AT b i 2 55095 NS b SR KT 45T 1.

- 2490 2 R (speedup). v 5 H3 AT HUAT IS 1) S5 A0, B2 AT 55 B o 0 B A A 95 98 20 T 21— AN b PR s b i A0
FAT AT 3 AT 25 B P A (AT 45 [RTAR B TR0 380 4 0,47 25 B %) B AT AT B 0] ORI S5 T AT 45 0 i A0 4%
PRI PRAT I TA) SN di DK AT PAAT I ) S 0 55 T A5 BT A AR BE s b 1 ER AT KT IS T R e KA e K R AT AT I
T S5 R A VR PR 8 1 e KL, L A A B2 T E 2 Wit 5 A L 80 00 1 00 T P AR, i~ 249 9 82 AL 7 L

max,, (S, W}

schedule _lengthx processors _number

W LA B2 LU H ARG b 1) DBLF S92 R A 8 2 50300 A () BEATL P2 AT 38 82 0 242 1 0 38 2 4
FEEATAH B LA, HF e vt 55 I A i B S AH L DBLF SvE MR BE BT . 0K, A A AT 55 IO H | R I
T A 55 P R P2 A FE 04T SN JF AR B B 4 2R
3.2 BEALAE RKE

F I AL AR B 1R A B WL T 2 Bl e AR 0 AN () 2 B0 B A8 R P AN [ R I DAGss. 5256

NSL =

speedup =
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IS HUN R AT 555 ny AT 55 10 K H JE (out_degree Y5 T TS5 BN TERAILEL m) MEBLIREE g 4T 55 Bl
P340 30 A B[R] RS- 34 04T B B] 22 L CCR(communication-computation-ratio). [ IHIZ5 Hy T 386 H % A S 401 HL
HES:

SET\={50,100,200,300,400,500};

SETeex=10.1,1.0,10.0};

SETout_degree=11,3,5,n};

SET,~{4,16}.

R GE R B IR S H0T LA & 144 AN IR DAG B AEREFP 2 b A2 1% 1 000 1 Bl HL L T LA S 36 o
BEAL I A B BOR 2108 144K
3.3 BEHLERE RS R

D HEFT S35 5 m i ReR P Bt LUE I HEFT 595°), DLS 5734195 DBLF 5Lk BT P fE ELi 56 1 41

SE 0 A I A5 AT 55 008 P A ko R R G R B e BT (B 4() T 7ik), DBLF B3 B AR 1 B2 K B2 (AL T HEFT 557% 2

ANHE S RETF DLS 5095 9 ANE 4 58 2 21 5206 8 PR Sy () nad be I (an 18] 4(b) 9T 7R),DBLF 538 A A3 1
A X 20 S0 W, DBLF S35 7 FRARG R 55 K B O T A B S AR 34

25 T

1.0 1
24 T 209 I
%23 =
=% B g 08
%D 2 1 I [
5~ & 0.7
< 20 54
19 < 0.6
1.8 0.5
50 100 200 300 400 500 50 100 200 300 400 500
Number of tasks Number of tasks
(a) Average NLR for different number of tasks (b) Speedup comparison for different number of tasks
(a) AFEESHT-H NLR (b) AT (1 24 03 bl
Fig.4
K 4

4L SEIE W IUAT S5 B AR CCR LA AN [i) 1) A F 8 %5 I oF 81 32 R 6 1R S0, 1A HEFT S35 8 1ok
BiAL T DLS 895,124 T BIZE i, INAEZE 1t 41 i DBLF 581 HEFT S92 19 [ K% L& % 1 i “DBLF
less F1) 3R 7 o] [i]— AN BEATLAT 5 11 1 18 8 45 S DBLF 509 1R 8 25 K B 0 40 1R S v 4 H ;“HEF T less” %1% 7~ HEFT
oyt o AR P I 8 B0 E < Improve” 81 15 S DBLF S35 b HEFT 5092 1) 8 B K A 1Y 77 40 B
F 1 ATLAE H,CCR /N, DBLF 557 A e 3 A [ ), Ak B 3 A B0BE 22 , e 00 280 SR B A S8 i L, i 5 A 45 )
W AT 45 1 53 2 B 184 01, DBLF 035 (¥ U8 B K BE L HEFT 470325 19 V8 5 K BE K 10 ml i KoK A3 2 R A B 5
P ) 52 25 P (¥ 1, ) ] REAF A 22 4% OB I A8, T L DG K A% 2 0] ELAH 20, S 19 rank,, 5 SR R B R R
2 o {1 2 7 T REAR K, 35 A T DBLF A3k i e b = ).

TEREAU SIS R T 144K BT 55 Bl b 1 B B2 /T HEFT S5 4 62 904 AN, KT 14 2 272 /N5
A 8 624 AN, ST BEA B8 ok 1 73 L ol 2.58%.
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Table 1 Comparison of schedule results between DBLF and HEFT algorithm
(Taskgraph No. in every row is 1000)

% 1 DBLF 5ikL5 HEFT SL35k K g be s (5 — AT I BT 45 B 0 H 4 1000)

Schedule length
#oftasks | CCR # of processors DBLF less HEFT less Improve (%)

100 10 4 705 81 1.56
0.1 16 858 3 9.81

1 16 791 5 7.04

10 16 646 103 2.06

o1 4 917 0 2.2

! 4 887 2 28

10 4 843 1 2%

300 0.1 16 924 0 2.59
1 16 893 0 3.39

10 16 857 0 2.22

4 & i

VA B SV b oy A SR G P R H bR AR AT SE L0 G R 35, th I B A i, — H 2 i AR &K
P IRIAIE T3 K 2 B A B SRR A TR AR TR M R 4 3T R BT AN 4 R GE W & U R 59 E R I i
BLVE K 2 AN 18 22 0 9 285 11 3% 90 I 85 A R0 T A3 50 908 58 1100 556 W 7 08 £ 5% T S B ik N 5K R G 1 T 4 e 3 A
BORE L ARSCAEHIR T I LA L2 5 38 1 T —Foks B AT & B 2 5 ik A X RS (1 DBLF
B R 9T 0] UG 8 Sk A T B RS 7 T A 2 A T © A I &9k, i DLS &3k, HEFT R CPOP
S 0] LA R BARAT 25 B (8 A

References:

[11  Yen TY, Wolf W. Hardware/Software Co-Synthesis of Distributed Embedded System. Netherlands: Kluwer Academic Publishers,
1996. 1~57.

[2]  Garey MR, Johnson DS. Computers and Intractability—A Guide to the Theory of NP-Completeness. New York: W.H. Freeman and
Co., 1979.

[3] Kwok YK, Ahmad I. Dynamic critical-path scheduling: An effective technique for allocation task graphs to multiprocessors. IEEE
Trans. on Parallel and Distributed Systems, 1996,7(5):506~521.

[4] Hou ESH, Ansari N, Ren H. A genetic algorithm for multiprocessor scheduling. IEEE Trans. on Parallel and Distributed Systems,
1994,5(2):113~120.

[51 Wu M, Gajski D. Hypertool: A programming aid for message passing systems. IEEE Trans. on Parallel and Distributed Systems,
1990,1(3):330~343.

[6] Sih GC, Lee EA. A compile-time scheduling heuristic for interconnection-constrained heterogeneous processor architectures. IEEE
Trans. on Parallel and Distributed Systems, 1993,4(2):175~186.

[71 EI-Rewini H, Lewis TG. Scheduling parallel program tasks onto arbitrary target machines. Journal of Parallel and Distributed
Computing, 1990,9(2):138~153.

[8] Wu MY, Shu W, Gu J. Efficient local search for DAG scheduling. IEEE Trans. on Parallel and Distributed Systems, 2001,12(6):
617~6217.

[91 Topcuoglu H, Hariri S, Wu MY. Performance-Effective and low-complexity task scheduling for heterogeneous computing. IEEE
Trans. on Parallel and Distributed Systems, 2002,13(3):260~274.

S https// www. jos. org. cn




	问题描述
	DBLF算法
	实  验
	比较标准
	随机生成图
	随机生成图比较结果

	结  语

