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Abstract

In this paper, we implement a hypervisor that runs multiple uC/OS-II real-time kernels on

one microprocessor. The hypervisor
resources managed by uC/OS-II kernel. Microprocessor is virtualized by controlling interrupts

virtualizes microprocessor and memory that are main

that uC/OS-1I real-time kernel handles and memory is virtualized by partitioning physical

memory. The hypervisor consists of three components: interrupt control routines that virtualize

timer interrupt and software interrupt, a startup code that initializes the hypervisor and
uC/OS-11 kernels, and an API that provides communication between two kernels. The original
uC/OS-1I kernel needs to be modified slightly in source-code level to run on the hypervisor. We
performed a real-time test and an independent computation test on Jupiter 32-bit EISC
microprocessor and showed that the virtualized kernels run without problem. The result of our

research can reduce the hardware cost, the system space and weight, and system power
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consumption when the hypervisor is applied in embedded applications that require many

embedded microprocessors.

» Keyword : 71K Virtualization), stolmE0[X(Hypervisor), LHES AABI(Embedded System),
AAZE AHL(Real-time kernel), uC/OS-ll, Jupiter 32H|E EISC OlO|Z2Z2AM|IM
(Jupiter 32bit EISC microprocessor)
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void OSTickISR(void)
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Z2MM BRIAEIE ABH0f XESIC

8l OSTimeTicke F2ct

AEHo|| XMEE Z2 M) BXIAES S5
1

void OSTimeTick(void)
{
w7} AT 2|AES 27| Bich
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}
}
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Figure 2. Timer interrupt handling routine
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void OSCtxSw(void)

{
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Figure 3. Software interrupt handling routine
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}
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InterruptEnable()
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// QIEHE 25}
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T2 4. 85 main ¥ ElAT TaskStart
Figure 4. Function main and task TaskStart

lll. Sto|=Hio[x| MA

sfo|Hutol A= FFAAE Helshe st=d] AU
7Pkt 9], £ AFolA thEs uC/OS-II AE S wlol2
2ERAM G} Ry AAes #As] wie] 2 7
A ke dteldulo| AT nlo] AR ZRAA 3w
7PdElel & Foh wle|ARZ AN AYE 2,344 7]
<3 ElolH] QEHE 9 AZEd Y] QAEHEE A|ofsl
7Pdksla mime] A1e uC/0S-11 Ade] 7 WRe s

A e A TRl ALgE] wRe BPA bn
£ A9 5ol weh stel el AHggoRA FPIsR.
2 Ao Ak SolslutelAe] o P9 adE %

13 2t

E 1. sfolmHiolxe] M @4 Y JIs HH
Table 1. Hypervisor components and functions
7 o4 7ls My
Zt 7{do| Ejo|n] & AZELN QERE Xz2|
FEIZ Mofsk= FEl
SlojmHlofK & 2t F{de BA 3 AEEX|

Frshe 2=

CIEIHE o FEl

NS EES

2t 72 Alo| Elo[EE TS Hhe 22
X2lsk= API

A

7id 7H E4 AP

1l

3.1 2IE#E ™Mo FEl

slte] Ade] FaEe A s QIEHE
shte] A7) FRlo] AALA T ofg] Ado] FAl| T
= A= JIHYHE A4S 7Pslsle] ofg] #do] AL
gafofof 3t} o] AAME 7k AdY JEHHE Ay F
22 A3 QIEHE S AlFike FE fla stolgute]
Aol Aleje] ole] JIHHE AhS AFett. sto|#ut
olAe] AEHE Alo] F'l& A|2Flo] AA|(real) SIEIH
E A Feo= e JHPE N s sh
AdS Adelste] dgd Ade] 7M(virtual) JIEIHE A
g FeA JEHES Wl 985 vt 7 Ade vt
4 EHE Ay FHE 71E shve] Ad 53 S0
FolX RJIFHES JHYHE A Fd& a2 ARSI
a7 5 9 a8 62 sfo|Fule] A9 Eoln] Bl AXEgo]
QEHHE Alo] FEIEL 1=3

slo|ute]z]9] Elolw] QIE|HE Ao} £RI& Elo|H <l
HYHE e s 29 32 E ALEsle] so7biaA 2
AQA Alzgt. Tk nfe] Ado] 8 F A
AAl 73 1 ALY M7 k(I{(=k(=n)¥ W Ele]H|
QEHHEZ} AP sloloule]A|e] Eloln] Alo] FHE
o] AEHEZS A ((k+1) modulo n)ollAl A3}, €
olr] AEHEE Al 1/100 25 7|2 TAE| wl&d

==
R=a

7 Ade /1002 712 o AEPES Agwed o
HAL 7 A9 A9 F8EE nAlell 4 AFsad

JHAES 7} A7) Bujoke Had) B



uC/OS-11 AAZE Adel 71H3stE $13 slo]Hufel A 24 107

Cm
v

[ “agimol1zs |

[ 20| 88 sRas NE |

H BH{S?

B 7 37
\

1 \ n

sfojmtlojxel 72 1 A
IQIE| XA XY AEH
HEQIE XY

sfojmao|xie] 74 n A
FOIE| XNZA0]| SR AEH
=B M

slofmijolxiel FHd 2 A
ZOIE| AfRIL0| AfEE L ZOlE| KA KRS 7L
20| AEH ZOIE| =7 10| AE4 ZOIE| 27
v o v
ENEEEEE ENEEEES
22 Al 12 2

stojmlojxel 7 1 A=

72 29| 71 Ejo|rq

OIEEE 2| FElo| FAS

712 19 7k Etoef
SlEfRlE H2| SElo| FAE

* Ol HIRIE A=) oo *oll] BISkE A= eloiof
At SAt

el TElo] 2 2
=7

1

=

e

J

C )

02! 5. stolmHio[x{e] Elo|H QIERE Hof FEIo| SE=
Figure 5. How diagram of timer interrupt cortrol routine in hvpervlsor

G
v

[ “2emoE12s |

IEEEEEEETE

SRl 7 H=?

712 12| 71 2=ZERI0]

olEfRlE 2| ZElo| Fog

AL no| 7k A= ERI0]

SIEfEE | FElo| FAE

ol HIRIE s eojof Ol HIRIE A 2eio]
24} =4}

C D)

02| 6. sfolmulo|xe| AZE QEHE Mof FEle| EET
Fgure 6. How diagram of software interrupt contral routine in hypervisor

AZEG0] QHPEE 53 ol =3 (d: SWI
o) o eJsle] TAEk= F714 < (synchronous) JAETHE
o]7] Wizl AollA At eloln] AHPES} o] WA
JEHE 299 AEHEES AN AdelA Azt
Z i A k(1{(=k(=n) & FI3P} LZES] <IEy
E7 T A9 Al ko] AZEY S AEYHE MH|~ F
glog o] |k

32 AAH XT3 RE

stolFulo| o] Alx®] 27|13t ZEe 7 Ad
T4 2 7 ALY &5 maing] F45 AE, 4
9] ¥4 maing AE W3 SANR BHA 7 749
task$l TaskStarte] AlZ A7 9 A7 & slo]#Hu}
oJAR  BolebA  dfelutelx] i Aod  F
InterruptEnables B2|4] Elo|r] 3! AZ Ego] JIHHES
AAe & 7Ad 19 A B~392 TaskStartE F2& 4
gith o7l Fed e 7 Adol K e
InterruptEnable-> T?‘E"]?]X] 2L o]l tf-g3k= Blo|HHt
o]A 9] 3= InterruptEnables 2 F-a)A|7Itk= Ho|t},
72} QIEHES A4sta gXstehe ¢ atoljulo|x]tlo]

@ % ) WEole 29 7 slelmulelA)] AlzE 2]

lo

Ay
DU I )

1 o]

3} 4ol 55 2" o YeRd Aeolth
TR
uC/0sHI 4 1 slojziHiolx|
OSInit(); 2+ Iy AN A KR
main() | OSTaskOreate(TaskStart, +);
OSStart(); 2k 71de] main F4 XM
goto slo|mHjo|x| goto A< 12| main;
TaskStart() | OSTaskCreate(Task1, )i\ ~\|
goto 7 n2| main:
InterruptEnable();
uC/0SHI A4 n /N goto 7 12| TaskStart + m
OSlInit();
main() | CSTaskQreate(TaskStart, *+);
OSStart();
goto 50| TEHo[x]
TaskStart() | OSTaskCreate(Task1, +);

2] 7. fofnfofxiel AlAg FUjst T BEE
Figure 7. Flow diagram of initialization in hypervisor



108 B AT R SHoGE(2007. 11.)

33 ALY 7t S41 AP

slte] mlolARZ2AAN gollA shte] Aol 3y
£ e g2 s wlo|ARZRAA oA o )
o] Ado] BAld] FEEE SAME A 3 HeolE A
25 93 AP D eslt), B AFoA AEE slolmule]
A & 29 22 A 7 oy ALE 93 APIE AF
gt} 2 APIE 23S 98l 7ldet 7k APIOJAIRE AL
2o a7 me} Bele] FAE & k.

or
nx

o

OSKernelWrite SR o] receiver Lol dataS
(receiver, data, length) |2}

o o4 71

OSKernelRead
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Table 2. API for inter-kernel communication
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U16 OKermelWrite(INT8U receiver, void *data, U32 length)
{
CIE[HEE H|ZAS} AZICE
71 receiver2| 7ol data % lengthE F75iCt
QIERES EAMst AIZICE

AT E2 2F FAS=E returnsich
1

U16 OSKernelRead(INTBU *sender, void *data, U32 *length)
{

QIE{HES H|HAMS| AJZICE

AZ 52 2F F=E returnsich

}

O 8. A 7+ 84 APl &I
Figure 8. APl Routines for inter-kernel communication
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Figure 11. Task for real-time test
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Figure 12. Test screen of inter-kernel communication
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