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Vi, Yrpary =1 (D

Time_pre;y, Time_body;,, Time_post;, (TZZh,
B2 BEDORT 4 ALy NIZHEISNTHEICBT 5,
BIALER, AT 4 RBUFDO AL v ROETHMTH S, F
72, TRLOMITESEMELLTEALND. LER-T
ATALER, RT o, BUHEORA Ly ROERITREMEERT
time pre;, time post;, time_body |ZIRDEY IZ725.

Vi, time_pre; = Y. Time_pre; ;, X par;y 2)
Vi, time_post; = X, Time_post;; X pary 3)
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pre_intra; ;i3 % A 7 iOFLEE LOYEHDORT 1 AL
Y FRRRL2aTICvy 7INDLEIC1DOEL LD, F
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map_pre; ; 3 L "map_post, 134 A 7 i OFTLHL & 14 4L 51
MENENEKFEROATIZY vy 7SN HEIT 1 Offix &
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RT 4 ALy RPkFHOaTIIvyFEankEEiC 1 ©
Bx L2 0-1IRELELTHS.

Vi,j, pre_intra;;

_ {O if map_pre; . = map_body; j for any k

1 otherwise
(7
Vi,j, post_intra;;
_ {0 if map_body; ;. = map_post; for any k
1 otherwise
()

start_pre; 3 L O finish_pre i3 EE, ¥ A7 i DR
HIZHB T DA B L O TRER 2R3, FERIC,
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start_body;; ¥ £ O finish_body;;, start_post; % X O}
finish_post i3 ZNEI, BT 4 AL v ROBIBIFZ &% T
e, ZALPROBHAAIZ] &/ TR 2 R 9.

Vi, J, finish_pre; = start_pre; + time_pre; Q)
Vi,j,  finish_body;; = start_body; ; + time_body; (10)

Vi, J, finish_post; = start_post; + time_post; 11

ZOBIZ, ALy FRIOBEZEET D L LT ORlKA
BHFEEIRD.

Vi,j, finish_pre; + comm_intra_pre;; < start_body;; (12)

Vi,j, finish_body;;+ comm_intra_post;; < start_post;
(13)

BEDORT 4 ALy RiZ~AF a7 ETMSICETT
HIENTED., TNOEBORT 4 ALy RIZWFH], 12
RBipnary ECEITSNDD, HDHWIE, FLar ETE
TEa3N5. BEOHRE, RA—RAZBONTEZDO AL v R
ZlRl—D a7 ETHEITT D ERMHERD. ZOBRG
RO XSRS ND.

Vi, j1,j2,k (j1 # j2), (14)
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map_body; j1 . = map_body; j; i
- (finish_bodyiljl < start_bodyi_jz)
V (finish_body; j, < start_body; ;)

ZZETALy REICRT 2 BIARE L ONERFHIK
WWHEHLTER., Z A7 BICHon TS RERICETRHK & IE
il EMT- T HER’H D, L L, KL CTIEEIET 5.

RWFBICBT DAV a—0  THRIBEOBBIL, A7y
a—nVE (AAT7ARY) OFFENTHD. Thbb, K
MBEIC T 2 BBEEIIROEY 1272 5.

Minimize: max;{finish_post;} (15)

KAV a—1 v ZRETEEHEREE L TERAE
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NWR— ETCRS 2 ENTE D,
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4 a7BLO8aTO2MELBEL TNE. KL
N—1Z1X TLOG CP Optimizer 12.8 ZfH L T\ 5. KI5
TR LA Va—U v 7RBIRIERICEMCH Y, R
ZEIDN RN T2 8 FEFAM 7 R NI cilifig 2>k od 5 2 & 1X A
WThHD., TOD, ARBFTETIIRAREZ SH & LT
BEE L, ZORRICBITDHRMEZOFIEIB T DML

LCRMmIZHWS. 7eds, FEBRREIX Core 19 7980XE
2.6GHz)7 vt v+ ZHEHALTEY, EillEiX 128GB TH
5.

AWFZETIE, HTHEE LT D 4 FiEEZ A0S,

Max: KA A7 1IE2THOaT ETEITEINDS. SV z
DL, ENENDOEZATIINAT DX =7y RV AT AIZ
BOTNEORT 4 ALy RizpBlans. L TERG
DY AT ITBERNCFEITEND.

MS: SCER[10] CIRES N TW B A EWH|EX R 7 D A7
Ta— ) U TRETHD. ZOFEIEAFOFRELITRER
D, ZAZIZBITDIDETORT 4 AL vy RIIFEFHIBLA S
N5ZEEBELTND.

MFJ. AR TREL TS, AIENSIE Fork-Join i & 2
TDARF Y a— U U TRETHD.

MS-FJ: 2 BEfE D & 22—V R T ¢ v 7 7o A2 5] i
Fork-Join # AV DA a— 0 TRIETHD. HHDD 1
B¢ MS FIEZAWCE X 27 OWHIEEREL, FEY

DA4BEMHTALV Y RORATF P a—U T 5I75 FIETHD.

3.2 EE#HER

B2 (a), OIEERERZRT. BlIZ R 7T 7 %R
L, fSIMNOBIIKE X A7 7T 7ICNEBEND X AT %
RLTWD I H AT 7T TDAr Y a—NEERL,
AT AT Max FEIZ L » TIEH{E L 7=,

K2@itd4 a7 2l &0RFrYa—) U IERT
»7%. MS Fik, MFJ FESC MS-FI BikIZZ £ Max F
BIZHARD L, BT 62%, 16.0%, 12.6% A7 a—)b
FEZHETHZEICRIILIE. FEALEDEAT, MFIF
ER 4 OOF TR BWLREREE

H2bE8 a7 2Nt xDRFrVa— Vv IERT
H%. MS Tk, MF] FE, MS-FI FETZENENFEET
7.7%, 8.1%, 232%A Y 2 — /L EOH/NIEH LT, 4
a7 DA ERRDELE LT, MS-FI FEN 4 DO HF T
HEWHEREZETWAZ ERETONE. 2k, 8§ a7
EROWTEHGAEICIMERPEXRLL, SEENPERIZRS
To I SR & D TN MFI FEIZR WA 7V a2
—NVEEZRLIZEDHBETHLINLTHD. £, WD
MO — A TIEMFI FEFIMS FEL Y b EWLEIREZ R L
72, FO—FT, MF] BFlEOt 2—Y AT 4 v 7 72Tk
Td 5D MS-FI FiEIL MF] F1E L0 bR iEZE M o8
REITHZENTE . LI - T MS-FI FEN RS RV
A a—NEEBDLILNTERELEEZLND.
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4. BHYIC

AFaTIL, #AZBEALV Yy FRIOBREAZE L-HE
e VT aTIZ KD RIEWHIE Fork-Join # A7 DAY
2=V T FEERE L. BETHRE, &4 27038
DALy FIZHaBEI SN THINZFETSNDZ & &2FFL, W
FIEDRE, ~LVFay b~dD<~y & J, BRI AFY
2— V7 HRFEIRIZIT . RBRIZBWT, /MR 27
7T 7BV TEIARFR CTRE LI FENFAEE R L,
BAT T T TORENRKE L RDHIZON, BEFEEZIH
WWRESEZE 22—V AT 4 v 7 FENFRATHLZ &N
IRENTZ. BRIZSDICBENRT 7Y r—va vy EHN
BRI 7T 7KL T, LvEdEkba—RT w7
FIEORELFHEL TS,

I AR, XA T HRAa (R4 )
EAEVHRASE) OIEITLD.

SEXH

[11 M. Drozdowski, “Scheduling multiprocessor tasks: An overview,”
European Journal of Operational Research, 1996.

[2] P.F. Dutot, G. Mounie, and D. Trystram, “Scheduling parallel
tasks approximation algorithms,” Handbook of Scheduling:
Algorithms, Models and Performance Analysis, 2004.

[3] Y. Liu, L. Meng, L. Taniguchi and H. Tomiyama, “Novel list
scheduling strategies for data parallelism task graphs,”
International Journal on Networking and Computing, 2014.

[4] H. Yangand S. Ha, “ILP based data parallel multi-task
mapping/scheduling technique for MPSoC," International SoC
Design Conference, 2008.

[5] H. Yangand S. Ha, “Pipelined data parallel task
mapping/scheduling technique for MPSoC,” Design Automation
and Test in Europe (DATE), pp.69-74, 2009.

[6] J.Sun, N. Guan, Y. Wang, Q. Deng, P. Zeng and W. Yi, “Feasibility
of fork-join real-time task graph models: Hardness and
algorithms," ACM Transactions on Embedded Computing Systems
(TECS), 2016.

[7] K. Lakshmanan, S. Kato, and R. Rajkumar, “Scheduling parallel
real-time tasks on multi-core processors.” I[EEE Real-Time Systems
Symposium, 2010.

[8] C. Chenand C. Chu, “A 3.42-Approximation algorithm for
scheduling malleable tasks under precedence constraints,” IEEE
Transactions on Parallel and Distributed Systems, 2013.

[9] H. Nishikawa, K.Shimada, I. Taniguchi, and H.Tomiyama,
“Scheduling of malleable fork-join tasks with constraint
programming” in Proc of International Synposium on Computing
and Networking (CANDAR), 2018.

[10] K. Shimada, I. Taniguchi, and H. Tomiyama,
“Communication-aware scheduling for malleable tasks,” in Proc.
of International Conference on Platcon Technology and Service,
2019.

[11] R. P. Dick, D. L. Rhodes, and W. Wolf, “TGFF: task graph for
free,” International Workshop on Hardware/Software Codesign,
1998.



