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Abstract This paper proposes a technigue to select processors and hardware IPs and to map the
tasks into the selected processing elements, aming to achieve high performance with minimal system
cost when multitask applications with real-time constraints are run on a multicore SoC. Such
technique is called to ‘Hardware-Software Cosynthesis Technique’. A cosynthesis technique was
already presented in our early work [1] where we divide the complex cosynthesis problem into three
subproblems and conquer each subproblem separately: selection of appropriate processing components,
mapping and scheduling of function blocks to the selected processing component, and schedulability
analysis. Despite good features, our previous technique has a serious limitation that a task monopolizes
the entire system resource to get the minimum schedule length. But in general we may obtain higher
performance in multitask multicore system if independent multiple tasks are running concurrently on
different processor cores. In this paper, we present two mapping techniques, task mapping avoidance
technique(TMA) and task mapping pinning technique(TMP), which are applicable for general cases
with diverse operating policies in a multicore environment. We could obtain significant performance
improvement for a multimedia real-time application, multi-channel Digital Video Recorder system and
for randomly generated multitask graphs obtained from the related works.
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util(t,, By) = {(E\a,,, B,) +comm(ay, )+

(E(blz,P )+ comm(b12 )) +
(EXdyy, Py)+ comm(dy )}/ T}
= {(7+1)+ (10+0) + (15+2)}/40

= (.88
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AN AGFxAE e dFHLca 5

P 1 PZ P1 PZ
a, | 14 | 8 a, | 17 | 66
by, |15 | 10| | b, | 18 | 83
Gy | 16 | 13| | cpy | 19 | 108

Iy 5 7848 Taskz2] Module-PE profile Bl°]&

u}?__l Task:BUtF $4497F %e Taskso]l FojAth
FH7)o g FHE 7 ZRAM olGELS ol
z_:}o] Al A4 Aotk Taske= P& AMESIA &%t
7) BEel utillts, P WA &3, 24 Tasksel th

g P19 o] &84 A 74]’\15101 2t
util t3,P {E(clg, ) + comm( Ci3 }/T+
{(Elay, P) + commlay, )+

(E(byy, P, )+ comm(by,))+
(Eeyy, P,)+ commleyy )}/ T,
={(4+3)}/40+
{@a+0)+ (15+0)+
= (0.175+ 0.75=0.925
A71A az, b, 28I, cno] EAHIE] 0o] ® A
& °l§ EFU M2 PieE WFHN] dEelch
Module-PE profile ®lo]&-& 73418 Aodmn 41
g&o 19 69 Felstach

(16+0)}/60

1 : Algorithm I : change module-PE profile table

2 : While if a node n,, to be scheduled exists do

3 For each processor P,

4 If (P, is HW) then

5: 1f (P 1mp1ements 1) then E"(ny;, P) <= E(ny, Py):
6 Else E™"(ny, P,) < INFINITE:

7 End If

8 Else /¥ is SW #/

O

weight <= get accumulated processor utilization ():
10: E"“‘(n,, Pk) <= E(ny. Py 1/(1-weight):
11: End
12:  End For
13: End While

14: End Algorithm I

1% 6 Profile HlolEg WAAAFE ¢ndE

a A#, 29 29
o] HMSe| Z 2 AN
2 HAHUT

4.2 E§A3 HE HE 7[Y

(Task Mapping Pinning Technique, TMP)

old B 7ol ¥ 49
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a8 739 22 FZE 7INE Tasksel F712 Foidt
3 7R3 BA.

Tasky
Period 120
Deadline 120
P,(20) | P,(100)
asy 6 3
by, 8 6
[ 10 9
day 5 3
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b Re gaag Aol Re maAde $uHos
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a9 125 AE YRS 3-WAZ TR Ao
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3 7} "Hl2ase] AEE F JEAE FASE Aol
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600 BEASI=TA  A2E 5 o] A 3B A 9 3069

current system index | Proc. Id | Task Id | Makespan | Period | Utilization
cost 0 1 2 45 60 0.75
20 1 1 3 29 120 0.24
(@) P1o] ALE 7458 Ze, dA4 A&Y 7HE = 20

Task Id | Makespan | Period | Utilization

1 35 40 0.88

Index | Proc. id
current system
cost 2 2
100 3 2

29 60 0.48

4 2

23 120 0.19

P 1 P2 P1 P. 2
a; | 6 | 3 a; | 80 | 25
b, 6 by, | 106 | 50
Ciy | 10| 9 Cy | 133 | 75
dy| 5 | 3 dy, | 67 | 25

(@) ‘)33 s 4o 2§ Tasks +& 2%

P 13 15
! R l €13 S,
P2 A4 I S, bsy l R, I die I
7 8 18 20 35
Task,
P ay ‘ bz, l Cz |
P, 14 29 45
Task,
Py
P, ay | b,; [ €33 | ds3 |
3 9 18 21
Task,

(b) B714A £& A+
¥ 9 ‘g P AT FridA 28 2

= 143)& g7l g&el Agdck it sk 3% 11
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Task, | Task, | Task; | Total
P, - - 0.24 0.24 P, an brz . s
P, - - - - P, [ 14 24 29
(a) Tasks?} 2#A& | ¥ 371 4
Task,
Task, | Task, | Task; | Total Py o by o
P, - 0.75 0.24 0.99 P, 14 29 45
P. - . - R
2 Task,
(b) Taske?t 2AZ & F F37) 4d) Py
P,
Task, | Task, | Task; | Total : 2 |7 Bz 1|7 ki z|o s p
P, - 0.75 0.24 0.99 Task,
P, | 088 - - 0.88 (d) HMPSdl| <3 #F & 2%

(¢) Taskiol 2A2 ¥ % %37 Ad
7Y 10 B A Y] EdAAAM] Z2AAN FH7] Y&
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Architecture templates
(Initiat architecture}

BUS

Behavior speciﬁcatiQ
(task graphs) ‘

Initial execution
time table
Modified execution)
time table
Utilization PE Alfocati

Accumulator Controlier

Module-PE profile table
{Execution time table)
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A 4

Heterogeneous
Multiprocessor
Pinning Scheduler

ks

. Processor utilization
Scheduling table of higher
result priority tasks

. _Fail

schedule file)
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Reorder all tasks for
their priorit

——P!ielect the lowest priority task

Select the highest priority task
among unscheduled tasks

———PLSelect the highest priority taskJ

v

ap all nodes onto a candidate
rocessing element respectivel

ere a recode Wit
the current task id?

TMA Schedule |

L Schedule |

Select the slowest proc. id
idering the

eet time constraint?

la

Meet time constraint?

yes

L Schedute onto proc. 1d l

Eave the recode with makespanl

yes
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P, Az R, I Ci3 | S, I l by, I Cz3 R, l | S, l 600
P, CIT) S, by, | R, I dyq | l Ay | S; b, 1
0 7 8 18 20 35 40 47 48 58

29 13 dA ez I E Task;# Task:d] &=AZF thojo]ay

o

T ojd gl23r Fo AN A-ZAS
312 ey, o WAAE AMEAA gHFH
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9 Aol B AXME A Fto]H-F7)71A] H

2379 A 2AEE FA%T TM Rl HER]
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W Z 7} SDF(Synchronous Data Flow) RH[1712 2HA

HAE 7%, SDFY A3 =A(Firing condition)®

Abdte] 1 AAE-745AS BEAsked of$- Fsio
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5.4 9
Atd EFFE e AFE Y8 e AAF
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vimEdch Atd He A7
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(Field Programmable Gate Array)& AME&Rth
AH2-E ARM Z2AME L1 siAE zte 133MhzY
ARM720T, 266Mhz ARM926ej-s, 12]i 399Mhz9]
ARMI1020TE Z+2 1070, & 30709 Z2AHME A3}
Itk FPGA<= HDL(Hardware Description Langu-
age)2 A E 9o} IP :ol2 43r] 943 =2
AME H263 9=u gxe)Ee DCT, IDCT(n-
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I8 194 Bl AMY 2E

E£ 133Mhz9) B2d) dEEH
AREBERAAL, MAaTRE Wi o
@A A g
337 A, =5 fig 2+ ARM Z 24
Ao Al FPAIRE dZe] HaFE o] EAXE &
ZEYo] Z2AA AlEHIEY ADS(ARM Develop-
ment Suite) 1.2 XA ‘armcc’ FAFA# M -02
S4E AMRStY 2= #9393, Xeon 2.8Ghz
7 CPU ol FPAHE o] e Alo]E 8 3
Attt =do] P B$ AZE O Fyd o
wr} ¢k 10wl A= waon 7}3skHch

E 2& DVR 9 943 H263 Qzvl7} st=9)of
IP glo] 3R 2244 HIVEE Yoli] L2859 2
AZ-Zolg ez Yo, 1 T2 A4 ZjEL
7FAL 11 A wEsiA d9=2 FiHd. A
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7tA= 48] viA FAAPD. DVR A9 ddgd=
A=A 22 FOREMAN.QCIFE AM-A3, 43 2
The Al2ge szEle ZorlaA Agte 2 ¢
glgo] dnpirFe] HEE VAL 2AE HerlE
Atk Hx 2AE doprt HE4E wAINT &
29 sk zalg 4ot Wyl MR 2AZ Zolr} &
o #FEFE 1§ 22 A%5S Yehlie A& vt

X 3% ® 4% 4-A'9 DVRES 7P A ZZAAolA
A A F Sle A AS-FANARE g A
< AN TIEA oEA HAI W REEo] A ZE
AXZ vig HeXE BoEd o|d Zge 7154 &
& 2AE-ZolE ¥7] ¥l Fold Fr =AY
IUE F /IR WE ZZAME AHEIEE 47 H o

Estimation)& 3§gch. 1
¥ Z2A4 AXIE
ol sl Add FxE
T BAT
WgE F

)

R

X 3 Azt AG-Z70 W& 4-

s A2w g ol& A 33 W Al 9 F(0069)

X 2 DVR JAE 93 R Z2AY AXUES
=T ST 4=

oA}

Ad DVRe A&

Candidate processing components Schedule length
Core type Cost (Bus cycles)
ARM720T 100 45105050

ARM926¢j-s 200 19113426
ARM1020T 400 10480947
DCT 2000 -
IDCT 2600 -
MC 4000 -

ME 4000

A7) W&o vfsg @ WE Z2AM] o]8-Bo] FA3I
27V B Hap
= W] 2rbsaAE ¢ 4 AUk

AARog old ZAzno
S5 Aee EEE 2 5 AT, AT A
‘o)L ol
verd g
g Age] £ZESY xE 2 FAlsE A

Wo] o
oF 2+ [190000000, 1040000014
g3y wAE o £
T} ol ¢

2 Qe

=

AsHA ehat] HEoln.
10100000°] 3}++-E
s} FA olfk

o
Chn s

) o}

Hl2A & A% AoF-za oA

‘of P

% % 9

o g HAE7 WiEd Fadvlgo] W
W, AIE A-zde] 73

LEEEY

713

LS
S ¥ 2dM HAl Az Bo] AR

714

we ZEAMolMe) 2AZ-Zo] Rot o #e Az
Ap-2AAAE @ H23F oy Zzdqz D84
WEo] BE HaaSol e wEsl sy

4 g7
71 o] AMR-E A7) wEoltt.
olgtz FoRE A%, A
2 BE U2 of
< gojir] wEela,

2 g A (BAE-4o), FAIF)

AlZE A oF-z28-8 7000000
orel o) YumelFel 27
= 2AZ-Yel7} Azb A-23
R o WE T2AMYG Sl

L. . Previous TMA TMP
Timing constraints|
Schedule length # of comm. Schedule length # of comm. | Schedule length # of comm.
190000000 180420200 0 180420200 0 180420200 0
180000000 76453740 0 76453740 0 76453740 0
76000000 41923788 0 41923788 0 57340278 0
41000000 39011524 64 38304487 111 38226852 0
38000000 37006180 83 37744840 107 31442841 0
37000000 36101424 240 35435224 76 31442841 0
31000000 26435224 76 27052325 82 19113426 0
19000000 18272732 248 16067138 183 10480947 0
16000000 15470105 244 15956329 222 10480947 0
10400000 N.A. N.A. 10275697 242 10151485 48
10100000 N.A. N.A. 8139147 243 8139147 243
9100000 N.A. N.A. 8139147 243 8139147 243
8000000 N.A, N.A. 7009193 262 7009193 262
7000000 N.A. N.A. N.A. N.A. N.A. N.A




AN AGF2AE Z2e BdFd23 gFFe SoCY F=do-2ZE o] F&FHA 605
® 4 N7F Ag-ZH g 4-s'd DVRE] 27AF 9 i3 FAx (A3 ZE2A4A, 6 §)
. R Previous TMA TMP
Timing constraints

Used processors Cost Used processors Cost Used processors Cost

190000000 7(1) 100 7(1) 100 7(1) 100
180000000 9(1) 200 1) 200 9(1) 200
76000000 10(1) 400 10(1) 400 7(1), 9(1) 300
41000000 9(1), 10(1) 600 9(3) 600 9(2) 400
38000000 9(1), 1(1), DCT 2600 9(3) 600 9(1), 10(1) 600
37000000 (1), 10(3), IDCT 3400 10(2) 800 9(D), 10(1) 600
31000000 10(1), ME 4400 7(1), 10(2) 900 9(4) 800
19000000 9(1), 10(4), ME 5800 10(6) 2400 10(4) 1600
16000000 9(1), 10(2), DCT, IDCT, ME | 9000 9(1), 10(6) 2600 10(4) 1600
10400000 N.A. N.A. 9(1), 10(6), ME 6600 10(4), IDCT 3600
10100000 N.A. N.A. 9(1), 10(7), ME 7000 9(1), 10(7), ME 7000
9100000 N.A. N.A. 9(1), 10(7), ME 7000 9(1), 10(7), ME 7000
8000000 N.A. N.A. | 9(4), 10(8), MC, ME | 12000 [9(4), 10(8), MC, ME| 12000
7000000 N.A. N.A. N.A. N.A. N.A. N.A.
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