el pole @ pis
DD 5,50 5

oMbl (5,5l 5 Ll pole
Ol FoealS ool (sole w23
IVAF LY o)leds VY aloxe
FTY Clorio

ol dlio

S yLS b 55 yo o 0T 65 5l bl )l g by lojod Guiplo) 5 bl

Slama s

GBI (6 s dabld

soblas al -yl

L)‘)"‘ ‘Q‘J-QJ Wald oKidle ‘Wi 6‘3 ouSuisle

CRWE

)l glaiwe oz slaa il i agy Soop Gler b gy J> Ban b lbls)l g cslby losen i yaalp 51y o855, S5y0 o soiple; 5 bl (s5dase S allis oyl yo
OSoné sladzely odsi 5l 6 pS sl CoblE s eSS (giludnd Gz &5l 6095 5SS e ysSl )0 posses,S (s JESLe 5l 10,55 b soleiia (S3gle 050
S Sils s (g, A Camd Glojed gaiole) 9 SIS [0 a5 s e lis (65995ST Sl glad o Slaolesl w2l 5l b Judos ol diy Soop Olsz adgi log malS cys
Soop lez e bolyen dyal flog ;0 e s 9900 780 31 i sl LSl j0 5 7Y ¢ dgam sanle) LS le )0 lawgie jsbay 5 cunl (510565 5 (295 Sl o Ken e ju

s o las | age

BT 65,3l (gonyle; e oS (gluand (i @l e, sl Sy bl g by (ganyle; il a1 guadS GlodS

5 g J oY) 5,0 B pae sim Gla s 4 oS L g o)l 8 Az
Cgwo Cotw s laddlus 5l glauaas Lgl.mA..;";lJS &l Q] gy S0
OlF Gk 5l Wlgi oo glaind ST owijle n S Sldos LWl B Aty 0sd 0
Al Basle JSie ol oy ol Bl a ogoly (uilS 5 ol 3y s
L glawaas glaa sly ol a5 oaislo s uilS 8 ancig 0,5 sgume
@S Lol (sl b o o [0] [F] aas oo gom yieS slouils 3
L sl ST oas;ls il )8 aoli8l iy jos caomy asags sleo )l
L slooasls p an s i asl 658l wilgs sod 0sjlo T (65lus yoien
o sbol ot L8] cund @500 S lows slosls SlbLs I b g ol slaaias
oS Cel Lo )5 55 UsS wlbls)l g Leaiby ganple; 5 bl a5
i3l e laredsy lajed &g ol dlud pdiz g p Sy LIS O)g0u
I V] g 12l o TS
L5 opomd S s YU LS L sl (sl Lolis 33l

O UT RN PRV SHACC Y PRVESRP TIPSV BPS N NL <

doddo —)

acil oo (b i 5l sl atee laas Jold wislss so oan] laail
YL s Sz L adly S g wlad )5 )18 oo LS abls G g0 oS
ol sanple) 5 el oloasl s i Jlus o ipge 5 N oS sl
9 lby Glosen auple) § il slal oS5 Ly oS conl 4Bl 5 (45,0
ol o IY] el o o ole Julis 5Ls g NP coen bl g4 5 Olbls)|
9 Wl o 3l Wliss sl iy wsangle; § Sl s 4 20

‘f“‘ijbﬁtsﬂ R cgl)l 5&6)9]93
TERISY) oSS -Y-)

Soa b Lyl olbls)) s alby ployes ganple; 5 il dlw Jo (951

Sj5 O3y yy SiseSS j0 S5yo g iyllhy Sy (655 Bras (g5luaias



Y (sole Wio) .. $5y5 0 o1 6550 Slbls )l g cnllsg lojed (sl § il (goipan (5, Kme B g goblas

. \# . . . V0 . . . \f .
Sty g b3 e Ghyasliy Tlgrie Jad sl o e
Ol et 5 Glader aiz (Saz bl B slo e " bgle oo s
Loyl L Slacal g3lwarcion b anseS lanie o ool (s3,a00, (3] aiien

DS oo oold 380 Dloz e b 380 Sl sl 1) s 08

Loaily Gl aog Sl a5k b dles g glad Sowmmn
bl g (ol lemmen Slles 3l Slosiy b el 5 gomnle) Slojen
DAl ass o el |y dlae ool J> slagss, al)] del 0gad ial33l
S 39 bl b o3l cojslainden b ojgkaie ol aillgs co g, (n)
Wy JolS Jmoly an U a5l so (232 Sl oaijle slaglaadlSe .ansly
Oty U dllass slas (40,5 )5 9 sy oxw o BB slaglaaslse
Sy, 5l @bl Seis e yssl g (o 1 sanple; I 1) Slsr S 4
it s BB g oaisle (oS 5l o glatedan (slanilSo

Initial Configuration
Input: Task Graph, Architecture

4

Level One: Task Mapping
= Allocate Task to Virtual IP

!

Level Two: Tile Mapping <%
= Provide Physical Position of task ]

= Spread out Tasks

|

Level Three: Routing Path R
= Provide Communication of tasks

= Allocate Link Bandwidth

o= S ‘;l
l f" D= )
o I
Level Four: Scheduling e <P
= Construct Overlap-free Task Execution \
= Determine Non-Overlap Communications 5 5
Output: Trimming of Task & G ications
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1 compute EST(j), LST(j) and level(j) for all tasks;
2 compute avgE;// Average of execution time

3 CurrentTime = 0;

4 while there are Unscheduled tasks do

5 CurrentDelay = 0;

6 RT = ready tasks in non-decreasing order of level;

7 for each JERT do

8 initial invalidCount and fastest Core info variables;

9 for each m€EM do

10 ifprocm can execute task jthen

11 if core m at CurrentTime is free then

12 calculate end time of task; on proc m;

13 if deadline constraints of task; is satisfied and
isWrappAroundValid( ) then

14 compute energy profile for one Hyper period;

15 calculate peak temperature for all cores;

16 if energy constraints is satisfied then

17 cchild = find child of task;;

18 calculate end time cchild;

19 if endTime[j]+endTime[cchild] is minimum then

20 update core for task; and its child;

21 CurrentDelay = 0;

22 else

23 CurrentDelay=DelaylInsertion(G(V,E), j, m, currentTime);

24 update core for task;;

25 else if core m is not busy then

26 InvalidCount++;

27 else if core m is not busy then

28 InvalidCount++;

29 iflnvalidCount = | M | then

30 return INFEASIBLE;

31 else if core is valid then

32 assign task; on best core ;

33 best core is busy for end time of task;;

34 ifCurrentDelay> o then

35 break; //allow no tasks to start executing between currentTime
// and currentTime + currentDelay

36 calculate nextSchedulePoint;

37 setidle all cores that become idle at NextSchedulePoint;

38 CurrentTime =NextSchedulePoint;

39 update EST(j), level(j), for all unscheduled tasks;

40 return FEASIBLE;
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1 for i= 0 to nScheduledo

2 for j= 0 to nSelectdo

3 if j=0then

4 forlI=0tok do

5 dpVecl[i][j].meet [1]=0;

6 dpVecl[i][j].maxTemp[1]=Lax;

7 else if i= 0 then

8 foro=0tok do

9 dpVecli][j].meet[o]=meet[i][0];

10 dpVecl[i][j].maxTemp[o]=maxTSchadule[i][o];
11 else

12 // Calculate candidate Iy j.,

13 forlI=0tok do

14 calculatel ;. j.;.meet[l];

15 calculatel’ ;. j.,.maxTempl[l];

16 Fi.j = calculateexpected peak-temp dpVecl[i-1][j];
17 Fi.1j.1= calculateexpected peak-temp I'.; j.1;
18 if Fii S Fiaj then

19 dpVec[i][jI=T i1 15

20 mark iy schedule;

21 else dpVecli][jl=dpVec[i-1][j];
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Benchmark Type Task No. | Edge No.
Auto- 3x3 Homogenus 24 21
Consumer-3x3 Hetrogenus 12 12
Networking-3x3 | Homogenus 13 9
Office- 2x2 Homogenus 5 5
Mpeg4- 3x3 Homogenus 12 13
MWD- 3x3 Hetrogenus 12 12
Jpeg- 2x2 Homogenus 8 9
vopd- 3x3 Hetrogenus 12 14

Index | Core

1 AMD K6-2E 400- MHZ/ACR
AMD K6-2E+ 500- MHZ/ACR
AMD K6-IITE+ 550- MHZ/ACR
IBM PowerPC 405GP- 266 MHZ
Motorola MPC555- 40 MHZ
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*Semiconductor

*Multiprocessor System on Chip (MPSoC)
*Power Density

’Leakage Power

Deep Submicron

"Embedded System

¥ Application

’Constraint

"®Hardware Task

"Software Task

Digital Signal Processing(DSP)

" Accelerator

' Integer Linear Programming (ILP)
' Condition Linear Programming (CLP)
'®Non Linear Programming (NLP)

'7 Mixed Integer Linear Programming (MILP)
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""NP-Hard

2 Constructive

*! Transformative

22 Branch-and-Bound (BB)
“Heuristic

** Genetic Algorithm (GA)

% Simulated Annealing (SA)

%6 Network on Chip (NoC)

%" Pareto

20ne-point Crossover

% 2D Mesh

**Non-Preemptive Scheduling
*!Critical Path

32Lognormal

3 Mesh

3 Directed Acyclic Graph (DAG)
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