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Abstract: MTLS algorithm is proposed to evaluate the result of Software/ Hardware partition and verify the validity of the parti-
tion. Multi-Task graph is proposed since the single task graph is not enough to describe the multi- processors system. Hrstly, a
Software/ Hardware codesign system is set up and the flow of Software/Hardware codesign is described. Secondly, the object
system is formalized by DAGs. Lastly, MTLS algorithm is discussed in detail. In order o \erify the validity of the method,
three previous algorithms are suggested. The performance comparison study shows that MTLS algorithm is better than others.
Key words: Schedule; Allocation; Performance Evaluation; Hardware/ Software Partiion; Multi-Task Graph

( SOC) SoC 2] ,
SoC 3] Dick

: MD ;
(4

MD( Mobility Directed) ', HNF( Heawy Node First) ', HLFET
( High Level First with Estimated Time) !” ,

, MTLS( Multi-Task List Scheduling) MTLS
, , , MTLS
1 SOC
(4 Yuan Xie
1.1 SOC
Wany Wolf )
: 2004- 06- 06; : 2004-07-21 1 ,

“ 863" (2002AA1Z1490) , IP



: SOC

53-
/ :DAG={D,,D,,...,D;}, D,
IP yDi={NE}, N={N;, N, ..., N}, N
IP , P , NC; N, , NP; N,  E={ En oy
IP ENlaNg! ) ENiaNj} ) ENi_.NJ- NJ Ni NJ
1 ENi*Nj ’
IP , 1 indegree , outdegree
, , Sink
) sink
, deadlire, sink EXT
1.2 SOC data ST
, 2 EFT( Earliest Finish Time)
, : src N, p
2 , , ENPik_’ N » W= 01 ENPik Nt
, w=1( w ) EFT
MTLS
EPT EXT
[ R D s e pl NPy N+ WEey g
a5y f :
DAGs ST T 3 LFT( Latest Finish Time) N
= 7 éjl\ LR P A l ! ‘
Bl gt | IOV PPRgR M kg (XX P , LFT
b Pareto ﬁzij‘ 7 lﬁ - NC-LFT _ NCE|_—|' _ EE
REAIE = miny¢ < p{ NCiy i~ WEN; k}
A ) T _
i) PR A ] ﬁil}[%ﬁ Nil sink
4 i 1 7
G = N, sink ,N“T = deadline
FHIE BEfUieH || PRI ; -
R e )) (£ Hisfith) 4 mobility N E
K1 AR S &2 iR o mobility LFT EFT
mobility = LFT - EFT
; ; N E  mobility
1P IP Egnbility = min{ Ny ijobility}
: , 5 CP( Critical Path) : src
, , sink Cntical ,
, N E
' ' 6 BD( Bottom Distance) sink
) ) maX; . < ID{ NfT + Nc:akD +wed T
N.| sink
5 N, sink NP = NPT
2.2 MTLS
2.1 2.2.1
, RISC ASIC
: CPU CPU
: ASIC , :
, DAG'® ( Directed Acyclic Graph) :
DAG : 4 , DAG
N - N, N, N, ,
: BD :
( ) ;
DAG : mobility mobility

DAG



5. 2005
LEXT, pow idle . _ z EXT
2.2.2 (Ej Bus"™. Bus®™. (ST ;. o Ei ))}
3
2.2.3
, CP, mo-
MD
ili BD 2.2.1
bility : HNF
’ ’ ; HLFET
CPU, CPU ’
: CPU ’
MTLS
, CPU
, ) , , DAG
, 4 , DAG ,
N; IP PE, E; IP Bus, IP; ={ PE,,
' ! {PE: DAG 10
PE,, ..., PE,, Bus}, PE=PE, PE, PE, IP, PE,
P IP, IPList, IP, j ' _ ’
) ) , sink 1 400 MTLS
S | T TaskList, T;
CP(CP 1 ),
N.
' mobility, BD, IP
Tij:{ Nil,NE,...,Nij},IPi PE .
, 1 (mb mobility)
Ty ={Ey Ep.....E}.IP; Buws
TaskReadyList ~ TaskCom- RCE T {E 5 P
pareList, TaskReadyList ’ [ 18 EFT,LFT,CP,mobility,BD |
TaskCompareL.ist ﬁ%ﬂt%g&
1R AT 55 CALIE T SRR
MTLS | WL AL T (T -
:DAG={D,,D,,...,D;} FPEPEIF TR PR DL S AR AL B  B
. ST THOREPE R SR B T TR
schedule( DAG) : PP TR T2 SR AT
IPList, _ T L5
for( each IP;;  IPList) =
whil (Tt;ajk;_ = ESIREIPEHE (LDAG2
e e -8B Sy
for( each IP,  IPList) K13 MTLS $EREIAL Sk A K4 DAGs
Tije = find_execute_node ( IP;) ;
T;°=N; E(0<i<s+1); DAG, N;,, 1310
mintin_’lre = mln( NiXt, NzeXt, y NEXt, EeXt) ) ’ M-I-LS 1 310
Tcijread/ 1: MD, HNF, HLFET , . MD
ST+ = mintime; 440 , HNF 1390 ,  HLFET
If( IPList = ¢b)
return ST 1470 MTLS
find_execute_node ( IP;) : 1
for( each Ty  TaskList) 1
setcritical( ) ;
setmobility( ) ; G N ce | BD mb | PE, PE, PE, PE,
setbotdis( ) ; 1 N, 1 1020 390 210
T TaskReadyL ist; 1 N, 0 540 780 270
for( each T,  TaskReadyList) 1 [ Ng | 1] 690 970 780
TaskCompareList: 1 N, 0 180 390 | 300
for( D DAG) 1 N5 1 360 500 1130
if ( Tr” D) 1 Ng 0 30 390 1160
i 1| N, | 20 770 1310
e 2 N, 1 | 1160 240 200
TaskCompareL ist ! 2 | N, | o | 740 490 300
for( each T{®  TaskCompareList) 2 Ns ! 840 240 520
) 2 N, 0 580 620 | 500
.. 2 Ng 0 490 490 570
return Tij 2 Ng 1 520 240 | 880
ST , 2 N, 1 320 240 970
2 Ng 0 160 280 930
’ ot 2 Ng | © 50 420 1020
ST, N N™*, 2 | Ny | 1| 110 240 1280
EXT pow ide
E; Bus Bus ,
, 2,4,6,8 , 5
= EXTi,  NPW ide - NEXT
pover = sl o d N NN (ST NTD ) o DAG , , MTLS

Eij Dk




: SOC

55

, MTLS

MTLS

HNF
HLFET

[1]

N W A

PR ]

[ 2]

4 6
DAG ML

B L £ [ 3]
K5 TERELE

MD :
[ 4]

, HNF

[ 5]
[ 6]
[7]

[8]

, MTLS

(1979-), ,

upta R, Micheli G D. Hardware-Software Cosynthesis for Digital Sys-
tems[ J . IEEE Design & Test of Computers, 1993: 29-41.
Yuan Xie, Wayne Wolf. Cosynthesis with Custom ASICs[ C] .
ceedings of ASP-DAC2000, 2000.129-133.
Eles P, Peng Z, Kuchinski K, et al. System Level Hardware/ Software
Partitioning Based on Simulated Annealing and Tabu Search[ J . J.
Design Automat. Embedded Syst., 1996, 2( 5) : 5-32.
R P Dick, N K Jha. MOGAC: A Multiobjective Genetic Algorithm for
Hardware- Software Cosynthesis of Distributed Embedded Systems[ J] .
IEEE Trans. on Computer Aided Design of Integrated Circuits and
Systems, 1998, 17(10) : 920-935.
MY Wu, D D Gagski. Hypertool: Aprogramming Aid for Message-
Passing Systems[ J] . IEEE Trans. Parallel and Distributed Systems,
1990, 1( 3) : 330-343.
B Shinazi, M Wang, G Pathak. Analysisand Evaluation of Heuristic
Method for Static Task Scheduling[ J] . Journal of Parallel and Distrib-
uted Computing, 1990, 10( 3) : 222-232.
T L Adam, K Chandy, J Dickson. A Comparison of List Schedules for
Parallel Processing Systems[ J] . Communications of the ACM, 1974 ,
17(12) :685-690.
Markenscoff P, Joe D. Computation of Tasks Modeled by Directed A-
cyclic Graphs on Distributed Computer Systens[ C] . Circuits and Sys-
tems, IEEE International Symposium, 1990. 2400-2404.

Pro-

SOC
SOC
; ( 1980-) ,

(1980-), ,
(1943-), , :

; ( HTML, ASP )

[1]
[ 2]
[ 3]
[ 4]
[ 5]

CBDSCM , [6]

ERP;
B/S

, CBDSCM

W Brown, K C Wallau. The Current State of CBSE[ J] . IEEE Soft-

ware, 1998, 15(5): 37-46.
, , . [J].
,2002,7(2) :201-204.

Hofmeister C Nord, R Soin D. Applied Software Architecture[ J . Ad-

dison-Wesley, 2000, 3: 61-96.

[J]. , 1995, 6:219-225.

Reuse Library Interoperability Group. Uniform Data Model ( UDM)

for Reuse Libraries[ R]. RIG: Technical Report: 0002, 1994.

’ ’ ’

[J. ,2000, 28( 8) : 20-23.

(1974-) , , ,
(1945-), , ,



