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Abstract

Recently, an increasing in power consumption due to the high func-
tionality of the embedded system become a problem. High functional
embedded systems demand power saving performance with strict con-
straints. However, the embedded system need to be equipped with high-
performance hardware to ensure real-time performance. Therefore, this
paper propose the method to improve to do power saving while ensuring
the real-time by using a single-instruction set architecture (ISA) hetero-
geneous multi-core processor (HMP) that is highly functional and power
saving possible approaches.

Single ISA HMP is a multi-core processor that combines the core of
a different performance with the same instruction set, to achieve a high
power efficiency by switching the core according to the load of each task.
The ARM’s big.LITTLE as example of mounting the commercial prod-
ucts has been demonstrated that is useful as a power saving approach.
However, the effect of core switching single ISA HMP is the problem on
the processing completion time of the task. Since the accurate time in-
formation managed by the task scheduling in the software provided by
the OS for real-time processing becomes difficult, the system with the
existing single ISAHMP isn’t optimized for real-time processing.

Therefore, Previous paper proposed a hardware scheduler. The hard-
ware scheduler using low-end core switch to high-end core if worst case
execution time (WCET) exceeds the deadline.

However, scheduling method of previous paper has a possibility that
ended early at a high speed when running on high-end core because it
does not use the low-end core until the end of the deadline after switching
to high-end core. Since the early ends and useless latency becomes longer,
if the waiting time used, using the low-end core can be expected power
saving. Therefore, This paper propose to improve scheduling method in
order to increase the utilization rate of the low-end core and perform
the power saving. This paper’s proposed scheduling method successed
reducing the average about 7% of the power consumption that compared

to previous paper.



0 O

1 0odn

1.1 0000 .0 oo
1.2 0000 .o

2 JOOo0obooboobobooboo os
21 OOOOD0OOOS .. o e
22 000000 ..o s
23 DOOODOOORTOSOODOOOOOOO RTOS. ..

2.3.1
2.3.2
2.4 HMP
24.1
2.4.2

3 0O0O0Od

I P
I
HMpOOODOOooOGOODOO oo o000
OO0 ISAHMPO OO RTOS . .. ... ... . ...

4 0OD0OO0OO0OO0O0O0OODOO
41 00000000000 .00 oo
42 0000000 .00 o oo
4.3 0000 .o
44 00O00O0O0DOODODO .00

5 oo

o.1 ODODODO ..o oo o

gooo

11

12
12
13
16
18

20
20
21
24
29

30

31

31



0 O

1.1
2.2

2.3
4.4
4.5
4.6
4.7
4.8
4.9
5.10
5.11
5.12
5.13
5.14
5.15

[]

000000000000 00 « ..o 2
0000000000000 0ooOooooooooogon
OO0 ... 8
0000000000000 ... 0. 10
000000000000 O00g ..o 13
ODO0000000 ... e 14
I 15
DO0000000 ... e 17
Dynamic Scheduling Unit . . . . . .. .. ... ... ... 19
Dynamic Scheduler . . . . . . ... ... 20
OO000 .. e 26
DO0000000 ... e 26
OO00000D0000 ... o 27
0000 (WCET=Deadline) . . . .. ... ... ...... 27
00000000 (WCET=Deadline) . . . . ... ..... 28
0000000000 (WCET=Deadline) . . .. ... .. 28

i



il



1 0000

1.1 O00O0O0

obhboobboobooboooboobobuoobboobboon
goboboboboboouobobobobobobooooboooobo
obbooobbooobbooobbooobboooobbooob
obobboobooboobooboobo

oboobboobboobooboooboobboobboon
ooboobobooboobobooobooboobDboobboobo
ooooboboobooobboobbobooboobDboobboobo

goobon

1.2 0000

00000000000 0DO0DOIISAODODODOODOODOOoDoOn
0000 (Heterogeneous Multi core Processor: HMP) 00000000
googobodobbooobobblibooboboobooboboon
gooob2000b0b0bobooboobooboboobobbon
goobobooboboboodoooobobboobobbdooooooooboo

o000 ISAOO0O0DOOO0DOOOooOoOOoOooOoooDoooobooooboOoo



Software Switcher Software Switcher

Task Task Task Task

JEED ¢
NEED D (ro) (o) (o)

YT

IEEEEPEEE :
H i 1
______ i 1
1 [ P 1
High-end 1 1 | High-end 1
Core I Low-end v P Core . Low-end

1 Core " P Core
H : 1
1 1 H | 1

v v
] : :
Memory Memory
T A ey
E (a) Heavy Application Running (b) Normal Application Running

U111 0000b000bo0o0boob

O0000000000000000HMPOOO ARMUO big.LITTLE[2]
0000000000 000000O0O0 Boooo0ooooooooO
goboboboobboooooooobobobbboboooooooooo
gbogbobobooboobobboboboboobooobodgn
goboboboobbobooogoooooboobbboooooooboo
OOobo0oOobOoobooobooooobobooboooo ISsAHMPOODOO

000000000000000000000 [1]0000 ISAHMPO



gbbogobbuoodgbbooobbooobbooobboobobn
gobbbobobbuooooobbbobobbouoooooobbobo
gobboboobobboogoooooobbbbbbuooooobbboo
gobbbbbuoooooobbbbbbouoooooobbbo
gbbbuoooobbbuoobobbboooobboboood
OoOO000bOoo00ooDooOoooobobooOogIsAHMPODOODO
0000000000000000 1j0000oo000oooooooo
gobbbbobbououooooobbbbbbboooooooobbo
OobobooobooweeETOoooooooobooooobooog
gobbbbbouoooooobbbobbbouooooobbbo
OobooobooooogoweeEToooooooooooooooooo
gbbuoggbbuoodgbbuoobbooobbuoobobbooobo
gobbbobobbobouodooooooobbbbobbooooooad
gbgboboboobodbobbboboboobuoobuoobobbob
gobbbbbbotuoduooooobbbbbbbooooooooobo
gobbbbobobooooobobbbbbbouoooooobbbo
gbodboobobbobodoboobaogbobbobooboob

gobbbbbbouooooooobobbbbboooooobbbo



gobbboobobbouooooooobobobobbboooooooobo
gobbboobobbouoooooobbobbouoooooobbobo
gobbbobbbououooobobbobbbouooooooobbbo
gbbboooobbbuooobobbooogon
gobobboobobbbbodduooooooobbboodoooood

gbobboogobbbuooobbbouoogooboo

2 JO0O0oboooooooooon os

Oo0O0ooOo0oOoobooOoobooobobooobooboono osSoobnb ISAHMP
oboobboobooboboobbooboobboobobooobd

oboboboobooboobd

2.1 0O0OO0OOO0OOS

000000 OoSO0000UiooUoD (Dobooo)oUoooo
O0000O000O0000O0oOobooOoooSboobbooooooooo
OSUOO00ODoO0O0ODDoOO0n (WCET : Worst Case Execution Time)
0000000000000 bODOO00DO0o0oDOOoOooODOooD oSy

gbbbuoooobbbuoooobbbuoooobobod



wCETOOOODOOoooooooooooooooobooooobo

gbuodgboobboboboouobobdobuooboobbobobogn

OobobooobooboooooooweceETOoooooooooog

gobbbobbbouuooooobbbbbbuodoooooobobo

gboboboogon

OOoooobooStuboboooooobbobooogobooOo WCET

gobbobbobouoooooobbbbobbouoooooobbbo

gbooooao

22 JOoO0oon

gobobboboboobbbooooooooobbboobbbooood

gobobobboobooddooooog3suguuoooooobboo

gbboboooboboboooobn

e JUUOOOOOOU

gbbodgbbodgbbobboobbuoobbuooboobod

gbbodbbuogbbuooobbuooouoobbooobood

gbboobuogbbuogbbuoobbuoobboobbooood

gbbodbooboobuoobbuoboboobooobood



gbboogboogbooobboogbobboobbobood

gbbbooogbbbuoooobbboooobboobouood

gobobooogon

gboggboodbbuogbbuogbbuogobbuoooobood

gboboggbuooboooboooboooboooboobood

gbobodgbbuogbbogobobuooouognobooobood

googdoobbbobbooouobbbooooobobbod

gbogbobooogbboodgboobobbuoobobooobood

gbobogobogobuogobuogbobuogbbuoobbodoad

gboogobodgbbooboobboobooobuoobbod

gboboboogoobobooooobon

gbbobooggn

goouobbbdooooooooobobooouoobbbd

gbogdgbbuogboboobdobbooboobboobobood

gbboougobogobuoobbuoobbuoobbodobbod

gbboodgbbdubbogogbboobbuaobboobood

gboobobuodgbboooboobbooboooboobbod



gbbogboboogbooobobboobuogbbogbood

gbogbobodgbobooboobboobooobuoobbod

gboboboooobboood

gbhboboooobbboooobboboogobobbouoonoobon

23 00O0O0OO0OOORTOSODOODOODOOOOORTOS

23.1 0O0O0OO0OOO

gobobboobobbobooooogoobboobobboooood

OOooooorroSObooobooOooboooooboooooooon

gobbobboouoooooobbbobbouoooooooboboboo

gbobgbboobbobbobbboooboobogboagbagn

OOooOobOobooooRrRroStoooooooobobooooogon

232 0JO00OO0OOOOO

RTOSOODODOOO0ODOODO0O0OODOOOODOOObOOOoOoooOoooo

gboogobuogbobobogbboo220bb00boonobogn

gbooboooobbbuoooobobboooon

o JUUUOOOLOODODODO

gbogbobuodgbobooboobbooboobobuoobbod



Processor Chip Processor Chip

Core Core 0 Core

Core Core

Homogeneous Multi-core Processor
k Constructed by " Same " Cores

-+

]

]
]

£
H
]
£
H
H
H
]
£
H
]
H
%

t} Constructed by " Different " Cores

L
LS

022 000000000000000O0000b0bOO000bobOooOon

gbooboboooobooobooobboobboboooboad

gboogobuodgbbooboobboobooobuoobbod

obO0HMPOOODOODOOOOODODOODOOODODODO

gbbooogobogobuoobbuoobbuoobboobbod

gbooboogoooboood

e OO ODLOOODLOOODO

gbooboboboboboboooobobobobobobg

gbooboobgobooboobobobobooooboobobgobg

googobogbbooboobboobboooboobbod

OO000o0OobDOobOobOocpODOO0OObOOOODOODODOn



gbobboooobbobuooobbodao

gobobobbbbbobbbbobtdddoooooooooobn

gbboooobogboboobbuoobbodabboobood

obobobooboobooboobooboobo

2.4 HMP

241 HMPOOOOOODOO

HMPOOOOOODOODOODOODOODOODOOOODO ISA

OO0000000bOO0bOobOobD I1IsAOb0O0DOooDOobDOobOoDbOoDo

goobogd

e 1000 HMP

OO0 ISAODO0ODO0OO0OO00OO0O0OOO0OO0bo0oboOooOooDOoDd

gbobooobogobuoobobuoouobbuaobboobbod

gbobobuoooobbbuooobbbuoooobood

e OO HMP

gbobogobogobuoobooboooboobboobbod

gbobooobogobogobooobuoobboboobobod

gooobogobobboobboobboobboobobod



goo

0000000000000 0DO0bO0obO0obOOobDOoDbOo1I1SADOD

gobobobobobobooooooooboboobobbbodoooooooboo

gobobboobbobogooogbbboobbuoooooooboboo

OO00oOooOoISADOogn

24.2 00O ISAHMPOOO RTOS

(Tick) (Tick)
4 A

High-end Core Only

U223 000000booo0o0dn

RTOSOOOOOOODOODOODODObDObOOObODbDObDOobOO

OO0000bOO0obOobOoogoRrroSobobOobOobOOobOOobooOoDO

gobbobbbodoooooobbobbouodooooooboboo

goboboboobbooooooogbobbobbbooooooooboboo

gboobodbbodbiogobogobooo1bogdgbbdoliggn

10



gboboboboobuooboboboobuoobobobobbobodgn
gbobgboobobbobbobbobobobooboobagon
wCETOOOODOooooooooooooooboooobooog
gboogobobuogbodgbobogbobbo23000b0b0bagb
Oobooobooobooobo wWCETODOODODOoOoobooooooooo
O0O000O00bO0oDOo00oDbDoOoOooOoOoboOoOoobooOog ISAHMP
Oo0O000ooOo0oOoooo0oOoooo0oOooDoono ISAEHMPOOOO
gobbboobobbouodgoooooobbboodooooooobobo

obooboboob40000000000

3 Ubgnb

Ooooooboooobobo  eMPOOOD0OOO0DOOODOOOOODO
00000 4000000000000 0000O0O000O0ODO0O00
goboboboboboboooooooooboboobbboooooooobooo
gobobobobobobooodooooobbobboooooooooboboo
gbodbdooboobogboboobboobooboobooan
goobobboobobbbbodogoboddoooooooobobooboo

gboobobboooooooooobbooobboodoooooooboo

11



gobbboobobbouooooooobobobbbooooooobbobo
gboobooggn

gbboogdbbooobbboobbuooobbooobbooon
ooo0oooooooobO0obObob0O0o0OOOOULObOUUUDD WCET
gobbbobbbouuooooobbbbbbuodoooooobobo
gobbbbbbbuooooooobobbbbuodooooooobo

gbbobuoogobboooobbbooodan

4 OO00OoOOOooooo

oobgbooooobobobobobboooooobobobn
obgobbooboobboobbooboobboobooobd
obooboboooboobboobboboboobboobooobd

gooo

4.1 0OO0OO0O0OO0OOOOOOO

OoOOoOooooweceETOOoOoDOOOoOooooDooooooooooo
OO000O0O0000000obooo0o0oOooooooD 230000 WCET
gobbbbbbuooooobbbbbbboduoooooobbbo
gobbbbbboooooobbbbbbodoooooobbbo

12



OoboooooboooobooooooooboowCETODODODOoOOooDoo

gobbbbobbuouoooobobbobbouooooooobbbo

gbbbooogbbbuoooobbboooobboobuoood

4.2 0O0O0OO0OOOO

Ooobob HEMPOODOODO23000000000000D0OO

oooobooboobobb440b000000DODODODODODO

gbobbooogbbbuoooobbbuoooobood

(Tick) (Tick)
4 Core A

| Switch

Task 1 Low

Task 2 Low Task 2 Hiih

High-end and Low-end Core

044 0000000 bO0o0ooooon

gobobboobbobooooooobobboobbodooooood

gboodgbogbobooobogbbooobuodgbooboobbogn

gbooboooobbbooogbboboooobbbuoooboboboo

gbooogobobbobbuodoooouoooobbobbboooooon

13



OOo0oO0wWCETOOODODODOooOooooboboooooooo

OoooooooOo wCETOOOoOoooooooooooooooo

gog

O450000000000000000000O000DOnO0ODOOODO

gbobbooogbbbuooogbbboooon

Tick
A

Task 1

Task 2

Task 2

Task 1

»

Checkpoint (

* No. of Insts.
* WCET

Execution Time

m-1 m m+1 ==~

(Checkpoint[1]~[n])

045 00000000

gbobodbgbogboobobuogbobooboobobod

O0000000000000000000000 (No. of Insts.) 0 WCET

00000000000 jDoooo0o000ooooooooooo

gboogbobobbodboobboobuoobooboooobobogn

gobooooooobbbobobbbbboddgoooooooboboon

O000000ooooo 1)oooo

14



Dynamic Scheduling Algorithm

# U00OD0O0O0ODOO0O0O NoIC(UDOUODOO : number of instructions) O
# Checkpointm](m OO0 O000000D0D)O00O0O00ODOOOOOOO
if ((NoI of Running Task) == (NoI of Checkpoint[m])) {

# A t[m+1]: Checkpoint[m] OO Checkpoint[m+1] O OO
# :ggoooooboobobooooo

A t[m+1] = (WCET of Checkpoint[m]) - (WCET of Checkpoint[m+1]);

# T[m+1]: Checkpoint[m+1] 00000000 ODOOOODOO

T[m+1] = (Execution Time of Running Task) + A t[m+1];

# Rlm+1]: Checkpoint[m+1] DD O DOUODOODOOOOOODOODOO
R[m+1] = (Deadline of Running Task) - T[m+1];

# R_high(m+1]: OOO0000 (RO OOOOOOOOOOOOODOO
# : Checkpointm+1] OO O ODOOOOOOOODOOO
R_high[m+1] = (WCET on HC) - (WCET of Checkpoint[m] on HC)

+ Core Switching Overhead (O 2) ;
# 00000 0oooooooooa

# DO000oooooo

if (R[m+1] < R_high[m+1]) {
Flag of Core Switching = 1;
} else {
Flag of Core Switching = O;

}

mdm0O 1;

O46: 0000000000OO0O0DOOO0O
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Proposed Dynamic Scheduling Algorithm

# 0000000000 NoI(DOOOO : number of instructions) O
# Checkpoint[m](m OO0 O00000000O0)DO0ODOODOODODOODO

if ((NoI of Running Task) == (NoI of Checkpoint[m])) {
# Deadline: OO0 OOOOOOODODOODOO

# A t[m+1]: Checkpoint[m] OO Checkpoint[m+1] 00O
# : go0o0ouoooooooooo

A t[m+1] = (WCET of Checkpoint[m]) - (WCET of Checkpoint[m+1]);

# T[m+1]: Checkpoint[m+1] 0O DO OO0OOODODOOOOOO

T[m+1] = (Execution Time of Running Task) + A t[m+1];

# R[m+1]: Checkpointm+1] 00 0OO0COOOOO

# :ooboooobo @@ ooooooooobooooooo

# : 0ooogoo

R[m+1] = (WCET of Checkpoint[m+1] to End on HC) + T[m+1];
+ Core Switching Overhead ;

# Jgoobooboooobooobo

# 0O000Dooooo

if ((Deadline) < R[m+1]) {
Flag of Core Switching = 1;
}
else if(lock <= 0){
Flag of Core Switching = 0;
}
mOdm0O 1;
if (lock > 0)
lock—-;

4700000000
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