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OVEa—2 iR ET JEE (Exercise)DIFE R x
\

e SEEIXACRII—LEZFABLET,
e 3~ANDITIN—THEERLET. FOTIL—THNTIEHEHREZEELEBELLGLALEEE
HEHTLESLY.

« MREIXT IIL—TNTHHMLTERRT S, HDHLIE BHDTA(Teaching
Assistant) P& ICERL TLZSL.

« EBICRHEERNHYET. KETITSHLAEHFELELLD.

o JEHRATARIZFIVIRACDRDNGH DGR, FEFHEZELTELIGMT
9. I RTDFVIRAEI)TLELLD.

o HEEFRTLHLTHLACRIIL—LZFATEEY. IRETE, 181248 (3FFfE x 4
B= 126 ZFBATEET  MBD/N—F O T7ERETTETHELEL L.
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Exercise(4)

\
* Project_b5

o SUUNYAYILTaEYY m_proc02 DiLHEAEEETD.

« ZFOELSHELIAL—I 3V THERTS.

« JOtyY% FPGA TENMESHE, EEIMNIELIN_EZE VIO THRT 5.
* Project_6

o DUTNBAOLTaEYY m_proc03 DLHAEERET S.

« Verilog HDLOI—F#{EIET 5.

« ZOIELIZEIZaL—Ia bR THERT 5.
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#H LU Vivado ZAV T IRDIERRET7AILDE &

« HIEIDEEZSEIZ, Vivado THLWWITAD Tk project_5 ZERLT 5. \\
« Ubuntu TEEILF=Z—IFILT, ROATUEEEFTLTI7MILEIE—T D

« /home/tu_kise [ automount DT AL IR)IEDT, 7OEALLGWETI7ZAILHARZ
LY. tabF—IZKBETEIDFELEMELZWLCENHAID TEFET .

« ED Is OAYKFT, codel02.v, codelll.y, codell2.v, codell3.v, codellb.v,
mainll.xdc h\i'%T‘c“*Léu‘:’éﬁEw

$ 1s /home/tu_kise

$ cd ~/cld/project 5

$ cp /home/tu_kise/cld/2023/codel@2.v .
$ cp /home/tu_kise/cld/2023/codelll.v .
$ cp /home/tu_kise/cld/2023/codell2.v .

$ cp /home/tu_kise/cld/2023/codell3.v .
$ cp /home/tu_kise/cld/2023/codell5.v .
$ cp /home/tu_kise/cld/2023/mainll.xdc .
$ 1s

« Vivado T, project_b D#llFIT774I/LELT mainll.xdc &89 5.
* mainll.xdc J7MILDRNBZEET HRLEITZLN.
» Vivado T, project_b5 MVerilog HDLTZ 74 ILEL T codellby &% 9 %

™

~‘§‘
. . :
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m_procOl Aty HDEEETEREICAITI-—F

codel@2.v
module m_top (); 1 00000000
reg r_clk=0; initial forever #50 r_clk = ~r_clk; 56 00000004
wire [31:0] w_pc; 156 00000008
4 —> m_main m_main® (r_clk, w_pc); 256 0000000C
always@(*) #1 $write("%3d %x¥n", $time, w_pc);
w_npc initial $dumpfile("main.vcd"); /* file name for GTKWave */
W_pc initial $dumpvars(@, m_top); /* module for GTKWave */
- initial #3060 $finish();
endmodule
module m_main (w_clk, w_pc);
input wire w_clk;
32‘ output wire [31:0] w_pc;
reg [31:0] r_pc = 0;
r_pc assign w_pc = r_pc;
wire [31:0] #10 w_npc = w_pc + 4;
always@(posedge w_clk) #5 r_pc <= w_npc;
endmodule

Signals Waves
Time

AR ns TRR s AR
188 ns 208 ns 300

w clk=
r pc[31:0] =
w npc[3l:0] =




m_amemory JEREAX AT DEEHREZaL—aY
\
« Verilog HDLTIE, EVMEBTT—FHWDAE!Y m % reg [B-1:0] m [O:W-1] ELTEE TES.
© BAHTEMETIOVIESEIALGLAEYZIERZIAEY (asynchronous memory) EFESN.

o FEREXATUDERFIZRT. 0I2L—aV TOHEAHLDELEE 20nsec £LT-. w_addr TIEE
SNF=T7RLRDAREHAH T . posedge w_clk DALY T, w_we (write enable) M 1DEFIZ,
w_addr THESIN 7KL XIZ w_din (data in) DEFEEAL.

e ZO3O—K (codellly) & 2aL—23 LT, BREHERTLH L

module m_amemory (w_clk, w_addr, w_we, w_din, w_dout); module m_top ();
input wire w_clk, w_we; reg r_clk=0; initial forever #50 r_clk = ~r_clk;
input wire [11:0] w_addr; reg [31:0] r_pc = 0;
input wire [31:0] w_din; always @(posedge r_clk) r_pc <= #3 r_pc + 4;
output wire [31:0] w_dout;
wire [31:0] w_data;
reg [31:0] cm_ram [0:4095]; // 4K word (4096 x 32bit) memory m_amemory m (r_clk, r_pc[13:2], 1'de, 32'de, w_data);
always @(posedge w_clk) if (w_we) cm_ram[w_addr] <= w_din;
assign #20 w_dout = cm_ram[w_addr]; initial $dumpfile("main.vcd"); /* file name for GTKWave */
initial $dumpvars(@, m_top); /* module for GTKWave */
initial begin initial #1000 $finish;
cm_ram[@]={7"do, 5°do, 5’°do, 3°de, 5°de, 7°be110011}; // add x0, x0, x0O always@(*) #80 $write("%3d %d %x¥n", $time, r_pc, w_data);
cm_ram[1]={7°d@, 5°d1l, 5’°de, 3°de, 5°d4, 7’°be11eell}; // add x4, x0, x1 endmodule
cm_ram[2]={7°d@, 5°d2, 5°dl, 3°de, 5°d5, 7°be11@011}; // add x5, x1, x2
cm_ram[3]={7°d@, 5°d5, 5’d4, 3°de, 5°d6, 7’°be11ee11}; // add x6, x4, x5 COdElll.V
cm_ram[4]={7°de, 5°do, 5’°de, 3°de, 5°do, 7’°be11eell}; // add x0, x0, x0
end 12 m_amemory w_ir
endmodule ; m_imem -
r_pc[13:2]| (32bitx 4096) | 32

31 30 25 24 21 20 19 15 14 12 11 8 7 6 0

ﬁ’l | funct7 rs2 rsl | funct3 | rd | opcode | R-type
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 7




Register file, LYABZT74 )L m_regfile DEE

\
« Verilog HDLTIE, EYMEBTT—FHW®DAE!) m % reg [B-1:0] m [0:W-1] ELTEE TES. \
« w_rrl THEELELDRAADEFHAEL w_rdatal ICHEAT 5. FEREADFTEHAHL.
 w_rr2 THELELYRIDEZHAHL w_rdata2 ICHE DT 5. FERIEADFEHAHL.

« 1=12L, x0 (zero) WA HLIX, EOZFH AT 5.

« posedge w_clk DA% T, w_we (write enable) A 1DEFIZ, w_wr (write register) THs
ESnf-LIP X2 w_wdata (write data) DIEZEEAL.

« ZODEDV1—I/ITIXaddii TDOEEERDT-HIZ x1 % 1 T, x2 = 2 THHEELLTWS.

codell2.v
module m_regfile (w_clk, w_rrl, w_rr2, w_wr, w_we, w_wdata, w_rdatal, w_rdata2);
input wire w_clk;
Read input wire [4:0] w_rrl, w_rr2, w_wr;
™ EEilsteH input wire [31:0] w_wdata;
eg Read input wire w_we;
B output wire [31:0 rdatal rdata2;
A Read data 1 utput wire [ ] w_ s W_ 8
register 2 reg [31:0] r[0:31];
Write Read assign w_rdatal = (w_rrl==0) ? 0 : r[w_rrl];
™ ot data 2 assign w_rdata2 = (w_rr2==0) ? 0 : r[w_rr2];
regiier always @(posedge w_clk) if(w_we) r[w_wr] <= w_wdata;
- g"';“e Redist initial r[1] = 1;
ala egisiers initial r[2] = 2;
endmodule
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m_proc02 addz B35 T LY AO)LDT Bty

o MHITVF(IF), TA—FEARFURTTYF(ID),

IO

= /=

=1T

A

(EX), A4 bs\vy

(WB) DAEBEHZHE5MEMGRS (add) D&IZHIGLI=7OEyH0T0OvIX

IF ID EX

4 32 5

32 w_rsl : i

5 w_rrsl |

12 m_memory w_ir! W_rs2 . 9 w_rslt
—{r_pc 7# m_imem §2 : é mrﬁr(igglsle sz |+ 25 -

r_pc[13:2]| (32bi | H A |

(32bit x 4096) | wrd | (32bitx32) |30 :

S : |
31 30 25 24 21 20 19 15 14 12 11 8 6 0
funct7 rs2 rsl funct3 rd opcode

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

m_proc02 addz B35 T LY AO)LDT Bty

\

e WMHEITVFAF), TA—FEARSURTYF(ID), ET(EX), 54y o(WB) \
DWEBEEHEIMEGS (add) DA IHIGLE-TaEy DT 0OvoH

« ZOFOtYY (codell3.V)T, codelllv Dai$FHI(p.7)EETIT HEEDELR
DEZEZRSD.

code113.v O)_gl-‘ module m_proc@2 (w_clk, w_ce, w_led);
‘ input wire w_clk, w_ce;
output wire [31:0] w_led;

reg [31:0] r_pc = 0;

always @(posedge w_clk) #5 if(w_ce & r_pc[13:2]!=4) r_pc <= r_pc + 4;
wire [31:0] w_ir;

m_amemory m_imem (w_clk, r_pc[13:2], 1'd@, 32'd0, w_ir);

wire [4:0] w_rsl = w_ir[19:15];

4 32 =
wire [4:0] w_rs2 = w_ir[24:20];
' ! ! wire [4:0] w_rd = w_ir[11:7];
32 oo st | | wire [31:0] w_rrsl, w_rrs2, w_rslt;

~ 1
[l W_rrsl
4, 1

" L wirt 5 W i | m_regfile m_regs (w_clk, w_rsl, w_rs2, w rd, w_ce, w_rslt, w _rrsl, w_rrs2);
| - - A 201 w_rslt - - - - - - - - - -
9@ ; e 32 E T mn?re;gﬁsle 32‘5'-”52 " 32:
r_pe[13:2]f  (s2bit x 4096) : _eg —> : assign #10 w_rslt = w_rrsl + w_rrs2;
1 1

d B 71 7
WJA (32bit x 32) 32:

reg [31:0] r_led = 0;
always @(posedge w_clk) if(w_ce & w_rd==6) r_led <= w_rslt;
assign w_led = r_led;

endmodule

31 30 25 24 21 20 19 15 14 12 11 8 7 6 0

@3 funct7 rs2 rsl funct3 rd opcode | R-type
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 10




IO

m_proc02 addz B35 T LY AO)LDT Bty

3
e codell3.v&I3Ial—i3a LT, FOREEEWERTHL.

o WMEITVF(IF), TA—KEARSURTTYF(ID), ET(EX), SA+/vyo(WB) DAL
BEHSILHSMESGS (add) DHIZRIELIE=TOEyH

« m_proc02 DAVRIAVRAZE p £T 5. p DAEBD r_pc I&, EVARZRAWLT p.r_pc
ELTSERTES.

o BRI, pICEFENDAIVREZVRX m_reg DAERD r[1] (X, p.m_reqg.r[1] ELTSE
TZE%,

codel113.v MD—Ep

module m_top ();

reg r_clk=0; initial forever #50 r_clk = ~r_clk;

wire [31:0] w_led;

m_proc@2 p (r_clk, 1’°bl, w_led);

initial $dumpfile("main.vcd"); /* file name for GTKWave */

initial $dumpvars(@, m_top); /* module for GTKWave */

initial #550 $finish;

always@(posedge r_clk) #1 $write("%4d %x: %x %x -> %x¥n",

$time, p.r_pc, p.w_rrsl, p.w_rrs2, p.w_rslt);

endmodule

31 30 25 24 21 20 19 15 14 12 11 8 7 6 0

ﬁ: funct7 rs2 rsl funct3 rd opcode | R-type
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 11




m_proc02 addZES 50T LA 0)LDTatyH

Signals

Time

r pcl[3l:
w ir[31:
w rsl[4:
w rs2[4:
W rd[4:
w_rrsi[31:
w_rrs2[31:

r led[31:
w led[31:

32

w clk

w_rsl

Waves

12 T_memory w_ir
L

% r_pc I

w_rs2

7 m_imem
r_pc[13:2]| (s2bit x 4096) | 32

[ §

w_rd

[ §

m_regfile
m_regs
(32bit x 32)

186 ns

w_rslt
+
32

208 ns 380 ns 488 ns

module m_proco2 (w_clk, w _ce, w_led);
input wire w_clk, w_ce;
output wire [31:0] w_led;

codel13.v M—L}

reg [31:0] r_pc = 0;

always @(posedge w_clk) #5 if(w_ce & r_pc[13:2]!=4) r_pc <= r_pc + 4;
wire [31:0] w_ir;

m_amemory m_imem (w_clk, r_pc[13:2], 1'do, 32'do, w_ir);

wire [4:0] w_rsi
wire [4:0] w_rs2 = w_ir[24:20];

wire [4:0] w_rd w_ir[11:7];

wire [31:0] w_rrsl, w_rrs2, w_rslt;

m_regfile m_regs (w_clk, w_rsl, w_rs2, w rd, w_ce, w_rslt, w rrsl, w_rrs2);

w_ir[19:15];

assign #10 w_rslt = w_rrsl + w_rrs2;

reg [31:0] r_led = 0;
always @(posedge w_clk) if(w_ce & w_rd==6) r_led <= w_rslt;
assign w_led = r_led;

endmodule w_led DHADEIFESGTLHMN?

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 12



IO

m_proc02 addz B35 T LY AO)LDT Bty

« FPGA THEIMESEA=HDI—NK codellb.y DARNABZIEAETHZ L.
« BOMHz OOV EBZTERMT HEDIZ clk_wiz_ 0 F#4E/T 5.
e 32EYRDANZEEDLSIZ vio 0 ZERT 5.

° FPGA f@]«ﬁéﬁf:&%o) module m_proc@2 (vi:Eclk, w_ce, w_led); w led DEADEIXESHBH?
S= Lo input wire w_clk, w_ce; = ’
VIO O)ﬁﬁ‘i& 77:;%)75\ ’P ou’Fc’put wire [51:0] w_led;

reg [31:0] r_pc = 0;

always @(posedge w_clk) #5 if(w_ce & r_pc[13:2]!=4) r_pc <= r_pc + 4;
wire [31:0] w_ir;

m_amemory m_imem (w_clk, r_pc[13:2], 1'd@, 32'de, w_ir);

module m_main (w_clk, w_led); wire [4:0] w_rsl = w_ir[19:15];
input wire w_clk; wire [4:0] w_rs2 = w_ir[24:20];
output wire [3:0] w_led; wire [4:0] w_rd = w_ir[11:7];
wire [31:0] w_rrsl, w_rrs2, w_rslt;
wire [31:0] w_dout; m_regfile m_regs (w_clk, w_rsl, w_rs2, w_rd, w_ce, w_rslt, w_rrsl, w_rrs2);
wire w_clk2, w_locked;
clk wiz @ clk we (w_clk2, @, w_locked, w _clk); assign #10 w_rslt = w_rrsl + w_rrs2;

vio @ vio @0(w_clk2, w_dout);
reg [31:0] r_led = 0;

always @(posedge w_clk) if(w_ce & w_rd==6) r_led <= w_rslt;

m_proce2 p (w_clk2, w_locked, w_dout); ; led led
assign w_led = r_led;

reg [3:0] r_led = 0; endmodule
always @(posedge w_clk2)
r_led <= {*w_dout[31:24], “w_dout[23:16], "w_dout[15:8], "w_dout[7:0]}; codel15.v MD—&p
assign w_led = r_led;
endmodule

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



codellb.v DFPGA~DERE LENEFESR

\

* Vivado DT7ATYRERE, codellb.v, mainll.xdc &7 5. 2\%

« BOMHz OBV IEBZEEMT HLDI(C clk_wiz_ 0 Z4EKT 5.

e 32EYRDANZEEDLSIZ vio 0 ZERT 5.

« Vivado THEE, BLE B#EL TbitstreamZ7/IILE4A KT 5. (CZTIF—ITHD
BEIZIE, T/\wTTBHIE.)

« FPGAZOLT4XaL—13rL T, VIODENEEEYICHLZEFHERT 5.

- THLEDHEHDIWNITAIVIODEZHEZRLTEHSOZ L.

» hwilal x dashboard 1l x
h"."‘."_"."i 'Cl_l v
Check Point &
Q T ¢ =
Mame Walue Activity Direction WO
¥ w_dout[31:0] [H] 0000_0004 Input hw wio 1

Dashboard Options

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 14
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m_proc03 add & addi Z0E9 570ty

IO

e WmHEITVF(IAF), TA—KREARSURETYF(ID),

<

EIT(EX), 514\ D
(WB) OEZEHGE5ME MRS (add, addi)ITxt Lz 0twyHn 7oy

[ opcode | R-type

IF ID EX
v
w_imm 7_5;_' w_imm32 !
- > % i
3 !
32 w_rsl . E
R w_rrsl | :
12 m_memory w_ir! W rs2 : 7 ; | W rslt
r_pc # m_imem §2 fr: mrﬁrig;ge 32 w_ain | [ %2 —
r pc[13:2 i I — = '
Pell3:2]| " (32bit x 4096) L, wrd ' (32bitx32) | w_rrs2 ‘——> |
5 32 i 1
31 30 25 24 21 20 19 15 14 12 11 8
| funct? | rs2 \ rsl ] funct3 \ rd
imm[11:0] | sl | funct3 | rd

| opcode | I-type

SC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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IO

m_proc03 add & addi Z0E9 570ty

/home/tu_kise/cld/2023/codel50.v

EERDTALIM)IZaE—T 5.
codelb0.v #{EIET H_L&.
R EtERT DL

module m_amemory (w_clk, w_addr, w_we, w_din, w_dout);
input wire w_clk, w_we;
input wire [11:0] w_addr;
input wire [31:0] w_din;
output wire [31:0] w_dout;

reg [31:0] cm_ram [0:4095]; // 4K word (4096 x 32bit) memory

always @(posedge w_clk) if (w_we) cm_ram[w_addr] <= w_din;

assign #20 w_dout = cm_ram[w_addr];

module m_proc@3 (w_clk, w_ce, w_led);

input wire w_clk, w_ce;
output wire [31:0] w_led;

reg [31:0] r_pc = 0;

always @(posedge w_clk) #5 if(w_ce & r_pc[13:2]!=4) r_pc <= r_pc + 4;
wire [31:0] w_ir;

m_amemory m_imem (w_clk, r_pc[13:2], 1'do, 32'de, w_ir);

wire [4:0] w_rsl
wire [4:0] w_rs2 = w_ir[24:20];

wire [4:0] w_rd w_ir[11:7];

wire [31:0] w_rrsl, w_rrs2, w_rslt;

m_regfile m_regs (w_clk, w_rsl, w_rs2, w_rd, w_ce, w_rslt, w_rrsl, w_rrs2);

w_ir[19:15];

/X¥**** Please describe this part by yourself ****x*x/

reg [31:0] r_led = 0;
always @(posedge w_clk) if(w_ce & w_rd==6) r_led <= w_rslt;
assign w_led = r_led;

endmodule

initial begin
cm_ram[@]={7’de, 5°de, 5°de, 3°de, 5°de, 7°be11e011l}; // add x©, x0, xO codel50.v MO—Ep
cm_ram[1]={12’hees, 5°de, 3°de, 5°d4, 7°be010011}; // addi x4, x0, 8
cm_ram[2]={12’hffe, 5°de, 3’°de, 5°d5, 7’°bee1eei1l}; // addi x5, x0, -2
cm_ram[3]={7’de, 5°d5, 5’d4, 3°de, 5°d6, 7°bol11ee1l}; // add x6, x4, x5
cm_ram[4]={7°d@, 5°de, 5°de, 3°de, 5°de, 7°be11e011}; // add x0, x0, xO
end
endmodule
31 30 25 24 21 20 19 15 14 12 11 8 7 6 0
| funct? I rs2 ] rsl ] funct3 | rd [0pcode| R-type
| imm[11:0] | 1s1 | funct3 | rd | opcode | I-type

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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codelb0v DIEIEEL AL —a VI LAE{EFESR X
\

e RV FAF), TOA—FEARZURTIYF(ID), EIT(EX), SAk/\vH
(WB) DAEE B A SME RS (add, addi)ZstiELI=F Oty O EFEIH:
&I, code150v0)=E°):L—)lxm _proc03 ZEIET H L.

 iverilog TV 2alL—23a LT, HonNbEENELVELDTHSZ LZHER
HTE.

« MBEHDHEHDOIWITAIKREFRERLT- m_proc03 Da—FZFEFELTHL

2C¢&.
S,

Check Polnt 6
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