EDA W—JL% AW RIBE SRt

KRB E

AKIEETIZ, EDA W—Jb (Electronic Design Automation ¥ —)b, B RIEEREIEY 7 F
7 x7) ZHOIeT4IFI LSI OitEt 2179, MR ETo LSI (Large Scale Integration)
REHCn Z, FEEZ RELmIE T ThH % FPGA (Field Programmable Gate Array) %
Mo 7zmlgo@fEsEhs &, FEEZE L <, mMHRpgEEH, > T2 —ray, miak
7% £ DOFmBRIEEEHC B 1) 2 SRS DR L Btz HiG 5.

EEBRATIa1—)l

ARFEERIZA 28T, UFDLIBRATY 2 — LT,

F18E (FE FEEED 1 E, 28, 38, 48) \—KRyz7EREFO—DOTH%
Verilog HDL 2 & 2 fli i & Mg Rkt &, G L 2o EEEEE 2179, [
HOEEEETIX, FPGA ZH5# L 7 B 2 H o CERGET L 72 [0l 2 EESICEIE S
3,

o FhE1 (R AR RIKORRGT & BfESEER)
o H2 (R 21T MALRIEEDHRE)

F28 (T8 FEEED 4 5, 5 &, 6 F) Verilog HDL 12 X 2 & EEEE & IEFEEE
D, EDA Y =W EEHREHC O WTOEREZITY . T/, EEEEE LT,
2 #{t 10 ¥ (BCD: Binary Coded Decimal) 7 ¥ % Oikil, Z5IBHE (R4 —
b= bv) OFGEIEfT.
o FEh3 (INEZAT 9 WFFHl& D)
o FEERHE 1 (BCD A v ¥ Dkl
o FEERHLE 2 (RFIMHINE D)

HEZE DB

1 3ETIE, T4 PPNV LSIDFEF 7 —1co0 TR, 2 #ETIE, Verilog HDL I & 3 [A]
BAldBIcOWTEIAT %, 3 Tk, AEBTHV2 EDA Y —1LOffivwiizownT, EDA
v — & b7 RlpgEkEE TEER, & UCEIHT 4. 4 ECIE, AR, TEPREE o
FHZOWT, EDA Y — vz w7z mlggaat Thikim, & LCHiHT 5, 5 BmTld, %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 (L 2 fLORR) T 2. ML Lic, EEEGZ A L4
5, BTOEBEZED S,
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1 ELU®HIC

1.1 N—=Koz7EREBEZAHW T I YIL LSI %5t

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

DX IIRWE, WD LSI OBELER i HEARIC L b, LSI I T 2 BB
WAL, BETEHHKRAEEL I TEL L) Ik OTBRIC R o7z, LSI ORGSRl &
&, Wtk - FoNA 2o, SEINLEMiTH . Lo L, MBS KBTI i
HEGTOEMECHEE R b D L e %, BLERMTE LI, EDLI LB X THIEEEMKLT %
2, Thbb, LSI OREHEMOMESRD 72, BEATRLRDDTH 5,

WA LSI [F&EET T, v47ﬁb®7xﬁny/%A%fﬁwT XEtMfrbn, %

D%, LA T FOHBLSTREICAR D, P TP AZLRNH B IFERIEL X)L D [FIEKX
ZOTREgZ G 2 Fikd E 57z, CAD (Computer Aided Design) ¥ A7 L DFE
W&, V7 b7 27X 2NERKATOSERHEEY S 2L —2 a YAIA[RE & 72 5 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) %\ 7@ilt7 @ —~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
/;7rhﬁm® REFET, AT L LRV ORGHEMOFENEEIC L EEZ LN,

1.2 IN—KRox7iihEE

BETIX, HDL I X b amding 2 L ¥ A KK L X)LV (RTL: Register Transfer Level)
TR L, FiEITHO NS o Tw3, HDL 3n—FY =2 7oz id 3 S
Th 5 LRI, Batzitdh T 25 TbH 5. IS H/LTWwsb HDL & LT, VHDL,
Verilog HDL 23%1F 5415,



VHDL (%, KEEG#%E D VHSIC (Very High Speed Integrated Circuit) 7’®¥ = 7 b
T, N—F7 27 Db E#E (VHDL: VHSIC Hardware Description Language) & L TH
HAINnbDThH), HDL O—2DFEERIIK TH 5. VHDL (% Ada ITRI7HEC2ERH L <
V>%. Verilog HDL 13 Cadence #:D##s 3 2L —% Verilog XL IO ZEEE LT &AL T
& 7z. Verilog HDL & C it XEHFZEZ L ML Tw5, VHDL I, IEEE Std-1076
(VHDL87) X U¥ Std-1164 (VHDL93) & L CTHRWID S BB LInTw3, 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 23%17 541%, PARTHENON & SFL (3o LSI Gt EEb H b, if
ZEH, RPETOHEBEHE L TCHIASHHINTE L, HAE TR AD LSI #%GHH
b SRR LR E S CHREI N HDL Th % UDL/I X, WHER 7V =Y 7 +7 27
ELCEAENTED, PIab—va vy RUOARY —LBATHEETH 3,

S#%E, L0 o7 L3 AL L VDRI > Tn EFEZ oS, BIfE
TlE, C, C4++, Java FEERX—RIZ L= F7 = 7GR RBRESHE I N, T CIlcsHE
HitENnTwzdbodbdh 35,

1.3 FaoY%7)L LSI Of%st70—

X 112 LSI OFEt7n—¢&, Heod Y —ILZ2 R, &ilo LREIZW L DD IC
SFon, FNFNOHFEBETON—FY 2 7ORBBFET S, Hit7u—1%, Bio
FETEREToREgEDERB 2, TN TORBICEME# L T THETH 3,

- | e L X)L

TREGHRRICE D BIETEER

¢

FRRRNCTED BIETEHR

HiE T — 4
INe 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

DEFGHE, LY AZEREL 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—r3y

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 7z oBERF (BI) |
HoDPULOBFEIINTVEHDELT, Insr2ilMMme Lo REE2 AT 5. HEAE
T O, BfEEE, HEEBEN R EOFGMEREEZATEL T RXR—RELVIA T 7Y
EMEFEN S, LSITEED T 7 JuaPBICEB L2V I94 79V VAR 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, BEFEVPREMSES 2P CEET 2 2 EIXTET, HE)
PN Bl 7 [P B 2 A2 T 5

1.3.4 —KMLARIYZal—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)
EPZEDLOTLEI I EBHNHEIDT, ZITOF v I EERS, £, EHEL N
VTDOY T ab—ya vt &) VOFEEE LSRRI L DHMETH 2720, [Nl
OEERE R EOMWREE L D IEMEICHED 2 2 L3 TE 5,

1.3.5 LA7VKNEE

LSI RICHEBRIEREINZLA T I FDR AR 25 RT S, LA T b2&TAT
L, M7 4% ECHEEZETZIHML T 7V ARY LG ITONL T 503, kLT
A7 7V INTVEREAZTOLA T ME, 2y FPYRAMIGERINTVWEIETFD
EHBIROERD &, RIEEEOL A 77 P2 EHBNICER T2 AT ABA A1
525910 TCETVS, BALR=—ZADL A 7Y & Tld, BETOMEZIET ECHE
DEE &, FTHORFRDOREIE 2 IIRET 2BMOKBED 2 RETHKI NS, EFETIE, R
FOEFEREICHAN, I TOEFTEBIEDOFIGNREL 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 ZRHwWik7OM914E>Y

LA 77 bi%EtE T LSI OF%GE 7 0 —I358 7§ %25, MIOBERGE, FMiny S 2
L—ya vy ciEfAtagTchorzh, LSI oilER F7- 3 ICRAdo N & fHAaabE - m
A, Bz Lzw, REDEEIE, Ta by 4 TRERL TEIEMEEZ1T9 2 E03d 3,
ZDHIZ, HEEMWZ TR LHMETTH % FPGA (Field Programmable Gate Array) 23
Hwosin s,

FPGA I, EIEVZDET7R 7 7075 2 EWMLHEETFTHD, ZLDHDIF
BEREO B L 2 MEHITH) 2 LN TE 3. FPGA 1%, HiE2 H AL 70y 7
&, HAaZ AR ZeimP 7 v v 7 O 5 5. FPGA 1A O RgEGEHTlE, LSI D%
shEFER, N—Fo 27 SiEexy PUAMEANEL, &0 FPGA ZNZFLUIH
Ho<y Er 7y —n%HnT gD FPGA O T — Y ICEX S,

FPGA ZHlwZ7a b ¥4 € 7 Tld, &t L7 LSI D8 A4 2 v 7l & O 1EHE 72 3l 1%
TELRWVD, V7 h727ICkbYIal—ya vt EEIOTEWEETO X ) E#E%
BIERHI S IRE T H .



2 Verilog HDL T & 2 EIENMESCRDERE

2.1 Verilog HDL ik DEXIEE

Verilog HDL DHARHGE PR EFEIZ, C FREICHEBIL TWw 23, Verilog HDL GlidD 7 7
ANGE x v ETBIENL D, V=L oTZINRIMAET, BICE P 2— V&4 ET 7
ANG%E —HIECILLEBH DL H 5.

X212, 2 A1 HIIDeL 7 ZEEED Verilog HDL ftibZ 3, Zol[EKE, L7
FAJTSI Y01 I2&>T, T—F ANID0O HAHWIE DL Dfiz YITH T4, ZDid
W& Bz, Verilog HDL DFAREE# HTw <,

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

e Verilog HDL TIEEY 2 —AB—2 DG DHALICL 5, —DDEY 2 —IVDEHE I,
module, endmodule TPHHE N %,

e ¥FTEY 2 —lF mux2l ZEEL, F—F (AHEHIHAvF7=2—X) % () WiZidd
T3, it T, F£R—bOM (AJ), 1, Ev M) 2EHEET 5. C 5if (ANSI D
Ao K&R ) DR E4, 518 FRTH 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 )NV F LI
(2-1 &L 7 7))

* X ¥ X %
* % ¥ ¥ %

/

module mux21 (S1, DO, D1, Y); // AHSIAR—F
input S1, DO, Di; // AJ1 81, DO, D1
output Y; /7 Y

// Multiplexer body
// Y = ((not S1) and DO) or (S1 and D1)
assign Y = ("S1 & DO) // R =T 5

| (81 & D1); // fRAIE assign X TT9)
endmodule

N J

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

2.2 EFXNLGEBXEER

Verilog HDL O 7 — % OffFICIE, AR —TFofllcL P28 L2y F3H S, LY A
Z1%, reg, v MIFIT wire L LTHET 5. reg \FilEFE T, wire FELMRE 2D
T, reg ELTEHSLTH 7Yy 770y 7RI NS LIFRG 2w,

5



Verilog HDL TlZ, input, output, inout, reg, wire 2 ElI7T — M EMEING, T—
FRNE, T—FDOWbLNSTZRTHIDTHE0, T—F0E DIFLEDR % FE I XA L 72
bOTIE R, HAELRZ 1 EY FOT—%1F0, 1, x, zD 4{HEFFD. x IAE, z &
NAAVE=F UV A%2EDT, 4y bOT—%13, BADERIC [3:0] DXHLvy
ZETS, HETIE CESEEIFZEFRLOLDOBIHZE, ZEY FOT—FIZE Y FRY
FLTHBEEDIL, FFERLEEE L Tlbins, R L imBliEE bz, 31T
TEI)RUEE2H L, C FRBICHWHE L LT, HE ({a, b)) V¥ 7 av (&
a, |l a &Y BTN,

R U S il FH 1
&, | bitwise AND, OR a&b
- bitwise NOT “a
- bitwise XOR a”~ b
{} 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=, === amPRAEq, 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]l}
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 2, HidD, wire, reg %
EOMA{DBIZERT 2 L 2 L3 ), BVEZEOE Y P 2 _TEL L LTl
)2 EIFTE R, wire ISNT 2RAIE assign XTI, ZUdMlEE g & 4 %,
FEAFEAANE, 70 HETP, always HEENTOD if, case, casex 2 EDHETHUAT
5,

2.3 always 7AvY Y

Verilog HDL Tl&, BRI NSV E L ) DHERE%L alvays 71 v 7 HEDH
IZERT %, always 70 v 7 OHTIE if % EDRIFARGENGIATE 2. K2 D Y ~Of{
AX 7% always 70y 7 Catilh 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 MlEIEFIEN S, () HDA XY K
1%, M, posedge ZMifi, &2\ negedge LM L V207 FeHIZ or TORLT
TS5, ZOYAMHOEEDPZENML KT I D alwvays 70y ZINOXDEEI I N5,

reg [T B2fAAIE always 70y 70H 9. fRAKRIEZ7ay X 7N (=) &/ ¥
7auy xRN (<=) 255, 7avy X 7RATIE, EI3AACikmInsg. 2 v7
vy ¥ 7fRATIE, begin - end NDAADFHIID R TITbN/28, 2 TORADFEIRFC



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

RADBETHRHI I NS L) 2 EiE, HIZIE, 12D always HIZ
Y <
YA

X;
<=Y;

W) ELIEA D B Gitr, 2 ITAS NS Y DfEld, EDITTX DEZMRAINLHID Y D
fETH 5.

HARWIZIE, —DOD reg ZHEIT 2 always 7Ry 27 (FI74N) 3ME—TH%. OF D,
—DD reg I LT, HEBD always 70 v 7 TRAZITHRI T LIETER W,

AR MEED HIHIBTED AN DIED AIKAE L Tk E 5, AN Z alvays 70 v
7 Citib T 2841, alvays F TS L TV ITRTOEKEA XV Y R MCAN, F
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
I 57:0121%, T—% % wire THS L always 2l 7 assign XTRAZITI & L w
DS, WUEMEDTTET 2T =800 20dH 5545121F, alvays TE EDTRATS
13 ) BRRDERDERIT R 5 2 &3S,

2.4 FREROEFIL

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

1 ODEY 22— VNICEER I N7EED assign P always 70 v 71, 2 CRIKFICE
B4 2. 7, BIdO LI, 12D alwvays 70y 7ND/ v 7ay ¥ v 7RAIEAET
FIRFICED R S5, assign Z = X & Y; LW sdidicx 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) £FHS L, 2ORFZ(t+A)=X(1) & V()
EV)ERICE S,

2.5 |EFF[EERDECHR

B D X 912, always HOGBEDOSEMIC L DRABTON LW ENHNH{LT—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, sEenEPNEFREgETHIUL, 2TDO7 Yy 770y P13 reg TES L, HOHEH
I3 always @(posedge clock) &\ I)EDA Xy b CHilfHl S 7 Ic Gl 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 XV b THE) S 12 IR DGR 7 £ b Verilog HDL & L Tl



IELWDS, ¥4 3V 7OMGEEZMEIAT I BENRH B L, £, T4 AT K > TEHEE
TERWVLWEALRH S L (FPGA L) ICHETINEND S,

M4lc2Ey boHAY Y% (00— 01 — 10 — 11 — 00 ---) DFIZRT, 2 Ew b
DFREBETFICHIETALYRAY %2 10, r1 £ T 5, Z7uv V7 clk, Yty b reset, h 7V
Ty 7T E0EIDERET HET 10 Z AT E L TR, X yo, y1 T, WiIREZ
ZOFEFEHNL TS, yo, y1 EHIR =T, RAXDAIITIEHEZ 220,

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

*x 10 ==1 DL X, yavy 255 clk | H%LTﬁW/F?z?*/

module counter2 (reset, clk, i0, yO, y1); // AHIHA—F
input reset, clk, iO; /] AT
output y0, yi; /7 Hh

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

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

x (256, HIE— F~DRA */
assign y0 = r0; // HHR—FITRd 5
assign y1 = ri; // fRAIZ assign XTITH
/¥ 278y 7DD or Yy MEFDMTNH ARV *
* DAL 7o & F ST ) LB *
* flip-flop ~DIUA */

always @(posedge clk or negedge reset) begin
if (reset == 1°b0) begin
// reset == 0 (binary, Hi% 1) DL ZE, AV yFDYxtvy k
r0 <= 1°b0; rl <= 1°b0; // rOrl = 00
end else begin
if (i0 == 1’bl) begin
/* 10 == 1 (binary, i 1) DL E, ATV T v 7T

* 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 & (Cri1));
end
end
end
endmodule
N J

X 4: 2 Ey bEAA Y V%

ZofNg, AN ZRIEFEIIY 2y M HE, b EBD) 2y PHEHEHDIEF R OEATH B .
Verilog HDL D3% BIZF U BWRZFFOFHE MBI EZ o0y, HEOB-FHEN
25 EUBETE R OGS #%%@T HARNIE Z O TORLR, & 2 \W0IFHEIZ)ET
<r7uavy 7, Vv Oz LGl HEREI NS,



2.6 JRREHEM

B4 D2Ey ATy TiE, JIREREZEERE L 7253, AIRA— b= b DRE
BYEZIREEL TR L, RIREEIROERZ HEIMNITRbE 2L HTE S,

512 4REA Y vy Dl%RRT, T2 TlE st0, stl, st2, st3% 2y FESEL
TEEL, 28 st ITHT2RATIREBESEZ2ELL T 5,

IRRBBEDOEEZ 1213 case XDMEF|TH 5, REZEROITEBZFMAEL L THY, &
BlE T DEBA~DNRAE L THARWICER T 2, B 20 2 o7& 2RATHL
WBLTED, Zofridst OZLTEEINLMAENEKLE L2, HHBO X )i, #HD
always 70 v 7% assign Xzl L 723556, SEGEIIHFIICEMET 2. 7 — 5 ~O&Hid
EDXPETHTELY, 1 2DT7T—F~DAAIBHE—D always 70 v 7 H 53 assign
XIZReNn 5,

I

2.7 EY 21— EREERE

H HRRERBEE B ORETTIX, FE oI T 1 DDOEY 2 — V2 &G B
DEL 2=V TZNEHHE L THCS Lok, BERGTZ2T) OBEETH 2. Verilog
HDL Tl&, module DOW-OHH L Z2 v THEEI 2 sat 2 5lid § 5.

QY F AT U ECORWEAEY AT YOI ZK 6 12T, K 4D counter? &
counter2a, counter2b & LT 2 DM\, counter2a DHJIA3 11" 127> 7-2FfIZ counter2b
2DV TV T 5,

oY 2—017TlE, PTHWVEZEY 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 —%EEDa~vy FZHVwLHELH 20, Bz 2T AT 5%
DOPH, Bl 7 A P Xy F% HDL Titddh U THET 2 L3NS 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, HiBRD 2 EY b AT U H counter2 D72 DT A MR F%#/RT. counter2 %
MO L, 7y 7%EOANZFEL T35, reset, clk, i0 IZiX, "#" THE I N/
RIDBITMEDMRA I NS, always HOIIFRE S A7 RIS R L9247 341, initial
ho 30 1 MIZ T ETENS, 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

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

// define %\ 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

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

// Counter body B
/x 70y 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& &,
/1 IRBEBUAIIREZ € > b
st <= ‘st0
end else begln
if (i0 == 1’bl) begin
/* i0 == 1 (binary, Hi#& 1) DL &, 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 R —=PITANT BRNAIE assign XTIT)
assign {y1, yO} = (st == ‘st0) 7 2’b00 : (
(st == ‘st1) 7 2°b01 : (
(st == ‘st2) 7 2°b10 : 2’bl1));
endmodule

\_

5: IRABZE % Fl V> 7 I R o ik
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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 counter4 (reset, clk, i0, y); // AHiJIA—1F

input reset, clk, iO; AN
output [3:0] y; // 4-bit 7]
wire counter2b_in; // 1-bit fE5##

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

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

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

\_

X 6: WE&iticks4 vy v Ao vy

K/* *
* test_counter2.v *
*
*

x 2-bit AT V¥ DT ARV F
*

‘timescale 1ns / 1ns /] V3 alb—arvyOHNRE / EE
// 1 ns = 1/1000OOOQOO sec
‘include "counter2.v" // counter2.v DHLD AA

module test ; /] TARRVFEY 2—)U, A&ﬁ&—bﬂL
// counter2 D AJIH flip-flop(1-bit LY A %) 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 HZRER O 7 1y 7 {55 DL
always begin
// 10 IR i3 24l
4 #10 clk = “clk;
en

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

#20 reset = 0; i0 = 0; // 20 ﬁﬁﬁiﬁfﬁﬁ(QO ns) %
#20 reset = 1; i0 =1; // WHIZ 20 HNZKE (20 ns) #
#80 $finish; // BEIZ 80 HANZIFRE (80 ns) #&, #&T
end
endmodule

N

X 72y ATy DT AN EIEE

11



3 EDA Y—IJLZAW:EREET TERE,

B 1EEOFEBRTIE, BRAHAEREEORGE & R OBIEREE %2 1T 5. RO E{EFER
TlE, FPGA ZH5# L - EEHA 2 vy, FPGA LI L 2Nk 2EE$ 5, 2 2Tl

EDA ¥V —)VZ 7 LSI et oi%at 7 v — B % Hi5 7

/%5% 1 XD 2 A1 HTkeL 7 R E2EGE L, BEFEER%Z S X,

o iXEl9 % 2 A1 1 1L 7 ZEIEEDOILER

— AN =% D0,D1 (2 Fh1Evh), L7 M3EESI (1EY L)

- ). 7—=%Y QEYL)

— KEHE 2L 7 MEF S1 DA 0 20 1 222k D, ¥—% D0, D1 Dfifi%
Y \IcH

— K8IFZ DL 7 Z DMK & BEHERTH 5.

o [MIEERGENE X O EIERERD FIE

1. BREGEE
RS 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
Ny S alb—ya vy HORBEOEFREDORR) test mux21.v Z{FHK
KRS

3. BEEEL N )Ly S a2l —ya v
L7 YABEOBEEEL LY I 2L —2a vy EiT).

4. WA, LA 7Y, FPGA=vy EV Y (av,34)L)
L7 AEBED a4 LELT.

5. FPGA %\ 7 [alig 9238l
XL 7 #u% DE2-115 £— F®D FPGA 247 vu—F L, EEEoH)
EZ#%3 2%, %8, DE2-115 F— F®D SW0 2% S1 12, KEY0, KEY1
BZNZN DO, DLICHIBT 5, mDAED LED DY IZHIGT 5.

S1DODI1IlY

DI T
.5l

S1 1 0 010
S S P RRAE
1 1 111

8: 2 A1 1 ke L 7 Z KON & EIEfER

~
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3.1 EHEEL EDA W—ILDBIENRTF
3.1.1 EtE#& EDA Y-

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

e 3 2L —% ModelSim-ASE (Altera Starter Edition) (Altera )
o FPGA AIft&ABIZY 7 v 7 =7  Quartus II Web Edition version 13 (Altera £f)

¥ 3 2L —% ModelSim-ASE &, Altera ftD T XTHF N4 2 (MAX CPLD, Arria,
Cyclone, Stratix >V —X FPGA Z&¢) MIFDL I a2l —raryy—1LThbs, K1D
FPCGA &7 u—IcB817 5, L)LY S a2l —savi =L ALy Ial—>ayv
DG THHATE 2. B ModelSim-AE  (Altera Edition) (ZH# L <, 10,000 74 > D
BB, MfE (74 AARE) THD I ELSHIEVIZ R,

FPGA H#tABIFY 7 b7 =7 Quartus II Web Edition version 13 (&, Altera £:®D FPGA,
SoC, LU CPLD %M\ 7-i%a BT Ican Bl & 72 2 5mBAK, VA4 77 b (BERSR) , ¥
A 2V JfENT, FPGA v~ v EV 7SI I EHAMEHEY 7027 ThH
%, M 1D FPGA it 7 e —c 8 2mMH A6 FPGAY Yy EV 7 ETHRA—FLTW
%. Quartus IT Web Edition &, Altera #tD Y = 7% A b6 7 u— KL T, HETH
HTt&3,

iz b, BEBEBEAIICRICZMTY 7 b 27 2L Tw sy ¥y bz, £, B
R CTIETHIRO Y =iz R nwbon, 79— 7 727 LTHHEMRT S nTw»
2V—NEHLHY, SHEBMGEINE, oDy —iE, EBIRETHELNTVEHD
EFR—DbDTHY, MFETD LSI BFEHERE EFEL b DO EEEI Tk a X b CHIH A #E
WY Z kD, SHBON—FY 2 7ikEE LSl iREtOBEERE O —Jd O LGS 5.

ARFEWECTHHT 2 EDA Y — ) VB L TRIDEEE U 2R iZ T30 URL I 2 ofE#%
BT 50T, EERPICENLH - BICESHT 5 L.

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

3.1.2 EDAYWY—ILDBEIERE

ARIFBECHEAT % Altera #:0 EDA v —)L%, ICE @ Linux =¥ ¥ CHIHT % 72 DFEIC
DWTIRR%, EDA ¥V —) Vit /publ/jikken/eda3 L FIZA Y A F—LINTW5, TNHD
V=T 5121, FRlD X 91T, #E 7 7 A )V /publ/jikken/eda3/cadsetup.csh.altera
BHAALNIERH B, b LLIE, FHETZ7ANVDODHNEEZSEIC, a<vy FORR, BIEE
BeHHTHREL THHEbRV,

1. iR T Mln -s /publ/jikken/eda3/cadsetup.csh.altera ~/; L ANLT, M7 7
ANDEYRY) Yy IV 7 RF—LT 4L 27 FVIHERT 5.

2. Tsource "/cadsetup.csh.altera; & AJJL T, WEZGAIAL. source 27 F
TAANTEHE T 7ANVDOARIR, WmARZHET T2 ML >TLE) DT, b
RKzVH LI BEIC source 27 ¥ F2ET L TREZGAATDEDDH 5. #DIK
LT3 2 DIFHALGEICE, F—4LT 4L 27 FJIT .cshre 7 7 A VZFRL T,
SIS L 72, EZ ARG a~y N2l d 5 2 &C, Rz &Es) L2, A
FIca~< Yy FRFETINE L) ICLTHRY,

13



3.2 Verilog HDL IC & % [E]&ECilh
LUFDFMEIZ L7535 T, Verilog HDL 12 & B RIEER & 57 A b Xy F 2B T 5.

1. E2BAT« LI NIDERK 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 — )4 mux21 IZHD
¥C, mux2l £93) 5 2ETL, DEOMER ,;@74V7FUWT%ﬁ?%.

2. ELYZEROER X 8Dt L 7 & REIEEICHIGET % Verilog HDL fiidi%, 2.1 80X 2
DEYTH S, 2.18iD Verilog HDL LB DIEAE ICBAT 2 3HAZ B L 20 b, T
FZAPLT7 4% (Emacs ° vi &7 7V r—va vz il TELEWV) T,
L 7 gD Verilog HDL Glid Z T 5. 7 7 A VAIFEY 2 — L F mux2l IZHD
A Cmux21l.v £ 95,

3. ELY7YEBATANRYFOER L 7 &Eﬁﬁ@ﬁ{ﬁ%ﬁ%wﬁ%f:&m%x F Ry F
(M OEBEBRBEOFE) 2K 91RT, 2.8HilcE T 5, RIEOBIEREEEICE
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 alL—a ORI / BE
/ 1 ns = 1/1000000000 sec

‘include "mux21.v" // mux21.v OHLD AR
module test ; /] TANRVFEY 22—, AR — ML

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

// mux DA wire(B5#) DES

wire Y; // 1-bit S5

// module mux21 (S1, DO, D1, Y) DFEF{L
mux21 mux21a(S1i, DO, Di, Y),

initial begin

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

// 20 BAAZIREE] (20 ns) £
#20 S1 =0; DO = 1; D1

= 0;
// FIZ 20 HANZIRFRE (20 ns) £
#20 S1 =1; DO = 1; D1 = 0;

// B 20 Eé{LE%Fﬁ(zo ns ) %
#20 S1 DO 1=0;

// FEIZ 80 ﬁﬂﬂ%ﬁaﬁ (80 ns) #, &7
#80 $finish;
end
endmodule

N J

X 9: 2-1 2L 7 ZMEEDT A XV F
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3.3 ModelSim ICKBHEELARNILVZaL—YaYy

Verilog HDL Tt U 7z [Ali#g23, BERENICIEL S EIET 20089 25 72D, wE
YIaL—=YLWENLY 7 ry T BAveNG, Gl S oL =513, N—FT TR
WWEFEIC X B EEEIRZ R 7 7 A MICEHT 2 AV IRCIL S 2 WG TP F A X EEXN S
TREZRVICIT). T, Zohl7 74 Lv2HOCHEBEO AR 7 FL%E P L—2F
ZBELARNILYZaAL—Yaryritbins,

3.1HEiDM D ICEREERE % L 718, Altera tED > & 2L —% ModelSim #H\WT, DLIFD
FIETE L 7 Y EEOMEREL X)L 2 2L — a v 2179,

1. T2 L—Y0#E AR T Tvsim T A MRV FER 77404 (2 2Tl testmux21.v
E9%) & 2FTTHE, ModelSim 2%EHEI§ %, DK, GUIO MllcFRI N3
Transcript AJJ7 A4 ¥ F7 ("ModelSim>; Ta<w ¥ FANRFEBIZHZ>TWE E I 3)
Wa<wy P2 AN L TEEZED 5. 10 (BN D WIHHIHH 2 78 T

= ModelSim ALTERA STARTER EDITION 10.1d - Custom Altera Version _ o x
File Edif inulate Add Source Tools ut Bookmarks Window Help
B0 0.4 ﬁ‘ @ﬁ:@@”?&g;f@g‘ Layout [NoDesian i

B-4-2 @-3|| x0% BBl A

M Library
¥ Name

| Tupe |Path Al
SHODEL_TECH/. ./altera/vhdl/220mode]

SHODEL_TECH/. ./altera/verilos

SHODEL_TECHY . ./alte
SHODEL_TECH/. . /alte
SHODEL_TECH/. ./alte
SHODEL_TECHY . ./alte
SHODEL_TECHY . ./alter
SHODEL_TECH/. ./alte
SHODEL_TECH . ./alte
SHODEL_TECH . ./alte
SHODEL_TECHY . ./alte
SHODEL_TECH/. ./alte
SHODEL_TECHY . .
SHODEL_TECHY . ./alte
SHODEL_TECHY . ./alte
SHODEL_TECH/. ./alte
SHODEL_TECH/. ./alte
SHODEL_TECHY. ./alte
SHODEL_TECHY . ./alte
SHODEL_TECH/. ./alte
SHODEL_TECH . ./alte
SHODEL_TECHY. ./alte
SHODEL_TECHY . ./alte
SHODEL_TECH. ./altera/verilog/ar.

A Transcript
# OpenFile test_mudl.y A

posetsin> Transcript AZJ7 A > R~

<No Design Loaded> ‘$HODEL_TECH/ . . /altera/verilog/220model [ Ln: 6 Col:

X 10: ModelSim &2E#2 D ) H

2. #ffF "ModelSim> vlib work) Z#FiTL, 74 77V ZEKT S, ZOUNMIZ, FIHT
PIal—=raviETiLERY, ETTER W,

3. AYIRAL L "ModelSim> vliog 7 A bRV F ik 7 74 V441 2FEfTL, Verilog HDL &t
D77 ANEAVRANT L, IEFEIZ Y RRA NV TEREEICE, REMOEY 2—
W% (Top level modules) D3FR IS, AV XA NVTZ 7 —DRELIEAIZ,
7 —DNEEITHEZDBRRII NG,

ol

4. MEMEY 2 —=ILDFEAH "ModelSim> vsim I EAEY 2 — V4 #3ETL, 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) Z2FTL, E5DMEZIRT 5 Wave 74 » F 725 <.

(b) WA RRT2EFEZEET S, TXRTCOEFSEERT 2HA121E, TVSIM> add
wave *; ZHEITT 5, FEDEBESEZ I Z2ERNT 5546121%, "VSIM> add wave
Bt #F7 75, B4, EREHRZH->THEETSILHTE S,

15



6. Za2aL—Y3yDET 'VSIM>run >3 a2l —>avsRE, 2FTL, >IalL—
PavEFETTS, vIial—ya vl LTEET AEIZ, H 21 mux2l DT A
FRYFTRREDA R FFERLAD 80 ns THBDT, 1ns~ 80 ns ¥ THEZ
BETS, K111Z, 2. 266, $TOavy RZ2FETLLEZOMAIZEZRNT.

& Transcript

# OpenFile test_mux2l,v

ModelSim> wlib work — 575 ,.W‘]‘l

ModelSim> vlog test_mux2l,v — 212/01 )L

# Model Technology ModelSim ALTERA vlog 10 1d Compiler 2012,11 Nov 2 2012
# -— Compiling module mux2l

# —— Compiling module test_mux21

#.

#] Top level modules: &EEI2—ILEA
# test_mux21
ModelSim> vsim test_mux2l — & L{i T2 2 — /LA
# vsim test_mux21

# Loading work,test_mux21

# Loading work,mux21

VYSIM 5> view wave — Wave T K DJDFE]

# .main_pane,uave,interior.cs, body PU., wF

YSIM 6> add wave * — T/NTC 3%

YSIM 7> run 80ns —» = 1 L— 3 VB (80ns%H
YSIM 8>

11: Transcript I 2= >¥ FZ2 AN L7z & EOMjH

PIal—varvEEFTEE, TAMNRVFERETLEEBEOES DD Wave
DAY EIICEREINS, K 1218, TXRXTCOWRHBZERLZY I 2L —Y a VR0
[ % R T,

File Edit View Add Format Tools Bookmarks Window

H-Z@28 | iBBO [ O-AF || SHAM|| Yt e (FloniEAHBHAS DU
T

B DR T XA

D DHPYEalb=yaYy

12: ModelSim T S 2L —3 3 v L Z-HH

7. ZT2L—YavVOBERIT v Ial—yavKlEEIET 2 E, Verilog HDL il % 2
HEFICHEY S 2L —va vz Tl wne ZiTid, 6. ZHEFREITT S, Verilog
HDL Zb%2 2 L7 & 213, TVSIM> quit) Z2FfTL, ¥ 3al—vav2—fHKT
LT, HE1L»PEITTS,

8. YZTaL—FDET 221 —F%KTT%LEIF, ModelSim DV A ¥ FYZHL %
2>, Transcript 7 A ¥ F 7T, TVSIM> quit) %979 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 23mBE A2 5 FPGA
2y EV I ETOREE YA —FL T3 (Quartus II TIE 26 DEEREZ F4TT %D
WPRZ AV INAIL EFA TV S) . X512, Quartus [T DRFEREIZ, GUI TEITTE 37T
T, CUI K E»Sa~ry F2EITTLIE) THOHEITTLHIENTES,

AfiClE, QuartusII @ GUI & CUL ZH\WT, ¥ 34 V2179 FIEZRT, FEARIC
FELEDA VY 72— AZHOTHHEUFMEIEL NS0, PR, SEEEOFIITHERZ
BHREICHER T 285581213 GUI %2, SiEx £ L O THRITT 25AIC1Z CUL ZHWwWS 2 &
ZREL T35S,

Quartus I1 IZXk 2 a v X4 MicEB VT, DY —A7 74 VITMAT, LTD7 74
WL, 20 ZNy7ua—F LT, fE¥E74 L7 FJICiEL.

o 7YV b7 74 (*.qpf)
Quartus 1 D70P =27 F 774NV THYH, T2 Quartus II 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 —Z2 2 —FIZERIN TS A L, FPGA oY A ey
DRIGAT (EVREHRE) 2ERTE 7740 TH 5, B2, mux2l DEAIE, &
Lk L 7 A HEEDOK/FR— 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 GUIIKKEBAVIXTIL

9, GUI Ta vy A LT BHECOWTHNAT 2, WA, L1477 (BlElR) ,
FPGA = v ¥ v JDORBEREZ AN T L 72 WA, RIHRE DT 2 SR IICHEZR L
TWIGAICHET 5.

1. Quartus II D& 5iK T Tquartus & & AL T, Quartus II & GUI ZEH T 5.
X 1312, Quartus II ® GUI ZEHE)L 72 & ZOEE 27T, %F, Quartus I[I ® GUI
ZHOTCUL BB L, V=N DEATIA Y FID 2 ORRINS, 1 DHOYA v
R, 2/HOEREZEIRT 2. 2 OHD VA~ KT, "Don’t show) IZF =y
7LTC, X272y 735 INoDEEICXD, XEILE, T4y FUIEER
INklks,
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QUARTUS’II

Version 13.0

13: Quartus II % #2#) L 7 i

Entity
.i‘} Cyclone IV E: EP4CE115F29C7
—pbd mux21 S
(4] | D
/Ay Hierarchy | Z|Files \ s Design Units | “% IP Cor - [b

Tasks @
14: FEAIA F 72 Entity DR

2. 7AY Y MDFHEHMIAH "File — Open Project...; T70¥ =2 b 774 )L (mux21.qpf)
ZHEARIALS, 14 12789 X 912, Project Navigator 7 4 ¥ K7 @ Entity #81Z, X5
L %% FPGA (Cyclone IV E: EPACELI5F20CT7) &, €3 2—LO&4FH (mux21) 5
FRINTVE I LE2RT 2.

3. AYINA )L "Processing — Start Compilationy T, I ¥ 8 VEZFETT S, L7 —02%
ALRFIUE, KI5IRTEIIC, avy S SAABENT 5, b L7 —BRELKLY
AI2lE, Message 74 ¥ F7ICL 7 —NEBERINLDT, USRI 2EIET 5.

4. AVIRTIVEERDHESRE 2 v A NVIRIIT % &, ik omigk s, BB T 2158
PHERT A LW TE 3,

o bl D[Rl EEAE L
e b DRI, "Tools — Netlist Viewers — Technology Map Viewer (Post-
Mapping)) THERTZ 5. K161 d X Iic, AR —1F, &£7ayrezn
S5D7 0y JOBERNFERING, K70y 2287V )y $5E, K17
RS K91, WEOEEREISFRRI NS,

o MEFICEHT 2R : vy 7L XAV MK
FEEOEBUIH L 7znyy 7 2L X P UL, M 18ITRT Xk 9ig, av3g
IVSET L7, MEICFR RIS "Flow Summary; CTHERTE 5,

o [HIEFICRE Y 2 5H  [R1EE DAL R )
[Alp& %2 5247 L 7 BROBBIEIR ]I, TimeQuest Timing Analyzer &> 9 Y — )L Clifg
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- /home/meidai/jikken2_hw/mux21/mux21 - mux21

Fle Edt View Project Assignments Processing Tols
HEY /69O 0 PV OD ER OB A 0 W
‘om @ Compilation Report - mux21

DG Wd@ 4 a@9 o {ma

Entity
b Cyclone IV E: EPACET15F29CT
# muxe1 &

i

073,981,312 (0% )
r 9-bit elements  0/532 (0% )
o/

[ RRR) Fl

¥ Program e (Oper

8/ (o) [aTaT(

TORAILRRD
LiR—hk I

15: mux21 D 2 ¥ 284 LRI O Hj ]

D10- 1)

16: mux21l D= v v FhER

1. Quartus II ® X =2 —"TC, Mools — TimeQuest Timing Analyzer; % 7 YV v
27 LT, TimeQuest Timing Analyzer % E#) 7 5,

2. TimeQuest Timing Analyzer D/HIHFERICFRIN T2 5 27 ) 2k (Tasks)
75, Reports (74 V¥ D7 A 2) — Custom Reports (7 V¥ DT A
aY) — Report Path...; 2 71LV7 YUy 7$%,

3. Report Path 7 4 ¥ F 7 ® From % To OFEM Tl b HEEE I, Re-
port Path 1% ¥ Z#i7,

4. 19T T &9, EBERREOMBITHIER (€2 2 — VORI, A&FD
BRIERFE) D3RRI NS, KON, ns TH 5.

T=ToI s
S1 D
10_BUF (TRI) ’
10_BUF (TRI)
OIS T e————

10_BUF (TRI)

10_BUF (TRI)

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

19



Flow Summary

Flow Status Successful - Tue Sep 16 05:04:12 2014
Quartus Il 64-Bit Version 13.0.1 Build 232 06/12/2013 SP 1 S) We
Revision Name mux21
Top-level Entity Name mux21
Family Cyclone IV E
Device EP4CE115F29C7
Timi Final
otal logic elements 1/114,480(<1%)
Total combinational functions 1/114,480(<1%)
Dedicated logic registers 0/114,480(0% )
Total registers 0
Total pins 4/529(<1%)
Total virtual pins 0
Total memory bits 0/3,981,312(0%)
Embedded Multiplier 9-bit elements 0/532(0 %)
Total PLLs 0/4(0%)

18: mux21 D& G F O

Report Path o
Command Info_|_Summary of Paths
Delay  From Node  To Node
FERTYAN 51 Y

|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

= 13.447 13.447 = 13.447 13.447

o1 0000  0.000
0000 0000 FF IC
0806  0.806 FF CELL
5399 4593 FF IC
5840 0441 FR CELL
10599 4759 RR IC
13.447 2848 RR CELL
13.447 0000 RR CELL

ERTDEIER

PIN_AB28

I0IBUF_X115_Y17_N1
I0IBUF_X115_Y17_N1
LCCOMB_X114_Y40_NO °
LCCOMB_X114_Y40_NO
I00BUF_X60 Y73 N16
I00BUF_X60_ Y73 N16
PIN_H15

PIN_AB28
I0IBUF_X115_Y17_N1
I0IBUF_X115_Y17_N1
LCCOMB_X114_Y40_NO
LCCOMB_X114_Y40_NO
I00BUF _X60_Y73_N16
I00BUF X60 Y73 N16
PIN_H15

@NO VA wWN -
3
B
@NO Vs WN -
I

EY 2=V T EDEERH

19: mux21 D [B[EEER A D
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3.4.3 CUILII&BaAVINTI

RIZ, CUL Ty AT L3 HEIZOWTHRRS, AT, @wak, V477, FPGA
2y BV ORI FITT 28O £ L D TETTHEEICHHT 3.

1. %K T Tquartus_sh --flow compile mux21; & AL, a2V A V%2FETT 3, =
7 =R I NI, ZONKZGABEITIGCTY —AZBIET 2, 27— % 0
Bricid, 20 129 &£ 91T, "Quartus II Full Compilation was successful. |
EFRRINSG,

ccessful. © errors, 0 warnings
AINA LD

— T
y essful. 0 errors, 12 mr-:wgz»»)
10

tcl/inte

:

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

X 211233 k912, ALY b TFA4LZPYBTIL, AFY—=L 7Tk 774
(mux.sof) DMERINTWE Z L Z2HERT 5.

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

mux21.done mux21.fit.smsg mux21.jdi mux21.sta.summary 4
mux21.eda.rpt mux2l.fit.summary mux21.map.rpt 1

[meidai@localhost mux21]$ J§

21: sof 77 A NDBERINTWDB Z & DER

3.5 FPGA ZR\L/=[OEsEIR

A S 2L —a VRmBG NS T, ZNUDARYICEREDON—F Y 27 ETH|
2>E ) I 100%RAEDIR D Tld 7o, Z2D 7 OGEH L 2 HEEDSIE L K EiffET 20089 %,
FPGA (HSATRELT —F 7L A) ZERL Z3Hli+A — F 2w TR d 5.

3.5.1 DE2-115 i—R

¥4, ARFEECHHT 2 DE2-115 A — FIZOWTHHT 2. [ 2212, Altera #:D FPGA
(Altera Cyclone IV E) %##&# L 72 DE2-115 ¥ — FOEH%Z /R,

FPCGA "DANTNAZAELTISMTHDATIA FAA v F L AMMDT v > 2 XA v F %21l
HTE%, A7 FALvFiE, BN L7RET 1 %2, MINCL7ZREETO0 Z#ANTE S,
Ty a ALy FiE, MLRETO, MLTwAWIREETL 2ZANTE S, —J, HhT
NARAELTIE, 261D LED (Rfans 18, fktahs 8fll) & 8Hid 7+ 2>+ LED %
FIAHTE %, LED X, RUTL7IREEDSL, WHITLZRED 0 BTSN TWE I EZRT.

Cyclone IV %, Tadd k9% PS/2 a7 % (v R/ *¥—FR—FZ#H) & XSGA 2
F7 8 (TART VA TR LRI N T2,

21



JVASIC XSGA FPGA

o ARI S, Cyclone 1v) _PS/2
i 4 N (©Y ) ' ax05
ACFPHTH | N Hyl .
(I '1_.?)
&R A y3E
KT > AR5
7EOAS K
LED
LED 24
;,.'.
SWi7 = KEY 3 - KEYO
ASARRAIYF TYSIRAYF

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 & MOUSE,CLK, MOUSE_DATA {85 FLEX10K IZEft I 1T\ 3,
MOUSE_ CLK IZe A, ¥—HR—FicG522%270y 7{2%5, MOUSE.DATA 1Z=v
A, ¥—HF—F»5 DE2-115 a”\—b Kons 7T —89Th5s.

XSGA A%R9I%9 XVGA 2327 %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 Fua—75 %4 L USB Device & — I, USB Host

— F, Audio CODEC %41 L Mic In, Line In, Line Out £—F, TV 72 —%%4L Video
In/‘J’\—F A=Yy barbte—ZNLA—HFy PR—FELERINTVE, 21
PAkiz, RS-232 #—1F, SD A—FAR—1F, 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—ROEH X 221" L7k 912, DE2-115 F—F & Linux v v % USB7—7 )L
T T 5. DE2-115 A— FICERZMHGT 25D AC 74 7Y Z28ki L, ER%
A3 DTy a Ry vy 2HT) .

2. IR—RIFEHOESR UK T Tdmesgy E AL, K 23128 T X9 1Z, Linux 258 — FEE
HRRTE TV E2ERT S, §5. b L, A—FERD»H FRBBEIN W
&, 1. OFIEZMERL 7242, FHEHED L T TA ITHKRT S Z L.
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usb 2-2.2: i i i

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

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

usb 2-2.2Q§ Manufacturer: Altera

usb 2-2.2Q SerialNumber: 91d28468

usb 2-2.28configuration #1 chosen from 1 choice

[meidai@loc

¥ 23: dmesg 2= > FOFEITHEE (DE2-115 X — F oEkis##k I )

3. O 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 %Y 70— FT5-00RENVIABINT VDS, 2T
iF, UTFTDO774 02702 —F L, mux21.sof LA UF4 L 27 FYICEL.

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

4. ANV=L PO« 774U DFo>0O—K Uik ET Tquartus_pgm mux21.cdf %
F4TL, FPGA IK¥ 7 vu—FT23, Fora—FpRNT5E, M24I1ndE)
\Z, TQuartus II 32 bit Programmer was successful.; EHRRIND, TT7—0%
BL7EEIE, 7 ra—FNRD sof 7 74 cdf 7 74 VDIEL ARSI N
Twa0, §HliA— F2EL S ERIN T2 0E2MERT 5.

Info: Command: quartus pgm mux2l.cdf

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

q4Info (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

IIW‘O (209017) : 1 contains JTAG ID code 0x020F70DD

Info (209007): Configuration succeeded -- 1 device(s) configured

yjInfo (209011): Successfully performed operation(s)

Info 4 ’ . l 28 04:34:08 2014

I'w‘o(Oua"tus II 32-bit Programmer was successful. errors, 0 warnings

T ——

T —— —
Info: Processing ended: Mon Jul 28 04:34:08 2014
Info: Elapsed time: 00:00:09
Info: Total CPU time (on all processors): 00:00:01 lﬂ

[meidai@localhost output files]$ l

X 24: mux2l.sof D¥ 7 v — KR L 72 & & D
5. BMERESR ¥ u—FLEARNY—L 7T 77 AR ICEIET A L %

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

GBI, 21T IO R 2 DI, $LO s L RSO RS, EDA v —
V& ORI OBETHEIC DWW T OFEREFT.

4.1 HETEROERET
HACAE DR IZ OV TDOEBRZITS .

f%ﬁZﬁmﬂﬁEVFW%@%@%%%T%@?@T%%@&.

o &ZilY % 16 € v MnEMEOHAE
— AN #REREE x,y (16 EY ), KiEF A cin 1 Ev )
— HWJ1: flsum (16 E» b)), K EFHI cout (1 Ev F)
— BERE ix +y ZEMELL, MEMT B2 BT ALY N
o [HEEEEFDFNHE
1. Verilog HDL T X 2 [MIE&GLR & 7 A b X ¥ F DK
2.2ffiH 5 2.4 ffi#FEA, Verilog HDL DIEARM 2 i SC & BIR, always 7
vy 7, KEDET M OWTHREL 72D b, 16 €y MMIEREEKEOD Verilog
HDL Z3h adder16.v &, T A F XV F test_adderi6.v Z1ET %,
2 HEEEL )L T alL—va v
3.3ffiz %I, IMERBOBEIEL Ly 2 2L—va v {79, AJE
ZW L ODEZ TNEREEDSIEL CEfET 2 2 & 2R T 3.

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

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

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

\_ )
25: 16 £ v b INE[H#EE

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

*

‘timescale 1ns / 1ns /] 3 alL—ayOHNRE /O EE
/ 1 ns = 1/1000000000 sec
‘include "adder16.v" // adder16.v DOHLD A

*
*
*
*

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

adder16 adderi6a(x, y, cin, sum, cout);

always begin
#10 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 FTaido FIETEiEE X,

o T B 16 € v MNFERIE DA
— AJl:Z7uavZcdk A EY L), Vevbreset (1 Ev ), #HEEE
x,y 16ty bF), fikiFAT cin (1 EY )
— W flsum (16 Ev +), K EFHII cout (1 Ev )
- %’aﬁa Ix +y ZEMEL, MEMTETEH TS, 2L, A%
LRI RD 70y 7 DOVS E3) T I nG, £/, Yy
0B EHIDEE Yy Mo icns GEREAY &y b) .
o [H[p&EREFDFIA
1. Verilog HDL T & 2 [MIE&GLR & 7 2 b X ¥ F DK
2.5 ik 2.7Hi % HiA, Verilog HDL 12 X 2 NEFFEIEE Db, IRIEFEH,
EY 2= )V EREERGHI O LT L 7.0 6, TEPIRERAR 16 € Mn&R|
D Verilog HDL Ftif adder16s.v &, 7 A F X2 F test_adderibs.v
2T 5.
2. BREEL )Ly S al—> 3 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 FOEdbH %2 2 N FIunT,
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*
adderl16s.v

RS 16 € b nEm **/
*

* X % ¥

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} = r0 + 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 [BIER 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 / BE
// 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 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: ARk 16 € v FINREEEED 7 2 F Xy F
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5 RERERE

e N
%ﬁﬁ%llMDQO@ﬁ?E%%WmMﬂDLTﬁEL %%v&wy:;v e

XD EER MR L. F7e, WEAMZIMTL T, ARz R

1. 1#fo BCD a—F 4ty ) 2HNT%5BCDAVYY (0—1— ... —
8 =9, 9DRKIZ0—1—2—..) OFFFEITVHRI WV,
o &il9 % 1#id BCD A7 vy Dk
— AJim7mvy 7 cdk @ EY L), Yk breset (1 EYR), ATV
Py TEEx 1 EY )
— WJ: A A EHT] bedlout (4 Ev )
— BV ey b0k EHOKEY ME 01tk b GEFIHY
v bh). Mﬁﬁ %, cdk 250 26 1 K&k oAhv v Ty TES
W1 s0chAy > b7y 7L, 0000 — 0001 — 0010 — ... —
1001 — 0000 — 0001 — ... DX I T 3,

2. 2 i BCD 2a—F 8Ev ) 2H T2 BCDAYYY (0001 — ...
—08—=09090DXKIF10—-11—12—..) OXitz, BEERCLD
ez,

o XitT % 2 Hid BCD A v ¥ Dflkk
— A1 7uavy 7 cdk 1EY L), Yy Freset (1EY ), ATV
F7y 7fEEx 1 EY )
— WJi: A A EHT] bed2.out (8 EY F)
— B VY b0k EHIOKEY MX01ckb GEFRIHY
k/b)Hﬂmﬁ,dk#O#%l’ﬁm#Oﬁﬁyh7/7ﬁ%ﬁ
B 7icAh v R 7y 7L, 0000 0000 — 0000 0001 — 0000

0010 — ... — 1001 1001 — 0000 0000 — 0000 0001 — ... D X I I

%%,
- J

EEHE 1 BT 3 e v FORELEAIZ TR URL ICEMRZBIET 20T, ZDFHZ
ISR TL L,

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

28



L j R
KRERRERE 2 KONE)F NI % Verilog HDL Titab L, BEREL XL T2 L —vavick

DEEZ MRS XK. 7, mElGRZIMTL T, ORFRZHERE X,

1. 0011 B X 0010 &) ANRINBATE B8 1 213 2 R250EH
¥ (BRA— b= by) OGrz, RERMKIC X 2 EF RSB X D17
&,

o iXElT % RAIM AR DR

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

— W s RE Dy QEY )

— BV ey b0 IR EHNZ0ICES GERY Ly ). H
JHEIE, 0011 £7213 0010 &) RANZBH L 2L EDAR 1145,
RG] AJJE LT 100111 =+ 232 Y PILIC A T E R & X

AB Tz LTo 2N
AN 0L TO0o &N
ABo0lcLTo 2N
ATz LTo#Hh
ANl 1 #H)1 (— 0011 Z/&H)
AT LI LTOo =N

L ' Y,

FEGRE 2 12T 5 e v PR AREA I T ELD URL B2 BT 52 DT, %Dk
xS T B

http://www.ice.nuie.nagoya-u.ac. jp/jikken/hard/j2hard-eda/problem2/index.html
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6 FEEREERFEOLKR—MIDOWT

1521, 9B 2, 92 3, SEBENE 1, EEENE 2 12owT, EBROBHE, ARG
SN 7 =7, UTORBRBEOHM, FBROERZ, EL S TNIIN, £%2X
ATEED X,

o [H]#%®D Verilog HDL Gt ([l D Bh{ERA % & o CTHEH)

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

o WA GRELAE Y — W IZ X 2 BB ORI ORK, BEIERE, vy /7o
LAY M EEEDOFI)

e FPCA A— FToO#IEFER (E 1 OA)

2. FEhg 2 LFEER 3 T, 16 ¥ v MINE R Z M4 Rlpg C BT 2 75k L PR T
FEIT 2052 L7, AR OMEZ IR L, E%E X,

3. IR TIE, WA Y —v (Quartus I1) 12X 5T, Verilog HDL “CTigab 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, FIEE2THOrLOHEINT WS, DL

TOEHICLTEVREL2EET LI EHTE S,
A oEEd L LT, EBTHEHL 2 "Tmux2l.qsf; Z2HICEHHT S, o774 0%
MELCHEHBEARNOREZESALD I ENTES, 774U 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 IZNZNATIDO, DI, F7NVAA v F 0DATIST
Wb, YIEOEDLED IS, EvBFEa i Rr—F LEOKAR T ANAL 2L D)
Il DE2-115 A — FD= =2 7 MIZEHE L EP»rN TV 3,

7.2 Altera DE2-115 R—RD70OYv 7 DEWA

DE2-115 A — FICRFR&GDIOWTED, 7uay 72 AL LT ZL8TES. AT
ELTruy 7z ffivnizwne 23, Fgsf) Tset_location assignment PIN.Y2 -to clk &
ET B, 7L, AP 50MHz D70, BT ETHETEIRWOT, W42 L T
b T 6%, IS, 7RO Verilog HDL Gl Dl 2 787,

30



module divider (clk, sysreset, clkin);
input clk, sysreset;
output clkin;
reg [23:0] cnt;
always Q@(posedge clk or negedge sysreset) begin

if (sysreset == 1’b0) cnt <= 0;
else cnt <= cnt + 1;
end
assign clkin = “cnt[22];
endmodule

J
%D assign XOL Y A% Tenty Oy FHZMH ) 022 EHT 5 2 & TRMEEZ 2§
BZbHIEDTED,

-~

7.3 TEARDEFED Verilog HDL ik

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

32EYMAASEYMNHEAD 2 EYRNEVYTIRNEY 2=

[ HE Rk kokokokokokok ok ok kkkk ok k /

/* shifter32_8_12.v */
[ HERkkkokokokokokok ok ok k ok kk ok k /

// +-———+

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

// +-———+

module shifter32_8_12 (sh_a, sh_y); // AHJIER—F
input [31:0] sh_a; // NI 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

32EvRcD 2 AN 1 HAEBLIYEY -

[ HF R kokokokok ok ok ok ok /

/* mux32_32_32.v */
[ HE Rk kokokokokkk ok ok /

// 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 d0
input [31:0] di; // AJJ 32-bit di
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 NEHDOFBILRETEY 12—

[/ Kk sk ok sk ok ook ook ok sk ok ok k ok k /

/* signext16_32.v */
[ HFE Rk kokokokokkok ok ok kkk ok /

// +-———t

// al6[15:0]->| |->y32[31:0]

// +-———+t

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

assign y32 = {a16[15], a16[15], al6[15], ail6[15],
al6[15], al16[15], al16[15], al6[15],
al6[15], a16[15], al16[15], al6[15],
al6[15], a16[15], al6[15], al6[15],
al6[15:0]};
endmodule

CPU®M 32 EvYy M ALU Y a-JL

[HERkkk Rk ok

/* alu.v */

/ *kkkkokkkk /

// 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’bilil1l

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

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

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

input  [2:0] alu_ctrl; // AJ1 3-bit  ALU Hllffla—F
output [31:0] alu_y; // 171 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®D PC H4mMEEYa2-I)

/kkskokskkskokskokok /

/* plusd.v */

[HEEE ok ok /

// to———+

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

// ot

module plus4 (inc_a, inc_y); // AHJIH—F
input [7:0] inc_a; // A7 8-bit
output [7:0] inc_y; // 71 8-bit

assign inc_y = inc_a + 4;
endmodule

CPU @ PC €Ya—-

/xkkkkkkk [

/* pc.v *x/
/*kkkkkkk [

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

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

input clock, reset; // AJ1 Z7mvw 7, Uxv b

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

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

// Always 70y 7: 70773080705
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// AJJ: clock, reset, pc_next
// W pe_reg

// VY AF: 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—RLYRZT77AIEY 21—

+————+

[ Fkrokkokok ok ok kokok ok ok /

/* registers.v x/

[ AHEE Rk kokokokokok ok /

//

// 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]->|

//

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

+-———+

module registers (clock, reset,
reg_read_idxl, reg_read_idx2,
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_idxl;
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’°b0000) ? 0 : (

(reg_read_idxl == 4°b0001) 7 regs_1 : (
(reg_read_idxl == 4°b0010) 7 regs_2 : (
(reg_read_idxl == 4°b0011) 7 regs_3 : (
(reg_read_idxl == 4°b0100) 7 regs_4 : (
(reg_read_idxl == 4’b0101) ? regs_5 : (
(reg_read_idxl == 4’b0110) 7 regs_6 : (
(reg_read_idxl == 4’b0111) 7 regs_7 : (
(reg_read_idxl == 4’b1000) 7 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) 7 regs_12 : (
(reg_read_idxl == 4°b1101) 7 regs_13 : (
(reg_read_idxl == 4°b1110) 7 regs_14 : (regs_15)))))))))))))));

//

// @A 2 (regs[0] (XHIZ 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) ? regs_10 : (
(reg_read_idx2 == 5’b01011) ? 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 ARY: regs_1~regs_15
always @(posedge clock or negedge reset) begin

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 Q(posedge clock or negedge reset) begin

endmodule
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