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Design and Implementation of an InfiniBand System Interconnect
for High-Performance Cluster Systems

Sangman Moh'- Kyoung Park'" - Sungnam Kim™"
Myung-Joon Kim'™'". Kee-Wook Rim't''t

ABSTRACT

InfiniBand technology is being accepted as the future system interconnect to serve as the high-end enterprise fabric for cluster computing.
This paper presents the design and implementation of the InfiniBand system interconnect, focusing on an InfiniBand host channel adapter (HCA)
based on dual ARMY processor cores. The HCA is an SoC called KinCA which connects a host node onto the InfiniBand network both in hard-
ware and in software. Since the ARM9 processor core does not provide necessary features for multiprocessor configuration, novel inter-processor
communication and interrupt mechanisms between the two processors were designed and embedded within the KinCA chip. KinCA was
fabricated as a 564-pin enhanced BGA (Ball Grid Array) device using 0.18um CMOS technology. Mounted on host nodes, it provides 10 Gbps
outbound and inbound channels for transmit and receive, respectively, resulting in a high-performance cluster system.

I|/E : BYAE AAH(Cluster System), AlAH 1HBH(System Interconnect), QIE|LME(InfiniBand), M O{BIE{(Channel Adapt-

er), HE|ZZ MM (Multiprocessor), SAN

.M B s e Ydad

WA o) 297 7] AAgol 1] 9

U= o}7|EH = Al =54Y 3 (InfiniBand Trade

19463 x| AR #HAFE ENIACO] Agd olFz 7
Felv g At gk AU = (InfiniBand) = #
FH A7 4249 FA 9 g e 4 ddske Wl
& |57 A A A28 AAY v)Eeltth

2 A9 & HAE] £
T g E o g2 Ry FA AR

2700l ATUME 7)E 2A4BS

al

=
2o
T’_—

Association : IBTA)7} 2000 109 X8 72X Hx
3 ezl A= oy

23X 2 PCI(Periph-

PEfUSE HUTSY wE

L RZAAFAATY YHHTEATY B
P gEAAFAA T AR TRATY HYATY
P92 AAFAATY PRALTEA AT ¥
DA AR T W

120039 749 109, AR 120039 109 219

—
.uo_uotr"
o tor [
ol

e rlo o o o

—
£
=+
=
-
i ofy ofi o
>
o Yo

eral Component Interconnect) W29 thA] 7|&2 &3}
ATH3) 2, @A A= Tl 0 oY ViER
A AW Ee2Egd 48% o7 7HAY JE4 Ve
ATt Uizl 12491 ExF PCl WA

0
A=



390 FEMEIEs=eXl A H10-AR X4z (2008.10)

AACIE BEEY, BRI )T I2eE A% A8 2
2HEe A3 Aad 9 7148 FAATE AolH4-9]

AVUME J1&e FesH AFYL AT B A4
g Bhoz Aen A FAY Axw AAG 7|5l
oH10] A= WA 7R AE AFTAARE T
A% AE €340 o2r7A By FEAT AP
(ARAA, MENZ, A8 ZAE, dAza 259 5)
2 THAT4 9. A A, ABUNE JEe @23
t 7% e 3Re 28 AED $4E /5 AT
BHoz 4AY Jue Azd 937 7eeln

B R 245 FHay Axde 9% Avuw
= Aag AFTe) AAs TEL g, 53 o] F(dual

DE](host channel adapter : HCA) 7'¢o} 24&
39, KinCAgls Z&9o] Hojg HCAE 328 A

2de 2+ 32E xEE FEJo ¥ 2ZEJOFHoR
AYHE ddge] AZsEH. ARMY Z2AN o=

9% A7 FAL 98 E83 7)5E YA goeng
F e Z2AML A 2 JHIPE AAYEFe] 4AH
o] KinCA #ol| &=t KinCA SoC 32 018m CMOS
7124 A3t 5649 BGA(Ball Grid Atrray) A2AH2 A2
54t KinCAE $24E »=Tof gaso] $A47 44 7
zho] tiste] 10Gbpse) 14 ASEEE AFFoZH 14
5 SE2H A2 FEE /M5 e

2 =89 2%dME YN 71e9 Mest o7
HE e Jlesta, 3FAME AFH FE UF T2
A olgr, AA AZ3} DFT(Design For Test) 52 %33k
KinCA9l AAld #std 448 71«3t 4494+ KinCA
o 74 Auet A% g Ve wX T 5ZAE B =

A= ol7|EF = FH YAZ FHLE FFEsE
AP & F A d2T 71e<d NGIO(Next Generation
1/0)$ FIO(Future 1/0) 71&25-€ v]F=AvH4l 1996
Q9L VI(Virtual Interface) o}7lE# & 7Ntz & 4%
g 7l A FEIEY o] 7]eS NGIO# 2 HYEHS)
o, 9 AFE, v, ¢ld, NEC, A%, Adx A ol
l& 7ol Fostdct A 4 AlFel, = shte
3t x¥o2 A FIO7F IBM, #, o944, 3Com, A&=,
HP $& 422 AEH7] A8k NGIOY d#y &

N

Efets Age 93, Holof 19999 10¥ IBTAE 2
skl

20006 10€ IBTAE /Bg= 39& AHst Iy
T EFE TEAAMAE L0E st gAC FxsATH2)
A= o}7] 83 (InfiniBand architecture : IBA)E AH
FoAMe] =AML FY2EHY dH4L

=

x3
e
o
ofy
)
iy
ot
W
E
joR
(=

=X
iy

w

B

ral link)& AMSEHORH FAld ¥4 HEE 7MEsHA
3 2 Ag&e TR /AT g
& AT st B N9 AE YAE WY
e A B3 st o)& A8 IBAE 1x, 4x, 12x g
Aoste] 25 Ghps A F29 H$ d9E S 747 1w, 4
ul, 129 AL 4 ok IBAE 293 78 dFgolm
2 ¥E £5F »& 8 FHstd dA4HE XY £E
A gstA| =rHA.

22 QlE|Lei = of7|E
A= AdFel= 419 718 FAH L7t sith 9
52 32E Ad oJHEHCA), B4 A2 o FE (target
channel adapter : TCA), 29X (switch), 2232 =}$§
(router)o]t}, HCAE AW dlo] &Aj3le g Ho| AR A,
IBA 9492 B8 Ay vikg 3 Z2AMe A3 54l
gt TCAE 2EdA olHE g YIEYA oHH F FF
2 3 EFIHY, E42E AFHY 49EY FA Aolg o
Z9 Belx 9g-g £y 29XE HCAS TCAE 4
st MEYE AT YEYz =EYS Aodg
SHE ARda g HEYE dd8 £ %9 B2EA
oJtHl, 4-5). (29 D& JdFGYwm= 7)8k A2d dA7e

74 dE Jed Aol
A= dAY fFe ddE 7 F9 =282 A
A F AH7-8]. S8 TR fiAA £ v =
2735, dF9 AEFHolx ekl ‘ME(Verb) &
.ﬁ.
A

oft

o
gto] 44 ¢85 ARE Al HCAY TCAE ZY
E(work queue element)= HAMES sF WARAE &
22 ¢oj2 ¥, d7lg3ld dd%goz 44
F2 A7 wAAR 2gEo] Y Fo AFH
e 89 985 F ¥E(completion queue element)$-
o2 ad WAAY g5 HHE & ¢ Ut
IBAoE= 4709 A% &8 A%, 33 A%, NESA A
, EMAXE A Fo] EATTHL-9L doi= &g A
Aol g, AME, 52 F WA (hot swap) 7]15E& £
IBAY] 7] 2 714481 4L Hostx Qi F3 A

ot ot >
>

& o 8om
5 ;
2 N LR

rlo ol}ll

of o ol



a
s

SHAE AIAE

—_=0

Processor Node
[cpu] [cpu] - [cPU]

HCA

Processor Node

-
RAID Subsystem 1{ Switch
scsl '

B5 s
ScsI Mem| /1 ,'

SCSI ITCA]_’
SCSI !

Processor Node

Fabric

Other IB Subnets
WANSs

LANs

Processor Nodes

//é\\

Subsvstem

S0l M 2 T 391

= = = =" = = =2/l = =77 =
B EEREIEEE R
SCSI A// Fib \\ ‘15 HCA! InfiniBand Channel Adapter in processor node
Ethernet ! g&f;%hggjl‘i‘es GraphiCSVldeO TCA: InfiniBand Channel Adapter in /O node
(O 1) QuELBH=E AJAR gt

2 IBAS FF2A4, #7 74, duld Y32 o, Ax A2 AtolollA AL AT Av|Ehe 4F BA F
d dellM el 293, dolEl AAY & EFstm Uk AZA, T2E JHHoo|A ERATE AF UEHT AF,
HEHZ ASL st MEUCdA g AEdozo &g g3 AF =Y AF EEEE 745 vk 2 deA
HE g@@dit ERXYE AFL g FF9 wAA = KinCA® A9 7AF olwE 7Iwdy, 53 AF +
2 A3 A SA4E ANE B olye £, tEd, 4l Z, e ZEAA o|f, AA AT 2HE BETG
54 944 % dolgadg XHde EWAXE Mu|~E
g1, 4-51. 31 AEH #=x

% BEk ot AR X, uHEAY, 5T MHlA F KinCA® (29 2)o el nie} Zo] 32E ¢H# o]
g g u24d% AuY Fa a7AMe] £eoi{11]). 10074 2, EW2XE AF UEYZ/HEZ AF 28 AF 59
g 438k PCIL M Aa ol Hlste], 25 Ghps 1Y AZEA F22 o|FA Utk KinCAE WiAA #4137 +
e Jas 4y dadoz FA4EY Ad. £%, [BAE A& FA FRE ¢ glov, F4 ZFH £ 552 A
2t ZAd vy REZ Adstd sty A5 gty A ZEEE 29E F3k9 A2 EHEHo ik
05 ARE AP obEY AuE oF HE FHL S2E QE¥ol A= HHoj HAAE A ZR
AFet7] Hetd vF CRCE AHE-gich IBA A4 dlo] EZ °ﬂ%l B olygt 32E WEIHZFE HARE ¢
B A€ 7HEAE Eol7] At dF AZE AFdE 2 e AY #43s= DMA AL xggc) 2 AA A9
ol FBAEE Z3 9lor, A5 AZ o]F(automatic path 32AE HAE 974 E&9 PCI-X Blzo|H, SAE ¢H
migration) WIAUFo| AFTATE [BAAA Y AMHl~ F8E Fol24E PCI-X BA¢ AuUue EAATE AZE Ao
FAA717] Y3k, 4E" AR ddte 53 F nA 7 o B heE $ gloh
55 ATFHeEHN, T T sy d&y FXg g2 EJAXE AZL AUz ERXIE ZZEZS
T AEE dEd FAE A £ JA 50 41 dodol 2 ATEJoHoR AHesith AZEdol A

2 ¥3td F M9 ARM9 EZZAA7F KinCA ol W4E
3. KinCA2| 7| o} glow, 747t A TrEZN £A ZREZS AT
th $A Z2AA 9 £4 22 moj¥l(doorbell) S F 8}
A= HCAQl KinCAv £2E =29 AU 32E QEHo]22RE WA $A 8FE ¥m, DMA



3 HEMelEs=2K A J10-AT M4=(2003.10)

JdHHo| A5 o] §3td TAE WEHZFEEH HolHE
ojg} QA= ENAXE ZIEF et ) SH(pack-
etizing)¥+ ¥, HAS WEHNI/Fa AZFL2 gt
A, F4 Z2AMG A dWE HEYZ/HYA AZed
Be 232 WAL 34 (depacketizing)ste] AE3s13, DMA
g Fo] A o]&ste] 413 HolHE FTAE wWEId
AR & HAFHoT Fojlle Bt wAR £4 ALY
E gHo]zoA dEth d7|A, HAAE 3
oldel Hzleg F45o Yot KinCA 3 WHFol A=
BAAE 271 A4 2 AXNA HE B
EAsta gHsor g &35, ARMY
ZANE 71E 3—1 2 0% HIYE A% /15E AT

&

L _:. o
ofN X
L2 1o
o ofy
g
DS
lkl

PCI-X Interface (133MHz, 64bits)
| . |
Input .. Arbiter Jof "0 ) Output

Block Controller Block

+ [] I
PCI-X Protocol Engine & Sync. Controller |

Rx Processor

Checker

¥ Link/
CRC Network
L2P Engine

P2L
1 T
3 i 1
Frror/STait:
Trainer

Receiver __§

i
{ External Secbes
{} =
1GB/s @ 2.5 Gbps/line
X I/F)

(32 2) KinCA2| 0l7 &% TA

ESZ/HA AFS AYUHE T2EZ) YEHD %
d3 AFS Adad, deoly AR 28 4247 #e &
Aol B AAE AR HAYAE 2] SAshe] vl
d, 35 Alol, 23 34 7 sACEIEHE 2749 &
28 1ol 4l &4 Wkl ATt £, dt=do $

FollMel 25 AoE st CRC #4719 ArI7 23

sof gk MEY=/93 A%
ine) WA R HAFORHN, ufe wWE
3tA stk

& FSM(Finite State Mach-
Z2EZ AHYE 7}

(E 1) KinCA2l 715 ¥ M5 #4A

S2E Qe Ho]
PCI-X 64bits, 133MHz
Host DMA 3 engines(Tx/Rx/command)
Host doorbell 12 doorbells

EWAAFE AF

RC, UC, RD, UD, Raw Packet
Separate transmit/receive

2 ARM922T processors

YEQ /"2 AF

Transport service

Transport engine

Protocol engine

Network/link engine Separate transmit/receive

Two for data, one for management

16KB for data, 4KB for
management

MTU Maximum 2KB

=8 A%

8b/10b serial transmission
4% 25Gbps(10Gbps)

Virtual lanes

Buffer size per virtual lane

Transmission mechanism

Transmission speed

B9 AZL vE d(bit stream)E AWM= AdAdGo
2 $FAss 7]%% 83t g2 Efoly(link train-

), 8b/10b W #7], BE HE7|(bit aligner), WA <A F
TJ7], Il 9% F A" Aolrp Fol HE/H -
7)(serializer/deserializer) 9} tl&o] &4 71]%91 ‘3%‘% 4
3ok, £A A A AdLe 4 M= g 7le
Ad) 10 Gbpsd £E2 MEert

<E 1> Z2E UdEHo| 2o A RE E&] AF o2
71744 KinCA®l 715 3 4% 74<& Yehd Aojth
H| W %] i@s} Edx T2 EZS Y3 TAE L84

of oz EﬂéE_ Eiigel e F#o| o]F ARMI

Z2 AN Zo[12]8 ol&ste AHETh EWXZE AZ
£ A% e BE AFL A4S J5E 2Ysty 3
—AIO%E AAHNG. ZE ASE T3 A &R
A EEE AYE A= TElEM A 3 olfrE A F
Zha} A 242 2 vk A [0Ghps VIEYZ ASS &
det7] st EAlel w3 ok 87] Welth. DMA <
ANe ¥He 32E QE oA WS BE X $A B
F ¢4 BEo]l Az FEEe At

32 cbE Z2HMM o7

MTUMaximum Transfer Unit) Z7]9 2Kbytes WA &
8b/10b = 219l 10Ghps MdS B3t A%3teE A%
o, KinCA¥ o= 1x¢ 4 505 7h A& A= sfok



eH10Gbps / (2Kbytes/packet X 8bits/byte X 10b/8b) =~ 500K
packets/sec). B1¥o] KinCAE 44 583 4 358 %
Ao Hgalr] e, 503 A 4 AT 50% A
A AL FAA Aol gtk EX Ax"dA aite]
ARMY Foj= 200MIPSS A%5& AFER, Zt dzld oF
200IPS(Instructions Per Second)7} &3 4 itk ol&
EW2FE Z2EZ A i £FHH, tfo] 74
Aokl os) AAHY YT B olRYE FAHTL
waba], 9 Z2A4 fied o]F ARM9 ZRAA =
2 4 A9 ¢ Ay Z4zhe] HER AEgrh o8
A FozM AT 4T F F R FrHTh o #
2 o|F ZZAA =of ]‘3} AAe 5 A9 A

A B 11101 A44& %%Z} Tagam JaME, F =g A
ole] ZRA2E #esty] HE L7t AA LIAAT

IE =
A g, Alad Aed AA7E LHHEE fEeth F
AN N ZRES
A FZojell A 47 FPFOEN, &
A gon §IHAHQA A% #Havt Zﬂﬂ%‘?‘r.

WAE o]F ARMY Z2AA Zoj[12]: iy HAE
sto] Mg FE FANE FHEY AFHE vF
ZAA AN2dE FART (27 30 BAgAE AAY,
7he] ARMY Z=2AA z:oj7t AHB W2[15]8 F3te "2
22 T AT FH AA3-14]0 A"} A971A,
32 HlE AHB W2& F4 W29 dolg ¥t #25<
9lom thE WA vhAE(bus master)E 38317 $3td W
& FA 7%e Fev 39, we A F9 ZA6, 17]

APB Bjzo| dZ€th AHB W2¢ APB B~ APB

APB Bridgo }(}:} S -

I I RTCT
< AHB Bus > -
I I UART1

ooy troll
Controller Controller Controller Interface

. S
o S B B
- EN

40 [6 of

ARMO22T
(Tx)

ARMO22T
(Rx)

st
Interfate

snQ gdv

SEAH ALEE 2B QlTLME AN AZYO] Al R T 393

(m

A4S Fole] £xEMOl] TP 4 Qa5 Ak
Y% 829 AHB W2oh APB wao) ddsHE 41E
& F e ARMO2ZT Z2AAM o], TAE e
25, Wg ABYE Aoi7], SRAM A7), Tz AHz
AMPO) A7), $4 2 #4 Ase] 27 Azl
APB B4, ¥ 79 44 FURIC), 122 F A

)

l> mn

°Hﬂ

UART %]t

HEeg Ege RE F9 FEL F A9 ARMO
Z2 A ojste] FET 019} 22 TS 4FY o
AY tF ZEAANY BF Z2AN AxgddMe 54
ZRAA AER, Z2ANL FA, ZRAML JHYHE

Fol W4How aTan. e, ARMY E2ANE 1
S e J15e A¥ ALsA Pk Gebd, 2 A7)
A e 2 71%S Azl AN

o ZAN A 8F ALY 278 Fo 54 T2

AN AEAE 2 A0 w7 ZzAMe] 8%
@,

o Z2AN B4 Z2ANZ BAL AAE] Astel
4 27 Buold WAAE TehE WY wx o

AUEE Xﬂ% gt
o T2 AAMZE HEY] D ZZAAMZE HE] UE
HEE A3y 93t T2 75 H57) U

o] E}EJE

HE =gl g ATt
o JAEJHE AAA : HE AEHE Aol SlojA ==
AAZ BE FRE 9 s}oq JHHUEE XY Za A

g AAAste WAUEFS AT

334H HE

KinCA & 4007 74 ¢]49 AcEE AT ud®
SoC&A, AA HAZFo] e HiFsith AT A Folx
AFY AL 323887 9ste], ARMI ZEAAE BA
& vlaz dxe Awsidon, o3& KinCA 449 7
5 AEE 95t 593 mqkd FAOoZA, ARMY LEA
Aol 7reFstd wHe|r) WEg Rdg TFE dE AE
gold RAEL gt (I3 4)+ KinCA AA HF
A ALeE 7s A% RAES YeRd Rojrh

DFT 7% AZ% A% ARMAMlA #&3 ARMIT
9 A2 22 w52y BIST(Built-In Self Test), ATPG
(Automatic Test Pattern Generation)e} $1AlE WF £
ZFAlinternal full scan), JTAG %A FAHboundary scan)
5ol KinCA AAd Tg= k. ARM9 ZZAA e HF
Hzo] A48 £ FA #AF FFAXE ARMAFIA Al
3 TIC WE[15]18 A3 A4 2% 84L& vESY
22 AZH ol e REHoz AEHUTL KinCA
AE HHozE &850}

12



394 HEHE(STI=EX A M10-AT Xj4=2(2003.10)

(Z 2) KinCA &lo| T8 72
Host Memory
Technology 0.18um 4-layer metal CMOS standard cell
¢ f Package 564 enhanced BGA
PCI-X Gen/Checker Lﬁ;ﬁ’ﬁjﬁ; ”ﬁj" Die 10mm X 10mm
ARMO22T(8.1mm? ) 430K X2 = 860K
; Memory 1,663K
4_# ROM Gates PLL 113K %2 = 223K
HCA logic 1,611K
(ATL/ Netlist) Total 4.358 Million
x J RAM ARMS core, logic 1.3Volt
Power supply IO(LVTTL) 3.3Volt
* f IO(SSTL) 2.5Volt
SerDes RX Processor Macro PCI-X logic 133MHz
Macro Engine Prg.
3 UART 7.3728MHz
\ 4 Clock RTC 1MHz
Durmmy CA ARMS core 125MHz
SerDes interface 260MHz
(38 4) 7ls &5 =24 Power dissipation 35 Watt in total
4 F¢ Hat =9 4% ZelxE A2dge T el 9
A% 32EE ANUNE d2FE Fi] 4B AAYS
A 2 A3 O F KinCA 3 018m A% 3% o o0 oy 0% KiCA =S A0 % A
CMOS %% 4 71€¢ olgste] AMAUE (28 HF gaiuc o ol 4 ]

10mmx10mm tele] FHE KinCA A9 WA 44 25 oo

Z RAFT KinCA 39 78 742 <F 2> A8t
21528 3 18=

KinCA 32 (23 6o B9AE 2AE 564% GBA(Ball
Grid Array) 242 AZEALE KinCA -2 (1¥ 7l
veld wpel o]l PCI-X £%% 712 PCL 7H=(HE) 4
o Fargc) o) #9 KinCA 7t=E AASIFo2H, e

l iSBllOO4O

‘58110040
}l

]
W
I
b
<
o
o~
[

0v00171ds
0F70V0THS

TR L E T
B
FLETT 11T
-l--.--llll

(32! 5) KinCA &2 Hix] MA &3}

J% 7) KinCA 7=




=

Kl

(12 8) KinCA )8t

SHAH A2 HAEHE

54 E

2 =R WL olF ZEAA ZolE yte e Ay
WE HCA<l KinCA®l MA% F3& 7|4t =9sidint
ARMY Z2AHA Z:o7} thF ZEAA F4& Hstq o
& 7% g AFHA 7] Wi, T2AL B4l JHHPE
7]

Ygol AMEA HASH e WA= WS DFT
7153 AAlete ol SIA I HA A
=3 A AA FAAAT KinCA 32 0.18m 44%
=4 CMOS 7I¢2 Fd=o] 5641’4 BGA 2742 AZEA
F2E KinCAE 43 4 474 o
o}Ofl 10Gbps A% &2 % 1]+§}0EM1 14%F FeaH
Alzg FAE THest A sierh

okt
Ho
e

i

{11 JNI Corporation, “An Introduction to InfiniBand : Bridging
1/0 up to Speed,” White Paper, http.//www jni.com/Pro-
ducts/ib.cfm, Nov., 2001.

[2] InfiniBand Trade Association (IBTA) Official Homepage,
http://www.infinibandta.org/, Mar., 2003.

[3] D. Pendery and J. Eunice, “InfiniBand Architecture : Bri-
dge over Troubled Waters”, Research Note, http.//www.
infinibandta.org/newsroom/whitepapers/, April, 2000.

[4] W. T. Futral, InfiniBand Architecture Development and
Deployment : A Strategic Guide to Server 1/0 Solution,
Inte! Press, 2001.

5] T. Shanley, InfiniBand Network Architecture, Edited by
J. Winkles, Addison-Wesley, 2002.

(6] ZAgh “AHURE 7e dd7 J97, JAANE Hets

SRAE AAEE 21T QHLMME AL 323l £7) 5

T8 395

)(l

(7] ¥ 7, 248k “InfiniBand : XA Al2=H @@“”, AR
satsl A, 1978 A33, ppd3-51, 2001.

[8] Bawh 284, “TAT FFH 71es € AW S
A

B dd% AUE, FU71€5%, T4 1000, pp.93-

[9] S. Moh, Y. Y. Kim, S.-H. Yoon, M.-]. Kim and K.-W.
Rim, “InfiniBand Technology : The Next-Generation Sys-
tem Interconnect,” Proc. of the 1st World Korean Busi-
ness Convention, pp.C.2-8, Oct., 2002.

[10] A. Hartmann, “InfiniBand Architecture : Evolution/Rev-
olution InfiniBand Adoption in the Enterprise Datacenter,”
White Paper, http://www.vieo.com/vieo_whit.htm!, July,
2001.

[11] Russell and J. Steczkowski, “Introduction to the Infini-
Band Architecture,” White Paper, http.//www.crossroads.
com/govt/whitepapers.asp, April, 2000.

[12] ARM922T Technical Reference Manual, ARM Ltd., 2000.

[13] ARM PrimeCell Vector Interrupt Controller (PL190)
Techincal Reference Manual, ARM Ltd., 2000.

14] ARM PrimeCell Static Memory Controller (PL092) Tech-
incal Reference Manual, ARM Ltd., 2000.

[15] AHB Example AMBA System Techinca Reference Man-
ual, ARM Ltd., 1999.

{161 ARM PrimeCell RTC (PL031) Techincal Reference Man~-
ual, ARM Ltd., 2000.

[17] ARM PrimeCell UART (PL011) Techincal Reference Man-
ual, ARM Ltd., 2000.

= & o
e-mail : smmoh@chosun.ac kr

2002 =4 B F A i gt dICU)
FEH (l:ﬂ-}\}_

1991 ~20024d eh=AAH-EAAFAETRD

=13 74
= S

e-mail : kyoung@etri.re kr

1991 ﬂ”mf‘fﬁ AR B A
19939 Axstn AFTE T A
1993 ~ &12}] A ZANENATY AHEE

72479 9%

TR HFETZ, Wo|ARZ2 AN
TZ, ¥EAZAY, SoC




3% &=

1999 ~

TAEok: SoC ASIC A7, Eel2H 9 HFH 7, 24F

Melgtzsl=2X A A10-AT H45(2003.10)

2N

e-mail : ksn@etrirekr

1991@ e thetw A=Ak (EAL

1993d nEdgtn AAEed heAE st
HE(F AN

19989 nE st HAA-FE wes

- AE( 4—31—\:!1-/\].)

A BRAAFAGTY ARYTFEATY HIAT

Y
ol
£

e

AT NE

2y =

e-mail : Joonkim@etri.re kr

1978 AM-&oistul A stet AAEA
gF3(o] & A})

1980 B st7]2 9 e o]}

.]
‘é%‘ : 198613 Z#HA Nancy Al1thdm %—’FJ

198083 ~
1981

~1986%1

2 Abksbai(
19813 otpuisty FEATA 79
=2 Nancy A4 AT4(CRIN) 974

o] shubah)

19933 Z &~ Univ. of Nice Sophia-Antipolis #H& 39

1986 ~ @A AT

B4Rk

al

AFEHLZE AT 3
dlolEjwo] &, BAA T, AZES TS

el 7|
e-mail : im@sunmoon.ackr
19774 Aatdista g AAF sk
1987'd SFigt . AAA A AAL
19943 bl st HAPAALSE HhAt
19774 ~1983d @5 AA7IedT4 AY
a4
198311 ~1988 AFHAFNAT A A2 bZEL S AFH
1988'd ~1930:d o] AL el F Y& Irvine) HEd 7€
19891 ~1996 S AAZAATE A2ddFET FAL
(etelz]) I, V/HE AL H YA
19979 ~1999d ARFAAT ALY BRI eHEH44
2001d ~2003 S AAFTAATA FFEHAZE oI TAY
2000 ~H A AEeta FAHNEG A G RAYGEGH B

PRk AA B0 ehHo] 2 A 2H, R GAA, ALYTE

o



