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Exercise(3)

\
* Project_3

« CMT (Clock Management Tile) Z{#>T, FPGADREFT 20MHz &
33MHz IOV I{ESZERT S HFETEAS

« COAERZRAWNVSILT, EFEtLzN—F0z 7 DE4REIEDT-OIZENEE
iR ﬂ’éJ:(‘fé_&b\’C%%

* Project_4

- MEz WMEEHE, DG EOETEGREMREEREDN—FIITES
fHAlT 4. Fz, ALURIKRDN—FDz7EZETEIT 5.

« INIT&KY, FPGA(xc7a35t) THIRATEA/N\— o7 =%#iET 5.

Rl SN
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HLWNTAD T HOMDER

* Project_1 LRE%RIZ, $TILLNTBY Tk project_3 1T 5.
o« FFIT7AILELT mainll.xdc &89 5.
« Verilog HDLZ774JLEL T code057.v #& 89 5. vio_0 DAY

7O REHIFRT 5.

code®57.v

module m_main (w_clk, w_led);
input wire w_clk;
output wire [3:0] w_led;

reg r_out = 0;
reg [31:0] r_cnt = 0;
always@(posedge w_clk) begin
r_cnt <= (r_cnt==99999999) ? @ : r_cnt +1;
r_out <= (r_cnt==0) ? ~r_out : r_out;
end
assign w_led = {r_out, r_out, r out, r out};
// vio @ vio @0(w_clk, w _led[3], w_led[2], w_led[1], w_led[@9]);
endmodule
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#H LU Vivado ZA T IORDIERRET 7L ILDE &R

« RIEIDEEZEZSEIC, Vivado THLWI AUk project_3 Z1ERLT 5. i\%
+ Ubuntu TEEIL=H—IFILT, ROIAVIFZERITLTI7MILEIE—T 5.

« /home/tu_kise I automount DT AL IR)EDT, 7OEALLGWEDI7AMILHARZ
LY. tabF—IZ LB EENIELEMELZE NN EABHAIDTEET 5.

« &M Is A< KT, code057.v, codel05b.v, codel06.v, mainll.xdc AFEXREND
ht%ﬁgn'b

/home/tu_kise
~/cld/project 3
/home/tu_kise/cld/2023/code@57.v .

/home/tu_kise/cld/2023/codel@5.v .
/home/tu_kise/cld/2023/codel@6.v .
/home/tu_kise/cld/2023/mainll.xdc .

 Vivado T, project_3 D#IFT74/4ILELT mainll.xdc & HT 5.
mainll.xdc 27 MILDNBZEZEE T DU EILELY.
 Vivado T, project_3 MVerilog HDLZ 74/ JLELT code057.v &k 9 5.
VIO @ IP ZEMLT, ROASARD@EY, IMEBICRRKT HZEEMHERT 5.

~ "\ =
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VIOZRUWTFPGAD ENEZ!) E—FTHERR

e Click + button in hw_vio_1 window.

« Select w_led_OBUF[0:0], w_led_OBUF_1[3:3], w_led_OBUF_2[2:2], and
w_led_OBUF_3[1:1] by clicking them pushing Shift button. Then click OK.

*  You will see the values of four LEDs change every second!
» ZZFTIE Project_1 ERIBDIEE.

Add Probes X code057.v  x hw vios x 200

s o

- hw vio 1 ? —_0OX
Search: Q- - -

=z - L
Probes for hw_vio_1 (4) v _E Q = v —
v i =l
hw_vio_L < | Name Value \ Activity Direction VIO

w_led_OBUF[0:0] o -

w_led_OBUF_1[3:3] 8 w_led OBUF 2[2:2] Input hw vio 1

w_led_OBUF_2[2:2] 4 w_led_OBUF[D:0] Input hw_wvio 1

& w_led OBUF_1[3:3] Input hw vio_1

w_led OBUF_3[1:1] Input hw_vio_1

eﬁ [ox ]) corce ||
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Clocking Wizard %3

« Click IP Catalog

CHT D

« Double click Clocking Wizard in IP Catalog window

Flow Navigator

~+ PROJECT MANAGER
£} Settings
Add Sources

Language Templates
IF IP Catalog

v |P INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

v RTL ANALYSIS
> Open Elaborated Design

N1l.xdc x| hw_ila_l x| dashboard 1 x| IP Catalog

Cores | Interfaces

Ql = 2 [# = &

Search: O

MName 1 px)|d
> o Utility

w FPGA Features and Design

W Clocking
¥ Clocking Wizard 44

» 10 Interfaces
» Soft Error Mitigation
> XaADC

p Kernels

3 Math Functions

Details
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2OMHzD 7Oy O7HNTH IP %-

=30AC S

« In Output Clocks, change the frequency from 100.000 to 20 for
clk_outl to generate 20MHz clock signal. Click OK.

« In Generate Output Products window, click Generate.

Customize IP Re-customize IP X |
Clocking Wizard (6.0) Clocking Wizard (6.0) '
© Documentation IP Location (' Switch to Defaults O Documentation - IP Location C Switch to Defaults
1
IP Symbol R = Component Name |c|k_wiz_0| IP Symbol  Re: = Component Name | clk_wiz_0
[ Show disabled ports Board Clocking Options nrt Re - [ Show disabled ports Board | Clocking Options | Output Clocks  Port Renami =
g Optic 0 = = N
a iate IP interf ith board interf The phase is calculated relative to the active input clock.
ssociate IP interface with board interface
IP Interface Board Interface Output Clock Port Name gpt F:q (MHz) Actual
I CLK_INL Custom S ) clic_outl clk_out1 20,00000
i+ CLK INZ Custom e —
| e ! EXT RESET IN e — i Wi [ clk_out2 clk_out2 100.000
+ _ _
n o mer clk_out3 100.000
Clear Board Parameters
o cle_oxl clk_outd 100,000
et ot
clk_outs 100,000
s gl clk_out6 100.000
clk_out? 100.000
W
< >

oK |

| Cancel

¢

oK

D | Cancel
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LYy

ERLT- IP ZAWNVS ESIZO—FFEL

 Verilog HOL ®a—F%, A£mL1= IP 2L 5#kIZ codel05.v @W@tﬁéé:\
EBTAH(FREDXFDERARZANHLNIEERT D).

 Synthesis, Implementation #& 7Ly, BitstreamZ 74 ILZEERL, FPGAIZD

VI4FaL—arvd b,
« 20MHz TENMET HDT, LORIDEILHELLS.
codel05.v

module m_main (w_clk, w_led);

input wire w_clk; w_clk_IBUF inst

output wire [3:0] w_led; w ke |[:> 0
IBUF clk wo
wire w_clk2, w_locked; _
clk wiz_ @ clk we (w_clk2, @, w_locked, w_clk); dtmt clk_outi
rese
reg r_out = 0; clk_wiz_0

reg [31:0] r_cnt = 0;
always@(posedge w_clk2) begin
r_cnt <= (r_cnt==99999999) ? © : r_cnt +1;
r_out <= (r_cnt==0) ? ~r_out : r_out;
end
assign w_led = {r_out, r_out, r_out, r out};
vio @ vio @0(w_clk2, w led[3], w_led[2], w_led[1], w_led[©]);
endmodule

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 10




VIOZRUWTFPGAD ENEZ!) E—FTHERR

« Click + button in hw_vio_1 window.
« Select w_led_OBUF[0:0], w_led_OBUF_1[3:3], w_led_OBUF_2[2:2], and
w_led_OBUF_3[1:1] by clicking them pushing Shift button. Then click OK.

*  You will see the values of four LEDs change every five seconds because the
20MHz clock signal w_clk2 is used !

Add Probes X code057.v x| hw vios x 200
= < “
: hw vio 1 ? _ 0O X%
Search: Q- . VI
Probes for hw_vio_1 (4) v _5 Q = = -
v 3E hw vio 1 & MName Walue \ Activity Direction WO
w_led_OBUF[0:0] = -
w_led OBUF 1[3:3] 3 w_led OBUF_2[2:2]  ; Input hw wvio 1
w_led_OBUF_2[2:2] g w_led OBUF[0:0] ¢ Input hw vio 1
& w_led_OBUF_1[3:3] +  Input hw vio_1
w_led OBUF_3[1:1] 4 Input hw vio 1
T
1
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EBE (IPO#ERA X, 100MHZzE3I3MHZ Y EES[E]ER)

« 100MHzDOYOv9{ES w_clk &, 33MHzD VOV D{ES w_clk?2 TERLESD A4
r_cnt,r_cnt2 A 0) AT BROI—F codelOb6.v *FPGATEI M T .

o TADIIMIZFHEINTLVS Verilog HDL ®O—F% codelOb.v DIABLLEDEIITE

B95HL.

e r_out2 ELERT r_out (X3ZDENMERE KSR
TEI{ELTWLVAD T, HIZAIX, VIO r_out2®
EAI0ODEZ, r_outDEMNFI30IZEHST
W5IET THS.

codelf6.v

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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module m _main (w_clk, w_led);

input wire w_clk;
output wire [3:0] w_led;

wire w_clk2, w_locked; // 33MHz clock
clk wiz © clk wo (w_clk2, @, w locked, w clk);

reg [31:0] r_out = 0;

reg [31:0] r_cnt = 0;

always@(posedge w_clk) begin // 100MHz
r_cnt <= (r_cnt==99999999) ? @ : r_cnt +1;
r_out <= (r_cnt==0) ? r_out+l : r_out;

end

reg [31:0] r_out2 = 0;
reg [31:0] r_cnt2 = 0;
always@(posedge w_clk2) begin // 33MHz
r_cnt2 <= (r_cnt2==99999999) ? @ : r_cnt2 +1;
r_out2 <= (r_cnt2==0) ? r out2+l : r_out2;
end

assign w_led = r_out[3:0];
vio © vio @0(w_clk, r_out);
vio 0 vio @1(w_clk2, r_out2);

endmodule

12



EE (IPOERTE, 100MHZzE3I3IMHZYZ A Y% fE5[E]E])

* Clocking Wizard T/\SA—2ZEY)IMEIELT, clk_wiz_0 ZEKT 5.

« 32EYRDL Y RAD{EZE VIO THRIRTEDHELIITEIELT: vio_0 ZERT 5.

- RESH, BEERR bitstreamT77AILEERKL, FPGAZOT4F¥aL—23r T 5.
« hw_vio_1 s k& hw_vio_2 D12 k%K.

« FNFNDILUKEIT, r_out DIEE r_out2 DIEEZRTT 5.

« ITNENDVAURITERIRTSH32EVEDL P RADEZE, FELELIOEHRDER R (Unsigned
Decimal) [(CEET 5. (HHYvYY ->Radix -> Unsigned Decimal)

o 2DMIAVRDEEARIZRFLT, ZOEEZIBEHDHEHAHLIITAIZ] TmI L.

16

Check Point =
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#H LU Vivado ZA T IORDIERRET 7L ILDE &R

\
« BIEIDEEZEZSEIC, Vivado THLWIBOD Uk project_4 ZERT 5. %\%
« Ubuntu TEBILI-ZA—ZF LT, ROATUFEEFTLTI7AILEIE—TS.

« /home/tu_kise I automount DT AL IR)EDT, 7OEALLGWETI7ZAMILHARZ
LY, tabF—IZKBEEMNIEENMELLZEWCELAH LD TEET S,

o RE®D Is AR T, codelOly, mainll.xdc, cp4.txt NRRSNDIELZFERE.
ls /home/tu_kise

cd ~/cld/project 4
cp /home/tu_kise/cld/2023/codel@l.v .

cp /home/tu_kise/cld/2023/mainll.xdc .
cp /home/tu_kise/cld/2023/cp4d.txt .
1s

 Vivado T, project_4 OHI#T74ILELT mainll.xdec Z&E8T 5.
mainll.xdc Z7MILDRNBEERE T DWEITTEL.
* Vivado T, project_4 MVerilog HDLTZ 74 JLEL T codelOly &9 5.

~ =
N 15
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Codel0l.v ALU(Arithmetic and Logic Unit)D3EEk

codelfl.v

module m_main (w_clk, w_a, w_c, w_dout, w_zero);
input wire w clk, w a, w c;
output wire w_dout, w_zero;
reg [31:0] r_a=0, r_b=0;
reg [3:0] r_c=0;
wire [31:0] w_out;
assign w_dout = “w_out;
always@(posedge w_clk) begin
r_a <= {w_a, r_a[31:1]};
r_b <= w_out;
r_c <= {w_c, r_c[3:1]};
end
m_ALU m_ALU® (r_c, r_a, r b, w out, w_zero);
endmodule

module m_ALU (w_Ctl, w A, w_B, r_Out, w_Zero);
input wire [3:0] w_Ctl;
input wire [31:0] w_A, w_B;
output reg [31:0] r_Out;
output wire w_Zero;
assign w_Zero = (r_Out==0);

always@(*)
case (w_Ctl)
@: r_Out <= w_A & w_B;
1: r_Out <= w A | w_B;
2: r_Out <= w_A + w_B;
6: r_Out <= w_A - w_B;

— 3
7: r_ Out <= (WA <wB)?1: 0
12: r_Out <= ~(w_A | w_B);
default: r Out <= 0;
endcase
endmodule

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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BENEHE (EDa
E’& -l-/zsll-d—éf—-&))

 Click Settings.

— L D&RBEILELEGL, EDa—ILD/N—kDLT

« Select none for -flatten_hierarchy and click Apply.
« If you have Create New Run window, select No in the window.

« Click OK in Setting window.

Hd
Alr
L

Flow Navigator

v PROJECT MANAGER

Add Sources
Language Templates

iF IP catalog

v |P INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

Settings

Project Settings
General
Simulation
Elaboration
Synthesis
Implementation
Bitstream

> IP

Tool Settings
Project
IP Defaults
Board Repository
Example Project Repository
Source File
Display
webTalk
Help
> Text Editor
3rd Party Simulators
> Colors
Selection Rules
Shortcuts
> Strategies
> Remote Hosts
» Window Behavior

Py

(2)

Synthesis
Specify various settings associated to Synthesis '

Constraints
Default constraint set: constrs_1 (active) -
Report Options

Strategy: Za Vivado Synthesis Default Reports (Vivado Synthesi.. «

Options
~
) Write Incremental Synthesis
Incremental synthesis:  Not set EI
Strategy: Ia Vivado Synthesis Defaults* (vi... | |l
Description: wivado Synthesis Defaults
~Synth Design (vivado)
tclpre E
tclpost E
flatten_hierarchy* none TAD
-gated CIOCR_COTweTsoT £ ~
-bufg 12
fanout_limit 10,000
-directive Default ~
— e

flatten hlerarchy*
Flatten hierarchy during LUT mapping.

o]’ | | Cancel | Restore...

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH



IN—F 7 =D5THE

« Implementation Z&E 7%y, Report vonmess
Utilization 29)v 79 5.

« m_ALUO A\ 168 fE® LUT ZAL
NHHS.

» Open Synthesized Design

~  IMPLEMENTATION

P Run Implementation
~ Open Implemented Design
Constraints Wizard
Edit Timing Constraints
™ Report Timing Summary
Report Clock Metworks
Report Clock Interaction
Report Methodology
Report DRC

Report Utilization

& Report Power

"4 schematic

#  Slice LUTs  Slice Registers Slice
(20800) (41600) (8150)

W m_main 175 68 =0

1

LUT as Logic  Bonded IOB  BUFGCTRL
(20800) (210) (32)
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AND & OR DENFEND/IN—FI T EZETHT 5EE

\
» Verilog HDL Oa—FZ#RELT AND (&) DAHDALUEL T, BIFRIC/N—FIIT7EZ \

RIS,

¢ RIZ, OR(|) DADMALUELT. BHEISN—RY 17 BEHATS.

o REHIZ, ME (+), BE (-), K/MEEEE (<), NOR (~ |) DIN—F Oz 7E%5HEI3 5.
o Ffz, ETOAAVRTILEHIBRLT, £ TOEEFSED ALU 2KDN—FOIT7E%

RIS,

module m_ALU (w_Ctl, w A, w_B, r_Out, w_Zero);
input [3:0] w_Ctl;
input [31:0] w_A, w_B;
output reg [31:0] r_Out;
output wire w_Zero;
assign w_Zero = (r_Out==0);

always@(*)
case (w_Ctl)
0: r_Out <= w A & w_B;
// 1: r Out <= w A | w_B;
// 2: r Out <= w A + w B;
// 6: r_Out <= w A - w_B;

// 7: rOut <= (WA<wB)?1:0;
// 12: r Out <= ~(Ww_A | w_B);
default: r Out <= 0;

endcase
endmodule

module m_ALU (w_Ctl, w A, w_B, r_Out, w_Zero);
input [3:0] w_Ctl;
input [31:0] w_A, w_B;
output reg [31:0] r Out;
output wire w_Zero;
assign w_Zero = (r_Out==0);

always@(*)
case (w_Ctl)
// 0: r Out <= w A & w B;
1: r Out <= w A | w_B;
// 2: r Out <= w A + w_B;
// 6: r_Out <= w A - w_B;

// 7: rOut <= (WA<wB)?1:0;
// 12: r Out <= ~(Ww_A | w_B);
default: r Out <= 0;

endcase
endmodule

5= AND DN—RYT7 BEHAT 2188

OR DN—F7BEEHAT2HE

P CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH

19



BE GHAILT-N—F0zT7=2FLH D)

o cphixt D xxxxx,yyyyy DR EVGHFTESH]ZA L L.

« FNEFNDEEZST ALU TIRRELLS LUT O (# of LUTs), % FPGA ITIEE TESH
(# of modules on an FPGA) 252 A T 5. FPGA [ZHEE SN TS LUT A 20,800 TH B &M
5, 20,800/(# of LUTS) IZ&>T, FPGA IZRRE TEHEVA—ILDHEEFEFETH_L.

e Fl= & |+, - <, ~| DOBEDBEEEZESD ALU TRELLGAILUTOHIOFMZEZSTELT, Sum
DITIZEBATEIE. COLUTOEM S, FPCGA IR E TEBAED A—IILEEZETELTEEAT B L.

« IRTODEEZEL ALU (codelOlv Ditih) DF-HIZHhELLES LUT O#%E ALU OITICEEA
5. BHIZ, FPGA [TRETEDEV 21— ILBFEEATHL.

«  TSum DTICEEALT= LUT D% &, ALU DATICEEALT= LUT DN EGHERIZEAT,
EHDHEHLWITAIIEASIE.

cp4d.txt

operation

| # of LUTs

# of modules on an FPGA

|
AANAAAANA

ALU

\

Check Point 4
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