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00 00 | 00 | ooooo
add add oood
add unsigned addu ooodooon
subtract sub goog
gooad subtract unsigned subu oooooobon
shift right arithmetic sra gooooo
add immediate addi oooooo
add immediate unsigned addiv | OJ0O0O0ODOOOOOO
and and 00000 AND
or or ooooo OR
nor nor 00000 NOR
XOr xor ooooo XOR
shift left logical sll oooooo
gooad shift right logical srl oooooo
shift left logical variable sllv oooooobon
shift right logical variable srlv oooooood
and immediate andi 0000000 AND
or immediate ori 0o0ooooo OR
xor immediate xori ooooooo XOR
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oooboo branch on less than zero bltzal | bltz O jal
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JOogd 6000 26 000
31 26 25 0

O 2. MIPSODOOOOOOOOO

gbboobbuooobooobbooobboobbooobbobbuoobobboobb
gboboogoooboooobon

1.2.3 00000

MIPSO 1000000 320000000000000DO0O000DO0OODOOOOOO
0000000000000 0DO000O0DbO0OOfieldDb00OD0ODODOOODOODODO
O00ooooooooooMIPSOOOOCOOOOO (1)ROOO(R)IOCOOB)JOO
0300000002000 0000000D0000bO0ObDOoODoOoRrROObDOODO 60O
OO0O0O opcode, rs, rt, rd, shamt, funct U0 OO 0OO0OOIOD0O0OOODO 400000
OO opcode, rs, rt, immediate U U OOOOOOOJO0O0O0O0O0ODO20000000
opcode, address U U OO OOOOO

ROOODDODOOOOODOODOODOObOOODODOObOObODUODUOODbUOoOobDOoOobOoD
gooddbooobooboooolocooboobboobooboobooboooboooo
gobooobobooobobooobbooobboobobooobbooboboboboobob
gooooobobuooobobbooobbJbooobbooobbooobobooooo
goggbooboooobbbuoooobbboooobbbooooobobn

oddoboobbobboooogo 260000 31obboooo 6O
O0000000000000 opcoded DO ODOOOOODOOpcode; OO ODOOODOOMO
OOROOO IO0ODO0OrsO0000O0DOO 100bbO0O0Ob0DbOo0ObbOOobD1IDbOOnOn
oooboboobooooobobbobobobooooobobooRrRbObDObD a0 OO
gobodbboobooobbuooobboobboobooubooobbooobobooo
oboboooboboboobooobooROODb I0b00O0DbD re0OObOORODOOO
200000bboooboobb2b0dbbooobboobD bbb oobobo
oboooobbolIbobobodrtboboobooooboboboboobono oo
O000d0obb0o0obbiooouIbdnU immediate000O0OOOOOODOOOOOO
O0O000b0o0ob0o0bobo0obb0o0ob00bbUuo0JUuUD address0ognoog
JoogoboobboobtbooodbboobboooboobbRUOOO functooo
O000ORUODODODOODDOODDO0ODOORO0ONO shamtOO OO OO shift amount [ [0
O000000ob00bDOoooooshitU00ooooooooboooooooooooo
ooooooo

gooboooobbboooobbbuoooobbbuoooobobbooo



U3 ROODOODOODO

00 00 |00 | 0oooo
add add |O0OOO
add unsigned addu | OO0 OOODOOO
oooo subtract sub | O00OO0O
subtract unsigned subu | OOOOOOOO
shift right arithmetic sra | O00O0O0OO
and and | 00OO0OO AND
or or goooo OR
nor nor | O0O0OO0O NOR
gooad xor xor |O0ODOODO XOR
shift left logical sll | 000000
shift right logical srl | 000000
shift left logical variable sllv | 00000000
shift right logical variable | srlv | OO O OOO0O0O
oooo set on less than slt | <000 10000
set on less than unsigned | sltu | D OO0 slt
jump register jr gobooboooboobon
ooooooo pCOODOO
OO00000 | jump and link register jalr | jal O jr
ROOOOO

ROODOODOOOOOODOOobOOobOOobOobDOoOobObOoObOOoboboboboobooo
oooboooboo30 ROODODODOODOODOOO

OoooooobooboRbOObOOODOOObOOoDOoODOoOoOoOooooOoD4bD RODODOO
OOoooboobooboboooobobogoDobob0obobobo0obbUndsubtractd O
goobouoogon

sub $s1, $s2, $s3

sub UOOODODODODO subtract OODOO$s1, $s2, $s30 00O ODODOOOOOOODODO
$s100000000DODO000O00D0O0Oss200000000O0O0O0OOO¢s30000DO0OO
goboboooobbobuoooobbbouooooboboooooboon

$s1 = $s2 - $s3

00000000000 $s1 0 $s2 - $s3 0000000000

DO0DD0O0O0OROOD opcode U0 UOOODOOOOOODOOOOO0O0DDODOO funct
obobobobobobobobobobbooobuoboboobuoobuooboobgsuoboRr
Doobobobooobobuobioo0ubidtUsuwbd 0000 funetDUOOOOOO0O 34
gboboboogoobbuoooobooboooilgbbobooooobo 200000bo0
OOooooooooooooboobobobobUobobUobosstogooooooDn
OO0bO000ss200 10000000000¢s300 20000000000000000
O0s$s10%s20$s3 0000000000 1701801900000 rdDrsOrt0000On
gboooogdgn

0



U4 RO0OODODODOODOODOODOODOO

00 \ 0ooo \ 00 \ 00
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addu $s1,$s2,$s3 | $s1 = $s2 + $s3 300000000000ooa
oooo sub $s1,$s2,$s3 $s1 = $s2 - $s3 Jo0oooooooad
subu $s1,$s2,$s3 $s1 = $s2 - $s3 J00000000o000ooa
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and $s1,$s2,$s3 $s1 = $s2 AND $s3 |3 00000000OCDOO AND
or $s1,%$s2,%$s3 $s1 = $s2 OR $s3 3000000oooooo ORr
nor $s1,$s2,$s3 $s1 = $s2 NOR $s3 |3 00000000000 NOR
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srlv | srlv $s1,$s2,$s3 | 0 | 19 | 18 | 17 0 6
slt | s1t $s1,$s2,$s3 0 |18 |19 |17 0 42
sltu | sltu $s1,$s2,$s3 | 0 | 18 | 19 | 17 0 43
jr | jr $si O (17| 0| O 0 8
jalr | jalr $s1,$s2 0 |17 0 |18 0 9
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00 00 \ 00 \ 00
ooon addi $s1,$s2,imm | $s1 = $s2 + imm imm 000
addiu $s1,$s2,imm | $s1 = $s2 + imm 0000 immO0O0O
andi $s1,$s2,imm $s1 = $s2 AND imm O0000 $s2,imm AND
ooon ori $s1,$s2,imm $s1 = $s2 OR imm O0O0000$s2,imm OR
xori $s1,$s2,imm $s1 = $s2 XOR imm O00000¢$s2,imm XOR
lw $s1,imm($s2) $s1 = 000 ($s2+imm) | OO0 O ($s2+imm) O O
O00Ds$s1000
oooono sw $s1,imm($s2) 000 ($s2+imm)=$s1 O00d0O¢$s100000
($s2+imm) OO O
lui $si,imm $s1=imm » 210 immO$s1 000 160000
oad
bne $s1,$s2,imm if($s1!=$s2) goto $s10¢s20 00000000
(PC+4) +imm*4 PCO (PC+4)+imm*4
beq $s1,$s2,imm if ($s1==$s2) goto $s10¢s2000000O0O
(PC+4) +imm*4 PCO (PC+4)+immx*4
bgez $s1,imm if ($s1>=0) goto $sthDodbOOnD
(PC+4) +imm*4 PCO (PC+4)+imm*4
oooo blez $si,imm if ($s1<=0) goto $stbodbboOonD
(PC+4) +imm*4 PC O (PC+4)+imm*4
bgtz $s1,imm if($s1>0) goto $sitbDodbOOOnOOO
(PC+4) +imm*4 PCO (PC+4)+imm*4
bltz $si,imm if ($s1<0) goto $sitbDodbOOOnOO
(PC+4) +imm*4 PCO (PC+4)+imm*4
slti $s1,$s2,imm | if ($s2<imm) $si=1 $s20 imm O O O
ooon else $s1=0
sltiu $s1,$s2,imm | if ($s2<imm) $si=1 O00000%$s20 imm O
else $s1=0 RN
bgezal $s1,imm if ($s1>=0+$ra) ubooboboooban
ooooooo goto (PC+4)+imm*4 PCO (PC+4)+imm*4
000000 | bltzal $s1,imm if ($s1<0+$ra) Jddoodoooooo

goto (PC+4)+immx4

PCO (PC+4)+imm*4




s ldoogbogoogooogon

oad ‘ O ‘ op ‘ s ‘ rt \ immediate
addi addi $s1, $s2, 100 8 | 18 | 17 100
addiu | addiu $s1, $s2, 100 | 9 | 18 | 17 100
andi | andi $s1, $s2, 100 | 12 | 18 | 17 100
ori ori $s1, $s2, 100 13| 18 | 17 100
xori xori $s1, $s2, 100 14 | 18 | 17 100
1w lw  $s1, 100($s2) 35 | 18 | 17 100
sw sw $s1, 100($s2) 43 | 18 | 17 100
lui lui $s1, 100 151 0 | 17 100

bne bne $s1, $s2, 100 5 | 18 | 17 100
beq |beq $s1, $s2, 100 4 118 | 17 100
bgez | bgez $s1, 100 1 1171 100
6
7
1

blez blez $s1, 100 171 0 100
bgtz | bgtz $s1, 100 17

)

100

bltz | bltz $s1, 100 171 0 100
slti | slti $s1, $s2, 100 | 10 | 18 | 17 100
sltiu | sltiu $s1, $s2, 100 | 11 | 18 | 17 100
bgezal | bgezal $s1, 100 1 |17 |17 100
bltzal | bltzal $s1, 100 1 (17 ] 16 100

0o Jooooggood

00 == IEEREEEEE

0000 jump j 0000
0000000 |jumpandlink | jal [PCOOD0O0OO0O0O000O0
00oooo 0ooo

Jooooo

JOoOOooooboooboooboobuoobuoobooboobo9bbJooboooo
gbooooo

JOOOooobobooborRObOOO IOO0obOobDOoO0obOobooboooboboobooo
oboooobgob b Joobooboobooboooboobboooboobooo
gbooboodd j0jumpd 00 0O0O0O0O0ODOO0O

j address

jubdbbbbibddddlbaddress 000 nooooobbObOooooo;jog
gbobogobbuodbbuoobbuoobobooobboobbuoobobooobobobn
0020000 PCOO0O0O0OOO0OOOOODOODODOOODOOODOODOODOODO
gbbbudddjalbugggbobobooogbooboooobbobuooooboo
JOOOOOOopcodeDOODOOOOOOODOODOOD NNOOJODODOOOODODO
gbbuodbdjdbibjalbddopcodeUOOOOOOOONO 2,3000 0address
goboboooobbobog2ebboogobboboogn
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0 10: JOoDooogoogoooooood

00 \ 00 \ 00 \ 00 \
good j address goto address * 4 | PC[] address*4 U
0000000 | jal address | $ra=PC+4 O0D0O0000O%rald
gooooo goto address * 4 | PCU address*4 [

O11.Jooooooooooooon
’DD ‘ O ‘op ‘ address‘

j j 100 2 100

jal | jal 100 | 3 100

1.3 UD00oobooboboooobbbod

0000000000000 oooooool200000000000000000
000000000000 0000O00000000O00DbO00DO0O0ODOoDOOoOoDOOoO00n
0000000000000 0000000000000o0oDo0ooDooooooooagn
0oo

0000000000000 0000odoooooooooooooooooooog
0000000000000 0000bO00DO 10000000 bOoO0oDODOoooOOoDOoOOon
OO0000000000000oo0oDdooooooooooooooooooooogon
000000000000 00000b0oO0DoDoO0b0o0bODO0oDODO0ODOOoDOOoOoDOOon
0000000000000 0o0oooooooO0ooooDooooooooogon
OO0D00DbO0o00

MIPS O 0O 00O RISCO Reduced Instruction Set Computer0 000000000 O0O0OO
0000000000000 0O0DO00DO0b0oooO0obOoOoooOO0obOoooDOooOoDOon
O00D00D00DO00DOCISCO Complex Instruction Set Computer0 000000000
000000000 0DbO000O0oO00oo0bOoOO0obO0o0ooO0obOoooODOOobOoOoDODOoD
0000000000000 00000CPUDODODODODOOODOODODODOD
OO000000000 ciIsccpUdOoOopoOoOoOoOoO RISCOODODODOORISCO
ciscoopoopoooono ceuOoonooogon
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2 000OD0ODOoOOO RISCOODODODODODOODOOOOO

21 JUobbobbouoooobbbobooobobboooooobobbd

gbboddlz2zidbboogobbobbooobbooobbuooobboodabn
gboobogbooobbuogbboobboboobboobobooo1oobobbooobn
0000000000000 000000000O0O00DoOO0oDOUODOoOoOOO 7,800
Oobooooboooboooboooboooobbooooooo rRISCOODOOODOOD
OO0 MIpPSOOOODOOOODOOOOOOOOOOD

22 QJUoUOoooood
22,1 OO0OO0O EDAOODOODOODOO

O0O00O0O0ICEO Linux 00000 Synopsys 00 Cadence O OAltera 00 EDA OO0
O000000000000000000O000 EDADODODODOODOOOOOOOEDA
000000000000 00000000000 EDADODOO /publ/jikken/eda2 [
doodoooooooobooobooooooooooooobooooonoooooon
JUdddbid cadsetup.csh.vdec UU U O OO

1. O source "/cadsetup.csh.vdecOO OO DOOOODOOODOOOODOOOOODOO
U0 source U0 DO OUOOOODODDOUOOOODOO

23 UDO0b0boOooboobuobuoboboobn

OO00000D0O0O0O000o00bDUOAteraDE200000000O0DOODOOO0OODOOO
Oo000o0obooooooooboooooooobooo ceyoUooDOoOO MIPSDOD CPU
gbobogobuoobbooobboooboilgbboooobboobbooabn
obobboobooboon

O30 DbE200000000000DO0OO0DbO0O0O0DbbOOoOoobObOoOobDsOobbOn

(€C/ORAVIAS)

..... BBET1ARAT LA

G R I
ol B A% L_JE:jEfji

i — - 1
Faeyy | | em ==

FPGA

DE2 R— K

O3 0gbbbuggbboboooobooogd
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K& F—R—F

ST XA
A ) 2
VGA PS /2
R ﬁ%///
A |
\ 2
FPGA
A
DE2 H— ke W AR WYF
o~ ¢ A
mHEXEY

U4 000000040oo0o

00000010000000000000000000000000000000(1)0
D000(2)00000DE200000 FPGAOODODOO (3)000004)00000(5)
0000000000000CO00000000000000000000 Linux 00
0000000CO000000000000000000000 MIPSO CPUOOOO0O
000000000

0400000000000000000000000000000000DE20000O
VGAODODO PS/2000000DE200000 FPGAOOOODOOOOOOO FPGA O
00O0CPUOOOOOOODOOO0O0000000000VGAOOOOOOOOOOOOO
000000000000

24 0J0O0OooO0O

DE2 0000000000000000000000 1005000000000 50
000000000000000O0CPUOOOOOOOODD00 12000000000
0120005000 Altera DE2 00000000000 swl, swo 00000 CPU OO
000000000000000000000000000000000100000 00
FPGA 000000O0CPUDOOO0O0O0O0O0O0OO 2[Hz, 200[Hz], 1000Hz], 00000
0000000000000000000000000keyt 0000000000000

1. MIPSO CPUODOODOOOOOOOODOODObOOOOOODOoDOD

2. MIPSO0OD0O0OCOOO00O0O0OOODO (D4 0000000000 OODODOOO
. CchUOO00ODOODODOOOOn

4. DE2 00000000000

. D20 000000000000 OO00000OoLobODoODbL ceUODODOODOOO
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ceubOOoOoOooDObOOocCpUO 1O00O0O0ODOOOOODOOOOODOOOOODOOO
O0000O0AkteraDE20O000 700000 LEDsOODOOOOODO PCOOOOOO

O0O000OkeyoUDDOOOCPUDDOOOOODOOODOOO

0120000000 swi, swoUOOO CPULDOOOOOODOODOODOO

(swi, sw0) | 0000000 [Hy
(0, 0) 2
©, D 200
1, o 1000
a, oooooo

O 5: Altera DE2 00O 0O
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3 U00dooog RISCUOOOOODODOOOoOooog

OOoo0ooboboOoboogoboOo RISCOODO0OO0DO0DOO0obODOoOoODOobObOOOUO 10oboo
Ooboboooboboooogboobobobooboobbbaddiviooogonoogn
bO0OswhOOUOOooobhoooooooogaoo

3.1 JUuoboooooob 1-10bbgooouobogada

O00o0o0oobooonD 1-100b0o0boobooobD ' 0o 1oooog MIPS O
000000 print Bbin 00000000000 DO0OO FPGADODDOODODDOOOO
Oo0o0ooboobooboogoboobobooobobooobooooboobooooo
OO00O00O00O0O0OD00O0OD0DOadd immediate unsignedd addinD 0000000000
OstoreworddswO OO OODUOOOOOOOOOOOOODOODOOOOOOOO0ODOODOO
000000000000 bO000bO0o0DbO0o0obODbO0o0ooDbOOoOoboOoobDoOooooDag
O00000b0b000ObD 1000b00addiv0 swOOOOoOoooOoooooooooo
O00000o0oo0oooooooon

3.1.1 MIPSOUOOOUOOOODOOOODOOODOOOOObDOODO

oooobooooMIpPSOOOO0ODOODOOOODODODOOOODODODObODOODbDOO
OO0000o0oooobobobobbQuartuslI DODOODODOODOODOOOOOOOO
gobogobbobobboboobbooobbooobuooobboobbooonbn
gbbobbbbuogoobbbooobobbbooobbboooob
O0000OMIPSOOO0OO0O00O00O00O0O printB.bin'0000000000000
gbbobood pvin2vggoon

22100000000 EDAODOODOODOODODODOODOOODbin2v print B.bin[
OMPSODODOODOODODOOOO0DOO0OO0D0OO00O0O0O0OO00000D0000O0D00O00000
googbooobuooobddiodl rom8x1024 DE2.mif JUDOUOOOODOOOOOOO
OO000000 Verilog HDL 00 rom8x1024 sim.v 00O 00O OO00OOOOODOOODO
O000D0 rom8x1024 DE2.mif OO ODOODOODOO Quartusll DO O0O0OO0O0OODOOO
OO000b0oobooboobobooogn Verilog HDL OO0 rom8x1024_sim.vUO OO OO
gbobboooobbbuoobobboogobbobuoooobbogad
O0O000o0ooooo MIPSOODOOOODO printB.bin 0000000 O0OO0O0O
U0D0o0oboodl addiv 00000000000 swODOOOUOOODOOOOOOO
oboobooboo ,2,3000000000000b000b0b0b00b00bO00bOn

1. OO00O0O0OO0OORAMOO 0x0300 000 oo OO
addiu $s2, $s0, 0x0300
sw $s0, 0x0000($s2)

2. RAM O 0x0304 OO0 2000
addiu $s3, $s0, 0x0304
addiu $s2, $s0, 0x0002
sw $s2, 0x0000($s3)

Thttp: //www.ice.nuie.nagoya-u.ac.jp/jikken/hard /j2hard-mips/k01_addiu_sw/print_B.bin
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3. RAM DO 0x0300 000 10000
addiu $s3, $s0, 0x0300
addiu $s2, $s0, 0x0001
sw $s2, 0x0000($s3)

3.1.2 O000obooObooooooboood

oooooboogoobooooboooobboooboooobooobooooooooooo
OObin2v 000000000000 OOOO0OOO0O Verilog HDL OO rom8x1024_sim.v
OD0D00000 60 rom8x1024sim.v DO UOOOODOO 60 case UOOOOODODOOO
oboooobboooboobobooboboobbOono 1e-bit b0oobooobooon
32-bit 0000000000000 0OOOOO //00000000000000000O0O
Oobo0oboobooo0obooooobooobooooboobooobDobobooooobo
OO0 MIpPSOOOOODOODOOOOODOODOODOOOOOOODODODOOOObDODOD
OOOoobod RrReglol, ...,REG[31] DO ODODO 0OOOO 31000000 $=zero, ..., $ra
000 (0100000000 rRAMwl OODOO0DOO0OO0O0 wODOOOOO

<O00d>
case (word_addr)
<0d>
10°h00b: data = 32°h24020300; // 0040002c: ADDIU, REG[2]<=REG[0]+768(=0x00000300); 0O OO O PC=0x002c O OO
10°h00c: data = 32’hac400000; // 00400030: SW, RAM[REG[2]+0]<=REG[0];
10°h00d: data = 32’h24030304; // 00400034: ADDIU, REG[3]<=REG[0]+772(=0x00000304);
10°h00e: data = 32°h24020002; // 00400038: ADDIU, REG[2]<=REG[0]+2(=0x00000002) ;
10°h00f: data = 32’hac620000; // 0040003c: SW, RAM[REG[3]+0]<=REG[2];
10°h010: data = 32’h24030300; // 00400040: ADDIU, REG[3]<=REG[0]+768(=0x00000300) ;
10°h011: data = 32°h24020001; // 00400044: ADDIU, REG[2]<=REG[0]+1(=0x00000001) ;
10°h012: data = 32’hac620000; // 00400048: SW, RAM[REG[3]+0]<=REG[2];
<0d>
endcase
<0gd>

O 6: rom8x1024_sim.v OO O

Ob0db0060 caselUDUOODOODOODODODOODOODOODODOODOODO
OO0 0ox00p DO DO ODOO 0x24020300 U OO OOOOOODOODODODODLODOD
OO0 MIPS OO 0x0040002c DO O ODOODOODOO addivdO0O0OO0 2000000 0
oboobogoo+ve8sbbooboobobbobbooboobon
O000O00000000O00000bbO00bbO0OOD PC=(0x h3 h2 h1 h0o) OOO
OO0b0boobooooooooobooooboobboooboo 2-bit00000O0 ¢ (0x h3 h2 hi
ho) >> 2 )000000D000O0O0ODLO0O0ODO0OLOOODOODbDOOOOODbDOnO PC=0x002c
0000000 000oo00obooboobooo (ox002c) >> 2000 0x0000 0D OODOO
OO0DO00000bOoO0b0O0o0obob00o0o0b0oooobOoOonbog PC=(0x h3 h2 ht
ho) DODOO0O00O00O0 MIPSOOOOOOOOOOODOODOOO oxoo400DOODO
(0x0040 h3 h2 h1 h0) DOOOOOOOOOO

print B.bin U0 OO OO0 rom8x1024_sim.v, DO O OO 6 O Verilog HDL 00 OO
gpooood 1,2, 3,4,500000000addin 000000 0OO0O0O0OO0OO0swHOO
obobooboobooboobgoobooobobboboob ooboobOo obOoDO

1. 000000 PC=0x002c DOODODOOOOOOOOODOODOODO REG[2] DODOO
gbobooboodgoboobood
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2. 000000 PC=0x0030 0000000000 OOOORAM O 768 (0x00000300)
gbobuoooobbboooobon

3. 000000 PC=ox0034 000000 OODOOODOOODODOREG3] ODOOODOOO
gbooooogn

4. 000000 PC=0x003c DODOODOOOOODORAMOODOODODODODODO
gboboobooogbobobooon

5. 000000 PC=0x0048 DUOODOOOOOODORAMUOODOOOOOOOOODOO
gbooboboooobbbooooboboboooon

3.1.3 0000

OOb0o0bdbbaddin000 swOOOOOOOOoooOooooooooooobooo
Ooboboboooboobbobobodbrin2v 0000000 oobOooooooDoon
O000000 rom8x1024 DE2.mif U O OUOOO Verilog HDL OO OO mips_de2.tar.gz
0o0ooon

mips_de2.tar.gzUUUOUOUDOUOUOU0OO00O0O00O0U0 rom8x1024 DE2.mif [J [
Quartus 1 OO0 O0O00OO0OOODO0OO FPGAOODOODOOOODOOOOODOOOODOO
U000 DE2 Default.sof DO O UOOMN

Otar xvfz ./mips_de2.tar.gzl U mipsde2.tar.gz U0 O0OOO0OOO0ODOOOO
dodobooooboboobobooboobuooboobg VerilogHDLOODODODO
U00000 mipsde2 U0 OO0OOO0O0O MIPSUOODOOODOODODOODOOODOODO
0000000 Verilog HDL OO mainctrl.vOOOOO0OO0OO00OOO mips_de2/MIPS [
oooooog

000000 bOb00O0 rom8x1024 DE2.mif U DO U OO O mips.de2 DO OO OO
00000 mips.de2 U cd U U M quartus_sh ——-flow compile DE2 Defaultl] [] [

doboboboobobboboodgoooooobbb sudg 200000000000
O000000DO0O0o0DDODODO mipsde200 FPGADOOOOOOODODOOOOO
gboboboooobbbuoobbbibdgdn DE2 Default.sof DU OOODOO

3.14 FPGAOOOOOOOO

O00000000addiu0 00 swOOOODODOODOODDODODODODODODOOODOOOOOO
O000000000000000000D0100000addivd swOOOODOOODODODO
000000000000 0DO0000o000o0goDoooooooDoooooooogon
000000000000 000D00DO0000DOD DE2Default.sof JO0ODOODO

DE2 Default.sof 0 Quartus I 0000 DE2O00000 FPGADOODOODOOO
O000000DE20000000000000 key0, keyl 000D 0OO0D0OOO0OOOODOOO
O00000000000000000000000000D00DOooOOobE20000000
o000 swO,swl OO0OO 1000000000000 0O000O0O0O0OOO0bOoObDO

ObhoobodbbobbuoobboobbUodlkeyl 1 0D000DO0ODOO0ODODOODO
Oo0O0o0010000000D0O000 pCOOO0ODOOOODOOODOOO1I0O0OOODO
gboboboooobbobooobobbboogd oxo000 D Ooooobooooooon

http://www.ice.nuie.nagoya-u.ac.jp/jikken /hard /j2hard-mips/k01_addiu_sw/mips_de2.tar.gz
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O00000000000D0000000 printB.pin000000000DOOO B’ O 1
OO0000000000000 keyl OODOODOOOOODOOODOODOODODODOOO
0000 PC=0x0000 D000 PC=0x0048 OO DO DOOOOODOOOOOOODOOOO
0000 'B0 100000000000000000000000000000000
Ooooooood

O0o00oDoooooooooboooodbooooobobooooboooooooo roo
000 1-10000000000000D0000D0D000000doD0oD0oooDooooDOon
000000000000 0000000000000000bO00O0bOO0D0Og pc, ALUY O
O0000D00000DO0D0000 PC,ALUDOD aluyOODOOODOODOODOOALUY
O00000 ACTRL,B,COMP 0 0O O0DOODOOODOOODO ALUDOO a, aluctrl, b, 00O
alueemp OO0 O0O0O00O0O0OCOMP OODODODODO REGD1, IDX, REGD2, IDX O OO OO OO OO
000000000000 Registers OO0 read_datal, 00O read idx1l, OO read_data2,
00 readidx2 000000000 OOO REGWRITED, IDX, WEN OO 0O 0O O Registers O
O O write data, write idx, write enable O OO O O O O O O RAMRDAT, ADDR, WDATA, WEN [ [J
0000000000000 D0O0OD0O0O RAMODOO RAM data, 00 RAM address, RAM
write data, write enable OO0 0000000000 0O0OOOOODOOOOO 1300000
O00000000DO0000D0DOO0000ooOoOOoooooooo 1-hitoooooo
00 32-bit 00000000000 0O0O0O0OOO0O0O0OO ROMOOODOOODOOOOOO
0000000000000 0O0O0000ooDOo0o0oobOOooDboooooooDg RAM
000000000000 3.1.2001,2,3,4, 50000000000
0000000000000 00000000000000000000Dan

O00000D0aaddiu0D00 swOOOOODOOODOOOOODOOODOOODOOODOOO
2000000000000 000000O0000O00D000ODO0D0ODO0ODOOO0OOOoO
OO000000O00bOO00bOO0o0bOO0oDooOoDoooooooood

U 13:0u0gggbbobuoogobbobuooobobuoooobbobuooan

|0000000000000000 | 0000000000 \
PC pCOOO0ODOOODODOOOOOODODO
ALUY aluyOALU OOODODOO0OD
A al ALUODODODOO
CTRL aluctrlD ALUDODODOOOOOO
B bOALU OOOODO
COMP aluecmpd ALUOOOODOOOCOD
REGD1 read datalD 0000 OO0 OO Registers 0000
REGD1 0 OO0 IDX read idx10 Registers 00 0O OO
REGD2 read data2[] Registers 0 0 O O
REGD2 J 00 00 IDX read idx20 Registers 0 0 0O 0O O
REGWRITED write datald Registers D 0 00O O
REGWRITED O OO0 IDX write idx[J Registers 0 0 0 0 O
REGWRITED U O O WEN write eneble[] Registers U0 00000000000
RAMDATA RAM dataD OOOOOO RAMOOODODOO
ADDR RAM addressOERAM OO OOO0OO0OOOCOO
WDATA RAM write dataO RAM OO O DOOO0O0OOO
WDATA 0 OO WEN write enableD RAM 0000000000 ODOO
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3.2 UJUUO0OO00U0O0O00 1IHaddiv U0Usw OO OOOOO 1-2

gboboggbubuooobbooobbooobobbuoooobbooobboogbn
O000ooooooooooooobidbodbbaddiv000 swHOOODOOOoOoOoOO
gobobobbobbouoduooooobobbobbbbbouoooooobobbobobobood
gobobooooobobooooboon

3.2.1 addiv 0000000 O0DOOO0O0OO0DODOOO

OO0b0000o0o0ob0 100000000 addnuO00OswOOOOOOODOOODOO
Oobo0oobooooooooogbboobo 1gboooobooooooboooboOoo
Verilog HDL 0 0 main ctrl.vOOUOO0OOmain ctrl.vOOOOOO 10000000
Verilog HDL OO0 0O 0 mips de2.tar.gz 0000000000000 DOOODOO mips_de2
OOooOoboboobOdMIpPsO0OODO

0000000 mainctrl.v00O00O0000O00OO0 10000 (HOMQ)DOOOOOO
00 1,2,3,45,6,7,89000000000000000

0. addinu O OO OOO

e addiu 0 O0ODOO rsO0OO00OOO0ODOODOOODOODOOOOODLOOODOO
O0000 mmediate 00000000 0OOOOO0ODOOOOtO0O0DOOOO
gbobbooodgbbbuooogbbbod

e addiu D0 DOODO0ODOOOOOOOOOOOODOODSUDOODOOOOLOODOO
Oooobooo0o0oob0obo0o0obo0ooboooboobbaddivOooooon
0000000000000 000000000000O0O0O000O00O0O0n(?)
0(0)00000000000000O0DO0O00000000000000000
0000000 (2)0((9) 0000000000000 00D000oDoOoOD

e oddiu 0000000000 immediate d rs OOOO0O0O0O0OODODODO

e J00D0DOOO signext 10 0OD00O0ODOODOOOOOODO [8]0 p.270000
OOMUXOO200 1000 Multiplexer, 000000000000 200
gbobboogooboobuoooboboooobboodgbobuoog oboogbo
O00000000ALU (Arithmetic and Logic Unit; 0000OOO0OOO)O00O
OO0O0O0DObOOoObcAND,OROOOOOOODOODODOO

1.0000 10000 (HDI00000 addn 00000000 OOOO

e addiu OO OODOOOOO goboboogoobooo
ggn ggooood

2. 000010000 (20100000 addiuO0O0O0OOisbranch 000000000
gobooo

e ishranch 0000000000000 OOOOSOIOOO [8]0 pp.280-284, p.2711]
e addiu0 OO beq (branchonequal) 00 000000000000 0O0O0DOOis_branch

00000000000 0000000000000 issbranch 000000
00 (000000000003 //isbranch.d0 // 000000000 is_branch
00000 //3b000, == EQ //..0000... // 3'b110, do nothingd 0 O OO
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o 10D goo

ggooobog

3. 0000 10000 30100000 addin DOODODALUOOOOOO BOOO
gbobobuoooobboooogbon

e ALUD BOODOOODODOOODODOOOOOOD immediated 00 [15:000000
O00D0OD00O00 alubsell DOOODODOO 1o 0O000ODOOOO1D]
goboboooobbodd

o [] gbogboboobgubobbosgbmobod
ERERE ggooobod

4. 0000 10000 40100000 addin 00000000 OOOOOODOODOO

e signext 00 J0O00O0O0O0OODOOOO8IOTODO [8]0 p.27000

esignext 10000000000 0000000000000 dosignextO
0000000 (0000000000)0// dosignext // 000000000
sign_ext 00000 // dosign_ext == 1'b0016-bit 0000 32-bit 000000
00000000// dosignext == 1"b1016-bit 0000 32-bit 000000
00000000000

o 10D ERERE goo
goon

5. 0000 10000 h)Uloo0o0o0 addiu00O00O0OD0OOOO0OOODODOOO

e aluop 0 ALUDODOODOO alucttler 1000000000080 000 [8]
0 pp.274-28400

e addiu 00D ALUOODOODODDODOODODOO aluwop DODOO0O
U 0000000000000 alvop 0000000 DO(DODDOODOODO
O00)0 //aluop //ALUODOOOOODO aluctrler 00000 // 3000, ALU
0000000 0// 3b001, ALUD LULOODODO0ODO// 3010, ALU O
ROODODOODOO0DODOOROOODODOOOOOOOODOOOOOOO)// 3bolt,
ALUDO ANDODO0OOOD// 3b100, ALUD OROODO0ODOO// 3'blol,
ALUO XOROOOOOOO//3bl10, ALUD SLTOOOOOOOO// 3bl11,
ALU O SLTuU0OooOOoOooooooDooo

o [ ERERN U
0000000 78 00000ooooooood

6. 0000 10000 (60100000 addn 00000000 OOOOOOOOOO
goo

e reg writeenable U0 DO OODOOOO registers OO O0OOO0ODOOOOONO 8O
000 [8]0 pp.274-28400

e addiu O 0I00ODO0O0ODOOO0OOODOOODODOOOODOOO reg-write_enable
gooood 0000000000000 regwriteenable D OOOOONO
(0000000000 // regwrite_enable // 00000000 registers 00O
000000 // reg-write_enable==1'b@00 00000000 // regwrite_enable
==1b10000000000000
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o [ EEN
U ggooood

7. 0000 10000 (MOIOD0O0O0OD0 addiuO000O0OO0OO0DODOOOOOODODOO
gbobboodgobbooodabbon

e aluramselsOO000O aluramsel OO0 O OO0OOOOOOOOOOO OO
00 [8]0 pp.274-28400

e ALUDODOOODDDUODOOOODODUODDOODOUOODDaluramsel DOO0OO
gboOo rpo0booboobodrelgobobobobboonoon

o [] gobooboobguoboobsbomoag
ERERN gobooogd

8. 00OUD 10000 (I DD0D00D addin DO0ODODODOO0O0O0O0DOOD writeidx
O000000000ooooooooogoo (1)

o reg widxsells 00000 regwidxsell 0000000D0000000000
80000 [8]0 pp.274-28400

e UDUODUODUUODLUUODLUUODLOUODLOO writeddx DD ODODO rt0 O
020160 00000000regwidxsell 00000000 ’b0O00ODOODO
gbodrphlOdoboooboooooonDg

o] gooboboooobbooobbogbbommubg
ERERN gooboodg

9. 0000 10000 (9YDIDDOOOD addin DO0O0O0OO0O0O0O0O0O0O0ODO writeidx
00000000000000000000 (2)

e link 00000 regwidxsel2 0000000000000000080000 [7]
0 p.7100

e JIDUODODDODUODUODODODODODO writeddx OO DODODO rt0O O
0201600 0000000regwidxsel2 00000000 1’b0O00ODOODO
oooOrplooobooboooooogn

o [] gooobboooobbooosoomong 0o

U ggooood

3.22 swUUOOODODOOOOOODOOOOOOO

O0000D0000swOOODDOOOODOOODOOOOOOOODDOOOOOOODOO
00000 Verilog HDL 00 main ctrl.v OO0 OO0 Omain ctrl.v O 0addiu OO 0O
000000000000 0000oooDOon

0000000 mainctrl.vO0O0O000000000 10000 (10)0(16)00000O
000 1,2,3,4,5, 6, 7000000000000

0.swOOooono

eswUUOUOODOD rtdbbboooobbbuoobbbooaobbog
gboogobbod sgbgobuogbboobuoobbooboobooon
O000 immediate 0000000000 OO0OOO0ODOOOOO
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esw HUUOOODDUOOOODOOOOOLODODOOODL YD OOoLoOoobuoooboboa
gbobbobbbooooobobbbbboudswdbobboooooooo
0000000000000 000000O000oooDoDo(no@e)oooo
000000000000 00ooooooooooOooOoOoO0OOoO (InO(1e) O
goboboooobobbuoooobobbooon

1. 0000 10000 (o)0loooobD swOOooooooooooOo

e swHUOODOODOOUO gobogoboboodd 0]

g0 goboobod

2. 000010000 ONHOI00O0O0O0O swOOOODRAMOODODOOOOOO

e ram_writeenable OO0 OOO00OO00OO0OOOODOOO 900

e swIUOOOOOODODODOODOUOOODOODOODDOOO0DODOO ram_write_enable
googgn OO0000bO0bO0Ob0000 ram-write_enable DO OO0OOO
O0(0O000000000)g// ramowriteenable // RAM OOOOOOOOO//
ram_write_enable == 1’b 00000000000 // ram_write_enable == 1'b10
guoooooobobbod

o 1[I g
U gbooodd

3. 000D 10000 (120100000 swOOOOiscbranch DO0O0O0OOOOOO
gooo

e isbranch 0000000000000 O00009000OO0 [8]0 pp.280-284, p.2711]
e sw OO beq (branchonequal) 0000000000000 O0OOOis_branch

00000000000 0000000000000 isbranch 000000
00 (00000000000)0//isbranch.d0// 000000000 isbranch
0ooo0 //3b000, ==, EQ //..0000.. // 3b110, do nothingd O O OO
e 0OD 000
0000000

4. 0000 10000 (B)UIODDOOO0 swODODODODALUOOOOODO BOOOOO
Dbooboobooobooobod

e ALUD BOOOOOODOOODOOOOOOODO addressD OO [15:0j0 0000
00000000 alubsell UOOODOOODO 1’00000 0OOODOOYTLLIO
goboboooooboo

o [J gogbobuogobbboogooubbn g
ERERE ggooood

5. 0000 10000 (140100000 swOOOOOOODODOOODODDOOOOOO

e signext 00000000000 ODOOOOYWOODO [8]0 p.27000

e sw IODODOUODOODOODOODODOODODOUODONO address 0 rs OO0 OOODOO
gooobooo
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signextt 00000000000 0000000000000 dosign.ext O
0000000 (0000000000)0// dosignext // 000000000
sign.ext 00000 // dosign_ext == 1'b00 16-bit 00 00 32-bit 000000
00000000// dosignext == 1'b1016-bit 0000 32-bit 000000
00000000000

ERERN ERERN gboobodgd

6. 0000 10000 (1/0I000o00 swOOOODODODODODOOODODODOOO

aluop 0 ALUODODODOOD aluctrler 00000000000 90000 [§]
O pp.274-28400

swOODO ALUDODDODOOODODODODODOODODOOOOO alvepOOODOOO U
000000000000 alvop 0000000 DO(DOOOOODOOOO)NDO //
aluop //ALUDOODOOOOO aluctrler 00000 // 3'b000, ALUOOOO
000O0//3b001, ALUD LUIODODOOO0D0// 3b010, ALUD RODO
O000000ORODOOOO0OOO0OO0O00O00O0O0O0O0O00O0//3b011, ALU O
AND D0OD0OD0// 3b100, ALUD ORDODOODD0OD// 3101, ALU O
XORODOODOOODO// 3b110, ALU D SLT 00000000 // 3'blll, ALU
O SLTu000nooobooobond

oo oond gooono
oo

000 (780000000000 000ODO

7.0000 10000 (16) 000000 swOODOODODDODODODODOOODODOODOOOO

HEN

reg_write_enable DO OO OOOODO registers 10 O0O0O00OO0OOO0DOOOOO 90
000 8]0 pp.274-28400

swOOUODOODOODOOODO0OO0ODOO0OO0DOO0OO0DbO00OO0O0 reg-write_enable O
ggoog 0000000000000 regwrite_enable 10000000 (O
000000000 )d// reg-write_enable // 00000000 registers 0000
00000// regwrite_enable == 1"’b00 000000000 // reg-write_enable
==1b100000000000 00

ERERN ERERN
goboogdg

3.2.3 0000

doboddooboooooooooooooooooo b ooooboooooooon
Odo0doododoodooooodd mainctrl.v OO0 1-1 0000000
0000000 Verilog HDLOODOOOprint B.bin OO0 OO00OO0OODO0OO0OODOOOO
0 rom8x1024 DE2.mif OO OO OO

00000 mainctrl.vO0OOO0O0ODOD0OO0O0O0O0ODOO0O0 mipsde2 0000

000000 MIPSOOO0O0OOO O0O0O00OO mipsde2000 (cd)J O pring B.bin

U rom8x1024 DE2.mif U U U OO OO U [ quartus_sh --flow compile DE2 Default[]
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0000000000 00000000000O00000 mipsde200 FPGADOODOO

gboogbbogbobuobboobuoobboobbdodbdl DE2Default.sof [
gooood

3.24 FGPAOOOODOODOODO

OO0000dD00D0dDodoDO0o0ododoDdDoooDOoDoooDOooDOoDOD 1.1 000
00000000000 000o00o0DOooDoooOooDoooOooDooooooooon
O00D00000O0O0DO000 DE2Default.sof 0O OODOMO

DE2 Default.sof 0 Quartus I 0000 DE2O00000 FPGADOODOODOOO
0000000000000 swO,swl OOOO 1000000000000 0O0OO0OOOA0O
Oooooooo

O0000000000000000 printB.pin 00000000 O0ODOO B O 100
OO00000000000 keyl OODOODDOODOOOOODOOODOODOOOODOOO
00 PC=0x0000 0000 PC=0x0048 OO0 0000000000 O0OOO0OO0OOO0O

O0'B0100000000000000000'B0 10000000000 og

goboooob 1-10b0000bo31.2001,2,3,4,500000000000000

gobgoogooobodbodbogbooboiil2ioul, 2, 3,4,50000000

gboboboooobobooood

3.25 0OUOOU0oOobObOOOoOoOoOobobOOd

gbbogboogobogoboogbboobbooobbuogbbuogbooann
Uo0oboboobobbobobobob 10 printB.bin 0000000000 0O0OO
OO0O000oO0boogogd Verilog HDL OO0 rom8x1024 sim.v U OO O0OOOOOOOOO
O Verilog HDLODOOOOOODOO

Doobooobobooobobo0boboboo0obUbUbU mips_de2/MIPS/cpu.v
gbbodgbbobobboobboboobuooobuooboboobobboboobbooobb
000 000 1,2,3,4,5,6 00000000 mips.de2/MIPS/cpu.v O OOOOODOO

1.cpu.vO 7000000000000 include OO OOO0OOODOOODO
2.cpu.vd 65 0000000000000D000 include DOODOOODO
3.cpu.vd 32000000000000 ROMOODOOOOOOOODOODODOO
4. cpu.v 0 315 0000000000000 0OOOO0 ROMODOOOODOOOOOO
5. cpu.vd 340 00000000000 RAMOOOODOODODOOOODOOOOO

6. coru.vd 335 0000000000000 00OO0 RAMODOOOODOOOOO

cpu.v 0000 Orom8x1024 sim.v OO0 O O00ODOO mipsde2/MIPS O OO ODOOOOO

O00 mipsde2/MIPS 0 cdODOOEDADODOOODOOOODOOODOO 3200000

Uverilog +gui testcpu.vU U O UOOOOOOOOOOOOOOO

gbobbbooodgbbbuoooobbbtoooobbbuoooubbblepu.vdDbO
gooobogoood
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4 0000000 RISCUOO0O0OOOOOOOOOO

OO0000ob0obOoogooOoo RISCOOODOOOODOODODODObOOObOO 2000
OobooobooooobooobooooooobooboboooooojooooboooooDo
OO0O0000O0oooboOoO0Osiktiv0D0000D000000DOO0b00O0bDOObnedoom
ooooboowhoooboogooooogbbboobooobooooboooooboogoo
gboooboooooobodn

obooboboboobobodboobo 2100000000 200000 2200
gobooo

4.1 U0O0O0OD0OOO0OO0OOOOO 2-10000000000 10

Oooooobooob 2-100poboboooooboo'pooooooboog MIpSOO
00000 print Bwhilebin OOD0UOOOOO0OO0OOOODOO0OOOOODO 100000
OoO0ooOoOb0FPGADOOODOODOOOOOOOOOODOODOODDOODO 1200
gobobobuooudbbjmpjboogoobboboggoobobooooooon
gbbuggboboodbbuooobuooobboobobboobboboobooobn
gboboogbboogbbbogob 20000b0yj000bbbooobboooobn
gbobbuoooobbooodobbon

4.1.1 MIPSOOUOOUODOODOOOOOOOODODObDOOOOOO

OdodooooooMIpPSOOOOOOOODOOOODDODODOODOOOODDOODOOOO
O000000000OMIPSOO0O0O00O0O0O0O0OO printB.while.bin?0000000
00000o0o0oonod vin2vO0O0ooaoo

EDADOODOODOODDODDOODbin2v print B.while.bin0J O MIPS OO OO
0o0ooooooooooooooodoooooom@oobooooooooooonod
0000000000 rom8x1024 DE2.mif DO OO OOOOOOOOONO Verilog HDL [
0 rom8x1024 sim.v U O OO OO

O0O00000D0000O MIPSODOOODOOO printBwhile.bin DOODODOODODO0O
goboodoob jboooobboooobbuoooobbboon 1,2,3,400000
Ooodoodoooooooooooooooon

1. 0000000RAMOO 0x0300 O OO oO0O0O
addiu $s2, $s0, 0x0300
sw $s0, 0x0000($s2)

2. RAM O 0x0304 000 2000
addiu $s3, $s0, 0x0304
addiu $s2, $s0, 0x0002
sw $s2, 0x0000($s3)

3. RAM O 0x0300 000 10000
addiu $s3, $s0, 0x0300
addiu $s2, $s0, 0x0001
sw $s2, 0x0000($s3)

3http://www.ice.nuie.nagoya-u.ac.jp/jikken /hard/j2hard-mips/k02_j/print_B_while.bin
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4. PC = 0x040002c O OOOOOOOO
j 0x040002c

4.1.2 0O0O0O0OO0OO0O0OOOOO0OO0OO0OOOO4d

g0O00O0OO0OO0O0O0O00o00oo0o000000000000 00D DO U bin2v
0dd0dddooooooooooododod Verilog HDL O 0O rom8x1024_sim.v O O O O
U000 100 rom8x1024 sim.v O OO OOO

<O0d>
case (word_addr)
<O0d»>
10°h00b: data = 32°h24020300; // 0040002c: ADDIU, REG[2]<=REG[0]+768(=0x00000300); O OO OO PC=0x002c O OO
10°h00c: data = 32’hac400000; // 00400030: SW, RAM[REG[2]+0]<=REG[0];
10°h00d: data = 32’h24030304; // 00400034: ADDIU, REG[3]<=REG[0]+772(=0x00000304);
10°h00e: data = 32°h24020002; // 00400038: ADDIU, REG[2]<=REG[0]+2(=0x00000002) ;
10°h00f: data = 32’hac620000; // 0040003c: SW, RAM[REG[3]+0]<=REG[2];
10°h010: data = 32°h24030300; // 00400040: ADDIU, REG[3]<=REG[0]+768(=0x00000300) ;
10°h011: data = 32°h24020001; // 00400044: ADDIU, REG[2]<=REG[0]+1(=0x00000001);
10°h012: data = 32°hac620000; // 00400048: SW, RAM[REG[3]+0]<=REG[2];
10°h013: data = 32’h0810000b; // 0040004c: J, PC<=0x0010000b*4(=0x0040002c); 0O OO0O OOOOO 0x013 OO0
<00>
endcase
<g o>

0 10: rom8x1024 sim.v 00 0O O

0100 case 00O 0O0OO0OOOODOODODODOODOOODOOOOODOODOO 0x013
OODO00 oxos1o000p DO O OO OODOODOOODOODODOODDOODOODOOO MIPS
00 0x0040004c DO DOODOOOODODO jOPCO oxo040002c DO0ODODODOOODOODO
ooooogo

print B.while.bin OO O OO OO rom8x1024_sim.v 0 U OO O 10 O Verilog HDL O

dobbobdodoil1bobdogdobbggd;uooobbbouogon

1. 000000 PC=0x004c U D ODOODOODOODOODOOPCOOODOOODOODO
gbooboooobobboooobon

4.1.3 0OO0O0OUO

oooobooobgjooobooboobobooobooboobooboboobobobobo
ObobooobobobdbOvein2v00gooooooooboooboooooobon
00 rom8x1024 DE2.mif OO 1-2000000000000O Verilog HDLOOODOOO
ooof

g0bobDooodbibid rom8x1024 DE2.mif DU U UUOOO mips.de2 UUUOOODO
00000 mips.de2 U cd U U M quartus_sh —-—-flow compile DE2 Defaultl] [J [
O00000D00000000bO0b0b0ob0OD mipsde2 00 FPGAODOODOODOO
UboobuoobuoobboooboobuooboobodbOdd pE2.Default.sof U UM
oood

4.14 FPGAODOODOODOODOO

gbooboogoobyjbbbuooobbboogobobbooobobboooobobn
obobooboboobob 2000000000000 000000O00DODODOODO
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OO00D000000o00o0d0oo0ooooooooooDoooooDooooooooogn
000000000000 000 DE2Default.sof 00O OO0

DE2 Default.sof 0 Quartus I 0000 DE2O00000 FPGADOODOODOOO
0000000000000 swo,swlOOOO 10000 000000O0OOODOOO
OO0oooooon

00000000000 00000000 printBwhile.bin 00000000000
O0'BO00000000000000000O0keyl 00DO0OO0OO0ODOOO0ODOODOOOO

0000 PC=0x0000 DOOODOOO 25 0000000000000000000000

O'Bodoodoodoiogoggbgobgmodbobobobob 10obobn

gbobobouoogon
guobboobodgbodgbobodgbouogboobboobuogbooboobb 1o
obdb 2-100000000000000b000 412001 0000000000000

dobobodgdooboggboouogoobbooooooood

gbbbuoogyuobbbuodbbbboooobbobbuoooobbodg 2200000
googobobooobboobobooobbuooobbogboboogbbuoobobobooann
gbbbuoogbobbbooobbbuooaoboo
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4.2 U00O0O0O0OO0OoobO20j0b0000ooog 2-2

gbodbugoboodgbuogbogboobboboudobuogbyobobooboon
gobobooooobboooodoybbbooooobboooooobboooobon
gbobbuoooobbbuooobbodao

4.2.1 jUOO00OO00O0O0OOOO0OO0OOOOOOO0OODOOOO0O0n

gboogbobbobiobdad 2-1ggbboobtugyuodboboobuoobuabbodgboo
OoOoobooooboobooboooboboooboon Verilog HDL OO cpu.v OO O
UO0Ocpu.vUOUOODOODOOO mipsde2 JUODOOOOOO MIPSUOUOUODO

0000000 cpu.v0O0000000OOOO 20000 (1HDM4)000O0O0ODODO 1,
2,3,4000000000000000

e jUI0ODIDUODOOaddress 00D ODOODOODOODOOODOODO x40 PCOOODOO
gboodao

o jUUOUbDbOODLODLODLDODLDOODLOODLDLDOUOODLOODLDDOODLDOOn
0bgbuogbogboogoodbbob 2000bo0gbooybooboobo
OO00000o0bobooooooO0OMUX jpsel ODO200 1000 Multiplexer,
gboooobogbod 200000000b0ob0bodoooobobobboooon
oo jpb 0O0DbOUOOO0DOODDOODODODDODOODLODDOObLOObOuObLOn
gbooboboooobobbooooboboboooobood

1.0000 20000 (1)Djpsel 000D0O0O0O0ODODO

e 1120000 jp-seldO, jp-sel.dl, jpsel.s, jpselyUudnooogon
googogon

2. 0000 20000 (2)032-bit, 32-bit 0O, 32-bit 00000000000

o 1 12000000 jpsel DDUUUOOODDODOOOODDODOOOODODO

3. 0000 20000 (3)djpsel 00O jpsely O penext 0000

e UUDODNO jpssel UUD jpsely DU 120000 penext OO OOMO
e 10O assign pcnext = pesel.y; OO OO0

4. 0000 20000 (4)0jpsel 00O jpsel dO, jp-sel.dl, jpsel.s O OO

e UUDOUODO jpsel OUODO jpseldO, jpseldl, jpsel s OO DOODOO 12000
O pcsely, shjy, jp 000000
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4.2.2 jUO00O0O0O0OOOOOOOOODOOOO0

gboogooobubudgb 2-100b0gbbdyobboooboooobobbodgoo
OO0bo0oobooobo0oobooboobo0oob0oobooDbO Verilog HDL OO0 main_ctrl.v
U0000O0Omainctrl.vUOOO0O0OO0O0Omipsde2 D0 UOOOOOOO MIPSODODOO

0000000 mainctrl.vO0OO0OO0O0000O0O0 20000 (HO@B)DoOOOO
b 1,2,3000000000000

ejlbbObbOUO0DLOLODUODLUODLO BO0ODLODOODOODOODOO
ooooboboobjobobuoobbobbooboobbooboobboobag
00000000000000(2),3) 0000000000000 UooooooOO

O0000C0O0O00O0O0O00O0OO (2,3)DooooooOo0ooOoObOU0OoOoOooooo
oogd

1. 0000 20000 (1H)0JO0O0C0O0O jO000DO0OooooooOod

o jHOO0OOOOOOMO gbogoooodgbog [
00 goooood

2. 000020000 (2QJO000O0 jO000jpsel000000ODOOODODOOO

e jpsel 0000000 DOOOOODODOOOO 130000 [8]0 pp.280-284, p.27100

e j000DDDDDOOOOOOjpsel 000DDDDDDOO DODOOOOOO
OD000D00 jpsel 00DDODDO (D0DOO0DOOOO)O// jump, J, JAL
0//MUX, jpsel 000000000000 //jp==1b00 jump 00000
D000 PCODOOO// jp==1bl0 jump 00000000 PCOOOO
000000

e 10O

oo
goobodg

3. 0000 20000 3)0JOOOUOO jO00000DOoO0U0OOoDOoOOUOoOOd
0O

e reg writeenable U0 OO OOOON registers OO UOODOOOOODOOOO 130
000 8]0 pp.274-28400

e jUOUDODOO0OUOLDDDOOUOLODDOUOUDLDOOOLDDOOON reg write_enable
googod O000000000000 regwriteenable 10000000
(00000000003 // regwrite_enable // 00000000 registers 00O
O000000// reg-writeenable==1"b@MO0 00000000 // reg-write_enable
==1b100000000000 00

o 10D oo U
goobog
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4.2.3 0O0O0OO

obooboooobobobodboooobobbooboobobobuobobonon
U00ooobooooboobobdld mainctrl.vl cpu.vODOODOO 2-1 00000
OO00000000 Verilog HDL OO0O0OOprint Bwhile.bin OOO0OO0OO0OOODO
O00000D0 rom8x1024 DE2.mif DO OO OO

00000 mainctrl.vU cpu.vUOOOOOOOOmipsde2 DO OOOOOOO
UMIPSUOUOOODODOD ODO0O0OO0OOD mips.de2 J cd U U pring B while.bin [J
rom8x1024 DE2.mif U U U U0 O0DUUOUOOMD quartus_sh -—-flow compile DE2 Defaultl]
0000000000 0DO00Db00oD0o0Db0b00d mipsde200 FPGADOOODO
OooooboboobobobobobuobobbobobbbOob DE2 Default.sof [
oboobod

424 FGPAOUOOOOOODO

OOob0o0oo0ooO0bOoO0obOOo0o0oboOo0obobOoo0oboboobooboooDoO 2-1boo
0000000000000 000000000DO00D00DO0000DODo0O0oDOooOoDOgn
O000D00D0O0000D00D0O0 DE2Default.sof DO O OO0

DE2 Default.sof 0 Quartus I 0000 DE200000 FPGAOOOOOODODO
0000000000000 swO,swl OOOO 100000000000 00OODODODOO
OO00oO0Doooon

O00000000O000000D0D0 print Bwhile.binO0OO0O0OO0O0O0OOOO 'B’0O
O000000D0000000000 keyl 0000000 O0ODOODOODOODOOODOODOOO
000000 PC=0x0000 0000 2500000000000000000000000
B OO00D0O0D0OD0O0O00OD00000000MO’'RO0000000000000000

Oo0o00DO000 2-1000000041.200 10000000000000000000
000000000000 000000K1.200100000000000000000
oooao
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5 OO

4 N
OO0 1-1 000000b0ob0 'poooobocooMIPSOODOODODO print B.bin

O0o0o0oooOo0ooDooOoOooD rPGADOOODOOOOODOOODDOOO
0 1-1o0ooboogboo3ooboobgob 1,2,3,40000000000

e IO 1I-10DODO

l.ogobbooogoooobod
3.1.1000000MIPSO0OD0DOO00OO printB.binDO0OO0OOOO
gooboboogooobboooobbobuooooboobod

2.000000oboboogoboboooo
1200000000000 0000bbuoo0bbbooobobagn
gooooogon

3. 0000
1300b0bobooobobooboboobobooboboob
gboooogogoobogo

4. FPGAOOOOODOOO
3.1400000000000DC0O0O0ODCO DE2000ODOO FPGA O
gboobooooboboboooobobodao

O0o00oooobooogono MIPSOODOOOD printB.bin0O0OOOOO
O Verilog HDL OOUODOOOOO URLOOOOOOOOOOOO

MIPSOODOODOO:
http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/j2hard-mips/

kO1_addiu_sw/print_B.bin
O00d 1-100 MIPSOODOO0ODOOOOOOODOOOO

O0O0Oo0o0d Verilog HDLODOODO:
http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/j2hard-mips/

k01 _addiu_sw/mips_de2.tar.gz
gogoddoooobobbbboooooooooooo

b 1-1gbobogbbobbobbobbobb vRLbOOobDbOobDbOobbOobDbo
gobobooon

http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/
j2hard-mips/k01_addiu_sw_1_1/index.html
N /
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00 1-20000 1-10 addinuDOD swODOOOOOODODOODOODODOODOODO
gbobobboboooobobobobobobobobobboobo 100
O00000000D000000 1-10 printB.bin 0 FPGAOOOODOOO
gboboooooobob 1-20000b0b0300000b00000b 1,2,3,4,5
gobobooodn

e DUOUOODLODDOO 1000

l.adduOOOQOOOoOoOOoOoOOoOooooon
2100000000000 0000bbbOoooobbbOogn

2. sw0oobogooboooboboobod
2200000000000 0000OLOO0O0bLbOOOO0bLDbO0n
gboooooobo

o OO 12000
3. 0000
3230000000000 000bO0b00bOoUbOooboboOobbOon

4. FPGAOOOOODOOO
324000000000000D0O00O0DO0O0O0O DE2O0ODOOO FPGA
Doboboobooboobooboobo

. DhUuuoouobbobooooboD
2500000000000 0000OLDbOUObObLOO0bLbO00n

oo
addin OO0 swOOQOQOOooOOoOooo
[ 00 ] 00 \ 00 \
oooo addiu rt,rs,immediate | rt = rs + immediate

OoOoo0og | sw

rt,address(rs) 000 [rs + address] = rt

addiu 000 swOOOOOO

addiu 001001 rs rt immediate
100 6000 5000 5000 16 000
swW 101011 rs rt address
100 6000 5000 5000 16 000
31 26 25 21 20 16 15 0

b 120000b0bo0boboobobobbobb vRLOOobDbOooDbobobobobo
goboboodgn

http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/

j2hard-mips/k01_addiu sw_1_2/index.html

J
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00 21000000000 'B ObObOooobog MIPS ODDOOOOOO
print B.while.bin 0000000000 DOO00D0O00O00O0 1-20000000
000000 FPGAODOODOOOOOOODODOOODOOO 2-1000000
b4 000000000 1,2,3,40000000000

e OO0 2-100O

1. ogbobbooooboboboo
411 000000MIPSO000O0ODO print Bwhile.bin 0O OONO
gbbobouooobobbooogbbbuoooobbbuooon

2. 0000000000D00O00DO0OD
412000000000000000000000000O0O00O00O0OO
gbooboooodgon

3. 0000
41300000000 12000000000000000000040
Dboboobooboobooboobobob

4. FPGAODOOOOODOO
41400000000000000000C0 DE200DODOO FPGA D
goobboooooobooooboboogan

O0000DO0o0o0OobOoOo MIPSOOUOOODOO print Bwhile.bin O0O0O0O
O vRLOOOOOODOOO0ODOOO0

MIPSOOQOOGOOO:
http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/j2hard-mips/

k02_j/print_ B_while.bin
000 2-100 MIPSOODOODODOOOOODOOODO

b 2-1gboogbbobbobbobbobb vrRLbOOobDbOOoDbOobDbOoDbDbOo
goboboooon

http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/
j2hard-mips/k02_j_2_1/index.html
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ugd 2-2 0000 2-100000000000000000000000000; 0
gbobooboobobobboboobobobbob 2000000000
00000000 2-10 printBwhile.bin 0 FPGAOOODOODOODOODOO
gbobbooooo 22200000004 000000000 1,2,3,400000
goooo

e OUOOODDODOO 2000

l.jooobbobuoooobbbuoooobbbuoooobo
42100000000000000000DO0DOODODODOO
2.ju0bb0obooboobooboobo

4220000000000000000000000DOO0O0OODOOO
gboooooobo

o OO0 22000

3. 0000
423000000000000000000O0O00O0OLO0OOLOOODOOODO
4. FPGAOOOOODOOO

42400000000000000O0ODODDOD DE2000O0OO FPGA
Doboboobooboobooboobo

jouooggoooog
| 00 | OO0 \ 00 \
’DDDD \j address \ PC = address X 4‘

JREREREREREEN
J 000010 address
JOO |6000 26 000
31 26 25 0

b 22000000000000000000O URLOODDODODDODDODDO
goobooon

http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/
j2hard-mips/k02_j 2 2/index.html
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OO0 30 u140oMIPSODOODOOODOOODOOD 1-1,1-200000MIPSOOO0O
O00 print B.bin 00000 COOODODOO printB.cO0O00OO0OODO 1,2
googooooobbobobobbbbbobbb0 ox0300 OO0 0x0304 UOU
U0 define U0 OO0 O00O0O0OOO0OOOOOOOO0O0O0 0x0300 00U
0x000000OOO0 U DO UODOUODODLUOG 7L OLODLUODLOLOODLDOOUODLODLOD
000 0x0304, 0x0300 U0 O 0x00000002, 0x00000001 DU DO OODOOODOON

b i4oooogoob 1-1,120000000000000000000000
O00oon0 2-1,220 0000 MIPSO0OO0O0OOQO print Bwhile.bin OO0
oooooopooDbD COU00000 my-printBwhile.cOODOOOOO
UO000Oprint B.cU 200000

00000000 myprint Bwhile.c MIPSODOOOOODOODOODOOMIPS
0000000 my print Bwhile.bin 0000000000 OOOODOOOOO0O

U cross_compile.shJ U U U U UU cross_compile.sh my_print B.while.c[] [l
MIpPSOOQOOOODOODOOOO

00000000 myprintBwhile.bin UUO OO Obin2v0 0 OO0OOOON
00000000 rom8x1024 DE2.mif DU D UO0OO0O00O0OOO0 2-1 000

gobooobogdoobodggdoooodggd

#define EXTIO_PRINT_STROKE (*(volatile unsigned int *) 0x0300)
#define EXTIO_PRINT_ASCII (*(volatile unsigned int *) 0x0304)
main()
{
EXTIO_PRINT_STROKE = (unsigned int)0x00000000;
EXTIO_PRINT_ASCII = (unsigned int)0x00000002;
EXTIO_PRINT_STROKE = (unsigned int)0x00000001;

O N O Ok W N -

}
[J 14: print B.c

b 30b00boobuoobobbooboob vRLO0boobobooboobo
gbooobogn

http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/
j2hard-mips/k03_cross/index.html
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00 4-1 0000000 61000000ODOOOOCODOOOO print,all,char.cDD\
O0o0ooOo0oOoooooOooDboOo 22000000000000 FPGAOO
gbobobobobobbobob 410000b0b0obbob 1,2,3,4,50
gobbooodn

e 0OUO 41000

1. 00o0oooogn
CUOO0O0O0O0OU0O0 printall char.c JOOMIPS OO0 O0OOO0O
print_all char.bin U OO0

2. 0000000000000OO0
MIPSOOOOODODO print_all char.bin D000 O00O0OOODOOO
OOoboobobooboobooooobooobon

. 0gbooboobooboobon
Ooboboboobooboboooboobobooboobooooboooog

4. 0000
OO0 220000000000000000000000O0DO0ODODO
Oooobooooogooooo

5. FPGAOODOOOODOO
O00o0ooobooooobD bE20 0000 FPGAODOOODOOODO
Oobooboooogon

O00obo0oOo0ob0oboOon0 CcOO0b0O00 print.all.char.c UOO0OO URL
gobobouogooboo

cooooo:
http://wuw.ice.nuie.nagoya-u.ac. jp/jikken/hard/j2hard-mips/

k04_sltiu bne lw/print_all_char.c
00d 4100 cOoboooog

b 4100000000 bOOobObOobbOobbO vRLOODDODDODDODDO
goboboogn

http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/
j2hard-mips/k04_sltiu_bne 1w 4_1/index.html
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00 4-2 0000 410 sltiu000 bneO00OlwOOOOOOOOOOOODOODO
gogboobbobbbbbbbbobbbbbbbbbbbbdooooooooao
gbooob oobbuoobuoobo0bbonoD 41 0 print_all char.bin U
FpGADOOOOOOOODODOOOOODOOODOO 420000000000 1,2,
3, 4,50000000000

e OUOOODLODODO 3000
LstinOO0Ooonoooooooooooood
gbobooodgbobboooobbboogaog

2.bneJ0000000O0OOOOOODOODO
gbooboooooboboooobbboogod

. lwODhOoOoooooooooboobooo
Doboboboogbooboboobobboobooboooobooboon
e U0DOU 42000
4. 0000
Dbobooboobooboobooboobobob

5. FPGAOOODODOODOO
OO0O00O0O00O0000O00D DE20O0OUODODO FPGAOUODOODDO
gboobogogooobod

stin 000 bne 000w OOOOOOOOO0O

00 | 00 \ 00
oOoood sltiu rt,rs,immediate | rt = (rs < immediate) 7 1 : O
oooad bne rt,rs,address PC = (rs # rt) ? PC + 4 + address X 4 : PC + 4
00000 | 1w rt,address(rs) rt = 000 [rs + addressl]
sltin 000 bne OO0OIwOOOOOO
sltiu 001011 rs rt immediate
100 6000 5000 5000 16 OO0
bne 000101 rs rt address
100 6000 5000 5000 16 OO0
1w 100011 rs rt address
100 6000 SR ERERN SR ERERN le 000
31 26 25 21 20 16 15 0

b 42000000000000O00O00O0O0O0O URLOODDODDODODDODDO
goobooon

http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/
j2hard-mips/k04 sltiu bne 1w 4 2/index.html

J
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OO0 5-1 0000000000000 00CDOUOD000 myprint.cO000000O0O
Ooooooo0ooboobD 42000000000000 FPGAOOODOOO
gbogoogbooobon s-1ooogbboobuoob 1,2,3,4,500000
goboo

e JODOU 51000

1. 0000oooo
coobbDbO0O0myprint.c000OMIPSOO0000000O my_print.bin
oooooO

2. 0000000000D00O00D
MIPSODOOODOUOOmy print.bin 00000000000 OODODOO
gbobooodgbobobooogbon

. 0gbooboobooboobon
gbobhooobobobuooobobbuooobbuooobbooooboboo

4. 0000
b 42000000000b0bbo0dgoogobobooboobooaa
gboooogoobboboogo

5. FPGAOODOOOODOO

O00o0ooobooooobD bE20 0000 FPGAODOOODOOODO
gboouoooobo

O0o0o0oo0ob0obo0obO0 cOoU0000 myprint.cO0000O0 URLODOO
gobbooodgn

cooooo:

http://wuw.ice.nuie.nagoya-u.ac. jp/jikken/hard/j2hard-mips/
k05_jal/my_print.c

o0d 5100 cobooonog

b s1dbbgbbogbobobobobobobb vRLOODObOobDbOobDbOoboDbOo
goboboogn

http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/
j2hard-mips/k05_jal_5_1/index.html
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ot 5-2 0000 5—1DjalDDDDDDDDDDDDDDDDDDDDDDDDDjaI\
gbobooboobobooboboobobobboobo 40b0bbobo
000000000 510 myprint.bin 0 FPGAOOOODOODOOODOOOO
gbooobgo 20000000000 1,2,30000000000

e UUDOUOODOOODO 4000

l.jal 000000000 DO0bOoboobooog
gogoogbgbuooogbobuogbobuoboboobuoboobo

e UUDOU 52000
2.0000
goboooggobobugoobbooogoooogn
3. FPGAODOOOOODOO

OO0O00O0O000O000O00D DE20OO00ODODO FPGAOODOODDO
gbooboogogooboood

jal 0000000000

y 00 \ 0O \ 00
0000000 | jal1  address | PC = PC + 4
oooooo ra = address X 4
Oral 3100000000

jal 000000

jal 000011 address
JOO |e6ednOOd 26 000
31 26 25 0

oo s-2000000000000000b00O0O URLOODDODDODODODDO
goboboogon

http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/
j2hard-mips/k05_jal 5_2/index.html
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OO0 6-1 D000 0ODO0O0OOODO0ODOOOO0COO0OO0O myscan.cOODOOOO
O0Oo0ooOoOo0ooooog 2000000000000 FPGAOODOOO
gbogbooobooobbo e-1obobboobuoobg 1,2,3,4,50000
goboobod

e UODOU 6-1000

1. 0000oooo
CObD0U0U00O0myscan.cJOOMIPSODODOOODODOD my_scan.bin
oooooO

2. 0000000000D00O00D
MIPSOODOUOOODOmyscan.bin OO O0O0OO00O0O0OO0OOODOO
gbobooodgboboboooobon

. 0gbooboobooboobon
gbobhooobobobuooobobbuooobbuooobbooooboboo

4. 0000
b s200000000oobbodooodobobooobooga
gboooogoobboboogo

5. FPGAOODOOOODOO
O00o0ooobooooobD bE20 0000 FPGAODOOODOOODO
gboouoooobo

Ooo0ooooboboboOoD CcOoUb00 myscan.cO0OOOO URLOODOO
gobobooon

cooooo:

http://wuw.ice.nuie.nagoya-u.ac. jp/jikken/hard/j2hard-mips/
k06_jr/my_scan.c

gbode-100 CcOOooonogd

b el10000b0bOobbobobobobOobb vRLOODDODDODDODDO
goboboogn

http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/
j2hard-mips/k06_jr 6_1/index.html
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b e6-2 0000 6-1 0 jpp0ddoogoggbboboobobbbooooooddyr
gbbboodgbbbuogobboobbboobboodobb sbboobbdaa
000000000 6-1 0 myscan.bin 0 FPGAOOOOODOODOOODODOO
gboobob 620000000000 1,2,3,40000000000

e OUOOODLODODOO 5000
l.prO0oooobbobuogogbobuoooobbbuoooobobobon
gboobuogoobbboooobbbuooooa
2. pgoboboooobbobooogobon
gbooouodgbobdoboodobobuogbobobobooboboobo
e DUD 62000
3. 0000
gbbouodgbbbuoobobbooodgbobobogan

4. FPGAOOOOODOOO
00000000 000O00DO DE2000ODODO FPGAOODOODDO
Dbooboobooboon

pdoooogogoon

y 00 | 00 ] 00
gooobdn | jr rs | PC = ra
oooooo Ora0 3100000000
paododn
jr 000000 11111 00000 00000 00000 | 001000
RODO | 6000 | 5000 |5000 |5000 |5000 |6000
3. 26 25 21 20 16 15 11 10 6 5 0

b e2000000000000000O0O00O0O URLOODDOODODODDODDO
gobobooon

http://www.ice.nuie.nagoya-u.ac.jp/jikken/hard/
j2hard-mips/k06_jr_6_2/index.html

47




b 730000000b00b0obuoobOobbobooboboboobOobuoboboOoDOo
OoobooboobooboobobooboocooobooobDo0o e20000DDOO
gobbobooogbobobuoooobobdn 1,2,3, 4,5, 60000000000

e I 700ODO

1. 0000ooo™
sosuu.c JOOMIPSOOOOOOOO sosun.bin D OOOO0O

2. 000000b000040000
sosuu.bin U UOOOOOUOOOOODOOOOOO0OOOO

. 00uoooobooooboboogao

(a) DOOO0OODO 0x082 000000000 620000000000
ggobobbooggboobooooobobooouboboboooon

(b) 3(a)J000Ososuu.c 0000 sosuucheck() DO OOOO0OO0
gooooobbbbbtbooooooooooooobbobobon
4. 0000
U0 6200000000000 boooobobouooooooon
goooooooobobbboo
5. FPGAOOODODOODOO
000000000000 DE200000O FPGAODODOOODOOOOO
gooooooooo
(a) HELLO, NUM= 0 0000000000000 0O “20" 0000000
goooooon
(b) 5 () 0000000000000000003(),(b)0000000
gogoooobobboo 200000
6. CODO0O0ODO soswu.cO00000DO0O0O0O2000000000 100
bgodbooobooboobbooobboobobooboon
bbb buboobobobooubbuoudbboUd sosuu.c
gogoooooobbbbboodgo

O0O00obooooDboOo cooodO soswun.cO00O0O0OO0 URLODOOO
goboooog

cooooo:
http://wuw.ice.nuie.nagoya-u.ac.jp/jikken/hard/j2hard-mips/
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