EDA W—JL% AW RIBE SRt

KRB E

AKIEETIZ, EDA W—Jb (Electronic Design Automation ¥ —)\, B RIEEREIEY 7 F
7 x7) ZHOIeT4IFI LSI OitEt 2179, MR ETo LSI (Large Scale Integration)
BEhicmz, FE#Z AR E - CTH % FPGA (Field Programmable Gate Array) %
M7z mlgo@Esha &, FEEZE L <, mMHRpgEEH, > a2 —ray, mBak
7% £ OFmBRIEEEHC B 1T 2 SRS DR L Btz HiG 5.

EEBRATIa1—)l

ARFEERIZA 28T, UFDLIBRATY 2 — LT,

F18E (FE FEEBED 1 E, 28, 38, 48) \—KRyz7EREFO—DOTH%
Verilog HDL 2 & 2 fli i & Mg Rkt &, G 2B o Ei{EEE 2179, [
HOEEEETIX, FPGA ZH# L 7 FEBAMR 2 H o CERGET L 72 [0l 2 EESICEIE S
3,

o FhE1 (R AR RIK DR & BfESEER)
o H2 (R 21T MALRIEE D)

F28 (P8 FEEED 4 5, 5 &, 6 F) Verilog HDL 12 X 2 &S EEEE & IEFEEE
DEtl, EDA Y =W EEHREHC O WTOEREZITY . T/, EEEEE LT,
2 #{t 10 3 (BCD: Binary Coded Decimal) 77 > % Oi%it, R5IHg (R4 —
b= bv) OFGEIEfT.
o Fh3 (INEZAT 9 WFFHl& DT
o FEERHE 1 (BCD A v ¥ Dikih)
o FEERHLE 2 (RFIMHIN % DEET)

HEZE DB

1 3 TIE, T4 PPNV LSIDFEF 7 —1co0» TR, 2 #ETIE, Verilog HDL I & 3 [A]
BAldBIcOWTEIAT %, 3 Tk, AEBTHV2 EDA Y — 1L DOffivwiizownT, EDA
v —x o 7-RlpgEkEE TEERR, & UCEIHT 4. 4 L, AR, TEPREg o
2oV, EDA Y — vz vz mlggaat Thikim, & L CaiHd 5, 5 BmTlE, %28
HICAT) EBRUEZ R L, 6 BT, LA—FONAE EFTETEICOWLTHHT 3, 7 #I(Z,
FFIBRDOE VIIE 7 7 4L, Z7ay Z7offwy, BEOFLREFIONEFTH 5.

KERDEDH S

FEE, 2~3 A 1L (RHE 2 fLORR) T 2. ML Lic, EEaGZ A L4
5, BTOEBEZED S,
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1 EU®HIC

1.1 N—Koz7EREBEZHW T Y YIL LSI %5t

BHROATETIX, ZHELROER - EHEEPHORIDICHFEELTED, 206 DEERIC
1% LSI B HIEH I N T 5, Ay arer —osIcEHINTW2S CPU, XEV%
DA 6T, KERKERAB, FHH - EEESRICE TS 74 P 7 U LsER, I, 7—
F DR T LSI BAAR 2D ERH>TE T3, F7-, LSI oE&El, (KHEE
Jifbic & b, #EiERRAR R & FHEBREIC o 72,

DX IIRWZ, WD LSI OHELER i HEARIC X b, LSI I T 2 [
WAL, BETEHHKRAEEL I TES L) Ik OTBRIC R o7z, LSI ORGSRl &
&, Wtk - FoNA 2o, SEINLEMiTH . Lo L, MBS KBTI i
HEGTOEME TR b D L e %, BLERMTE LI, EDLI LB ZTTRIEEMKT S
2, Thbb, LSI OREHEMOMESRD 72, BEATRRDDTH 5,

wWI D LSI A& E%EFTIE, v47ﬁb®7xﬁn&/%A%fﬁwT XEtoMfrbn, %

D%, LA T FOHBLSTREICR D, FT U AZLRNH B WIFERIEL X)L D [FIEEX
ZHOTREgEZ G 2 Fikd E 57z, CAD (Computer Aided Design) ¥ A7 L DFE
W&, V7727 X 2NERKATOSERHEEY S 2L —2 a YIARE & 725 7223,
& DS KBNS 72 B I2HE- T, 2D X I L L TAMPE Z TG 5 2 &ilﬁ&&%
BIEFEHRE 2, A, BT 7 — MEEORIEZ, ANFTHETT 5 2 L IIFITAEET
HA?I.

V7 E2T7DOFGHIB VT, TRy 77Ta—Fr2H0 w2 s, ERkEiEI

ZENEBDELoTRo7D LRI, N—F7 =7 DFGFH xmf%,ib%%ﬁw
BVEGIATINEB D ZEDb o T DIZHALTRNTH S, T4bb, I\N—K 75k
£ (HDL: Hardware Description Language) %\ 7iilt7 @ —~DEETH %,

N— 7 27 SR, FEOKEE, V7 v Tro a7 s EEER, #ifEEddo L
ANT7u T 757X AL ELCEHATES, N"—FY7z7RdEREIX, N"—F7 =70
BERD 70D ZEL L ToOEEZEi> T, B, "—FY 7R EEcidIns
ik e, BNCEEFS Nz nlg & oBEIfED ik 2 17\, IS N BEZ iR 9 2 E8l 2 i o
TWwiz, LaL, REEHY A7 L EMEINS, N—F7 x 7itidk% HEIC B d i £
g2 A7 aERLEINLZ EIck), "—Fy 7R EEEE, N—FY =7 DERE
ke L ToEIZR->Z L ol WA AT LI, V7 b7 27 OEKEIEICE
F2av3L 7 LAKROKREZFFOS AT LTHY, ZOFEIL, KEFNEOREHHRE
i, BarEEEOM EICKRECHL L%,

Bz 74 P2 VEEORGHI B W TIX, N—F7 = 7B SEEIC X 3 MRS EED T
MT%% T u Y, BRAEREOBEHCE W TIE, XD 2 0iZL 4 77 ME-HWE

REIDBETHEHEBETH 5208, b SiBICL 238G 7 —b KB LOOH S, 5K, +7
/iarmmm@ REFET, AT L LRV ORGHEMOFENEEIC L EEZ LN,

1.2 IN—KRox7iEihEE

BETIX, HDL I X b amding 2 L ¥ A KK L X)LV (RTL: Register Transfer Level)
TR L, BEt2T) 2 EL ko Tw%, HDL 3N —F Y = 7 ofltkkzilid§ 2 55
Th 5 LFRIC, Bat2ildh T 25 TbH 5. IS H/LTWwsb HDL & LTk, VHDL,
Verilog HDL 23%F 541 %,



VHDL (%, KEEG#%E D VHSIC (Very High Speed Integrated Circuit) 7’® ¥ = 7 b
T, N"—F7 27 DidE#E (VHDL: VHSIC Hardware Description Language) & L TH
HAINnbDTH), HDL O—2DFEERIIKTH 5. VHDL (% Ada ITRU7HEC2ERH L <
V> %, Verilog HDL 13 Cadence #:D##s 3 2L —% Verilog XL IO ZEEE LT &AL T
&7z, Verilog HDL (& C SO EER 2L CEEM L T 5%, VHDL &, IEEE Std-1076
(VHDL87) X U¥ Std-1164 (VHDL93) & L CTHRWID S BB LI i Tw3, ZiuckL
T, Verilog HDL (> S 2L —>a vHOFEE L THEHE LOEREHETH > 7223, IEEE
Std-1364 & L Tl THIMK & e o7z,

EINDEKGF A7 L L LTiE, NTT 12k 3, slibEEE SFL Z w7z LSI &Gk A7 4
PARTHENON 3% 541%, PARTHENON & SFL 13528 LSI Gt FEEb H b,
ZEH, RPFETOHBEHE L TCHIASHHINTE L, HAE TR A D LSI #%GHH
Al SR LR E S CHREI N HDL THh % UDL/I X, WHER 7V =Y 7 +7 27
ELCEAENTED, PIalb—varyRUOARY —LBATHEETH 3,

S%1E, L0 o7 L3 AL L VDGR > T EFEZ oS, BIfE
TlE, C, C4++, Java HEERX—RIZL7n—F7 = 7GEHEOERBRESE I N, T CIlcHE
HbEnTwuszbnbdh 3,

1.3 FaoY%7)L LSI Of%st70—

X 112 LSI OFEt7mn—¢&, Heod Y —ILZ2 R, &ilo LREIZW L DD BEIC
SFon, FNFNOHFEBETON—FY 2 7ORBBFET S, Hit7u—1%, Bio
FETEREToREgEDERB 2, TN TORBICEME# L T THETH 3,

- | e L X)L

TREGHRRICE D BIETEER

¢

FRRRANCTED BIETEHR

BT — 4
INa o

FPGAR v &7

X 1: LSI O&gl7 v —



1.3.1 [EIFEDOEH{ESTHR

N—FY 27l EEZ VT, REOEEZGIRT 5. T DEZRFT 225 (L
PAE) Lk, 2N DOROEHRES T — oW Ll %, SiEEBIC ko THET 3.
s ikznzngdlERzy, HEavhke LTEHINSG ZEICRS, 2DXH)BLLT

DFGHE, LY AFEREL X)L (RTL: Register Transfer Level) #%al, & %\ I3HERERGT &
X5,

V7 E 727 L@, HEGICK o TUSGBA RN IREZGiL & 2 570, Wik r —
M RIBEORHGEZ Hik L (Rl 35 2 ESHE L 1 5,

1.3.2 HELANIL>Zal—>3y

AL B ER XN TV B BEREZ i 72 L TV 8 ) 2R T 5. BEEL LT
PIal—varvE{r)ZLickh, MWHEFIECHREOMD 25 IICHRT 2 2 L 23AHE
b, Fl, —MRIC, L) EVORFERBETOY I AL —2a X )E#RIT) 2 ENT
X270, CORTOLHEEBLRILTY I 2L —arZ2T)IX)y +23d 5,

T, MEEZFEBRICEES Y 2 AR EDRE (7 ANV F) bA—FY = 7idib 5
TR TS 2 EHHETH D, FRTNAHNAES S 2L — a VERBIOMENTRETH 5.

1.3.3 REAR

N— R = 7l EEE TR L 7B %, RUEFE PR — P EoREE FICE SR Z,
FEREL LDt 6 7 — rv«wwﬂﬁ’ﬁ@?%.&ﬂf%é& LAV ER I
Fv bR EEND, GBS & EliZ 7T X A PRIETH D, FEEDS — b EOH
Mozl L72bDTH 5,

WA AT LTI, AND, OR, NOT, 7Vvy 77uy 7 oBERF (BI) |
HoDPULOBFEIINTVEHDELT, Insr2ilMMme Lo REE2 AT 5. HEAE
T O, BfEEE, HEEBEN R EOFGMEREEZATEL T RXR—RELVIA T 7Y
EMEEN S, LSITEED T 7 JuaPBICB L2V I94 79V BHWAEZ EICkD, KT 7
J B PITRIG L g E AR TE 5,

A I B W TIE, PR OmTE, BfERE, HEER ED/NT X —8 DR E
T kI BHTALENRD 5. HmHARY —VIC k> T, BEHED, EDRFIA—F 2
S LTl 22, Bt oSz O ICEETE 2 00H 5, bt 2 2
THART S EITL D, BRZMZ TREEOIEBARED &9 2 BIR T 2 TEREIMEDIRI 1
%, BlZF, BEgEmEO FRZHRSSE LT, BEEE2RELT 2R EDIEEEZTED
PD—RITHZ., V7 FE 727Dy 4BV TY, MlEZELGT2a v A VF 7L 3
YEWBLOPRT I EIfThbIE M, N—FY 2T DEAR, BhInEEEoMEADE
RKPEODHETH 5 2 %0/, ZoMBITLVEEL RS, kE, KERTHHT2
Quartus II 12 & 2B ARR CIX, EFEVPREMSESZM»CEET 2 2 EIXTET, HE)
PN Bl 7 [P B 2 A2 T 5

1.34 =Kk LARIYZal—Y3Yy

ILIA T IVICEBEINT VS, Fr Lok, Wl BEEE, MEEHLZ EOER
ZRWT, BRENTTF—F L OLDOREEIEL S BREEZ FEBL L T 20 2R T 2. iR



(RS % [RIEGEAER AL, RIS O EAE D 2 EDP O BB X ZDMEZ HES 2 LTk

il %,

BERE L ~ L TOREDM R ORI 2 Bk L TE AN Tu R LS, SRBAHIC X > TH)
EPZEbLOTLEI I EBHNHEEIDT, ZITOF v I7HBBEERS, £, EHEL N
VTDOY T ab—yavitliR, &) VOFEBE LSRRI L DHETH 2720, [Nl
DOEERE R EOWREEZ L D IEMEICHED 2 2 L3 TE 5,

1.3.5 LA7VKNEE

LSI RICHEBRIERINZLA T I FDR AR 25 RT S, LA T h2&ITAT
L, M7 4% ECHEETZIML T 7V ARY LG ITONLT0 503, kLT
A7 7V INTVEEAZTFOLA T E, 2y FPYRAMIERINTVREIETFD
EHBIROERD &, RIEEEOL A 77 P2 EHBNICER T2 AT ABA A1
25915 TCETVS, BAMR=—ZADLA 7Y b Tld, BETOMEZIET 2ECHE
DEE &, FFHORFRDOREIE 2 IIRET 2BMOKBED 2 RETHKI NS, EFTIE, R
FOEFEREICHAN, M TOETEBIEDOFIGNRKREL B>TETVELD, LATI LD
B RO MEZ KRELS AT S,

1.3.6 LA7VbEDYZalL—Y3Y

VT4 77 )DERITIMZ, LA 7Y boEHR»SSRER 2L, ik
OB L YA SV T 2MGET 5. LA 77 FPGHC XD, FFomECERELR 032 T
IEDZDT, FBHEECIHOEILEZ 2 2 T TIEMICEE T2 2 L 0H8iIc ke %, FEARW
W 7ZF—FL RV alb—vavifkThsrdy, 43IV 7 2EOTLYIEMERY T 2
L—2avSHigTh b, £, XDIEMHELRFHIOLOIL, A7 VP LF VY RY
mgZMEL, P2V PRAYOEHEETALEHACTY I 2L —2arvEfT)I T EbEL 0,

1.3.7 FPGA ZRHwWik7OM91E>Y

LA 77 bi%EtE T LSI OF%GEI 7 v —I358 7 %25, MIOEERGE, FMiny S 2
L—ya vy ciEftagchorzh, LSI oilERF7- 3 ICRAdo N & HAaGbhE - m
A, Bz Lzw, REDEEIE, Ta by 4 TRERL TEIEMEEZ1T9 2 E03d 3,
ZDHIZ, HEEMWZ T LHMEETTH % FPGA (Field Programmable Gate Array) 2%
Hwosin s,

FPGA I, EIHEBZDET7R 7 7075 2 EWMLHEETFTHD, ZL DI DIF
BEREDE S Z ZMEHITH) & TE S, FPGA 13, Hig2ZE &z Wi imi 7 ay 7
&, MAMEZ AIRE el 7 e v 7 OB 5 5. FPGA [ D RIEEHEGTTIE, LSI D%
FHEFRR, N—F Y T7EBRESERPRY PUARANEALEL, KD FPGA ZNZFHUCH
Ho<y Er 7y —n%HnTHEED? FPGA O T — Y ICE#X L5,

FPGA ZHlwZ7a b ¥ AL € 7 Tld, &t L7 LSI D% A4 2 v 7 & O IEHE 7 3l 1%
TELRWVD, V7 h727ICkbYIal—ya vt EEIOTEWEETO X ) E#E%
BIERHI S IRE T H .



2 Verilog HDL T & 2 EIRENMESCRDERE

2.1 Verilog HDL kD EXIEE

Verilog HDL DHARHGE PR EFEIZ, C FREICHEBIL Tw 3, Verilog HDL GlidD 7 7
ANGIE x v ETBIEDNL G, V=L oTZINRNMAET, BICE P 2—LVEGET 7
ANG%E —HIECILLEBH DL H 5.

X212, 2 A1 HIIoeL 7 ZEEED Verilog HDL ftibZ /3, ZolE[EKE, L7
FAJTSI Y01 Ik >T, T—F ANID0O HAHWIE DL Ofiz YITH T4, ZDid
W& HZ, Verilog HDL DRAREE# HTw <,

o /5 x/7 THIATES, RO, <)) D offRETIEaAAY FThH2.

e Verilog HDL TIEEY 2 — A B—2 DK DHALICKE 5, —DDEY 2 —VDEHE I,
module, endmodule TPHHE N %,

o ¥FTEY 2 —lF mux21 ZEEL, F—F (AHHIAvF7=2—X) % () WiZid
T3, it T, F£R—bOM (AJ), 1, Ev M) 2HEET 5. C 5if (ANSI D
A K&R ) DR E4, s8Rk TH 5.

o ZDHNTIEI DS, NETHWAEESHNIHTHFIHTEY 2— Vb I I TEST 5.

o BDIFTEY 2 — NVOENEOAREDFIATH 5. ZDHITIE, S1, DO, DI DWLTNDDH’
EALL72Rp2, Y ~ORADHAZEHEL, Y ~MUALTw3E, RAXHD -, &, |
EEBNEE T Ch S, ol X EmBhEE I X 2 B RO AE SRR o
ik %,

mux21.v
2-1 W)L F LI
(2-1 &L 7 7))

X ¥ ¥ ¥ ¥
X x ¥ ¥ %

/

module mux21 (S1, DO, D1, Y); // AHJIAR—1
input S1, DO, Di; // AJ1 s1, DO, D1
output Y; /7 WY

// Multiplexer body
// Y = ((not S1) and DO) or (S1 and D1)
assign Y = ("S1 & DO) // R —=MIcxd %
| ( S1 & D1); // fRAIE assign X TIT9

endmodule

- J

X 2: 2-1 &L 7 %[0l

2.2 EFXNLGEBXEER

Verilog HDL D7 — % OfFICIE, AR —TFofllcL P28 &2y F3H S, LY A
Z1%, reg, v MIFIT wire L LTHET 5. reg \FilEFE T, wire FELMFE 2D
T, reg ELTEHSLTH 7Yy 770y 7PHERINS LIFRG 2w,

5




Verilog HDL TiZ, input, output, inout, reg, wire 2 ElZ7T — M EMIND, T—
YL, F=YDWbNHZRTIDTHEH, T =703 DIFZHEDE % B I IXA L 72
bOTIEZR, HEAEZRZ 1 EY FOTF—=%1F0, 1, x, zD 4HEZRD, x IARE, z &
WAL VE=F UV AZERDT, £y FOT—%1%, BADERKIZ [3:0] DLHlcL vy
ZIEET S, HETIE CEEBEEEALDOLDONMHEZS, HEY FOT—FIFEY b7
FLTHBELEDIL, FoaLBEE L TIbs, HlIoR L imiERE Oz, X3 1R
TEIREERH S, C FBICEWEEFE L, #@EE ({a, b)) &V¥ 7T av (&
a, |l a &y BE¥TFons,

R U S il FH 1
&, | bitwise AND, OR a&b
- bitwise NOT “a
- bitwise XOR a”~ b
{1} vy b {a, b}
& |, "~ 4Hj® AND, OR, XOR | &a I
aln] & aln-1] & ... & a[0]
&, "I 4Hf? NAND, NOR “& a X
“(aln] & aln-1] & ... & a[0])
+,=,%,/,% FLARTE AL a+b
==, I=, === amPRAEqT, FEEfiEE | a == b
>, >=, <, <=, = | FffiiEE a>b
? o St (a>=b) ? a : b
<<, >> > 7 MR a << 2
[n:m] ey FSE/MAAN | al3:2] & {al3], al2]}
By 10 HEEE 0, 1, 29
n’bax n Ev bk 2 EEE 2°b01
n’hxr n Ev 16 EEE 12’haba

IX] 3: Verilog HDL @i -5

BLAIDES X, T—F4DH%IC [0:255] 2 ED X H I T %, HidD, wire, reg %
EDOMA{DRICEIRT 5L v L3RR L D, BAEROE Yy P 2N TEELE LTk
)2 EIFTE R, wire ISNT 2RAIE assign XTI, ZUdMlEE RO & 4 %,
T ERAL, 70 BHET, always FENTOD if, case, casex % EDH TR T
&5,

2.3 always 7AvY Y

Verilog HDL Tl&, BRI NV E L ) DHERE%L alvays 71 v 7 GO H
IZERT %, always 70 v 7 OHTIE if % EDRIEARGEGIATE 2. K2 DY ~Of{
AX % always 78y 7Tt T2 LU TD LIRS,

always Q@(S1 or DO or D1) begin
Y = ("S1 & DO) | ( S1 & D1);
end

always DRICFB I N T2 () 1, A XV MlEIEFIENS, () HDA XY K
1%, M, posedge ZMifi, &2\ negedge LM L V207 HiHIZ or TORLT
TS5, ZOYAMHOELEDPENML KT I D always 70y ZINOXDEEII N5,

reg IZX T B2fAAIE always 70y 70HTfr9. fRARIE7ay X 7N (=) &/ ¥
7ay xRN (<=) 2255, 7avy X 7RATIE, EI3ACikmInsg. 2 v
vy ¥ 7fRATIE, begin - end NDAADFHIID R TIN5, 2 TORADFEIRFC



Fir3Nng, ABDMEF KA L L WERZR DL )ICT 570, reg I 2fUAIE2T
S 7ay XY TRATESDOBEL L v,

RADBETHRHI RIS L) T EiE, HIZIE, 12D always HIZ
Y <
YA

X;
<=Y;

V) ELIEA D B Gitr, 2 ITAS NS Y DfEld, EDITTX DEZMRAINDHID Y D
fETH 5.

HARWIZIE, —DOD reg ZHEIT 2 always 7Ry 27 (FI74A4 ) 3M—TH%. OF D,
—DD reg I LT, HEBD always 70 v 7 TRAZITHRI T LIFTER W,

AL REED HIHIBTED AN DIED AIKAE L Tk E 5, AN Z alvays 70 v
7 Tl 9 284X, alvays HCEHL TV TR TOEHEZA RV FY R MICAR, %
7o, TRTCOFEM 2L TIRAXZEER T 2 08035 5. ANDVZML THRADMThN
ROBAERH L E, HIDOMHEIZEL LRI Ltk -0BmEoEr2 T 208235,
JEFPElES & 72> T L £ ). TORIBI|DPIL, RKEFEOTH L 2 VEllERZF21aMI T
LEI)ZEDVHEDT, THICHERT2HENH S, HATRIEEZFHAL TW5 2 L 2HfEHE
2§ 57:012l%, T—% % wire THS L always 27 assign XTRAZITI & Lw
DS, WUEMEDTTET 2T =80 O0dH 5545121F, alvays TE EDTRATS
13 ) BRRDERDERIT R 5 2 &3S,

2.4 FREROEFTIL

N=F7 =7 OBEFLE TSN EIET 2 zLbTE 570, V727070
77 IVIEELHET 5L, REOMEWREINTH 5.

1 ODEY 22— VNICEEBR I NI D assign 3 always 70 v 7 1%, 2 CRIKFICE
B4 2. 7, BIdO LI, 12D alwvays 70y 7ND/ v 7uay ¥ v 7RAXIEAET
FIRFICED R S5, assign Z = X & Y; LW sdidicxf L, AHRIEAADEEIAE
DA (A RV b)) D3H B0 E )R, b LHIUL, A KHE EUNRHE) Bodofi%
EHT 5, Kt D> 7 F L X Offie X(t) £ L, ZoORFZ(t+A)=X(1) & Y(t)
EV)ERICE S,

2.5 |EFF[EERDECHR

B D X 912, always HOGBEDOSEMFIC L DRABTON LWL ENHNHLT—F 13,
DO Z R 2 0803 5 729, GlEET (7Y vy 7F7uy 7/, LYR¥Y) LLTHhb
ns.

FED 7y 73 7 F VDL BB, H50IENE THB) DA Ry MMk o>TETHR
BEFDEHET 2 X 9 1Idd 31U, B 7 vy 72l EFRE R E %2, o
%0, sEenEPNEFRETHIUL, 2TDO7 Yy 770y 73 reg TES L, HOHEH
I3 always @(posedge clock) &\ 9D A Ry b CHillfHl S 7 il 3 1uL X v,

iz, ERIY 2y bFE 7Yy T 7uy 7OHEFHHT 5, BEZETFEL Ty b
[ 7TV ey PMFEDOZYy PP YAA TV vy 770y TOETADBHEIN TS Z L%,
WEE 7y 7ofbic) ey by 7PV RGRT 5. HEO vy 73 5508, 4 D
RO D A X b THE) S 12 IR DGR 7% £ b Verilog HDL & L Tl



IEL WD, ¥4 32 7 ORGERZMEIATIBERH D T L, £, 75 AT k> TEFEH
TERWEAVBHZ L (FPGA & L) ICHEET2HELNDH S,

K422y boRMAYY% (00— 01 — 10— 11 —00---) OFZRT, 2 EY b
DFREETFICHIETALYRAY %2 10, r1 £ 95, Z7uvZclk, Yty b reset, h 7V
Ty TTENEIDER/ET HES 10 A E L TR, B yo, y1 T, WiEkEZ
ZOFEFEHNIL TS, yo, y1 EHAIR—FHDT, fRAXDAIITIEHEZ 220,

4 N
/% *
* counter2
*x 2-bit ‘7/57*
* *x/
/* reset == 0 DE X, A VYDfiz )ty b

¥ 10 == 1 D& X, yuay 755 clk ICABILTAY v F Ty 7 */

module counter2 (reset, clk, i0, yO, y1); // AHIHA—F

input reset, clk, i0; /] AT

output y0, yi; // Hh

// BEDHEZTEL TEL flip-flop DES

reg r0, ri; // flip-flop (1-bit LT R %)

// Counter body
/¥ 70y 7, Uky MEZICBROZWL «

x (256, WA= F~ORA */
assign y0 = r0; // HHER—FIZRd 5
assign y1 = ri; // fRAIZ assign XTITH
/¥ 278y 7DD or Yky MEFDMVTNH ARV *
* DAL 7o & F ST ) LB *
* flip-flop ~DIUA */

always @(posedge clk or negedge reset) begin
if (reset == 1’b0) begin
// reset == 0 (binary, Mi% 1) DL ZE, AV yFDYxtv k
r0 <= 1°b0; 11l <= 1°b0; // rOrl = 00
end else begin
if (i0 == 1’bl) begin
/* 10 == 1 (binary, i 1) DL E, ATV TV 7

* r1rO = 00 - 01 — 10 — 11 — 00 — ... */
rQ <= rO // rO = not tO
// rl = ((not r0) and rl1l) or (r0 and (not rl))
rl <= (( r0) & rl) | (x0 & ("rl));
end
end
end
endmodule
N J

X 4: 2 Ey bEEAA Y V¥

ZofNg, AN ZRIEFEIIY 2y M HE, b EBD) 2y PHEHEHDIEF R OEATH B .
Verilog HDL D3G% BIZF U BWRZFFOFHE MBI EZ o0y, HEHB-FHEN
25 EUBETE R OGS #%%@T HARNIE Z O TORLR, & 2 \W0IFHEIZ)ET
<r7uavy 7, Vv Oz LGl HEREI NS,



2.6 RREHEM

B4 D2Ey bAwrsyTiE, JIREREZEZLE L 7253, AIRA— b= b DRE
BYEZIREEL TR L, RIREEIROERZ HEIMNITRbE 2L HTE S,

¥ 512 4 JREEA Y v ¥ DRl ZRT. T st0, stl, st2, st3 & 2 Ly FEHEL
TEEL, 28 st ITNT2RATREBESEZ2ELL TV 5,

KRB DEE 2 1213 case XDMEF|TH 5, REZEROITEBZFMAEL L THY, &
BlE T DEBA~DNRAE L THRWICER T 2, B 20 2 w7254 2RATHL
WBLTED, ZoOfridst OZLTEEINLMAENEKLE L2, HHBO X )i, #HD
always 70 v 7% assign Xzl L 723556, SHEEIEIHIICEMET 2. 7 -5~
EDXPETHTELD, 1 2DT7T—F~DAAIBH—D alwvays 70 v 7 dH 5\ (3 assign
XIZReNn 5,

I

2.7 EY 21— EREERE

H HRRE R B ORETTIX, FEFEoMEBHINT 1 DDOEY 2 — V2 &G BAr
DEL 2=V TZNEHHE L THGS Lok, BERGT21T) OBEETH 3. Verilog
HDL Tl¥, module DOW-OH L Z v THEEH 2 Gt 2 5l § 5.

QY F AT I ECORWEAEY AT YOI ZK 6 12T, K 4D counter? &
counter2a, counter2b & L T 2 DM\, counter2a DH 1A% 11" 127> 72FfIZ counter2b
2DV TV T 5,

iDL 2—017TlE, PTHWEZEY 2= V%2 L7727 74 L% ‘include THHL,
AHTZ A TS, 2 ORI 2 DD FEE counter2a, counter2b Dif#REI(R Z 15
ET D, ZNZTNOMEPR—FDOESIHICEY TSNS,

2.8 [ORROENMFIRIED T

R DOEEZ MR T 2121k, MIEKICANZE5 2 THOZEMT 20680355, A%E5Z
527912, HDL ¥ 2 2L —%EEFEDa~vy FZHVLHELH 20, Bz 2T AT 5%
DOPH, BlH 7 A M Xy F% HDL Titidh L THET 2 LN E I TH 5.
T A MRV, BEFSNAWNROBEDARANAAEN B EREIZ S S 2L — 5 K9 ICH
W2, DFD, WUERANEEEFHEAEL, TP a— e LTHEONH L 2 0REEIC AT
2 EfEZ Gl T UL Lo,

72, FiBRD 2 EY b AT U H counter2 D72 DT A MRV F%#/RT. counter2 %
MO L, 7y 7% ANZFEL T35, reset, clk, i0 IZiX, "#" THE I N/
RIDBITMEDIMRA I NS, always HOIIFRE S AL RIS R L9247 341, initial
ho 30 1 MIZ T ETE NS, BRI, clk 13 10ns BICKEET 2729, 20ns Ao 7 a v -
WIEBERIND Z Lilk 5,

CDTAMRYFTHOT # 1K 2BERFEROGIDIIHREAETE W LITHERT
5., INHDFRIEY S 2L —v a v RIFEWRDH 208, BIEREZIEETE 5 731 R
FERT, F7, AR OB oMK DRI G R ICE 2 5 HlFISEAIHE > Thabifl
INBENFTRA=FD—25DT, [REEDOFDRE L TXERDI 20,



* ¥ X % ¥
ERR
R
& gx
Rt
N H
Pd
%3
(\&
* ¥ X % ¥

/* reset == 0 DL E, AV VI DfE%ZY
x 10 == 1 DL E, /uvy 735 clk I

// define % F\7-iRFEE|D 24T
‘define st0 2’b00
‘define stl 2°b01
‘define st2 2’b10
‘define st3 2’bl1l

module counter2st (reset, clk, i0, yO, y1); // AHJIH—*1

v b *
FHALTAY Y Ty 7 %/

input reset, clk, i0; // AT

output yo0, yi; // W

// BUEDREZFMEL TH 2-bit LY RIDESF
reg [1:0] st; // 2-bit LY R ¥

// Counter body B
/x 20y 7DV ED or Uty MEBOVTFADA RV b
* ISFEALL 72 & EIAT ) LB *
* flip-flop ~DfUA */
always @(posedge clk or negedge reset) begin
if (reset == 1’b0) begin
// reset == 0 (binary, %l 1) D& &,
// 47(?5%?5( KRR Z 2 v b
st <= ‘st0
end else begln
if (i0 == 1’bl) begin
/* i0 == 1 (binary, Hi#& 1) D& &, REER *
* st = st0 — stl — st2 — st3 — stO —> ... %/
case (st)
‘st0: begin
st <= ‘sti;
end
‘stl: begin
st <= ‘st2;
end
‘st2: begin
st <= ‘st3;
end
‘st3: begin
st <= ‘st0;
end
endcase
end
end
end // always @(posedge clk or negedge reset) begin

/x vav 7, Vv MEFICBERD W x

v (5, A= FAORA o
/1 A= PITRNT BRNAIE assign XTIT)
assign {y1, y0} = (st == ‘st0) ? 2°b00 : (
(st == ‘stl1) 7 2°b01 : (
(st == ‘st2) 7 2°b10 : 2’b11));
endmodule

\_

5: IRABZE % Fl Vo> 7 I R o Gk
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K
/%
* counter4d.v
x counter2.v % H
7

I2X % 4-bit

b3
*
v 7 B
3% .

*

* /
‘include "counter2.v" // counter2.v DHID AA

module counterd4 (reset, clk, i0, y); // AHiJIA—1F

input reset, clk, iO; AN
output [3:0] y; // 4-bit 7]
wire counter2b_in; // 1-bit fE5H#

// module counter2 (reset, clk, i0, yO, y1) DFEMEL
counter2 counter2a(reset, clk, i0, y[0], y[1]);
counter2 counter2b(reset, clk, counter2b_in, y[2], y[3]);

// Counter body
// wire IZX T 2fAAD assign X TITH

assi%n counter2b_in = y[0] & y[1];
endmodule

-

X 6: WE#iticks4 vy v Ao vy

///* *
* test_counter2.v *
*
*

x 2-bit AT V¥ DT ARV F
*

‘timescale 1ns / 1ns /] >3 al—3avyORiRE /O BE
// 1 ns = 1/1000OOOQOO sec
‘include "counter2.v" // counter2.v DHLD A

module test ; /] TARRVFEY 2—)U, A&ﬁ&—bﬂL
// counter2 D AJIH flip-flop(1-bit LY RA%¥) OH
reg reset, clk, i0; // flip-flop

// counter2 DI wire(fE5#) DEHE
wire y0, yi; // 1-bit 5%

// module counter2 (reset, clk, i0, yO, y1) DFEMEL
counter2 counter2a(reset, clk, i0, yO, y1);

// A 20 BRI 7 1y 7 {55 DL
always begin
// 10 LIRS i3 24l
4 #10 clk = “clk;
en

initial begin
// reset, clk, i0 DFIHfHE
reset = 1; clk = 0; i0 = 0;

#20 reset = 0; i0 = 0; // 20 ﬁﬁﬁiﬁfﬁﬁ(QO ns) %
#20 reset = 1; i0 = 1; // FHIZ 20 H{7KFfE (20 ns) #
#80 $finish; // FEIZ 80 HANZIEFR (80 ns) &, KT
end
endmodule

N

X 7:2Ey ATy DT AN EIEE

11



3 EDA Y—IJLZAW:EREET TERRE,

B 1EEOFERTIE, BRAHAEREEORGE & R OBIEREE 1T 5. RO E{EF R
TlE, FPGA ZH5# L - EEHA 2 livy, FPGA LICEE L 2k %2EHd 5, 2 2Tl
EDA Y —)V%Z w7z LSI et 0iket 7 v — o Mg % Hig 9.

/%5% 1 XD 2 A1 HTeL 7 &Rz L, BEFEER%Z S X, A

o iXil9 % 2 A1 1 1L 7 ZREIEEDOILER

— AN =% D0,D1 (2 Fh1Evh), L7 M3EESL (1EY L)

- ). 7—=%Y QEYL)

— KEHE 2L 7 MEF SL DfE 020 1 222k D, ¥—% D0, D1 Dfifi%
Y IZH S

— K8IFZ DL 7 F DMK & HEHERTH 5.

o [MIEERGENE X OEIERERD FIE

1. BREGEE
IR E EDA V=L OBRBEREE T 5.

2. Verilog HDL I & 2 [IE&EHR & 7 A F R¥ F DERR
L 7 Z gD Verilog HDL flif mux21.v &, 7 A MRV F (BRAEL
NNy alb—ya vy HORBEOEFREDORR) test mux21.v Z{FHK
KRS

3. BEEEL N )Ly S 2L —ya v
L7 YABEOBEEEL LY I 2L —2a vy EiT).

4. WBLEH, VAT T, FPGAR vy EY S (av84))
L7 AEBED a4 LELT.

5. FPGA %\ 7z [alig 9238l
XL 7 ZAlE% DE2-115 £ — F® FPGA 1247 vu—F L, EBEOH)
EZ#%3 2%, %8, DE2-115 F— F®D SW0 2% S1 12, KEY0, KEY1
MZNZN DO, DLICHIET 5, ®b/AED LED 23Y IZHIET 5,

D1 S§1D§OD$1
- B

DO D

RO OO

8: 2 A1 1 ke L 7 Z K OHlIY] & EIEfER
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3.1 EHEEL EDA W—ILDEBIENRTF
3.1.1 Et8E#& EDA Y-

ICE Tl%, Cent OS version 6.4 (64 E» Fik) 234 v A b =)L I N-GlHEZHHTE 5,
AREBZEMT HICH7->T, TOHEEICIE, UTOY—LABAL VA= ILEINTVS,

e > I 2L —% ModelSim-ASE (Altera Starter Edition) (Altera £k)
e FPCGA H#i&HAFY 7 v 7 =7  Quartus II Web Edition version 13 (Altera £l)

Y2 2L —% ModelSim-ASE %, Altera DT X TDHF /34 2 (MAX CPLD, Arria,
Cyclone, Stratix ¥V —X FPGA Z&%) MIJOY T2l —3avyY—)LThHs, 1D
FPGA il 7u—1cB17 3, L Ny S al—vav i —bhL Ly 3alL—2ay
DM THATE 2. D ModelSim-AE  (Altera Edition) (ZH# L <, 10,000 74 > D
W, M (54 v AAHE) TH2E I EDIHIERIT R,

FPGA F#i&EAFEY 7 b7 =7 Quartus II Web Edition version 13 1Z, Altera 1?0 FPGA,
SoC, LU CPLD %M\ 7-i%a BT Icm sl & 7 2 5mBAmR, LA 77 b (EERSR) , ¥
A IV JfENT, FPGA v EV 7D I XL AMEHEY 7027 ThH
5. X 1D FPGA #&GI7 0 —Ilc B 2mHEEM» 56 FPGA vy BV 7 EFTHA—FLTW
%. Quartus IT Web Edition &, Altera #tD Y = 7% A 22647 u—F LT, HETH
HTtx3,

iz d, HBEBEBEEIHCEICZTY 7 b7 272t L Cnua vy b H 5, 72, B
REETIEHIROY =Mz R nwbon, 79—y 7 727 LTHEMRIT ST
2V—=NEHELHY, SHEBMGEINS, oDy —iE, ERIRETHFLNTVEHD
EE—DbDTHY, SFETH LSI FGHEREL LR U b OB EKEI K a 2 ~ CHHT#E
WY Z eI D, SHBDON— Ry 2 7EGH LSI G OBEREO oM KIS,

ARFEERTHAT %2 EDA Y — )VIZBA L TR U 2R3 TRd® URL I Z OfE#H%
BT 20T, EBRPICENLH - BRI T 32 L,

http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/j2hard-eda/index.html

3.1.2 EDAY—ILDBEIERE

AR CHHT 5 Altera £k EDA v —)L %, ICE @ Linux <3 ¥ CHHT % 72 D DFEIC
DWTIER%, EDA ¥V —)biE /publ/jikken/eda3 DL FIZA Y A F—LINTW5, TNHD
V=T 5121, FRlD X 91T, BE 7 7 A )V /publ/jikken/eda3/cadsetup.csh.altera
EHAADBLELRH S, b LI, REZ77ANDODHARESEIC, a< v FORR, BEA
HeHHTHREL THHEbR W,

1. %R T Mln -s /publ/jikken/eda3/cadsetup.csh.altera “/; L ANLT, W77
ANDY YRy 7V 7EF=LT4 L7 b VICEKT %.

U=

2. Tsource “/cadsetup.csh.altera; & AL T, EZHAIAL, source A<V F
THAAATERET7 7 A NVDONEIE, WARZET T2 LEHNZ>TLE) DT, Wi
RuIH LTI source 2~ Y FEETL THEZMAALMNED D 5. DK
LT 2 DRHE AL, A—ALF 4L 27 FVUIC .cshre 7 7 A V2R L T,
FEICEIH L 72, WEZAAT a<w Yy P23 % 2 T, mARzkH L i, A
Wi a<y FRETINLLIICLTHRY,

13



3.2 Verilog HDL IC & [E]&ECih
LUFDFMEIZ L7535 T, Verilog HDL 12 & B RIEKER & 7 A b Xy F 2B T 5.

1. E2BAT« LI MDERK MDY S 2L — /a/% GELA RSO TIE, BE LD
7 7 A VDB SN D DT, il T ML W%m74vﬁbu%ﬁﬁ?%
AT mkdir €Y 2 =4 (2 2TlE, fERT3HEEEDEY 2 — V4 mux21 1A D
¥C, mux2l £93) 5 2ETL, DEOMER ,;@74V7FUWT%ﬁ?%.

2. ELVZEIBOER X 8 DL 7 & RIEKICHIGT % Verilog HDL Frlibiid, 2.1 i 2
DWENTH %, 2.1iD Verilog HDL Sl DIEAREE ICBIT 2 3HZHE L 720, T
¥AbPLT4% (Emacs R viFGE 7 7V r—rary 2L Tbiw) T, &
L 7 # B[ D Verilog HDL b ZE T 5. 7 7 A4 VAIFEY 2 — V& mux2l IZHD
HTmux21l.v £ 5.

3. BLYYMEBAT AR FOER L 7 &Eﬁﬁ@ﬁ{ﬁ%ﬁ%wﬁ%f:&m%x F RV F
(M OEBEBRBEOFE) 2K 91RT, 2.8HilcE T 5, RIEOBITEREEZEICE
TOHHEZMMEL DL, L7 ZAKDT A MRV FE2IERNT S, 774 V4
testmux2l.v £ 95,

4 B
/* *
* test_mux21.v *
*}1kV7y@%@%XF&V%3
* *

‘timescale 1ns / 1ns /] >3 al—3avyORARE /O BE
/ 1 ns = 1/1000000000 sec

‘include "mux21.v" // mux21.v OHLD AR
module test ; /] TANRVFE D 2—)L, AR — ML

// mux21 OAJH flip-flop(1-bit LY RA¥) DEHEF
reg S1, DO, D1; // flip-flop

// mux DI wire(B5#) DES
wire Y; // 1-bit [E54

// module mux21 (S1, DO, D1, Y) DFEF{L
mux21 mux21a(S1, DO, D1,

’

initial begin

// S1, DO, D1 DFIHfHE
1=0; D0 = 0; DI = O;

// 20 HANZIREE] (20 ns) #
#20 S1 =0; DO = 1; D1 = O;

// BT 20 EéiL&%Fﬁ(zo B ) 1
#20 S1 = 1; DO = 1=0;

// B 20 Eé{LE%Fﬁ(zo ns)%%
#20 S1 DO 0;

b

// FHIZ 80 Eé{LE%ﬂﬁ(so ns) #%, &7
#80 $finish;
end
endmodule

N y
X 9: 2-1 L 7 ZMEEDT A XV F

14



3.3 ModelSim ICKBHEELARNILVZaL—YaYy

Verilog HDL Tt L 7z [Ali#%23, BEREICIEL S EIET 20089 2572 dic, wE
VZaLb—=HEWENLEY 7 by T7BHeeNS, WY I AL =%, N—FT7 27
WEFEIC X 2GR Z R 7 7 A WICEHT 2 AT D 2 0IET FIA X LTINS
TRZROIZITI. T, ZodlE7 74 LZ2HBChBEOARIS 7 F L% FL—2F
ZBELARNILYZaAL—Yaryritbins,

3.1HEiDM D ICBREERE % L 718, Altera tED > S 2L — % ModelSim %= H\WT, LMD
FIETEL 7 ZAIBKOMEREEL LY I 2L — 3 vy2i79.

1. T2 L—Y0#EE AT Tvsim TAMRVFERBR 77404 (2 2Tl testmux21.v
E9%) & 2FETTHE, ModelSim 2%EHEI§ %, DK, GUIO MllcFRI NS
Transcript AJJ7 A4 ¥ F7 ("ModelSim>; Ta<w ¥ FANRFEBIZHZ>TWE E I 3)
Zavwy P2 AN L TEEZED 5, 10 (BN D WIHHIEIH 2 78 T

ModelSim ALTERA STARTER EDITION 10.1d - Custom Altera Version

ce Tools Layout Bookmarks Window Help
BB D }@ Qx| ¢ s weefusn v
liColumns J H . 1 283 20X BB %

+ aqx

|Path
SHODEL_TECH/ . /alte
SHODEL_TECH/ . /alte
SHODEL_TECH/ .. /alte
SHODEL_TECH/ . /alte
SHODEL_TECH/ . /alte
SHODEL_TECH/../alte
SHODEL_TECH/ .. /alte
SHODEL_TECH/ . /alte
SHODEL_TECH/ . /alte
SHODEL_TECH/ .. /alte
SHODEL_TECH/ . /alte
SHODEL_TECH/ .. /alte
SHODEL_TECH/. ,
SHODEL_TECH/ .. /alte
SHODEL_TECH/ . /alte
SHODEL_TECH/ .. /alte
SHODEL_TECH/ .. /alte
SHODEL_TECH/. . /alte
SHODEL_TECH/. . /alte
SHODEL_TECH/ .. /alte
SHODEL_TECH/ . /alte
SHODEL_TECH/ . /alte
SHODEL_TECH/ . /alte
SHODEL_TECH/. . /alterasverilog/ar.

* mux2l wTHEE VERDNOYA

cale Ins / Ins

£ 17 4 00 Aeo nel 2
= ET i =

# OpenFile test_mux2l.v A

posisin> Transcript AI7 A > R

<No Design Loaded> SHODEL_TECH/ , . /altera/verilog/220model [ Ln: 6 Col:

X 10: ModelSim #2E o 47 i i

2. #fF "ModelSim> vlib work) #FEiTL, 74 77V ZEKT S, ZOUNMIZ, #IHT
PIal—=raviETiLERY, ETTER W,

3. AYIRAL L "ModelSim> vliog 7 A bRV FElik 7 7 4 V441 2FELTL, Verilog HDL it
D7 7 ANZ AV NALNT 5, IEFIC2 V84 LT ELBAITE, ?hﬁ@%yl—
V% (Top level modules) 3FRIND, AV AL INVTIZ I —=DBRELLEAIZ, <
7 —OWNE LT/ TVBERRNINS,

ol

4. MEMEY 2 —=ILDFEAH "ModelSim> vsim I €Y 2 — V4 #9ETL, a v
A )V L 7z Verilog HDL GiN D EALDE Y 2 —)L 2 Fi i e,

5. BB DIRIRTRDESH
(a) TVSIM> view wave) Z2F{TL, B5DHEZERT 5 Wave 74 » F 7 ZH <.

(b) WA RRT2EFEZEET 2. TXRTCOEFSEERT 284121, TVSIM> add
wave *; ZHITT 5, FEDEBESEZ I Z2ERNT 5546121%, "VSIM> add wave
Bt #F7 75, B4, EREHRZH->THEETSILHTE S,

15



6. Za2aL—YayDET 'VSIM>run >3 a2l —>avsRE, 2FETL, >IalL—
TavEFETTE, vIial—ya vl LTEET AEIZ, Hl 21 mux2l DT A
FRYFTRREDA R FFERZAD 80 ns THBDT, 1ns~ 80 ns ¥ THEZ
BETS, K111Z, 2. 266, $TOavy RZ2FETLLEZOMAIZRNT.

& Transcript

# OpenFile test_mux21l,v
ModelSim> wlib work — 575 U MYELL
ModelSim> vlog test_mux2l,v — —12//01 )L

# Model Technology ModelSim ALTERA vlog 10,1d Compiler 2012,11 Mov 2 2012
# —— Compiling module mux21l

# —— Compiling module test_mux21

#.

# Top level modules: 2w Ve oA R | - 4
# test_mux21
ModelSimy wsim test_mux2l — & S{I T 2 —JLDFAH
# vsim test_mux21

# Loading work,test_mux21

# Loading work,mux21

VYSIM 5> view wave — Wave T v K OdD ]
# ,main_pane,wave, 1nter1or cs, bodg pu, wF

YSIM 6> add wave * — T DIERZ &N

VYSIM 7> run 80ns — = 4 L»—f.' 3 B (80ns4T)
YSIM 8>

11: Transcript \I2a <Y FZ2 AN L7z & E OMjH

PIal—varvEEFTEE, TAMNRVFERETLLEEOES DD Wave
AV EIICEREINS, K 1218, TXRTCOWRHEZER LY I 2L —Ya VR0
[ % R T,

Eile Edit View fAdd Format Tools Bookmarks Window

= 7“@
iR@BO|0-NE||SHR SRATRRCH -~ - ATTICISIE P
ltatitat]aa a3 .

1| 3¢+ ¢ -

NDBROYEaLb=YaY

12: ModelSim T 3 2L —3Y 3 v L Z-HH

7. Z2L—YavVOBERIT v Ial—yavKlEEET 2 E, Verilog HDL il % 2
HEFICHEY S 2L —va vz ZfTLlwne ZiTid, 6. ZHEFREITT S, Verilog
HDL Zb%2 2 L7 & 213, TVSIM> quit) Z2FfTL, ¥ Ial—va v 2 KT
LT, ME1L»5977 %,

8. YZTaL—FDET > 2L —9%KTT2%LEIFE, ModelSim DV A ¥ FUZHL %
2>, Transcript 7 A ¥ F 7T, TVSIM> quit) 2979 5.
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3.4 Quartus II [E&SAVINTIL
3.4.1 ¥

BEREL N)LS 22l —vavitkoT, N—FY 27l SiE TR L 7[RI ASHHARE D
WCEIET 2 2 EMERTE 26, X, WMEBERREWINSEY 7 MY =720 GRES
Bz 3%, WmaHE, N—Fvz7ilidEiEC LI nmgEREtl, 7—FL
RNVDFBRTH D %y b A FALHET 5,

Quartus II 1%, 3.1#i TR X 91, FPGA il 7 v —Ic &8 2@ A2 5 FPGA
2y EV I ETOREE YA —FL T3 (Quartus II TlE 26 DFEREZ F4TT %D
PR QAVINAIL EFA TV S) . X612, Quartus [T DRFEREIZ, GUI TEITTE 37T
Tk, CUI mRED»S a2y F2FEITT52L) THOEITTLHIENTES,

AfiClE, QuartusII @ GUI & CUL ZH\WT, ¥ 34 V2179 FIEZRT, FEARIC
FELEDA VY 72— AZHOTHHEUFMEIEL NS0, PR, SEEEOFIITHERZ
BHREICHER T 285581213 GUI %2, S#iEx2 £ L O THRITT 25AICZ CUL ZHWS 2 &
ZREL T35S,

Quartus IT IZXk 2 a v X4 MicB VT, BEEDY —A7 74 VITMAT, LTD7 74
W E RS, ZNENyrya—FLT, 741V 7 FJICEL.

o 7YV b7 74 (*.qpf)
Quartus T D70P =27 F 774NV THY, T2 Quartus I DX— a v & 70
Vx bVARERT S, TR, UTO7 7 A VZfilIT 3,

http://www.ice.nuie.nagoya-u.ac. jp/jikken/hard/j2hard-eda/first/mux21.qpf

o FPGA &E7 74 )V (x.qsf)
Verilog HDL ¥V — A2 2 —FIZERIN TS AT L, FPGA oYM A ey
DRIGAT (EVREHRE) 2ERTE 7740 TH 5, HlAIE, mux2l DEAIE, &
Lk L 7 A HEEDOK/ R — b S1, D0, D1, Y %, FPGA OEEAD 2 10 v orh
T, EQEVIHIDBTEI0%2BETLI2HENBHSL, ZI2TE, UMTO7 74 V%E{#
M3 2.

http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/j2hard-eda/first/mux21.qsf

3.42 GUIIKKEBAVIRTI

9, GUI Ta vy SA AT B3HECOWTHNAT 2, WA, L1477 (BlElR) ,
FPGA = v VY Z O&KERE 2 BN TIT L 72 WA, HEERED TR 2 BRI R L
TWIGAICHET 5.

1. Quartus II D& 4iK T Tquartus & & ASILT, Quartus II & GUI ZEH T 5.
X 1312, Quartus II ® GUI ZEHE)L 7 & FOEE 27T, %F, Quartus II O GUI
ZHOTCUL BB L, V=N DEATIA Y FID 2 ORRINS, 1 DHOYA v
R, 2/HOEREZERT 2. 2 OHD YA~ KT, "Don’t show) IZF =y
7LTC, X272y 735 INoDEEICXD, XEILE, T4y FUIEER
INklks,
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13: Quartus II Z #2B) L 72 i

Entity
iy Cyclone IV E: EP4CE115F29C7

[‘l | I’]
/iy Hierarchy | E| Files | +* Design Units | “< IP Cor F

Tasks l@®
4] 14: FeAiA F 37z Entity ORER

2. 7AY Y MDFHEHMIAH "File — Open Project...; T70¥ =2 b 774 )L (mux21.qpf)
Z AT, 14 12789 X 912, Project Navigator 7 4 ¥ K7 @ Entity #8iZ, X5
& 7% FPGA (Cyclone IV E: EP4CE115F29C7) &, €Y 2— D4 (mux21) 73
FRINTVD L E2MERT 5,

3. AYINA )b "Processing — Start Compilation] C, 2V A NVEZFETT 5, L7 —0%
ALz aug, IR T LI, 2y RSAUBRT 5, b L7 —0FEL 7S
AI2lE, Message 74 ¥ F7ICL 7 —NEDBERINLDT, 4RI 2EIET 5.

4. AV IVEERDHERE 2 > A OVICHIIT % &, l{bigomi# &, [FiEicPId 2 6w
ZHER T 22 LN TE 3,

o i L D [RIEEHE K
e b DRI, "Tools — Netlist Viewers — Technology Map Viewer (Post-
Mapping); THERTEZ 5., M 1618 T LI, AR —F, &£7uvrzn
S5D7 0y VOB RRING, {70y 728 TN )y 7 $5E, K17
R XIS, WEDORIEEERAERS NS,

o MEFICPHT 2R : mYy 7L AV I
FEEOEBUCIH L 7znyy 7 2L Xy P UL, M 18ITRT Xk 9ig, av3g
IVSET L72BRIC, MEICFR RIS "Flow Summary; THERTE 5,

o [HIEFICPE Y 2 5H ¢ [R1EE DAL R )
[Alp& %2 5247 L 7 BROBBIEIR ]I, TimeQuest Timing Analyzer &> 9 Y — )L Clif§

18



sful - Wed Aug 13 22:28:08 201
Build 232 06/12/2013 SP 15| We

> Hierarchy | & Files |  Design Units | 1P Componen' |

Cyclone VE

EPACEL15F29C7

Final

1/114,480 (<1%)
0(<

b )
0/114,480 (0%)

41529 (<1%)
o

0/3981,312(0%)
0/532(0%)

0/4(0%)

AVNRAIERD
Lik—k i
TV I LB (

T 5 warnings
ngs

15: mux21 D 2 ¥ 284 LRI O [Hj

DO~input

D[0--1]

10_IBUF Y~output
Si~input
I

10_IBUF

D1-~input

16: mux2l D= v ¥y FhER

1. Quartus II ® X =2 —"C, Mools — TimeQuest Timing Analyzer; % 7 YV v
27 LT, TimeQuest Timing Analyzer % E#) 7 3,

2. TimeQuest Timing Analyzer D/HIHFERICFRIN T2 5 27 ) 2 k (Tasks)
75, Reports (74 V¥ D7 A 2) — Custom Reports (7 V¥ DT A
aY) — Report Path...; 2 7LV7 Yy 7$%,

3. Report Path 7 4 ¥ F 7 ® From % To OFEM Tl b HEEE I, Re-
port Path H % > Z#i7,

4. 19187 & 92, BRI OMTHEER (£ 2 — )V IBORERE, &5
BIERFR]) R I NS, K OHANLIX, ns TH 5.

y =T Y=oulnul
SIS i
10_BUF (TRI) 1 Y
10_BUF (TRI)

D[..1]

10_BUF (TRI)

17: mux2l Oy EV 7R (22 2 =V O#H %2 £R)
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Flow Summary

Flow Status
Quartus Il 64-Bit Version
Revision Name

Top-level Entity Name mux21

Family Cyclone IV E
Device EP4CE115F29C7
Timing Models Final

Successful - Tue Sep 16 05:04:12 2014
13.0.1 Build 232 06/12/2013 SP 1 S} We
mux21

otal logic elements

Total combinational functions
Dedicated logic registers

1/114,480(<1%)
1/114,480(<1%)
0/114,480 (0 %)

Total registers
Total pins

Total virtual pins
Total memory bits

Embedded Multiplier 9-bit elements

Total PLLs

0

4/529(<1%)

0
0/3,981,312(0%)
0/532(0%)
0/4(0%)

18: mux21 D& G H O

Command Info_|_Summary of Paths
Delay  From Node  To Node

Report Path oF

13447 B Y

&=Ly

At DEFERFE
Path #1: Delay is 13.447 | Path #1: Delay is 13.447
Path Summary | Statistics | ath | Path Summary | Statistics | Data Path |

Total Incr Type  Fanout Location Total Incr | RF Type  Fanout Location

1 (F13447 13.347 (11 513447 13.447
1 3.000 G000 1 PIN_AB28 11 0000 0.000 1 PIN_AB28
2 0.000 X FFic 1 I0IBUF X115 Y17 N1 ¢ |2 0000 | 0000 FF IC 1 I0IBUF_X115_Y17_N1
3 0.806 . FFCELL 1 I0IBUF X115 Y17 N1 * |3 0806 0806 FF CELL 1 10IBUF_X115_Y17_N1
4 5.399 . FF I 1 LCCOMB X114 YAONO |4 5399 4593 FF IC 1 LCCOMB_X114_Y40_NO
5 5.840 . FR CELL 1 LCCOMB X114 YAONO |5 5840 0441 FR CELL 1 LCCOMB_X114_Y40_NO
6 10599 | 4. RR IC 1 I00BUF_X60_Y73.N16 6 10599 4759 RR IC 1 I00BUF_X60_Y73_N16
7 13.447 | 2. RR CELL 1 I00BUF_X60_Y73.N16 |7 13.447 2848 RR CELL 1 I00BUF_X60_Y73_N16
B 13.447 \ 0. RR CELL 0 PIN_H15 IB 13447 0000 RR CELL 0

EY 2= T EDBIERHE

PIN_H15

19: mux21 D [R[EEEGERFE] D Fn
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3.4.3 CUIII&BaAVINTI

RIZ, CUL Ty AT 3 HEIZOWTHRRS, AT, @walk, V477, FPGA
2y BV ORI FITT 28O £ L D TETTHEEICHHT 3.

1. %K T Tquartus_sh --flow compile mux21; & AL, av A V%2FETT %, =
T —DERS NI, 2 ONEEHRADIIIEL T —AZEET 3, 7=k
Bricid, 20 1289 &£ 91T, "Quartus IT Full Compilation was successful. |
EFRRINSG,

ion/modelsim/" for EDA simulation tool

nfo bit tlist Writer was successful. 0 errors, © warnings
n 3 343 megabytes
nf ded: Mon Jul 28 ©3:50:49 2014 S °
nf ime: 00:00:01 3 Jl\’f}l“ﬁzli]
| \Jaavas

CIME TOn Gt ProcesSS0rST e
us IT Full Compilation was

errors, 12 warnings

tcl/inte
12 warning
Info: Elapsed time: 00:00:25
Info: Total CPU time (on all processors): 00:00:20
[meidai@localhost mux21]$ [l V)

X 20: CULIZ & % 3 v 84 VHEFTHRIG L 72854 O i

X 211233 k912, ALV bTFALZPYBTIL, AFY=L 7Tk 774
(mux.sof) DMERINTVWEZ L Z2HERT 5.

[meidai@localhost mux21]$ 1s
mux21l.asm.rpt mux2l.fit.rpt mux21.flow.rpt mux2l.map.summary mux2l.sta.rpt

mux21.done mux21.fit.smsg mux21.jdi mux21.sta.summary 3
mux2l.eda.rpt mux2l.fit.summary mux21l.map.rpt 1

[meidai@localhost mux21]$ I

21: sof 77 ANDBERINTWDB Z & DHER

3.5 FPGA ZHR\L/=[OEsEIR

A S 2L —a VRmBG NS T, ZNUDARYICEREDON—F Y 27 ETH|
2>E ) DI 100%RAEDIR D TldZe v, Z2D 7 OGEH L 2 HEEDSIE L K EiffE T 20089 %,
FPGA (HSATRELRT —F 7L A) ZfERL 3Hli+A — F 2w TR d 5.

3.5.1 DE2-115 i—R

¥4, ARFEEBCHHT 2 DE2-115 F— FIZOWTHHT 2. [ 2212, Altera #:® FPGA
(Altera Cyclone IV E) Z#&# L 7 DE2-115 A — FOEHE%Z/RT,

FPGA "DANTNAZAELTISMTHDATIA FAAL v F L AM{MDT v > 2 XA v F %21l
HTE%, A5 FAL v FiE, BN L7RET 1 %2, MINCL7ZREET O Z#ANTE S,
Ty aALyFik, HLRETO, LR WIRETLI Z#ANTES, —J, HAT
NARAELTIE, 261D LED (Rfads 18, fktahs 8fl) & 8Hjd 7+ 2>+ LED %
FIAHTE %, LED X, RUTL7REEDSL, WHITLZRED 0 BTSN TWE I EZRT

Cyclone IV 1%, Fiid X9 % PS/2 a7 (vY R/ *—FR—F&E#Ht) & XSGA 2
F7 8 (TART VA TR LRI N T2,

21



JWVASIC XSGA FPGA

o ARI S, Cyclone 1v) _PS/2
=1 N (@ ) ' axos
ACFPHTH | N Yyl .
1B )
&R A YR
R > AR5
720X B
LED
LED\‘ -
SWi7 e s KEY 3 — KEY 0
ASARRAYF TYSIAIRXRAYF

22: Altera DE2-115 A —F

PS/2 AX7% PS/2 2% 7 %% 6-pin mini-DIN 2% 7 %, 5 2 pin I VCC, GND Td
%. 1, 3 pin X MOUSE,CLK, MOUSE_DATA {85 FLEX10K IZEft I 1T\ 3,
MOUSE_ CLK IZe A, ¥—R—FicG5A2% 270y 7{2%5, MOUSE_DATA 1Z=v
A, ¥—HK—F»5 DE2-115 a”\-—b Kons 7T —89Th5s.

XSGA A%R9I%9 XVGA 227 %1% 15-pin D-sub 2% 7% ThH 3. 1,2, 3 pin IZZNFN
RED, GREEN, BLUE {2%, 13, 14 pin ‘& HORIZ.SYNC, VERT_SYNC, 4, 5, 9, 15
pin (& No Connect, 6, 7,8, 10, 11 pin (¥ GND T& %,

C’_@ﬂﬁ b, Cyclone IV X, USB 2 Fu—7 %4 L USB Device & — I, USB Host

— F, Audio CODEC %41 L Mic In, Line In, Line Out £—F, TV 72 —%%4L Video
Inz]’\—]\ A=Yy barbte—ZNLA—HFy PR—FELERINTVE, 21
PAkiz, RS-232 #—1F, SD A—FAR—1, ItDA b7 v —,3, LCD, 64MB @ SDRAM
2 flil, 2MB @ SRAM, 8MB D7 7 v ¥ a X€Y LHEHLIN TS

3.5.2 #orvA—~kR
DTOFMEIZHEST, ARV =L 7Ok 774 0%F¥7ra—FLTALI,

1. IR—ROESH X 221" L7k 912, DE2-115 F—F & Linux v v % USB7—7 )L
T 5. DE2-115 A— FICEFRZMHGT 25D AC 74 7Y Z28ke L, ER%
A3 DTy a Ry vy 2HT) .

2. M—REHROER UK T Tdmesgy EANL, K 2313 T K91, Linux 238 — FEHE
ZRAK CETWAL I L 2MERT 5. T4, bL, F— FEH) £ RS NR WY
1%, 1. OFIHZMERL 7<%, HEHEES L CIZTA ITHRT S L.

22



usb 2-2.2: i i i

usb 2-2.2#New USB device found, idVendor=09fb, idProduct=6001

usb 2-2.2§ New USB device strings: Mfr=1, Product=2, SerialNumber=3
usb 2-2.2§ Product: USB-Blaster

usb 2-2.2§ Manufacturer: Altera

usb 2-2.2§ SerialNumber: 91d28408

usb 2-2.28confiqguration #1 chosen from 1 choice

[meidai@loc

Xl 23: dmesg 2% ¥ FOFEFTHER (DE2-115 A — F Ot ik S k)

3. 9 VA—KRAREZ 71 ILDEE FPCA ~D¥ 7 rua—F$57:01C, UFTD774
VR L2, v —FLTC, EET4 L2 FVICEL.

o ¥yvu—FHEEZ 74V (x.cdf)
FPGA IZsof 77 AN %ZF 7o —FT5-00RENIABINT VDS, 2T
X, UTFTDO774 02702 —F L, mux21.sof E[AUF4 L7 FYICEL.

http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/j2hard-eda/first/mux21.cdf

4. ANV=L PO« 774U DFo>O—K Uik ET Tquartus_pgm mux21.cdf; %
F4TL, FPGA IK¥ 7 vu—FT23, Fora—FpRNT25E, M24I1ndX)
IZ, TQuartus II 32 bit Programmer was successful.| ERRIND, TT7—0%
BL7EEIE, 7 ra—FRRD sof 7 74 cdf 7 74 VDIEL ARSI N
Twa0, §HliA— F2EL S ERIN T2 0E2MERT 5.

TInfo: Command: quartus pgm mux21l.cdf

Info (213045): Using programming cable "USB-Blaster [2-2.2]"

AqInfo (213011): Using programming file mux21l.sof with checksum 0x00562DCA for device EP4CE115
F29@1

Info (209060): Started Programmer operation at Mon Jul 28 04:34:00 2014

Info (209016): Configuring device index 1

Jlznfo (209017): Device 1 contains JTAG ID code 0x020F7@DD

Info (209007): Configuration succeeded -- 1 device(s) configured
N§Info (209011): Successfully performed operation(s)
Info — | 28 04:34:08 2014

Infof{ Quartus II 32-bit Programmer was successful.) errors, 0 warnings
I o oy
Info: Processing ended: Mon Jul 28 04:34:08 2014
Info: Elapsed time: 00:00:09 ﬂ

Info: Total CPU time (on all processors): 00:00:01
[meidai@localhost output files]$ l

X 24: mux2l.sof D¥ 7 v — KR L 72 & & D
5. BNMERESR ¥ u—FLZEARNY—L 79 77 AR ICEIET A L%

WRT 2. B, L7 ¥HEABIES & DE2-115 R— FDO T34 ZDOXREIR I,
AKBEDORPDFHIZEHAL TH 5.
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4 EDA Y—J)LZAW:EKREET TPiRiE

GBI, MIEAT S IO R 2 DI, $LO s L RSO RS, EDA v —
V& ORI OBETHEIC DWW T OFEREFT.

4.1 HAETEROERET
HACAE DR IZ OV TDOEBRZITS .

f%ﬁZﬁmﬂﬁEVFW%@%@%%%T%@?@T%%@&.

o &XilT % 16 € v MnEMEOHAE
— AN #RERE R x,y (16 EY L), KiEIF A cin 1 Ev )
— HWJ1: flsum (16 E» b)), HFEFHI cout (1 Ev F)
— BERE ix +y ZEMELL, MEMT BT 2 BT 2AEDE N
o [HEEEEFDFNHE
1. Verilog HDL T X 2 [MIE&GLR & 7 2 b X ¥ F DK
2.2ffiH 6 2.4 ffi % FA, Verilog HDL DIEARM 25 SC & BIK, always 7
vy 7, KEDET M OWTHREL 72D b, 16 €y MMIEREEED Verilog
HDL Z3h adder16.v &, T A F XV F test_adderi6.v Z1ET %,
2 HEEEL )L T alL—vayv
3.3ffiz %I, MERBOBEIEL Ly 2 2L—va v (7). AJE
ZW L ODEZ TNEREEDSIEL CEfET 2 2 & 2R T 3.

3. amERE K
34 fiz2Eic, WBEGREFETL, HEMRPOYy 7L AV M,
L EEAEIRF[A] S 2 iR 5 % . )

X 25 & X 26 ICMBEREE L T A F XV F Ol 2 2N F iR d,

24



4 N

/% *
* adderl6.v
*x 16 Ev Fﬂﬂﬁlﬁl% *

*

module adder16 (x, y, cin, sum, cout);
input [15:0] x, y;
input cin;
output [15 0] sum;
output cout;

assi%n {cout, sum} = x + y + cin;
endmodule

N J

25: 16 € v b INE A%

e N
/%
* test adder16
x 16 Ev MN&E E%@Txb«/%

*

‘timescale 1ns / 1ns /)] 3 al—3a oM / BE
/ 1 ns = 1/1000000000 sec
‘include "adderl6.v" // adder16.v DHLD A

*
*
*
*

module test;
reg [15: 0] X, V;
reg cin;
wire [15 0] sum;
wire cout;

adder16 adderl6a(x, y, cin, sum, cout);

always begin
#XO X § x + 100;
end

always beg
g y + 300;
end

initial begin
x=0;y=0; cin = 0;
end
endmodule

N J
26: 16 £ v MINERFEDO T A F XV F

25



4.2 EFF[BIFEDERE

KiZ, MEFEEEOBENHT OV TOERZT ), M A R & SR 25740,

EFEMIE = AN + 8EE T (7)y 7 7ay 7, LY RAY) THD, 7Yy 770

V4

7, 2y 2 Aoy Yy (L EBD, B TFRD) DA XY ML CEET 3,
Bl EfRS DD 70y 72 TFNDA XY MK > TEHIES 2 P2 B 7 v v 7 [H

WIEUER g &9, 22T, oM vy 7 FENER RS2 56T 5.

e o .
EER 3 XD 16 £ v FMINERIFEOKE 2 a0 FIETEiEE X,

o T B 16 B v MNFERIE DA
— AJl:Z7uavyZcdk A EY L), Veybreet (1 Ev ), #HEEE
x,y 16y bF), fikiFAT cin (1 EY )
— W flsum (16 Ev +), K EFHII cout (1 Ev )
- %’aﬁa Ix +y ZEMEL, MEMTETEHE TS, 2L, A%
LRI RD 70y 7 DOVS E3) T I nG, £/, Yy
0B EHIDEE Yy Mo icns GEREAY &y b) .
o [H[p&ERETFDFIA
1. Verilog HDL (T & % [R[E&Fdik & 7 &2 b R F DIERK
2.5 ik 2.7Hi % HiA, Verilog HDL 12 X 2 EFFEIEE Db, IRIEFEHR,
EY 2= )V EREERGHI O WTHE L 7.0 6, TEFPIRERAR 16 € Mng&R|
D Verilog HDL Frif adder16s.v &, 7 A F X2 F test_adderibs.v
2T 5.
2. BREEL )Ly S al—> a3 v
F2Er 2 LIERRIC, MBERFEOEEL XLy a2l —va v2{79),

3. amERE K
2B 2 & ERRIC, Q*IEEAEEZ»E%HL, IR PO Yy 7 L AV M,
EEFEIRF[A]5: 2 fiff 78 5

N

J

27 £ X 28 IZNERF IR 16 € MIMEMREE & 7 R b XU FOEd 2 2 N FIunT,
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e
*

/

adder16

Ji F?IEIE%H)E( 16 £ FInER *

* ¥ % ¥

module adder16s (clk, reset, x, y, cin, sum, cout);
input [15:0] x, y;
input clk, reset, cin;
output [15:0] sum;
output cout;

reg [15:0] r0, ri;
assign {cout, sum} = rO0 + rl + cin;

always @(posedge clk or negedge reset) begin
if (reset == 1’b0) begin
r0 <= 0 ; rl <= 0;
end else begin
r0 <= x; rl <= y;
end
end
endmodule

27: N/ [BIESR 16 2 b NERE

/% %
* test_adderl6s.v *
NEf 7R 16 Ey FINEREED T A F XU F

* *x/

‘timescale 1ns / 1ns // &/S 2L —a vyOHRNRRE / EE
// 1 ns = 1/1000000000 sec
‘include "adder16s.v" // adder16.v DHLD A

module test ;
reg reset,clk, cin;
reg [15:0] x, y;

wire [15:0] sum;
wire cout;

adder16s adderi6sa(clk, reset, x, y, cin,sum, cout);

always begin
#g clkg— “clk;
end

always begin
#g & x + 100;
y + 200;

Y
end

initial begin
reset = 1; clk = 0; x
#20 reset ;
#20 reset
end
endmodule

0; y =0; cin =0 ;

-

28: ARl 16 € v FINREEED 7 2 F Xy F

27



5 RERERE

-
RERRRE 1 KD 2 DDEFEIE % Verilog HDL Titidb L, #EEL L> T 2L —v 3
K DEERERY L. 7, WA EETL T, AR R K.

1. 1o BCD 2a—F (4Ev ) ZHAOT25BCD A7 vy (01— ... =
8—=9,9DRIF0—1—=2—..) DRiEITVEI,
o XitT % 1 Hid BCD A v ¥ Oflkk

— AJi7mvy 7 cdk @ EY L), Yk breset (1 EYR), ATV
Fry TEEx 1L EY L)

— WJi: A A EHT] bedlout 4 Ev )

— BV ey b0k EHOKEY ME 01tk b GEFIHY
v b)), HIMEIX, ck 250226 1 IC&L»roh 7y s 7y 7B
W1 b0cAy b7y 7L, 0000 — 0001 — 0010 — ... —
1001 — 0000 — 0001 — ... DX I T 3,

2. 21> BCD 2a—F 8Ev ) Z2H T2 BCD AV (0001 — ...
—-08—=0909DKIF10—>11—12—..) Dkit%, BERSTICXLD
ez,

o XitT % 2 Hid BCD A v ¥ Dflkk
— A1 7uavy 7 cdk 1Y L), Yy breset (1EY ), ATV
F7y 7fESx (1EY )
— WJi: A A EHT] bed2.out (8 EY F)
— BV ey P 0K RZEHIOEE Y MX 0k E GEFRIY
v b)), WO, cdk 25026 LIZBLh2h Ty 7y TiEEH
LIR30 AhAY > F 7y 7L, 00000000 — 0000 0001 — 0000

0010 — ... — 1001 1001 — 0000 0000 — 0000 0001 — ... D K H I
%5,

~
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a B
KERIRRE 2 KONEFE# % Verilog HDL TRl L, #EREL X)L T2l —r a itk
DEIERIERY K. £/, WHARZFITLT, GRS Z MR L.

1. 0011 B X 0010 &) ANRINBATE s8I 1 213 2 250 H
¥ (BRA—b=by) OGrz, REREMKIC X 2 EFREESCEBIC X D17
&\,

o XET % RAIM AR DR

— AJl:7myZck 1EYFR), Vv Freset (1EY L), 7—%
ATx 1EYL)

— W s RE Dy QEY )

— BV ey b0 ARBZEHNZ0ICHES GERY 2y ). H
JHEIE, 0011 £7213 0010 &) RANZBH L 2L EDAR 1145,
RG] AJSJE LT 100111 =+ 232 Y PILIC A T E R & X

ANt Lcoz=zHh
AN 0L TO0o ZHN
ANSolexLTox=Hh
A1z LTo =N
IR LT 1 Z2H (0011 ZHiH)
!

AS11z
LT o zHh

AJI1

~
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6 FEEREERFEOLKR—MIDOWT

1SR 1, R 2, 923, SEBENE 1, EEENE 2 12owT, EBROBE, SRS
SN 7 =7, UTORBRBEOHM, FBROERZ, EL S TNIIN, £%2X
ATEED X,

o [0 ®D Verilog HDL il ([l D BI{ERA % & o CTHEH)

o HEL RNV T2l —vay (FARAMRYVFEY I 2L —Y a VEFROFIHA)

o imBLAR GRELAE Y — W IZ X 2 BB ORI OMK, EIERE, vy 7o
LAY M EEEDOFI)

e FPCA A— FToO#IEFER (EH 1 OA)

2. FEhg 2 LFEERE 3 T, 16 ¥ v MINE R Z 149 Rlpg CIHEBT 2 75k LR T
FEIT 2052 L7, WSRO EZ IR L, E%E X,

3. IR TIE, WA Y —v (Quartus I1) 12X 5T, Verilog HDL “CTitab U 7
Mgz miElt L T s, WmHGRICE T 5, RO R#ElIcOWTHEL, R
2, BRNICED K9 RE(LTFEDH 5 D, I 612, sl S 7z imBEn]pg o
IEIRFE] & IR D BIFRIZ D W CEEIHE K|

7  FDit

7.1 FPGA OEVEEBEDZEE

EECHiT 5 FPGA DEVELE 7 74 VI, FIEE2THOrLOHBEINT VS, DL

TOEHICLTEVREL2EET LI EHTE S,
A hoEEd L LT, EBTHEHL 2 Tmux2l.gqsf; Z2HICEHHT S, o774 0%
MEL CHEHBEARNOREZESALD I ENTES, 774 VU TO L) ICESAL,

set_location_assignment PIN_AB28 -to S1
set_location_assignment PIN_M23 -to DO
set_location_assignment PIN_M21 -to D1
set_location_assignment PIN_H15 -to Y

INTT vy a2 AA v T key0, keyl BZNZNATIDO, DI, F7NVAA v F 0DATIST
W5, YIEOEDLED I s, EvBFEae i Rr—F LKA T ANAL 2L DX}
Il DE2-115 A — FD= =2 7 MIZEHE L EP»pN TV 3,

7.2 Altera DE2-115 R—RD70OYv 7 DEWA

DE2-115 A — FICRFR&GDIOWTED, 70y 72 AL LT 2L TES. AT
ELTruy 7z ffivnizwne 23, Fgsf) Tset_location assignment PIN.Y2 -to clk &
RET B, 7L, AP 50MHz D70, BT ETHETEIRWOT, @Il T
b T 6w, IS, 7R D Verilog HDL Gl Dl 2 787,

30



module divider (clk, sysreset, clkin);
input clk, sysreset;
output clkin;
reg [23:0] cnt;
always @(posedge clk or negedge sysreset) begin
if (sysreset == 1’b0) cnt <= 0;
else cnt <= cnt + 1;
end
assign clkin = “cnt[22];
endmodule

J
Bfe D assign XOL Y A% Tenty Oy FHZM ) 022 EHT 5 2 & TRMEEZ 2"
BZHIEDVTED,

-~

7.3 TEARDEFED Verilog HDL ik

Verilog HDL % {fi > CHEHEO MK Z AT 212 dH 72D, HUE & EEIZBERL 2wy,
SR Y A N DBEIK D LB BN FRE %\ DR T

32EYMAASEYMNHEAD 2 EYRNEVYTIRNEY 2=

[ ARk okokokokokokok ok ok ok kkk ok /

/* shifter32_8_12.v */
[ HFRkkkokokokokokok sk ok ok ok k ok kk /

// +o———+

// sh_al[31:0]->| |->sh_y[7:0]

// +-———+

module shifter32_8_12 (sh_a, sh_y); // AHJIER—F
input [31:0] sh_a; // A1 32-bit
output [7:0] sh_y; // B 8-bit
//Body

//2-bit JE¥ 7 k
assign sh_y = {sh_a[5:0], 2’b00};
endmodule

32EvcD 2 AN 1 HAELIYEY -

[ ARk kokokokok ok ok /

/* mux32_32_32.v */
[ FER kR kokokokokokok /

// ot
// d0[31:0]->| |
// d1[31:0]->| |->y[31:0]
// s=>| |
// -t
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module mux32_32_32 (d0, di, s, y); // AHJIH—*1

input [31:0] dO; // AJ1 32-bit dO
input [31:0] di; // AJ1 32-bit dil
input S; // AJ1 1-bit s

output [31:0] y; // ) 32-bit y

// Multiplexer body

// if (s == 0) y = d0; else y = di;

// AR =PI 2L assign XTIT)

assign y = (s == 1’b0) 7 d0 : di;
endmodule

CPU® 16 EYMAN 32 EY NEHDOFBSILRETEY 12—

[/ Kk sk kkok ook ook ok Kok sk k ok ok /

/* signext16_32.v */
[ HF ok okokokokok ok ok k ok k ok /

// +-———t

// a16[15:0]->| |->y32[31:0]

// +o———+

module signext16_32 (al6, y32); // AHNIIA—F
input  [15:0] al6; // AT 16-bit
output [31:0] y32; // 1 32-vit
//Body
VILSREE I

assign y32 = {a16[15], a16[15], al6[15], al6[15],
al6[15], ai16[15], al16[15], al6[15],
al6[15], ai16[15], al16[15], al6[15],
al6[15], ai16[15], al16[15], al6[15],
al6[15:0]};
endmodule

CPU®M 32 EYhM ALU Y a2-JL

[HERkkkkok ok

/* alu.v */

/ *kskkkkkokk /

// T

// alu_a[31:0]->| |

// alu_b[31:0]->| |->alu_y[31:0]
//  alu_ctrl[2:0]->| |->alu_iszero
// e

// faert v b
// lw(load word)
// sw(store word)
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// add

// sub

// and

// or

// slt(set on less than)
// beq(blanch on equal)

// alu_ctrl[2:0], FfT9 %A

// 010, add
// 110, sub
// 000, and
// 001, or
// 111, slt
‘define ADD 3°b010
‘define SUB 3’b110
‘define AND 3°b000
‘define OR 3°b001
‘define SLT 3’bli1l

module alu (alu_a, alu_b, alu_ctrl, alu_y, alu_iszero); // AHNIA—F

input [31:0] alu_a; // A1 32-bit a

input [31:0] alu_b; // AT 32-bit b

input  [2:0] alu_ctrl; // AJ1 3-bit  ALU ffilfflla—F
output [31:0] alu_y; // W71 32-bit y

output alu_iszero; // W1 1-bit iszero (y==0 ? 1:0)

reg [31:0] result;
reg iszero;

always @(alu_a or alu_b or alu_ctrl) begin
case (alu_ctrl)
‘ADD: begin
result = alu_a + alu_b;
end
‘SUB: begin
result = alu_a - alu_b;
end
‘AND: begin
result = alu_a & alu_b;
end
‘OR: begin
result = alu_a | alu_b;
end
‘SLT: begin
result = (alu_a < alu_b) ? 32’h00000001 : 32°h00000000;
end
default: begin
result = 0;
end
endcase
end
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always @(alu_a or alu_b or alu_ctrl or result) begin
if (result == 0) begin
iszero = 1;
end else begin
iszero = 0;
end
end

assign alu_y = result;

assign alu_iszero = iszero;
endmodule

CPU®DPC H4mMEEY2-I

/[ kkskckokskskokkkok /

/* plusd.v */

[HEE Rk koK

// to———+

// inc_al[7:0]->| |->inc_y[7:0]

// oot

module plus4 (inc_a, inc_y); // AHJIX—F
input [7:0] inc_a; // A7 8-bit
output [7:0] inc_y; // 17 8-bit

assign inc_y = inc_a + 4;
endmodule

CPU @ PC €Y a—)

/*kkkkkkk /

/* pc.v */
/*kkkkkkk [

// +-———+
// clock->| |
// reset—>| |
// pc_next[7:0]->| | ->pc[7:0]
// -+

module pc (clock, reset, pc_next, pc); // AHNIA—F

input clock, reset; // ANJ1 Z7mv 7, Uxv b

input [7:0] pc_next; // AJJ 8-bit RIZPCIZt v T 5{d
output [7:0] pc; // )1 8-bit PC

reg [7:0] pc_reg; // PCHL T A%

// Always 70y 7: 70757380705
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// AJJ: clock, reset, pc_next
// W pe_reg

// VY AY: pc_reg
always @(posedge clock or negedge reset) begin

if (reset == 1°b0) begin

pc_reg <= 8’b00000000;
end else begin
pc_reg <= pc_next;

e
end

nd

assign pc = pc_reg;
endmodule

CPU®D32EYhN x16 7—RLYRZIT7AIEY 21—

+————+

[ *¥KKKK KK KKk K KKk [

/* registers.v */

[ ARk Rk okokokokok /

//

// clock->|
// reset->|
//  reg_read_idx1[3:0]->|
//  reg_read_idx2[3:0]->|
// reg_write_idx[3:0]->|
// reg_write_enable->|
// reg_write_data[31:0]->|

//

module registers (clock, reset,
reg_read_idxl, reg_read_idx2,

+-———+

| ->reg_read_datal[31:0]
| ->reg_read_data2[31:0]

reg_write_idx, reg_write_enable, reg_write_data,

reg_read_datal, reg_read_data2);

input

input  [3:
input  [3:
input  [3:
input

input [31:
output [31
output [31

// Registers (regs_0 = 0)
[31:
[31:
[31:
[31:
[31:
[31:
[31:

reg
reg
reg
reg
reg
reg
reg

0]
0]
0]
0]
0]
0]
0]

0]
0]
0]

0]

:0]
:0]

regs_1;
regs_3;
regs_5;
regs_7;
regs_9;
regs_11;
regs_13;

clock, reset;
reg_read_idxl1;
reg_read_idx2;
reg_write_idx;
reg_write_enable;
reg_write_data;
reg_read_datal;
reg_read_data2;

reg
reg
reg
reg
reg
reg
reg

[31
[31
[31
[31
[31
[31
[31

:0]
:0]
:0]
:0]
:0]
:0]
:0]

regs_2;
regs_4;
regs_6;
regs_8;
regs_10;
regs_12;
regs_14;
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reg [31:0] regs_15;

//
// @A 1 (regs[0] 1ZHIZ 0)
// assign reg_read_datal = regs[1~15];

//

assign reg_read_datal

(reg_read_idxl == 4°b0001) 7 regs_1 : (
(reg_read_idxl == 4°b0010) 7 regs_2 : (
(reg_read_idxl == 4°b0011) ? regs_3 : (
(reg_read_idxl == 4°b0100) ? regs_4 : (
(reg_read_idxl == 4°b0101) ? regs_5 : (
(reg_read_idxl == 4°b0110) ? regs_6 : (
(reg_read_idxl == 4°b0111) ? regs_7 : (
(reg_read_idxl == 4°b1000) ? regs_8 : (
(reg_read_idxl == 4°b1001) 7 regs_9 : (
(reg_read_idxl == 4°b1010) 7 regs_10 : (
(reg_read_idxl == 4°b1011) 7 regs_11 : (
(reg_read_idxl == 4°b1100) ? regs_12 : (
(reg_read_idx1 == 4’b1101) 7 regs_13 : (
(reg_read_idxl == 4°b1110) 7 regs_14 : (regs_15)))))))))))))));

//

// wiH 2 (regs[0] IXHIZ 0)

// assign reg_read_data2 = regs[1~15];

//

assign reg_read_data2 = (reg_read_idx2 == 5’b00000) ? 0 : (
(reg_read_idx2 == 5’b00001) ? regs_1 : (
(reg_read_idx2 == 5’b00010) ? regs_2 : (
(reg_read_idx2 == 5’b00011) ? regs_3 : (
(reg_read_idx2 == 5’b00100) ? regs_4 : (
(reg_read_idx2 == 5’b00101) ? regs_5 : (
(reg_read_idx2 == 5’b00110) ? regs_6 : (
(reg_read_idx2 == 5’b00111) ? regs_7 : (
(reg_read_idx2 == 5’b01000) ? regs_8 : (
(reg_read_idx2 == 5’b01001) ? regs_9 : (
(reg_read_idx2 == 5°b01010) 7 regs_10 : (
(reg_read_idx2 == 5’b01011) 7 regs_11 : (
(reg_read_idx2 == 5’b01100) ? regs_12 : (
(reg_read_idx2 == 5’b01101) ? regs_13 : (
(reg_read_idx2 == 5’b01110) ? regs_14 : (regs_15)))))))))))))));

// Mways 780 v 7. FEZIAH

// AJI: clock, reset, reg_write_idx, reg_write_enable, reg_write_data

// HiJ1: regs_1~regs_15
// VY AY: regs_1~regs_15
always @(posedge clock or negedge reset) begin

(reg_read_idxl == 4°b0000) ? 0 : (

if (reset == 1’b0) begin
regs_1 <= 0; regs_2 <= 0; regs_3 <= 0; regs_4 <= 0;
regs_5 <= 0; regs_6 <= 0; regs_7 <= 0; regs_8 <= 0;
regs_9 <= 0; regs_10 <= 0; regs_11 <= 0; regs_12 <= 0;
regs_13 <= 0; regs_14 <= 0; regs_15 <= 0;

end else begin

if (reg_write_enable == 1’bl) begin
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//

// FHEAH (regs[0] IFHIZ 0)

// regs[1~15] = reg_write_data;

//

if (reg_write_idx == 4’b0001) begin
regs_1 <= reg_write_data;

end if (reg_write_idx == 4’b0010) begin
regs_2 <= reg_write_data;

end if (reg_write_idx == 4’b0011) begin
regs_3 <= reg_write_data;

end if (reg_write_idx == 4°b0100) begin
regs_4 <= reg_write_data;

end if (reg_write_idx == 4°b0101) begin
regs_b5 <= reg_write_data;

end if (reg_write_idx == 4’b0110) begin
regs_6 <= reg_write_data;

end if (reg_write_idx == 4’b0111) begin
regs_7 <= reg_write_data;

end if (reg_write_idx == 4’b1000) begin
regs_8 <= reg_write_data;

end if (reg_write_idx == 4’b1001) begin
regs_9 <= reg_write_data;

end if (reg_write_idx == 4’b1010) begin
regs_10 <= reg_write_data;

end if (reg_write_idx == 4’b1011) begin
regs_11 <= reg_write_data;

end if (reg_write_idx == 4’°b1100) begin
regs_12 <= reg_write_data;

end if (reg_write_idx == 4’b1101) begin
regs_13 <= reg_write_data;

end if (reg_write_idx == 4’b1110) begin
regs_14 <= reg_write_data;

end if (reg_write_idx == 4’b1111) begin
regs_15 <= reg_write_data;

end

end

end // End: if (reg_write_enable == 1’bl) begin
end // End: always @(posedge clock or negedge reset) begin

endmodule
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