STEME E1E
HAFUA
VerilogHDLD L 2aL—i 3V iRiE
RIS
KEFRHE




WWEISTEAN. ..

e OVE1—RIXITHEDEREI S
—J—rIYH AR—hI7H—2 BTk
—H—IN\—_ 59K  A—/\—avEa1—4&
—-ETAHEE. TLE., 5 — L5
— vk —HHk2S
- SIEE. fEBE. ERE. KEH. BIRE-oT

HEEXarE1—4

. B

LHL. BIROEIESIHBRR ITPOTNS

WESHTTA, AVE2—RITHEDE R LG EH/NN—YTT, /—TVI, AT
T4 BTLYMNEEGRBOVE1—FIZDWTIEX B FEMEZERWNET , U —
IN— TR R—/RaVEa—43GE . KRBETERITB (CMhELvarEa—4
LHYFETH., ESAHNWebTAmazonOGoogleF Vv I (S, ElFEFnEFE-
TWANDTY  ETAPTLE . ¥ — LRIV E1—0NE-5@8FEFLET,
FYRT—OBER X EBAARYNT—ODEGENEARTT A, HliEHTs0(Ear
Ei—42TY, INGIEHEMOVE1—2ELTERBLOTVEDTIT M, AEE
EE ABRE. ERELCEODREERICE>TavEa—2lEFEHLhTLNET, =
DAVE 1 —2DBE I DWTIIBRCEH EHEBE TR TWWAERNET,



R[ZRHM?

+ CPU(HRRMIBERE) MFFTEPLY. 2aL— 3 E0UEH5, NEHE
RREEET D,

. F_llgc (Reduced Instruction Set Computer) D &gt vh . #rZE il ZiE
z

o N—FOIFRREETOT+OFIIEREFEES
— Verilog-HDLO it A, 2al—av A&k

- EHEEE

— ALUERIRHESC

— CPUDT—R/IA, LU RREAE)
- 0SS LEMBEEE

- RISCO@MSEVRT—FTIF v
- DlEEH

- HIIIL—Fa—)LERRYY

- MBS

ARV AT LEFryia

TlIIEDEETHAZEREINZEToKYFHRBALELLD . NHBNESHTELTL:
KONV INRFEENDNALVEDEHBYFE B A, TIICEMN TV CEER
T BAEDNLRPAEDNDATESEOIREZRITADEITTNETAFTT , &lEL
Z.FEKIBNSMNEIE B DATRERERGENEIN T AIIELFEELLR
WET, COIRETIICPU (R RULEBEE) DERFHELY, 2al—2alEdYk
Mo, NEMERZEMELE T, CPUILRISC(Reduced Instruction Set Computer) D dp
By EEBREROICIEAE S BREDIAVE1—RFRT— I+ U A BR—
N—AVE1—BFTRISCTTETHEY, ChEMET HDIFXHARLENVZFT, ZOD
BREOHBIIN—F I 7B EEEFE > TCRISCERF LGNS, aVE21—42%H
BLTULKRIZHYFET  EARMGFEEEHXASARIZANETHEEY T, OV
E1—2DERNGEIETYT , COBETIEIVEL—FEFTEL N—FDxT
R EEEFE ST A ORI BM AR TELRITERLI LS,



BREODYH

o BEZ . EYLNALESIVEL—E2T7—XFTFTIF ¥
 XEH . ANE ERAESEREIMENOFL

(AYOVL(F (R E Y

o BEEHXhttp://www.am.ics.keio.ac.ipl<iB

 BEFID . ETZI0ON SSELIXOOHEMPENELN
TORRETS

« EEEFTAAEEIR TS,

« BEF15FITIXERMIZK DD, Z<D AIL6BFRIIZITS.

. BREORITA
- EKE&H?E‘(%@&.-%\ fEE5405) IZKYFTHTS
- KA E . O LIRBELTHLL

- _GDﬂEIi%( BAUARNSEWSER TEBE B TIEELALA
Aﬁtmﬁgg,b\—»sﬁl REEREL. HBAICbeoEMmTNIE

COEETIITIFANEEELETH. FlICK>TWebDE# [EIFTELTLNSD T,
BOEKTHERLEXTT . LML, CORTAFDEHRAIVEH B ELRATIZA LD
MBHEELENCLIFERTY  RREMEWebITHHRLET . WeblZIL SR
Verllog HOLD 3Lk, SRETEHEEH ->TLET DT, FORTIEEL, CDIFET
\Faal?xﬁ"é‘b’)f?ﬁ\b% SEEENHYE T, BAII3ERMTY , CAIXEAL
x)]i?b\il,\&,h\bhéb‘%bhiﬁ/ub‘ BEICKO>TIIRELNGHSZY EE
NHoSYH-1-UET 5D T, RIK)—VF TGN ERVWET  BEEFFIEZ
ADTANBRERZR TNET . BHo1=0FEL AT LT, 6851557 [Z[E#E
I HYET, Z<D ALRFRTICIFY . BV ANIFSEFLWLIIIFEOBROID T A,
SEFFLBLMNDNMMEANDDIEEERETYT  HRICLOTIIHL(TERTHIL
1LHENDTY , 6FFFLUEICL TSN BB DRE O XFEHRETHITTEE
FT DT RAESEIEEHERATES TREZ P >ThALRENIENHNIE
RENZENMTAICEVWTIREL TSN, HFEYREEZBHHEELNTT,
BAEDMITAIERBRO R+ EROEERTY . WeblTEFDEENHTETD
TIELEZEW, RS FELRLTY . EDE U T LZLORE BRI, COFBIEXA
DEIEMZLN(75%KB L) EVWVSRTIIEBEETY, LHL. BRITAGYDEE
NHADTEALLBNWTEMANERNSDITTIEEWNTT , H#M ., eV ML WeblZ
BEICHETOWET, TOFRALTIESD HhDALBWNIEIEAHTE RS, L
TLIEZEW, HAWTHEEEZCEZSVD . FRDEEIZENSAELEETY,



SoCEEEtiR RERR

RAHOTOty Y7 —FTFIoOFIER AVE A7 —FTIF iR
VLSIEREHER (MIPSOEE. L7k 4FF
WHISEBE? (IOEBAEI(I0TOEYY) 3ER
AVE2—S7—FTHUF+vAB IFEHF
] MRS | _—
BROFA HIT R | mrEmsR | osw

ITNENDBRELDOBEFZRTT, COBEORELTIFIVE2—RT7—FTIF v
HRIFERE2ADYET . AVE 137 —FTIFv(E. COBEODEEDS
ETITH, POFEDREYRTOEYYMIPSEFENET , (FIR I FEERFE2TIE,
EIRIZFPGAL T, ZOMIPSTAE Y HEFREL, EBDRAyF. TH— LEDF
FEoTHEELST —LEEYET , SHIZAFEDVISIERETRTIE. ZOMIPSEFVTIZ
RRITEHZEEZVFET, KZRTIE. REDTIILFa7 IOy H 0, &FEY
149070y OEMiEFEVET,



:I./I::L ’)"0)1%&

I
, Disk |

I \ -

- CPU

I{\Isplﬂ
«“ {|Bridge < System

/ | Bus
/b Bus s
-

=)

COIRET
PHESH

—— -

Memory
System

N y
~——

avFai—403ER

AVEA—RI3DDERIHAITTERAET , P RNIEELEECPU(Central Processing
Unit)[&. SRR ZAEUNSESTET, TNITH > TEELEZITO>E S T. 3>
Ex—20FILETY  ABV VAT LIE, 5. T—352EZTHERH T, CPU
[CEEARTHIBRAREUALET A, RlFavE1—42DaR M HEEICEZ B E(E K
EVWVTY, EFRIRERTHENLEATURFEHAEHLETRALET . RERIC.
HEBEDEREPYRYEITODMN AR HEE (1/0: Input/Output)'C?‘o FARATL
1. F—HR—F, IDRGEEDANBEDPY EYZEITIERSD . Ether Ry T—H, T4
AV ED@HBIECIE. USBEEZE A ET, '—0)3’30)g$lj:& NHYEETIMN. C
DIRETIE. CPUEARYS AT LOEREZHIDICREY, AHAKER., B—EIf
(TOYFET, BIZBFEDIAVEL—FT7—FTIF v TERAEAZZEV., MFHIDEEET
ERICARNWETH>OTEREEAFT



aAVE1—3DERK

s AVEA—EDITRA

s AVEA—3DEHEH
—avEa—ARET4UR)LER
- hRNEFBEBECPU
—-AEYEE
- A HEE

e OVEA—ADER

SHIE. RULGOT, HERER TLREAREIVEA—ADERELSLLLELL
2. FFAVEI—BDYFRERY | RIBERZIRICHELET . ThhnIIK
BEGEIVE1—IDEREEELLLET,



aAVEaA—3NDIS5RX WA

HkavEa1—4

PERE

T—5t 5—H
DSARB

(EHEEER
ZAI—TYrER

(FrIryT 9Ty T) B3 OCPUA FI

' et
5594 RN EE

( smapaTowyy )

\_l/ﬁmomovmmnw

aXk, ﬁﬁﬁﬁb\ig

100 10000 10075 & 100f&
ke

AVE1—RIFE EREEREDEOREVEZIEE LoEMIZEND TIEGZLNE
BUOET, 32L3ZNBDIEHI0OADAAATOEY Y T REGEDE R
HARENTVET , GLVEDIEEICRER MG EEZSRIZITOIRA—/\—aY
Ea1—42T1000EA#N5LDEHYET . EEEDIEL 10095 (10f81F) DA —
F—TEWET, (DB, FEEBIZT/INDMIBRTT . D) IhslEEHA
ANR.EEGHELGERATT , RKEDITEERDLIGIFRIZHIToNE
T, RCISRADAVEa—FIFEOLNACEERINSIHELNRLCILEER->TEL
TY . INLDIFREE2EBNLELLI — 2. BATLTRWI LK, Thizl
EEREMHREAESDICHEH LT . TOERNEHRSDEYAIHELLEESIET
T o boELEEGHAAATOY Y ERX—/\—a 1 —2FRFIFEAERL
MEDEYAIMELNTLNET , ZHARISC(Reduced Instruction Set Computer) &
ESAET. CORETEULET,



aAVEaA—S2D A
(1) AVEa1—2DLALNVA
IN—=YFILaE1—4
BAIESOE1—42
Personal Computer (PC)
TR TRESYT TR (/—IPC)
EMRE. T TN ER

_—

SvThy TR

TAY by T Bhttp:/Awww.dell.com/jp/ &)

PoLparvEa—45LharvEa—42h /8 —YF)LaE 1 —42(PC: Personal
Computer), AWMLYV TT HUITBEVWTHESIDZET ALY TREFD, Y
F=-ATHEEFYYETOILHETETNSG) BERIA(TE2IVT W TREFUET,
BATIEHINE/—t\YaY /J—FPCREELEESRIEMNZINTT , SV
E1—4Tld. ABDAERICF—R—FOIOREBELTENETOT, BN
BEENEETY, -, BAICELERLZ T ST19INRRREINDID T, 2D
DHERENEETY, £, ARMEYDHRENERINLSD T, XFTDCPUEES
BENZNTT, TR TRIL, Intel#t DCPUZFELY, iZEMN L AT RFEFE
%L T. WindowsHM0SEL THES (Linuxb R FEHN D) 1IZEMLGE MmN ZED
nN.EHOEBNIFEAERLIZE>TLEWNEL . COXITIKRTIX1IE BT
YUDRBEFREHENHL, ARMNBEDEDRR([ZHESTWET . REIXTRY
by TRIEA T4 RATOFABICRESN, BATESY TR TRHEFSIENZINT
T BESALSYT N TREREHLELEBWNVET . SYTMTEITR. EE. R41
L. Bt DEFGEEERE., IS MRE. V570 MREICHATERSIN., TAIMY
TREES>TRUATN TN OBEELETRMAHYET,



aAVE1—2 DA
(NAVE1—2DNBLND
H—/\
o BE EAF. T EEUA—REIZENINDS
o BAHBT—42 WebR—SHELEE
- FybFH. RYMER, V=V ILRYRD =01 ER Y —N\HNEER

+ Amazon, GoogleZZ £ XN BRBIT DU EE

o —EEMICAMBTIZCa TN, EENENEE

TU—F&EHY—/\ NRTHEDRLY—/\(pr.fujitsu.com&kY)

BATESIOTEEL, X EQT. T3 2—REICEM . EHHITEER
W T—HERETIAVEA—4% —/N\—EFUFET HE. TL—RFE T
AN, DETHEDB VY —/N—T. H—FELHIFEI LT EHOCPUEFIAL
T, —EIBRDOOITERELEY  KERGY—/N\—(F, VFRZERENT,
ZHDTVY (ER) TRESI., LOSETHEREDE VLRV T —ITHERSN,
BEARGT—HLEEREZFHO>TVEY  ESALFERDIRER., F7robFH. Rk
BR5E. V=X LRy T =07 EEWeb TITOEBWVWET A, ThoDNEEITST-
ODEKRGHY—N—IE, T2 3L ENLEMICEINTNHET,
Amazon, Google'Z E[EBE KGT—R U A—2HE<FH>TEY . WebiZHTHK A
BB TREELGEETVET, ECTIThATL S bRl eEnn,
DEIGRBEYSVRIAVEA—TAV T EFVFES , —N—IL /A=Y F)Lay
Ea—3EE->TRERMBENIEYE, —EDOKFEICALETHILENTESDITD
H(RIV—TINEBUFET)AKRETY £ BETDEHELKRENCEMNDIE
EMENEETYT, COEH, Y—/N\—[EEHFDCPUTIIEL, POECREDH ST
DEFESITENZVDTT  EFEHEOM LEDT=HIZIE. RCLEEECPUTITLY.
T—ADAE—EE R LR ERRIEDEBAEDONET,

10



aAVEA—2DOEH A
()avEai—2nWaL\5
A—/N\—arvEa1—4
o RBERWMFHEZSEICITOSEXRGOVEL—4
o R[REN. PEFEHELGE
s EFE/NUEEREEANEE

—

A—/A—avEa—% RE—ERHKR—ZERL

Z—S—avEa—AalE, F—at o A—ICBANEEARY —/\—ERH, 1={SA
DERIZCPUND—FERA B TEAORYITHEMINTOES . KRG
H.MBEZOMACERERMGEOBRENETLENLOT, FHIMEHL
WO THERTOBIEHFRENNEETT , x—/{—a E1—2D5L DAL
BLEDE, FEICBELCEASERTOC I/ CEROREERANTHESNE
Y, CDH RAAZDELENEL HEPZ1—RZEDHOL. ESALEEE
HOCENBHINEBVES . FBEFEFAOERI OSSO CHLNEIRIT. B
LD TORRIHYMNFEDDBERICHIIL, —BIEHR—EERMLELT,
RATLHFALOHEEENEE>TVET

11



AvEa—SDtHEA
(1)aAvEa—32DWLAN5
HARAAIE1—S
+ FLE.DVDIL—Y¥— EFANAT, —L *okD—Havba—3,

B, I7aVGEICEAAENRSIVEL—S
.« BEORELSETHEL
« QAR GHABINEE
© HEQVEICHLTEBMEENSBRSNDIBELHD

SONY PS3I(F3@ AT Aty CellbiMfEHA TL V=

HARAAAVE1—R(L T DVDTL—N—  ETAAAS  F— L Ryk
=93 bA—5 B I7AVGREDHBITHARAENT, TOHMELTHEE
T CO=ONADIBIERZGENIAVELI—ETT, COISANDIAVE 1—R(THEFFE
DUEBLYUNIITHT . F-LELHERELUEIBERYERA, BAHAFEFN-E G
EEEBZHENLORMN HEBENNEERINET , T7aVHEDFHIEIZ
(FIEREI/NSABIARMD A0V FA—FEFEIENSCPUNEHDNET , LH
L. #HAAIE1—IR—RICHERENMEVNEIZIEZA T E A BHEDLIEIHL
TIEEWMVEENEREINE=H ., 5— LI 0y T—oa0 bO0—3IZ(F58
HCPUANARWLLNET , CORKIESONYDPS3ITY A, HEFELTIEHIEDHERES
Fof=CellEWV\ ST Aty hMEHLNELT=, § DPSAIZIE5E H172GPU(Graphic
Processing Unit) EFEIEN D58 W0 570y RDERTOEy ARG TILVE
-d—o

12



AUEA—ADHHEH
(1)AvEa1—2DLVALNVA
AX—hI74+2 2Tk

o K—VUFILAUE 1 —BEAHAH AU 1 — RO PRI E D
- 7TVEANTEAET S /N\—VYF)LavEar—4
- BEEEE. HA5> HAAHOVEL—S

. K—VUFLALEI— DR BERMICBELODOHS

NTTDOCOMOM R X —h T4 SONYDFTL-vk

ARX—hTA2 BT Y&, PCEMARAAAIVE 2 —2 D DG ERERLE
T, BEEMEE. WATHEREZPIDICEZ B LA RAAAIAVEL—2TTH, 7T
EANTHALGETOTSLEEN T CENTES A TIEPCITEWLTY , IGEHEREIX
EETIMN PCRYELHEHEBEE A, AR EEHINTT , ERFBIEEO/N\SUAHN
HARAAEWEEZET , COHYSRDaAVE1—RIE. PCZffbhoTavEa—
AFADHILIZIEYDOHYET , RICAERLET A, PCOTEE Tldintelft DCPU
MNEICELNDIDIZHL T, ZOYFATIZARMEWSCPUN BLEHNET , ARM
HLRISCD—FETT,

SETRALEIVE1—ADISRIFEETT, Thid, HSRMESE, HEEH
B TLBNBTY , PCOH —/ \—DHRTIE, HEEFBThIESNEEBRITT,
TAYSLOEFTHAREDY , —EOBRICRETES D37 DA B
Tt LAl A RHEDIE1—ATIE, BEESNB L DM H>TH
BIZTBEE b, TOHEBEAOIRNENST ZOMNBNEETT, ALY
E1—ADRHETHEEROENE T, 2ENWHEDENELHYET,

13



(2)arE1—3ZE5T+2 %)L AR

« AVEA—RETAPRIREBRIERMNSTETLNDS
- 10 FZEHRSEEGRERF (T —MZEZ2HANS
—gﬂ"nrn MIEMGEELNMFLEVLAER, FERLICZH
s EQVOBERE
« BEEE—DOOFBE EICHEEATAE
- T=ILRBEEICLBRE RIS N TS
- /\—h r717’nEﬂiZEEHDL(Hardware Description Language)
J:l’)nEJ_ :&;d"?’
* 19804 LL3ECMOS (Complementary Metal Oxide
Semiconductor) WERL. Y//0aE1—2M 2RI
= ERE. BERTEL

:Izl: A—AF ARG TAOFILERRTT . 1L0LMRHENTAP2)LE R
FRIBEER) A2EHMDEBEEZERET HOE1—FEBLEH>TWVNSIZHTY,
74/9)1/@%0) WIET — &, B EEEL TG0 — A, %E(:@H’ELA 3

BALIZZHBETHIENTEES BAEDIVE LRI TNENDiRE
T—bIHEIROHEEZET. HHERZLEOFERKRLIC Fﬁ?’é‘_c‘:b\fﬁ
F9, COLIEKRELZEBKRIL, BT —FEDERREZE R T HAETIHETHEE
HTELL =D /N\—F Y7588 EEEHDL(Hardware Description Language) T. it
MDD —RITY . N—F I T7DERETFZRELELTIKCEEREESHEN &I
(j: ﬂxﬂSL—CL‘%)G)—C?_?ﬁ\ :/t1_9®n1n+-t'j:HDL7b\E_llI%%}L%{ﬁbh-tl:\gs
T, COBERIEERICEBRLTAHLEEBTETLHEENVET  EFRRERTEY
ELT=HY. 19804 LLFECMOS (Complementary Metal Oxide Semiconductor) AV &R (2
FEEL.BRE. 3VE1—2ITOCMOSHFBIARD LIZEEINDHLSITHYELT=,

14



AND A OR
ABEA g ABEBLLHA
1E5YHN 145YAN
NAND A
1Z5YH0 ABEL LM
A 155YH0
B
NOT
N A > v
AD1/0% R 5
BILY—FCHEZDD
EEHIHS

SECORBRADEBETIHIOELRT — 2 E o= EEMBLI-ERNET,
:g#&%vtich’&&‘—xaL,f:m:"l—st@/ \—R O T7%#HRETHIHAEEFZY
9,



aAVELA—3N=FEFH

At ngt msk
Keyboard \ :
&Isplay \ .
Bridge System

U Bus
1/IO\B
us /,- \\

R %
Memory *EY
System

th B R
CPU(Central
Processing Unit)

AVEA—RI3DDERIHAITTERAET , P RNIEELEECPU(Central Processing
Unit) &, AR ZEAEYDSERSTE T, NI TEENEZITSEH T, 3V
Ea—2DFILETY  ABVV AT LK. SF. T—3%EZ THLEHTT . CPU
[CEERTHIBR AR AL ET AN, E(XaVE 2 —2DaR, HREICEZHFE(XK
ZEVVTY, BFRIOBERBLAETRNALE-AR)RFEHAEHETRRALEY . &
ZIZ. LD EHRELYRYEITOOMN AL HEE (1/0: Input/Output)’Cd’o T4
ATLA ., F—HR—F, I IRGEEDABEDOY LEYEITIERS . Ethery kT —7,
TARDIEE DFEBNEEIE. USBREEEHFET, uO)SOO)E%li&h%E%TT?ﬁ\
CORETIE, CPUEA RS AT LDERZHRIDIZZVFET . AHNEKEF. 3F
DIAVEA—FT7—FTIOF v TEREZZV ., MEHOERTERICAE HZETHo
TERBREFEAFET, ERICTOVEL—FZEES LTI AR NEEILFEREIZEEL
0);_;_’75\ HNIEERIESTHIDMN—BFETY , COEIEERDATEI—EMN
LEYI,

16



CPUDERL

CPUIX. 5tH%Z1T5

T—SUSALED ALU (Arithmetic Logic Unit)
arka—shn 8 R

WEhD, | Y LR RERNGLERS
A /\_ B
AHERERU

HHICFATS
—LTR4E
(ME B> TH B L
AE) CPUDT—%/ A

CPUIK. BHEZEITOIT —R/NREINEFIHT 5 A—IDNOTETVETS . T—
RS A D FlMEALU (Arithmetic Logic Unit)EWVOINE ., JBE . RIEEELGEFTOH
HEHERFE LORFEVNSTHEFRELTEKEEDHAEHLETTETLE
T AWUWDHAELCRAEDAAIZRI ZEIZKY ., —EFAEL-EZBUEEIZF
BATEAEIILFET . T—RIEAERVIZANTEE, CIhDHRABLTET. KR

RS FET . A CPUDERIGEETT , CDBIE. COIRETH LR

LET,



aOEaA—3Dfm S
BIEOXR

F7a—F:
BIEORE:
mnEsk
EHEND: D R1,R2,R3

LORR2EL D RAA3ERLTEEL U AA1IZANS

‘ ARFUE:

FIE#S: BEQZ R1, RV %E x4 a—F
Lo ZAZ1H0%ELIE, RUEERTI—FHDRDER
SEERTEE

aAVE 1R SIS TRIEZITVET . COGS L BIEORNBERITA
Ta—REEEOREERTARSURDEAHEHENSTETWNET  FIZIELY
RA2ELVRAIDHFEERLTEREL D RATZANS, ELVSa R ILADD
R1,R2,R3EEZFT , ADDD A M A TIA—K ., RL,R2,R3IDEIPANARSURIZHT-
UFET, FEFERWICZEVTHIEBIZETLEIN. GEETDIEBEZZEZS
MELHYET, cnENEGSEFEVET, IR, LORZ1H0ELIL, IBEIC
MEEETTIDZFLEDTRUEEZENTHDECAITHETIGHEETLET,
:5‘/1:;_1—90)@%%80)4:5(:1’%75\(i:@#%%’éfiﬁﬁLTL\T:T:“%T:L\E%Z;
ll\\—G o

18



T0T 5 LgHMEET E

‘1

MUK

F—RINAD
HlEES

avka—3

\\_1_/

0TS LhowE

1. 7T S LA ADIETHRSE
B->TkES (FzyF)

2. arA—STHEERR(TI3—F)
3. F—AINATHEEENT

BEAEY

1HB3ERYIERT

AVEA—BRIFIFOHRBLIFE, KEGH—/\H/NSHEHEIHMAHFRAET. €T
COAXTOLTE:

AVE 1 —RIIH A LUETOELS VRS TSN TT A, TOT S LEMELNSA
AN—BLTELATWET, COARIZTOTSLAIUAENSLO REEER(IT
THEE.COLDRINTTRRERM>TET, INEETLET . RIZTATS LD
DURAEFITEH TROMEERTLETH. plEGmELHNE. TOTS LAY
ADHFEFESBZTHOGREERTLET . TOVSLEMEDOREBIIRER
BTN ATY  BAETLAARAIVE1—INDR—/N\—a0E1—8FTE
TOAVE1—2NTOT S LM EFE>TVET,



2) BB EE (AEY)

DOI 15 ) ]
I A [EEwWbIt, RE2
ZDHFw=16, n=8
2 &2’ =256
7ELR (RYIE22ET 262 HDT—45%
BT 5)
8bitE (X
255 ‘
clk oI ] we

AEYDETIL=BEEXMITKTHD, 7FLA TR HF#HIC
THERET .

AVE1—3M3DNEZDILM2EFBH L. BEVATLAE)ATL)TY , A
EJDETIVIZBEHMERT, TRLREVWNSBEMEFZSZ T, Wi T SEEFRAIEVE
W=ULFET, ABYDT—ARIBwIE, AV E1—42THRSEVMEIZEHETIE Yk
DEMIIHEOTNBIENZNTT , PRLRADOB MM SR KB FETEREIEME
VET, PRLRADE YR ENET BEATYDFESIL2OnFIZEYET, AEUDE
E(FX20DnFE x w bitERYET,

20



AEYDBE TRLR BE HERLT-
. FExIE A% Al
- EDOXRICIEE |8 256 256
BrhEed |10 1024 1K
DEBAUS (47 4096 |4K
© BERLIESL g 65536 | 64K
ATH 57 (i
ﬁ%ﬁi‘tlﬁ 18 262144 256K
BARDEL) |20 e M
24 16777216 | 16M
28 2683435456 256M
30 1073741824 1 G
32 4294967296 4G

AEYDBEIZRST . AV 1—4TIH2OnEDHERIVET , 200105F (L1024 T
TH, BT ERLTIKEFUVFET, FLL2M20F (X 1M, 20D30F (X 1GEMFUFE
T CORTIHFAVE A —ETELFI2OnFEDHEMNRTLTHYET . COIH 1K, 1
M. 1GFEFITERIZEZ THLDHIMEFITT,



JIRDIIT S

(=97310)]
T _ (RS2 RRTLUR)
=] =y 1
h FUIRAEY
. LiFrusa| | ~64KB 1-2clock
CPU®D <[ B i
BT —2E ANTH :
o 2% wysa | | ~256KB 3-10clock
EI(CAITRE LY EL 1 i
KBEEAEVCEVICIK —— ‘
L3k pyin 2M~4MB 10-20clock
SRAM
|
%;iﬁ 4~16GB 50-100clock

OSHEH FHENECIE (2ECHE)
f T f 1 ﬁ p-msecA —4 —

ARV AT LIFXCPUNTRAHFSEB 05T CICHEDHBLLLNEERT, R
WEEBENKEVOAERETT, LHL. BERIZEIEEDAEYIEEEI NS,
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CDAVE1—ADHEIRFELIX. 2003 FEFTHEEZEL-, CORIOVE1—4D
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MLICTHUEENANET . HFEVYIC/OVIBBE#RA LEL-F2H. OV
Ea—4THETIENNEML., BRERBSEIONREITHEH>TEDTT . &
512, CPUDFR TITIE ERIEFEZNRFRIZEL ., CPUIZLERTAE DEEMN LA
SIEWVEEDRIBRADT=O . BIEDOCPUDMEREZ R ESEADHAREIZHE->TEE
L1=. 20035 (249070 yHEFEL TEinteltt (T ZFDAEHEEEHL, BiK
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30



avEa1—ARE S
(4)TIILFaT7HER
20035 -

« BACPUDMEENRFRITET S
- B HEEHORE
- REFFICEITTELMRBARRAIC
— CPUDAE—FIZAEYAMTFULNTULMFELLY
- FEFOMEREM LDORRA
« BiR#ELIFHDTIEGLCPUQT7) DHEIED
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TLEE&LY,
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HDL (Hardware Description Language)
[ETEHERE | TE -7 —MEGRZEFE - f-/\—F
DIV RIS X EHL NG

- RTITA4VIERETEEEND
Verilog-HDL&VHDLD Z D AVE#E

— i (X Z <MD CAD (Computer Aided Design)h\ili A %=

(FF1+%
— CADIZXAMEBE . EMEICL Ty —MEGRR (v
AR Z?ﬁéhé

BEIXCLALERETE—RR1E

- HLS?\ igh Level Synthe3|s BELERK) EFIENDHET
DIT7EERK
- A& &OTEL"\(T‘Q*L'CL\%

CDIRETIE, CPUEN—RI 7 RABEFEFETHRETL, 3aL—2avLiGhs. £
DEMEZEMBLET . L&, SAIEN—FOz 7RI SEEMEL. 2 3aL—3
COHEE.BEROBADLEAEMRLET . /N\—F I T7RRAREEIEIZDODE A
MEILTULVE T, Verilog HDLEVHDLT Y, Verilog HDLD £ ## S EE D System
Verilogh, ZDIEEHLNIEH TLVET A, FEREEXDVerilogD AW BLEHLNET,
CDZODNEREIE. TADEEERN. TORMICITHNHUNEIZEFEBLT, 70
TRV EBITUE-EREFE>TN—FOz7%RBRLET, CDKI%EEEHMRERTL
(Register Transfer Level) EFEUNE T, RTLERET SN Iz/\—F 7 (X, 2alL—P 3>
[ZEYBNMEZFTESELT-# . CAD(Computer Aided Design)Z LN TH —MERR (R
FIRREFEVERT) DWICE#RL., REILEITVET . RIAIXCERBLIFEALERL
(HFDE)EBEFE T /N\—F U7 TITHUNEEAKRZE R T SH&. RTLEEHRICH
FAIIZZE L TSN BHLS (High Level Synthesis)iX fli A B L TE=1=6 . /\—F
DIT7%CEiE(JavaTERET T AL HD) TR T HHEN—MMICERLTE
FLzo COREITEMGET IV LEZN—FITTILTEDIZIEEFTI A,
CPURRYET—Hao b OA—Z ERAIV T HIHMNEELG/N—F Iz 7 DRI
RIWTWERA BRIZCE > THENDITONTNETD,
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Verilog&VHDL

Verilog-HDL VHDL
= WEBLIaL—Tavid |[EHEE
st

Bl | FOrOrRELE—F | ERMEE

ERUN Pacall& (%) PL/I-ADA
FH [EWGEETYSaL— | REiR AR

2avId ke

{5 T%¥H ClIVerilog HDLEHEH

Verilog HDLEVHDLIZ HIZRLEHONFT A, TOHEIEEGEO>TUET,

Verilog-HDLIZFRIEL 2L —2a v Reb T HEEBELTHAEL., FhhTLNSS
BITBEILSINF=T I7IRRAU A —RTY X (L2 YD R) [EPascal ELEFRL
TWET A, DYT, Pascal L [EFEEEST- B DEXTY , 2aL—arvhig
EITNIX, ZDN—FIT7DRRFDDHINDDT, EICHNMETHENEETY,
ZDT1=®. Verilog HDLIZ, EEHEZL\WIIRICEWNTEHLIaL— 3> EIXEME
LTLEVWET . CNIEHYD - EHBATTN, ERDEREETICHERIZRD
WEWE, EATELEWNTEEATEN—R I T7EERT S EIZIHEYET, Verilog
HDLIZ, A LR BB RAFB LAF- TSI, T i B L1=System Veriloght
EHLTVWET, LAL, Y—ILARIGLIELD T, CSTIEEWER A, Z2TES
Xk D EFE LS L VerilogtSystem Verilogb SFEEDHYFEH A

— A VHDLIIN—F Oz 7 DHEHREREBADEEZNRZLI-LD T, BELTHEX
TRLITI—FIVIEEOLYITVET  KEERAMFIELT-PL/I. ADADINZE
ROBX T, BREELEL TR T A IVIZHIESNELT- (PL/IEADAIL. X EEFS
ERINLUNDEEBTEWNV Y IFIZTOMAZRDLEI -1, TOT I3
JEEELT—HBHAYSFELNELE. LML, HEYORLEDFIAIESIZEEIL
T=7R95% 6. REDBRORIZCNEZERIZEBLGAAELT) , SRl A
B TE DT, VAV IRIS—HEIE T DERFET/INTE#IEYFELT EMTEE
o — A EHEEN—FITT7ORRBRICLZEHDITHREET IO THRETT .
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({F>TULV=CADMIN LN Z(HFFEMN22) DTT A, COEEILHFYIFEIC
N3, Verilog HDLIZHIYE 2 E L=, VHDLT/\—K 7RI LTULVAE, #FHL
WO RTLERIT DAL, LWLV IATATIRIEFPH>TLSDTIFECT,
OIMYESV AT LDEBEZEZNTNDEIBRSITHLTAATT 155
W BATEISED)IATAI BRI TESDTTN., £ KRN DEIETT , =
WL TRIEDCADIEAAZFZ T T TNET DT, ELLNTHRETENILM
EHYEE A
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tar fileD iz,

cd T4LIKN)A
tar xvf 1kai.tar
cd 1kai

e Is

RIZZOFDVA—RENT=T7AIWVERELES . COT7A)LILtar& VS HIEEL
WLinux@7—hA47 (BE, 774 EFEDHT—2OI2FBH0YA) BRIZH->TLE
T o (BHATo=>TtarDtlFtape TT—THRMSFEHONTEEDO T ) AHrO—
KEDTALIR)IZITE. tar xvf lkaitar&EWVIAY VR THELET , 59 S &1kai
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35



VerilogD E AR &

AAVHICEELRL
BEREXFvII2EIRSTILO
FTIEDTLEDHTTSEN

/* 1bit adder */
module adder (
input a,b, output s);
N—F9xF7EDa—ILIE
assigns =at+b; //fadda,b  ®va—ixcEs.

INGA—RDBEAIICESE
endmodule LHTWS,

\ assign3C (X155 DI &)
M IERY.

endmodule T#&h 3
ZZIZlFtEsanrE 2 TlE
A

GEMEIaRVHES

adder.v: HisRFIE.v. Z7AILBIX
ryTEDa—IWEZERLCIZTS

Tl EERATALIM) R DaddervEF R THELLI, Ch Verilog HDLTE L V=1
EvrDIEZRTY , CEEENTAT S LDYLRIRL.cIZLT=MD LFE#kIZ. Verilog HDL
DI7AIIDIERLITVIZCLET . = 7MLV AT TED 12— )L A (R LRI
BDEDa2—ILEL, CZTlEadden) ISLET . TTARTESADIFELEDEFE>TS
28, ERVidENET A, BESAlTemacs B FELANZ LN ERVET,
ST FTRAVDTIEAATYT , AAVRDFFTAIKXCERLT/* */THERLH. //
DRIZEINELLMNTY , CCTHAREEFEWVKGIADNBLEENVET AL B
RKEBD IS TILDTELRDD TIEDH TLIZEW, EETAAVIEFITE
L&S, T, Verilog HDLIEZ(VHDLE) . N—FKIz7ZED1—ILEWSE LI TRE
MIZERLTWEET, COBEEIEVFDMERISIDDED 2—ILIZRYET,
VerilogDEER I EED 21— ILDEENSIRFEYET,

module X DRIZEDA—ILBEEE, TNIZHES( )RICAB DImFEEZEL TR
BETEDA—INEREINFET, ZZTldadderBNED 21— ILE T, inputDED
a,bMANIHFA . outputDEDsHH NimFH TY . RICHMN T SAHETIEEL
BWMEERIEVRDIHFELTEESINET,
NBIEAVITREY>TULKDTHIERTELTENTEZE T, inputX . outputX
BANEHE TETLREOYER A, CCTCEEBLDEWVILGEMN . BED)D
ZICEOOVUHABELERTY,

EVA—IILEERLID. ROODXIFZDED 12— ILDBEHAWVIIEEEES

36



F9 ., ZZTldassign s=a+b; TaANELATDOMEFERFSICH TS, HBHU\Fak
bEMERICANTIZE WEsITERT S, ELVOIEKERMNHYET , Verilog TIFEHEIZ
=%#FESEIETET ., T assignZEITFTTET , (CHITDNVTIXR TEELLEER
LET ) XDEDOYIXCERBERBZKICEIOAUEFFITET,
ZDED1—ILIEZINTEDHYED T, endmodule X TED 21— ILDEDHYEESL
F9, CcOXDEDYIZIFEIaO ZEZF T TIZWNITERE A
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T AU F(test.v)

o DIal—ialilEntznER
module test;
parameter STEP=10;
reg ina, inb;
wire outs;
adder adder_1(.a(ina), .b(inb), .s(outs));
initial begin
$dumpfile(“adder.ved”);
$dumpvars(0,adder_1);
ina <= 1’b0;
inb <= 1'b0;
#STEP
$display(“a:%b b:%b s:%b”, ina,inb,outs);
ina <= 1'b0;
inb <= 1’b1;
#STEP

=

addervE L6 NELIaAL—aV L TTRAMNT HARELHY ., ZDTF=HIZFHI
DED1—ILIRBEIZHYET , COED1—I)LIE, RED/N—FOz 7 TIEHL,
BEDEDA—ILETAN BFEITOEMDERT, TRAMUFEEEINET, =
ZTlEmodule testZtestv&EWLNS 77 ILFRIZFERL THYET . CNEIT T2 TH
WTRTTEW, TRAMUFIEENBARDAAIILELD T, ED2—ILBADEA
DCHIEHBYFEEA,

Verilogld, SRIBLZaL—2a > DHIHADEENOFHKELI-DT, 2aL—3Y
HOEBAFTELTVET , CNIFEZRBIEOSICHENRHIDEFEHIILE
BEARIEKDIIAL—avMNTERNIEIZRY  ZOTAMUFEELIEN
AFIBEBDEEIZHS>TULVET , T COTAMUFIEIEARW(ZIZE/ Z—2 LHVE
HEWDT, HFEYFRCEKREZEZT . 3aLl—1 3 L THFELLS, COTHE
[ZERBALE T . HEVYER(ERAFLZWNADWNTT,
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FARRY F DT

parameter3 |3 # 2k~ Hdefine
XELITLAN LY R

parameter STEP=10;

T regX THEE TIHEERIETES,
reg ina, inb; Wire X [£{ESI= 2 RIZ (11 B117,

wire outs; CHIEROERTRAT S

adder adder_1(.a(ina), .b(inb), .s(outs));
[ 4Jza>zg
BIZ7AILTEELI-EYa—ILA A A~DOHERR
EUARLTIEO—AILERRTEED

9. &M parameterX T 2aL—Lav DETDIRATY T DORMEEEZERLTLY
F9, CCTlX10nsecHNZalb—a  DEGBREITHAIEEZESLTVVET . O
DSTEPEWNSI BT EFE->TUIaL—av DRFEZEEH TITEET . K(lina, inb,
outsELVDITARAMUFHDIEFTHEERLTLVET , CCTregldregister DA T,
T—R%EELET, L TwirelFEIEBICRFIEDITTLNSIEITTY , =
DBIFEDIBETKIGIBALEFT DT, CCTEHIHBFYMNEWNTESTET, ST,
RlZadderM b5 FE ST T, addervCE S LfzadderDERFEFLET . T E
Da—I)VAIFEIFEEELzadderZFORLENHYFET . ChITHL T, ERR I
AITHENND T A, ZZTldadder 1EWLSLHIIZLET . ERLZDED( YD
T .EVaA—ILDARICTAMUFOESZEYETEY . CCTldallinaZzblz
inbZ . sIZoutsFEWTWVET, ELa—ILO AR ABIZIXEUARZFIFTEDE
D )NIZLDERBDODEBRLREENTOPYET, EELHNEEIEESNATLNSD
T.ECEEIEESTHLRGDTWET,
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U2alb— 3> Ol
initial X (3222 L—YavE—ERT
initial begin
$dumpfile(“adder.ved”); mmI7sLz8EE
$dumpvars(0,adder_1); mpszamEsEas

H <= b -
ina <=1 ,bO, regXI=IET Oy T R A<=
inb <= 1’b0; (ChHBIZBNT3)

H#STEP mmus CCTIEADZEHIE
$display(“a:%b b:%b s:%b”, ina,inb,outs);
ina <= 1’b0; fﬁwﬁz\ 7;»2&@1%
. =1’ . %bT2HEM KT

#SI"}lI)EI: 1’b1; e

initial XU TFIEI2aL— a3 DHlIHETOEA T, COXIEIIaL—av%E
IEIZ—EIEITLET , beginh5(ELFE>Tend TR OYFET . I S dumpfilek
SdumpvarsT, 2oL —La U ERF R I7MILE, ZCIZERT HIETDEH
HIETELET, VerilogTIE $ M SIRFELD XIZHEBMTT , COBETIIKEI7
A Eved e REFENET, COBKET7MIIN YA XDBKRELLGIRENHZHDT
ITH, BETEISFEFLNTLWADTIZEAEETHDCADTHR>TNET , Hhik
FIZFvedZE T TLZEW, T7MIV A DE R ERTHELD TE AN, adderdTX
;35D Tadder&ELVSBZFNZLTLVET . RDdumpvarsiL iRz T HIETDEHHEE
RL. CCTIEEERBIBITNIEBEYEL A, §Eladder_1ZEELTIDED 21—
ILWDIEBEETRELET . RYUDOIFXETRRIRTHELERLET,
RIZADEBITEZHRTELET . ina, inblEreg TEELI-DT. EXFEZTHLITKL
nNFET, NIZ<=T0.0ZXRELFT . COL=FTAVFUITRAIEN, L
CRBRINEERTET AEESIFENET, ChBRIFEHLBNLET . Thho#
STEPT10nsecEREHEDH TS . TNH DSdisplayX THRERTLET . ZDdisplay
XIFCEBDprintfEIFEAERMUETT M, %bELNDITH—T YT 2EBDRTH
TEET, =, ITIIEHFMICAVET . TR TAADO, OOFEDAHAEEHN
RIRSNET, Tf-. #STEPTUIaL—avBHEEDH . S TOHEAEHEDA
NEANTHRZR KL, &REZIZ $finihsh

TYIaL—2avERTLET . TD#ICinitial X Dbeginl 2 MG bendZ2EEFE
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ERR
TAMUFEED 12— )LD —DEND THREZ[Xendmodule XL ETY,
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Verilog-HDL®D ¥ 2alb—i3Y

« l|karus VerilogZ F| A
QavNAIEBDI)—YIb0xT
+ Linux, Windows <> (24 Ah—)L Al EE
« iverilog XX.vCaAV/A IV, BRI 7/ I ELEEL
* VWp a.0utTET. hiEYEE
O Verilog2000(Z 5t i
X BEMIAL—2ar N TELL
« KR Viewerldgtkwave
O2U—YIk)xF
Linux, Windows<¥ > > [Z4 > A— LAl BE
gtkwave XX.vcd G2 Ej
HEARp%ViewerDHEET 2 THD
x fthDViewer| ZEERTAOLEWNZKLIDE, |

ST, CIESETHBRNLE=TAM U FtestvE ALV CaddervE>SaL—32L T
AHFELED, CTTHESD(LIkarus VerilogE L\ 7Y —Y Iz 7H#FALET,
lkarus Verilogld&a /S ILEID LI 2L —H T, T iverilog test.v adderv&FTHIA
ATIAVNAIWLET  CEEBREK. ELT I T7MINEETHERET, L oF3v)
AIZ—MEFNIEa.outEWNVSEFTEMNTEET , ZI Ty wpa.outél\3aATUR%E
HRADIEIZKYD2aL—2ar N TEET, 7U—YIb Iz 7ICLTIEEIRET.
It 7 MDVerilogf= 1+ T ET AR D Verilog20001ZH %t s L TN FE T, Linux,
WindowsE A2/ ET DD T, BESADPCIZAVAM—=ILT B ELAEETT, [1E
YEMAEESAVEA— 37 —FTI9FvDR—=U N ITHA BB AINTOET,
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Ja.out

BRNRTIND

TlEO>THES

iverilog test.v adder.v

contest1@

contest10, tar. gz

contestl]
contest!
contest!
contest13, tar
enshu

enshu. tar
fpga
imemtest. dat
jal

iverilog test.v adder.v

AR
1kai. tar ’kaiold a3kai.tar base.h
2kai Tkaiold2 a3kaiold branch

2kai. tar 8kai adkai branch. tar
2kaiold 8kai. tar adkai.tar clkai
kaioldZ Bkaians adkaiold clkai. tar

Tkai 8kaiold aSkai c2kai

Jkai 9kai. tar aSkai.sav c2kai. 201
kai. sav 9kaiold aSkai.tar c2kai.sav

3kai. tar Jkaiold? abkaians c2kai. tar

4kai dkaiold3 aSkaiold chuo

4kai. tar abkai chue

hunga@wormhole: "/verilog/code$ cd Tkai
hunga@wormhole: “/verilog/code/1kai$ 1s

adder.v test.v

hunga@wormhole: "/verilog/code/1kai$
hunga@wormhole: "/verilog/code/1kai$ 1s

adder.v test.v

hunga@wormhole: " /verilog/code/1kai$ ./a.out

VCD info: dumpfile adder.vcd opened for output
a:0 b:0 s:0

a:0 b:1 s:1

a:1 b:0

a:1 b:l s:0

hunga@wormhole: " /verilog/code/1kai$ | |

plkai. tar
p2kai
p2kai. tar
p3kai
p3kai. tar
pingpong
poco
pocoisa
pocoisa. tar
pocop

pocop. tar

synth
synth. bak
synth. tar
synthise

synthise. sav
synthise. tar
test
test?
t
vtest
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gtkwaveZ{E->TR K>
* gtkwavelIs@ AT/ \v T HY—IL
s CNGLTIRETHEB EREYTINGL !
gtkwave adder.vcd
+E9 v
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ESEEIRL TAppend=iR3 LHD
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File EditllSearch Time Markers View Help
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wSST Signals —  Waves
&t te Time
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b
s
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7
/
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Type] Spnals /
wire a) 1/
/
wire ‘
wire §
Filter
AppEnd Insert | Replace

BITEEARND

2  Marker Cursor: 1 ps
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Zoom Fit#3# 3 LWL IZR TSNS
—E1(Zoom Out)ZEFTL THLIY

[ Time Markers View Help

® | From{0 sec To{40ns & | orker
Signals Waves

Time

a

b

Type | Signals

wire a
wire b
wire s

Append| Insert | Replace

ursor: 17240 ps
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MBEZHIEBAND (&) ITEEFHA T IaL—3avE
EITLED

andlEFHIELDOTEE module an&l\VS&HITIZL.
an.veELNST7AILIZANS

testvE ANE 2%, adderTlE#ikanIZEE

Webh btar fileZER>T¥ES
tar xvf 1kai.tar C2&

IRHIE keio.jplZiRH

TIHEEEC>THELELS FRIFFFITHLLAVNVEE T, MED+EHEED
GIZANBEZTYI2L—2abeRITTHEVIRETY . BE DR [$keio.jpl<
TVETOTITERZEL,



AVEL—2DEE FLH

« AVE1—AILCPUAE! . IIODZEEZEMNSTETILVS

e AVEA—BRIZBARBISANGH ST, hhE. MIEHA10{EZ(
WUVILED) £ 850N E . ENBIFEALERILGSEHERTEK

o OAVEA—BIETETHLISELLVVDERFIFONERA
RIITOTSLEHETEDL->TULVEL, LAMLEREIZ1E
& (LD KB ULBLEE-TULNVS

e AVEA—ADERTEELDIT1980FERDFENVADE
&, 2003FENTIILFATER, SIETIILFa7ERLE
WTL3, LR

TlEAVTARIZERFEEDTT  AVE1—ROEBIICNDAEEZEZ TELITLY
WTL&D, AVE1—RIEBIEHFRG T ERREVNZET,
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HDLDFED

HDL&EIE, L RRIZH T BT —2DREEE LORFEDOT
—ADOFRNETOTSLEEBRICERT S (RTLERET) /\—
Foz7REARAEE

Verilog HDLIEmodule i T/N—K Oz 7%k 35

— module/endmodule

— input/output

— assign
TARUF(EIZaL—230DPYAZERRT S

— initial »

— S$display \\ ;
— $dumpfile \’?gi

— $dumpvars N A
— $finish

RIZHDLDFEEDH T,
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Verilogvzalb—v3avmO3xET
o VRal—iarvmav/A)L
— iverilog *.v
- TALIMIRIZE—ED 22— HEE. T7MIVELTEET S
— iverilog test_poco.v poco1.vrfile.v alu.v &
- IS—HHEEE. AvtE—TFRBGEAT!
e U2al—iavmET
— wp a.out $HAL\IE /a.out
— iverilog RITEIZ-0TCRITI7MIVRBEIEETHENTES,
s REORTR
— gtkwave XX.vcd
- EDa—ILEBIRTHLEFTENRIEND
- Ch#E9)yILTER>AppendE /) v o3 bEE AR TENS
- RT7—IIpseciEDTIAFT R (=) DY ILFE TR —R%E
AB(—E 0)ZoomFit’a:—’7'J‘y7§’6tEﬁilﬁ*]l:iﬁl%b’“h\

RRITEERITOAEDEEDHTY . nlL, CORETHELENET,
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