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O #Ex5: 3.5 O LRINE: 24545<SHIRISC-V CPUIRIHSEETR
E2= EACASES St "
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MCoding®|Running

11 a@, 5 ity =2
ecall

my t3, a@ RARS‘E?F‘” BxBeaeas97

# prints a newline N @x@7c58593

1i a@, 11 ! FFBE% Bx@aaeaar3

i a1, "\n' ) 0x00500513 )
ecall 0x00000073

# prints msg2 BxB8858e13

1i a8, 4 Bx@ebea513

la al, msg2

ecall

SC 4
miniRViL{RiEF7 ORI > H,5875 D At » Image

202146 4 28 H 10} 43%)

L, [ong FITS?Z 5232 5 0 R T o

Education Center of Experiments and Innovations, HITSZ



MCoding®|Running
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1. EFminiRV-1i8<$&E, REILRHER, FELogisim iz T;

2. {#F3Verilog HDL, igitEEEHR. §E7KZRISC-V CPU;

3. FBEEKITHICPU L, B171.HHBRERF;

4. EFTracemm#H Tl

5. ™ IIREF <. LED, #REERIIMK, FZBkSoC (System-On-Chip);
6. WEFER, XMz T,
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p=t;e:

1. Logisim :D FEEREIRIT TR

[ ] [ ] Logisim: RISC-V of RISC-V Single Cycle

[&]» 4 |®B @ D

+t 3 X L RgelllIIIIIIIIIII
- e
= RISC-V Single Cycle S R
g risc-v Cctel [memes
1 iImme_Gen o - [ MemtoReg - - - -
1 Rreg_File 3;”::' ~
{1 curl_unit L TGp Bl
- Re gWrite - —1
£1 AL
3 alu_crl
i1 inst_type_decod
i1 crl_decode

-+ - - { ooooooos |
- - FegWrte - -
readRl- readDH
[ ]

writeD <ir A

[ooooooos |

f#eﬁéﬁf.ffififf'"""

5% &l )
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. & TheThirdOne/rars

File Edit Run Settings Tools Help

ECE R EIER

Run speed at max (no interaction)

-RARS 1.1

iL4wIDE: fRigss +i[ fmas +1=il=s

Edit | Execute |
bottles.s [ printf.s | printnum.s | printstr.s |

Registers | Floating P

nt

Control and Status

tenplate, x, x, x-1)

1
2 .globl main

3 .data

4 template

5 string ".d bottles of beer of the vall. %d bottles of beer. Take ane down pass it around. %d bottles of beer on the vall\n”
6

7 text

8 min:

9 # save state to free up s6, s1, and ra for use

10 addi  sp, sp,

11 sv S1.4(sp)

12 sv 50.8(sp)

13 s ra.12(sp)

14

15

16

7

1

18 loop:

19

0

21 1
22 v a3,50

23 1a 20, template
24 call  printf
25 bnez 50, loop
25

27 # Load state

28 v ra.12(sp)
20 v 50.8(sp)
20 W s1.4(sp)
31 addi  sp.sp.16
32

33 # Exit (93) with code @
34 1i a0,

E 1 a7, 93

£ ecall

37 ebreak

£

E

40

Name Number

zero

ra
sp

P
't
te
tL
t:
s
s
a
.
a
a
a
a
a
a
s
s E
s 2
5 2
s 2
s 23
5 24
5 >
51 %
5w 27
= %
ta 29
s El
5 3
b El

il I I

Line: 1 Column: 1[¥] Show Line Numbers

Messages | Run /0

09 bottles of beer of the vall. 99 bottles of beer. Take one down pass it around. 98 bottles of beer on the vall
98 bottles of beer of the vall. 98 bottles of beer. Take one down pass it around. 7 bottles of beer on the vall
97 bottles of beer of the vall. 7 bottles of beer. Take one down pass it around. 96 bottles of beer on the vall
96 bottles of beer of the vall. 96 bottles of beer. Take one down pass it around. 5 bottles of beer on the vall
95 bottles of beer of the vall. 95 bottles of beer. Take one down pass it around. 94 bottles of beer on the vall
94 bottles of beer of the vall. 94 bottles of beer. Take one down pass it around. 93 bottles of beer on the vall
3 bottles of beer of the wall. 93 bottles of beer. Take one down pass it around. S2 bottles of beer on the vall
bottles of beer of the vall. 92 bottles of beer. Take one down pass it around. 91 bottles of beer on the wall
bottles of beer of the vall, 91 bottles of beer, Take one down pass it around. 90 bottles of beer on the vall
bottles of beer of the wall. 90 bottles of beer. Take one down pass it around. 89 bottles of beer on the wall
bottles of beer of the wall. 89 bottles of beer. Take one down pass it around. 88 bottles of beer on the wall
bottles of beer of the wall. 88 bottles of beer. Take one down pass it around. 87 bottles of beer on the wall
bottles of beer of the wall. 87 bottles of beer. Take one down pass it around. 86 bottles of beer on the wall
bottles of beer of the wall. 86 bottles of beer. Take one down pass it around. 85 bottles of beer on the wall
bottles of beer of the wall. 85 bottles of beer. Take one down pass it around. 84 bottles of beer on the wall
hottles of heer of the wall A4 hattles of h L 4 + 483 hottlas of b the wall
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3. Vivado EDK ¢

4 FIR_Proj - [E/FPGA_Proj/Test_ProjfFIR_Proj/FIR_Projxpr] - Vivado 2018.2

FHDLREBIRIT TR

- o X
Ready

Default Layout v

Ele Edt Flow Tools Repots Window Layost View Help O Ouicks
= > & X
o .
¥ PROJECT MANAGER Sources 200X
¥ settings alz|e|+ ™
Add Sources = Design Sources (1
Language Templates DDS_Compiler_wrapper ompiler_wrapper.y
F > % Constraints
> % Simulation Sources
' IPINTEGRATOR
Create Block Design
Open Block Design
‘Generate Block Design
¥ SIMULATION
Run Simulation Hierarchy | IP Sources  Libraries  Compile Order
¥ RTLANALYSIS Ueds oD ?_-00GX
> Open Elaborated Design L]
v SYNTHESIS
P Run Synthesis
> Open Synthesized Design
~ IMPLEMENTATION
P Run implementation
> ign
' PROGRAM AND DEBUG
Bk ke TclConsole | Messages | Log | Reports | DesignRuns  x
> Open Hardware Manager Q =z ¢ + %
Name Constraints
v 1 synth_1 (aci constrs_1

20214F6 H 28 H 100434y

impi_1
= Outof-Context Module Runs
>  DDS_Compiler

constrs_1

Project Summary

Settings  Edit
Project name:
Project location:
Productfamily
Project part

Top module name:
Target language:

‘Simulator language:

Synthesis

Status:
Messages:
Active run;

Part.

Strategy.
Report Strategy:

DRC Violations

FIR_Pro]
EJFPGA_ProjTest_ProjFIR_Proj
Kintex UltraScale
xckul15-vat517-3-¢
DDS_Compiler_wrapper

Verilog

Verilog

Not started
328 wamings

synth_1
xcku115-ha1517-3-e
Vivado Synthesis Defaults

Vivado Synthesis Default Reports.

Run Implementation 1o see DRC

Status WNS TNS WHS
Not started

Not started

Submodule Runs Complete

THS TPWS Total Power

Implementation

Status:
Messages:
Active un,
Part

Strategy:

Not started

No erors orwamings

impl_1

xckut15-vat517-3-¢

Vivado Implementation Defaults
D

Incremental compile:

Timing

FalledRoutes LUT FF

None

Run Implementation 1o

BRAMS URAM DSP Stat

11730118 1024 PM

Elapsed

13.08:05

Run Strategy
Vivado Synthesis Defaults (Vivado Synth
Vivado Implementation Defaults (Vivado Imj
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p=t;e:

4. BGUFERSG Tracebbdd/si:

11 ad, 5 behaviorO
ecall - CPUO
mv t3, ald

# prints a newline
1i ag, 11 Hyd—Nf-~KE2an
11 a1, '\n’ TINESER
ecall

# primts msg2
1i ad, 4

la al, msg2 —- CPU test
ecall -

$

behavior_test
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TEOTRE: ABAHRE(60%) + 3U(20%) + 1EAL(20%)

—. Ehiti:
. STAEREHAFOAUKCPURYRE. T#, EMIEiTERINCHEER
BiF: EuKCPURSERL E, SepSoCH TE R IFMETERIMRIER
75 ERFIEM BT Eaii
I EBEUtRaeE (BARET)
1. W5 Jmes;
2. (LB EIZIERATI(, BRIt LR RMEE (IREEM. FENFEE)
3. REMIME (Wn$EEE. UARTEOZ) itEOBK, STLUHTIERAYIORIE;
4 ZITSCIS TN, EBirE. Z#%. ELFEEHMTIEE.
—. Bghng:
AR ERAVEM _ ESRERLASMY TERI3XEMIND, W: w58 CHICRER,
AL S R=AESRIRFER. 0. RSN INER. .
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- GrENEmRSIR BE/ZEHEO (RISC-VER))

—— David Patterson, John Hennessy

e riscv/riscv-cores-list:

https://github.com/riscv/riscv-cores-list
RISC-V Cores and SoC Overview

This document captures the status of various cores and SoCs that endeavor to implement the RISC-V specification.
Note that none of these cores/SoCs have passed the in-development RISC-V compliance suite.

Please add to the list and fix inaccuracies - see our CONTRIBUTING file for details.

Cores

Name
Avispado

Atrevido

202146 H 28 H 10fF434) RV32EC_P2

Supplier

SemiDynamics

SemiDynamics

1QonIC Works

Links

Website

Website

Website

Capability

RV64

RV64

RV32

Priv.
spec

1.10

1.10

1.1

User spec

RV64GC, 2.2,
multicore, V-ready

RV64GC, 2.2,
multicore, V-ready

RV32E[M]C/RV32I[M]C

Pri
Lan

Syster

Syster

Syster

@90y

o

HITSZ 2% 5413 R s F oo
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mini Rv‘lj:lé’%\/ \é;[_\,

« miniRV-1232(/ZAIRISC-VIESE (RV32l) BIFE&E
- 18SHL 355 (24 + 77)
- HfFen: 320 32MEHREF=R
- BOKE: 32EK
- SR 45
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miniRV-1Z51F2820

x0

x1

x2

x3

x4

x5~x7

ZC1ro

ra

Sp

gp

tp

t0~t2

B0, KzHRIRE0 (RIEATE)
FHUARFER(REDITHYREIMEIE (Return Address)
IR, XNERERVIEIHEIT IS <SS,
AR TS ETRYVAEE (Stack Pointer)

£EiEfT. ELETIRSAR HstaticBextern T E5HE
HiEEANAEST (Global Pointer)

ZIEIeET. SEENBERBITIZE T RiaRE
LIEAUEZEGE (Thread Pointer)

FHlENTE, FEFREREERNMRAEXESE
2H9E, RERERENINESHIRIA




miniRV-1Z51F2820

FIERFRAZSFEuEtRst. FREREREDY M
x8 s0/fp  EREFIREXLESHFAMELMRIEERETN
(Saved Register / Frame Pointer)

FEFRSFR. FEFEB)VIERERIREIX
LOSFESAYELMRIERIR B ML (Saved Register)
x10~x11  a0~al fFHIFIEFRRE)ERNEESHEREE
x12~x17  a2~a7 EFHFEREEZ)ERINIEEESE
FrEFRASEFR. FERFEBVIRERERIREIX
LS F=sELUMRIERIRB M (Saved Register)
FRIENETE, FEFREEERNNMRAEXESE
==09E, FELEREEIIIESHBRIA

x9 sl

x18~x27  s2~sll

x28~x31 t3~t6

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn



miniRV-1I5S IS U

> EfFRe T
BFFESFRT, BEEFNEFSRS
e.g. add x3, x2, x7

31

2524

2019 1514

12 11

76

0000000

00111

00010

000

00011

0110011

> MRMESAE
=< PRI FERT LAR 1 28R 332 RPEK
e.g. addi x3, x2, OxI1DF
20 19 1514 1211

202146 4 28 H 10} 43%)

31

76

0001 1101

1111

00010

000

00011

0010011

) [Fmy HITSZ R385 013 RBHF o
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miniRV-1I5S IS U

> HHES3E

PSR ERE T, HEXUBi 288 Em: EMWUHFRE
st (misttutNE— M1 2(ZAY3ZEPER

e.g. sw x5, Ox1DF(x2)
31 25 24 2019 1514 1211 76 0

0001_110 | 00101 | 00010 | 010 1 1111 0100011

> PCHEXgFt
BREMELRINPCEIN LA IFEY B 2wt itAY(E

e.g. beq x4, x9, 06x802
31 2524 20 19 1514 1211 7 6 0

1 000000 | 01001 | 00100 | 000 | 00100 1100011

20214FE6 H 28 H 10i4343 i E HITSZ %5 0137 R EAFH P
SRy 3 Education Center of Experiments and Innovations, HITSZ




miniRV-135SHE

O SAz=815<$ (4) —— add, addi, sub, lui
O ZE=z815< (6) —— and, andi, or, ori, xor, xori
O #Zn=818< (6) —— sll, slli, srl, srli, sra, srai

O ZEIIESEEES (2) — Iw, sw
O &{44E7215< (4) —— beq, bne, blt, bge
O TEEERIES (2) — jal, jalr

2021464 28H 1014378 ), [y HITSZ % 5 6147 5 S b5
e 3 Education Center of Experiments and Innovations, HITSZ




miniRV-1I5SHE T

¢ HOMERIFEIBTL

31 2524 2019 15 14 12 11 76 0
R 7Y funct?7 rs2 rsl funct3 rd opcode
(Rt imm|[11:0] sl funct3 rd opcode
S imm[11:5] rs2 sl funct3 imm[4:0] opcode
B [imm[12[10:5] rs2 sl funct3 imm[4:1]11] opcode
UM imm[31:12] rd opcode
J imm[20[10:1[11|19:12] rd opcode

20214F:6 7 28 [1 104347 L)y [y HITSZ S B 413 RSHH b s
&) B3
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mMiniRV-1FI5 18TV —— REYUES (8)

31 2524 2019 1514 12 11 76 0
funct7 | rs2 rsl funct3 rd opcode
Bif BB BTF R
B ()RR FEH1E; Mem[addr] R~k A
BIT# 31..25 24.2019..15[14..12 | 11..7 6..0 o st — 2 1 i -
addrIf76i# BT M ; sext() R RalITF 54 &

R-ZEH | funct7 rs2 | rsl |[funct3| rd | opcode

add | 0000000 | rs2 | rsl [ 000 | rd [0110011 |addrd,rs],rs2 [(rd) < (rsl)+ (rs2)

sub 0100000 rs2 rsl 000 rd [0110011 |subrd,rsl,rs2 |(rd) < (rsl) - (rs2)

and 0000000 rs2 rsl 111 rd [0110011 |and rd, rsl,rs2 |(rd) < (rsl) & (rs2)

or 0000000 1s2 sl 110 rd [0110011 [orrd,rsl,rs2 |(rd) < (rsl) | (rs2)

Xor 0000000 rs2 rsl 100 rd [0110011 |xorrd,rsl,rs2 |(rd) < (rsl) " (rs2)

sll 0000000 rs2 rsl 001 rd [0110011 |sllrd,rsl,rs2 |(rd) < (rs]) <<(rs2)

srl 0000000 rs2 rsl 101 rd [0110011 [srlrd,rsl,rs2 |(rd) < (rs1) >> (1s2), BHEEA

sra 0100000 rs2 rsl 101 rd [0110011 [srard,rsl,rs2 |(rd) < (rs1) >> (1s2), EAL#%

202146 4 28 H 10} 43%)
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mMiniRV-1FI5§SI8TC —— 1BUES (9)

31 20 19 1514 12 11 76 0
imm|[11:0] rsl funct3 rd opcode
B fF 2 # K BAF R
EAIEE ()R FAE28c1{E; Mem[addr] st Aadde 9774
BIT# 31..25 24.20(19..15] 14..12 | 11..7 6..0 BT sext(a) BTl BT R
-85 imm[11:0] rsl | funct3| rd opcode
addi imm[11:0] rsl 000 rd 0010011 |addi rd, rs1, imm [(rd) < (rs1) + sext(imm)
andi imm[11:0] rsl 111 rd 0010011 |andi rd, rsl, imm |(rd) < (rs1) & sext(imm)
ori imm[11:0] sl 110 rd 0010011 |orird, rsl, imm  [(rd) < (rsl) | sext(imm)
Xori imm([11:0] sl 100 rd 0010011 |xorird, rsl, imm |[(rd) < (rsl) ” sext(imm)
slli 0000000 shamt | rsl 001 rd 0010011 |slli rd, rs1, shamt |(rd) < (rsl) << shamt
srli 0000000 | shamt | rsl 101 rd 0010011 |srli rd, rs1, shamt |(rd) < (rs1) >> shamt, Z#EHF
srai 0100000 | shamt | rsl 101 rd [ 0010011 |sraird, rsl, shamt |(rd) < (rs1) >> shamt, H AL
Iw imm[11:0] sl 010 rd 0000011 |Iw rd, offset(rs1) |(rd) < sext(Mem[(rs]) + sext(offset)][31:0])
jalr imm[11:0] rsl 000 rd 1100111 [jalr rd, offset(rs1) [t < (pc) + 4; (pc) ~— ((rs1) + sext(offset)) & ~1; (rd) ~ t

202146 4 28 H 10} 43%)
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MiniRV-1I§STETV —— SEL. BAYUES (1+4)

31 2524 2019 1514 12 11 76 0
SHY |imm[11:5]| rs2 rsl funct3 |imm[4:0] | opcode
BEY |imm[12(10:5]|  ps2 rsl | funct3 |immi4:111] | opcode
Bhic 7 R BAE R
BIT# 31.25 | 24.20(19.15| 14.12| 11.7 6..0 BEFiEE ()3 A A7 #rff) i, Mem(addr] 2r il Hyaddr 47

TE B ICHE; sext(a) B a9 &

S-25M | imm[11:5] | r1s2 rsl | funct3 | imm[4:0] | opcode

SW imm[11:5] rs2 sl 010 imm[4:0] [ 0100011 [swrs2, offset(rs1) | Mem[(rs1) + sext(offset)] ~ (rs2)[31:0]

B-28%! [imm[12(10:5]| rs2 rsl | funct3 |imm[4:1|11]| opcode

beq |imm[12[10:5]| rs2 sl 000 [imm[4:1]11][ 1100011 |beqrsl, rs2, offset |if ((rs1) = (rs2)) (pc) < (pc) + sext(offset)

bne |[imm[12[10:5]| rs2 sl 001 [imm[4:1|11][ 1100011 |bne rsl, rs2, offset |if ((rs1) # (rs2)) (pc) < (pc) + sext(offset)

blt |imm[12]10:5]| rs2 rsl 100 |imm([4:1|11][ 1100011 |blt rs1, rs2, offset |if ((rs1) < (rs2)) (pc) < (pc) + sext(offset), H FF 5 HLHE

bge |imm[12[10:5]| rs2 rsl 101 |imm[4:1]11]{ 1100011 |bge rs1, rs2, offset |if ((rs1) > (rs2)) (pc) < (pc) + sext(offset), H FF5 LLik

20214F6 H 28 H 100434y ’ |:3 HITSZ +L L %frﬁ—&&ﬁﬂ Fos
n Cent
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MiniRV-1ESIEIL —— UBL JBHES (1+1)

31 2524 20 19 1514 12 11 76 0

UZY imm|[31:12] rd opcode

B imm|[20(10:1|11|19:12] rd |opcode

BIT# 31..25 24 20119151412 11.7 6.0 (r)%%%ﬁ%‘%rﬁ’j’lﬁ Mem[addr]::&

' o e T ) ) A 7 addr ) T il BT H)E;

U-£8 imm[31:12] rd opcode

lui imm[31:12] rd 0110111 |{luird, imm |(rd) < sext(imm[31:12] =< 12)
IR imm[20[10:1/11]19:12] rd opcode

jal imm[20(10:1/11/19:12] rd 1101111 |jal rd, offset |(rd) = pc + 4; pc —= sext(offset)

202146 H 28 H 101434y
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miniRV—lTE@Tﬁ:T:t — — special for RISC-V

e BE. JRNROMNEN IR Rl E

' BT EEREHE

Elﬁx.‘nLﬂﬁﬂgi“E@HgéﬁﬁEimﬁgﬁlﬁ'éﬁﬂgbit?si%ﬂ’:‘l, MITEH R EE

BN R,

31 2524 2019 1514 12 11 76 0
fit] imm|[11:0] rsl funct3 rd opcode
SHY imm|[11:5] rs2 rsl funct3 imm|[4:0] opcode
BE) |imm][12]10:5] rs2 rsl funct3 |imm[4:1|/11]| opcode
UZY imm|[31:12] rd opcode
)8 imm[20]10:1|11]19:12] rd opcode

202146 4 28 H 10} 43%)
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— EHFESHTIR
— RIEE<HIT0RE, FEENAEFNES
—— XIS MREIR A THYIE) L AT
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CPURITIE<HIE

O NERRNBEERESHITIIRE

rd ==y —= >
> PC > T PAN E.l"f?ﬁ% \‘ w
[ | st o] X | ALU—{ BE
g+4:] e ’ / 7S
> > R
-
2 <
1. BUE 2. ¥, 3. }iT 4.i5fF 5.5H
(IF) HUR{FEY (EXE) (MEM)
(ID)
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CPURITIESHEARIIE

O NEFIRIIAERESHITIE

;ggﬁu —— j:f"‘é |J %%

IF > ID

= |

(ZUEER) [[roM

*

CPU = £§
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CPURIEAZSH

O N L, CPUBSEIEEIRFIIEHIZEE
> HURIEB
¢ HUERAIRE AT M AIEE, RCPUSAREIEE
(PR
& GIEPC, 1ESTRIBEE. S, ALY, etc
> 1= HIEEE
& EHISTIEUEEIRIEATIRE, TEeIs
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IRTEN A

miniRV-115$ &%
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(R EIEIRITCPU CPU = $iEiEEE + {=HiZ58

| tmETmeEME
s — AN B SEB R Th AR . W EEATHARRE, HEER Y HINREREOEE,

#ﬁéHDL}MﬁW%ﬁE{M@E@ﬁﬁigﬁig %}?ﬂ@%}g
AIIEmIES

RIBIESIBEEN, MR Bl RER SR IR RS S VAL
| GANEEE
LIS SRR BRI s A NERHIEER,
A

BEEBESXNMAEFIESEEISEM PFTERUEHIESEYE, RIS,
FEMENATEHIESRIAL. &k TIEIE

B3, BATHIEREFAHDLES, FEMETREX AP ERSIEER SZEHIES.
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O LA -]

/
3

\&
3
o

| it
>
v' PC (Program Counter) E

v $55$TFEEE (Instruction Memory, IROM)
o RS ML, WdiES
v ¥iETZiEEE (Data Memory, DRAM)
o EEER(E: WAL, HEUE
+ BEF: WAl £0F
v EFesX{4 (Register File, RF)
¢ EF MANEFERHES, WL 32bithEFFRSE
* BEF. BANINMFESRES. F5AR32bitEUE
v' ALU (Arithmetic & Logic Unit)
o BAR. B, B REE: BMANEEY, hHEEER
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MNETIEEERMG —— pcigit

¢+ PCR— 32bitFHFeE, FEEIRIIESHIBUL

o SFF32{IRISC CPU, 1ESHIN32bitEK, BNELEISS4Byte

+ [FLEPCRIBIT1FOBITOENO, HBEI{EFE30bitEFes
¢ CPUE{uEPCRIMIIRERI B FESHIMBIL, 110x0000_0000H
* TR, FBAEEFPCHE

o BMNERT: PC<-PC + 4 1PCI
o EEREOTIES PC <- imm - [+4): [imm
X e
4 |
n=Je .
i NPC

1 1
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MIETIREEMT —— IROMigLt

¢ |IROME—BRixONREFESS
o EMNIMELE: PC

* HHEGE: 18S 39 30
+ IROMASIEEURIERASIBIE ——{Adr Instf——

o ENRE:

addr 7(__addr0_Y__addrl X addr2 ¥//J/7\_addrn ¥
data 7(__data0 ) datal X data2 X7/} datan ¥

IROM
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MIETIRERBY —— DRAMIRLT

¢ DRAME—"Nittlibip e g9z iEss, BliEn 5
o SEEEE: MBHE, HiHEUE
o EiME: AL, 28, SEFs5SWEREH
+ DRAMBYIEEZLE:
¢ WE=0: RD <- DRAM[AdI] 7oA 32
« WE=1: DRAM[Adr] <- WD o
32 "DRAM
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FSEINEERBY —— RAgIT

¢+ RFEE32132bitEHFes

* 1FKIESEZSE2NESFS(rs1. rs2), 11 Birs
o @A, RFEE3IN “Mit” O, 34

o SHRE. MIASTFERES, MUSFEFENE
» BEEBE. MASFERS. $UE, SWEEH

+ RFEIEEZLE:

¢ WE=0: rD1<-REG[rR1],

¢ WE=1: REG[wR] <- wD
¢ e.g.add x2, x9, x5

202146 H28H J43 N

rD2 <-REGJ[rR2]

"BE" im

F25(rd)

Fl %“Mm

rR1
rR2 rD1
wR

WE rD2
wD A

32

!

32

!

# rR1=9, rR2=5; wR=2

RF
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FNSEINEEEDIL —— ALUigiT

+ ALUBYIHEE
¢ BEK=E (add. sub)

v ImEARE. *MEBIBEE . cin| LEXI—————zer
o BIEIZE (and. or, etc) 7—1 1,
v IR BZ 1T LP
o BAnsE (sll, srl, etc) | ] mmam
v TRE s ]
o LUBHEE (slt. sltu, etc) | fsE—

v Efsub, FIWRENL
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S INE 2
* %W%Iﬁljj Bt . op— > i%ﬁgj %%
L 2

—0? > ZEero

¢ BesitiEERERE 32 cin I g
// & :’+ O\
Bl L
v 32
L1 memme 1 [ C
Rz 2
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ME e

¢ HEERAR ER— I IIREEMFER R RNES
+ EBRYTTER: 2. BEHREMARHES ZERNERRER
* Eg. 3TEMHRIEREKRR
oA =B4B =BHC
|—>A i Aor—»Bi Bor—»Ci Co

o HEXERES: {<CCo AA > <AA 0,B.B i> <B.B o, C.C i>}

A | B | FHC - SRR AAZ 5/ 5|
o FIEFRNE: | Al | Bi | Ci |7 _-dmiieps A, FHARY
CCo | AAo | BBo |- AIBIEIE9EH

) [Fmy HITSZ R385 013 RBHF o
YA 3 Education Center of Experiments and Innovations, HITSZ
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MIE g RS

¢ BRIBSHNAYEME I IERREREAE

¢ NTHEEEERAY

¢ BEVEURERRE:

é"‘_"A
=3 | =

XAFREIKIRITRYGA
s Eg. E¥UEEKRESPC. NPC. IROM, RF. ALU. DRAMAYJERLE

Fr )& Bt Vg LT Z2ELETH PATHIT yeZird- T
Rk PC NPC IROM RF S_EXT ALU DRAM
INEZ| din PC Imm RA adr rR1 rR2 wR wD din A B adr wdin
F1-247: FIBBRG DRI RELITE LT

%347
FA4+4T
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MIEEL

!
Ox

TR (N DI S (O Y

> rd
1) 4% ?E% rsi %T?‘gg W
. Xt | ALU——| BUE
=2 frfigas |s2 . ey
Hg imm +
x
I 2
e
ﬁl; . _ . —
B 1. B8 2. 1FH, 3. JuT 41577 5 5[
a3 (IF) EUR{ER (EXE)  (MEM) (WB)
(ID)

Fii /g%t B8 TT FHH T HiTHT HFiEET
AR PC NPC IROM RF SEXT ALU DRAM
BAES din PC imm adr rR1 rR2 wR wD din A B adr | wdin

add | NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7) | ALU.C RF.:D1 | RF.D2

sub NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | ALU.C RF.rD1 | RF.rD2

ori NPC.npc | PC.pc PC.pc | IROM.inst[19:15] IROM.inst[11:7] | ALU.C IROM.inst[31:20] RF.rD1 | SEXT.ext

Iw NPC.npc | PC.pc PC.pc | IROM.inst[19:15] IROM.inst[11:7] | DRAM.rd IROM.inst[31:20] RF.rD1 | SEXT.ext | ALU.C

SW NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] IROM.inst[31:25|11:7] RF.rD1 | SEXT.ext | ALU.C | RF.rD2
beq | NPC.npc | PC.pc | SEXT.ext | PC.pc | IROM.inst[19:15) | IROM.inst[24:20) IROM.inst[31[7/30:25/11:8] | RF.rD1 | RF.rD2

jal NPC.npc | PC.pc | SEXT.ext | PC.pc IROM.inst[11:7] | NPC.pc4 |IROM.inst[31]19:12|20(30:21]
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\% EQ
_/TIZI & =P GFhl o
FrBE T BUES$ T FHEET T8 T FEET
ER{F PC NPC IROM RF SEXT ALU DRAM
BAES din PC imm adr rR1 rR2 wR wD din A B adr | wdin
add NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | ALU.C RF.rD1 | RF.rD2
sub NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | ALU.C RF.rD1 | RF.rD2
ori NPC.npc | PC.pc PC.pc | IROM.inst[19:15] IROM.inst[11:7] | ALU.C IROM.inst[31:20] RF.rD1 | SEXT.ext
Iw NPC.npc | PC.pc PC.pc | IROM.inst[19:15] IROM.inst[11:7] | DRAM.rd IROM.inst[31:20] RF.rD1 | SEXT.ext | ALU.C
sw NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] IROM.inst[31:25|11:7] RF.rD1 | SEXT.ext | ALU.C | RF.rD2
beq NPC.npc | PC.pc | SEXT.ext | PC.pc | IROM.inst[19:15] | IROM.inst[24:20] IROM.inst[31]7]30:25|11:8] | RF.rD1 | RF.rD2
jal NPC.npc | PC.pc | SEXT.ext | PC.pc IROM.inst[11:7] | NPC.pc4 |IROM.inst[31]19:12]20]30:21]
ALUC RF.rD2
=¥ | NPC.npc | PC.pc | SEXT.ext | PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | DRAM.rd IROM.inst[31:7] REMDL | gpr o | ALUC | RFID2
NPC.pc4 '
/CD* A
— ALUC Adr
post—o ® saHE: [ERSRkES
2 RF DRAM
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TR SRR

FrIRETT BiEE T FHET HITHTT FEHT
R PC NPC IROM RF SEXT ALU DRAM
WAES din PC imm adr rR1 rR2 wR wD din A B adr | wdin

add | NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | ALU.C RE.D1 | RF.rD2
sub NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | ALU.C RF.rD1 | RF.rD2
ori NPC.npc | PC.pc PC.pc | IROM.inst[19:15] IROM.inst[11:7] | ALU.C IROM.inst[31:20] RF.rD1 | SEXT.ext
w NPC.npc | PC.pc PC.pc | IROM.inst[19:15] IROM.inst[11:7] | DRAM.rd IROM.inst[31:20] RF.rD1 | SEXT.ext | ALU.C
SW NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] IROM.inst[31:25]11:7] RF.rD1 | SEXT.ext | ALU.C | RF.rD2
beq NPC.npc | PC.pc | SEXT.ext | PC.pc | IROM.inst[19:15] | IROM.inst[24:20] IROM.inst[31]7]30:25/11:8] | RF.rD1 | RF.rD2
jal NPC.npc | PC.pc | SEXT.ext | PC.pc IROM.inst[11:7] | NPC.pc4 [IROM.inst[31119:12120[30:21]
ALU.C
2% | NPC.npc | PC.pc | SEXT.ext | PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | DRAM.rd IROM.inst[31:7] RF.rD1 SIEI):("Ir'[)eit ALU.C | RF.rD2
NPC.pc4 '
inst[31:20] ‘0\
32 . ) )
Inst |—r inst[31:25]11:7] 41 ﬁéﬁiﬁzz tg’]umA{E%
inst[31|7]30:25]11:8] 5 SEXT
IROM inst[31]19:12]|20|30:21] 3
—
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TR SRR

Fri@f T ERIEE T FHET PITHRT FEBT
R PC NPC IROM RF SEXT ALU DRAM
BWAES din PC imm adr rR1 rR2 wR wD din A B adr | wdin

add | NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | ALU.C RF.rD1 | RF.rD2

sub NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | ALU.C RF.rD1 | RF.rD2

ori NPC.npc | PC.pc PC.pc | IROM.inst[19:15] IROM.inst[11:7] | ALU.C IROM.inst[31:20] RF.rD1 | SEXT.ext

w NPC.npc | PC.pc PC.pc | IROM.inst[19:15] IROM.inst[11:7] | DRAM.rd IROM.inst[31:20] RF.rD1 | SEXT.ext | ALU.C

SW NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] IROM.inst[31:25]11:7] RF.rD1 | SEXT.ext | ALU.C | RF.rD2

beq NPC.npc | PC.pc | SEXT.ext | PC.pc | IROM.inst[19:15] | IROM.inst[24:20] IROM.inst[31]7]30:25/11:8] | RF.rD1 | RF.rD2

jal NPC.npc | PC.pc | SEXT.ext | PC.pc IROM.inst[11:7] | NPC.pc4 [IROM.inst[31119:1212030:21]
ALU.C RF.rD2

T NPC.npc | PC.pc | SEXT.ext | PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | DRAM.rd IROM.inst[31:7] RF.rD1 SEXIText ALU.C | RF.rD2
NPC.pc4 '

32 linst[31:7] paopesko. i e
Inst o SexT Ganii2: IBINEANMSS

IROM
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M BT

* IHIEETT: IRIEIESHVER{ERS (opcode)FOTNEERS (funct3/funct?),
FERTIESITENETIES

(EEERES  15SWTHY, EEEMEESSRBEMRE
ZINgeERE (NPC, SEXT. ALU, 7FiE2E%)

¢ BTHIES { SBIEEES XNSRARHTIEE

SRRIEIRRS
\ DIIEHIES EHOSHESC R
ALU
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IEHNS

. ERIRERE IS

- L BRi58 T RS LK BE o FiEET
ik PC NPC IROM RF SEXT ALU DRAM
BAES din PC imm adr rR1 rR2 wR wD din A B adr wdin

add NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | ALU.C RF.rD1 | RFrD2
sub NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | ALU.C RF.rD1 | RFrD2
ori NPC.npc | PC.pc PC.pc | IROM.inst[19:15] IROM.inst[11:7] | ALU.C IROM.inst[31:20] RF.rD1 | SEXT.ext
Iw NPC.npc | PC.pc PC.pc | IROM.inst[19:15] IROM.inst[11:7] | DRAM.rd IROM.inst[31:20] RF.rD1 | SEXT.ext | ALU.C
sw NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] IROM.inst[31:25[11:7] RF.rD1 | SEXT.ext | ALU.C | RF.rD2
beq NPC.npc | PC.pc | SEXT.ext | PC.pc | IROM.inst[19:15] | IROM.inst[24:20] IROM.inst[31]7|30:25/11:8] | RF.rD1 | RF.rD2
jal NPC.npc | PC.pc | SEXT.ext | PC.pc IROM.inst[11:7] | NPC.pc4 |IROM.inst[31|19:12|20|30:21]
ALUC RF.rD2
=¥ | NPC.npc | PCpc | SEXT.ext | PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | DRAM.rd IROM.inst[31:7) REXDL | coor oy | ALUC | REID2
NPC.pc4 '
BRIEEFES - npc_op - - - rf_we sext_op alu_op - |dram_we
SHIERES - = - - - - | wd_sel - - | alub_sel - -
RRIBHES - - - - - branch -
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HEEHESEE

¢ BEVEHIESEUER:

5% | npc op | rf we | wd sel | sext op |alu op | alub sel | branch | dram_we

BRSO, MEREHESEE:

5% | npc_op | rfwe | wd_sel | sext_op | alu_op | alub_sel | branch | dram_we
add pc+4 1 'b00 X ADD 0 0 0
sub pc+4 1 'b00 X SUB 0 0 0

ori pc+4 1 'b00 'b00 OR 1 0 0

lw pc+4 1 'b01 'b00 ADD 1 0 0

S pc+4 0 "bXX 'b01 ADD 1 0 1
beq 'b01 0 XX 'b10 SUB 0 1 0

jal 'b10 1 'b10 'bll X X 0 0

2021%F6 H 28 H 10437} (=) |:3 HITSZ +L 541 %frﬁ—&&ﬁﬂ 'ﬂP s

WA n Center of Experiments and Innov
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* RIEEGNS
¢ RIERIAN, RIHEBERTT
¢ EEUEEREFRNIIHESIETT

fA: opcode, funct3/funct7
pxiEHES

. RMEEEES
SIREEES
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SHER, EEHE

SHIZIERIAT(

M

IMM  PC4

RA NPC

31:7

M2

WD

DM

RDM




=g
*51 =
ke
(7 45)

202146 H 28 H 10K} 437

Mem2Reg
op
> PCSel
func3 R MemWrite
| 3%l |Branch -
func7 >  B85T | ALuctl &
Imm_sel op_A sel
op B sel
Jal,Jalr| Reg\Wr p_B_
+ »10
> >—>1] | |
| ~1 E 2
V :.+ & »|3
~Y
: >§| op\ \ 4
» A branch v—>10
rsl »IrR1 Vgrm > j WE
= v > ALU cH—>|adr RDP1
rs2 »{ 0 ﬁﬂ&
PC 4 Adr Inst »{rR2 _| .
A - rd - » B RAM
T =5 VR D2t WTD A
ROM
\ 4 1 ’Y c
inst JHY
| o‘|
ImmeSP» 1 clk
- up» 2
» PC B3

i3
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Sy shrs

module miniRV(rst_i, clk i, debugf{E5);

input rst_ij; // t L HResetfE5 5, {KHETF-EAH
input clk_i; // W _ERI100MHZ I B E 5
=R X ¥ = L -
ITREIRIR miniRV.v Sk, EESZEMY
A5 cpuclk.v Z5iAdEh (25MH2z)
o g prgrom.v IES1FiiksE (64KB)
FFEERIRIR dmem.v $iE=6EsS (64KB)
V)= e ifetch.v
IFORR (5575 2H) idecode.v
MR execute.v
FEFES R control.v
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A EP PR RSO — — (HFIP

Mame 1 AXI4  Status  License VLNV Clocking Options  Output Clocks | Port Renaming | PLLE2 Settings | Summary
» Digital Signal Processing

> Embedded Processing Clock Monitor

e FPGA Features and Design

w Clocking 1 jﬁﬁﬂﬂ‘%ﬁhp [ Enable Clock Monitoring
ﬂCInckingWizard| A¥l4  Prod.. Included xlin.. Primitive Zjﬁﬁﬂﬂ‘ﬁ;%ﬂ

> 10 Interfaces
) MMCH| () PLL
Clocking Options Qutput Clocks Port Renaming PLLE2 Settings Summary P "
The phase is calculated relative to the active input clock.
Output Freq (MHz) Phase (degrees) Duty Cycle FESEt C”{_D Ut1
Output Clock Port Name
Requested Actual Requested Actual Requeste:
[v] clk_out? clk_outd 25.000 251000 0.000 0.000 50.000 — 0] [ocker]  j—
[ clk_out2 clk_out2 100.000 0.000 50.000
. -~
3 R
3 1L H B PR
20214E6 /128 104373 Canh [Emg HITSZ #3505 414 R SHH o5
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EWE i
TRIR o
SCI)

IS
%%7
y
WN RO

YY

>
>

branch
rD1
| PC 3| Adr Inst »
A
T T
clk ROM
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ENFETRIRSCEN

+ {$MADistributed Memory IP{Z3E3ZIROM
+ FIRPC, MIROMARENHIE<S
¢ XJPC{E#HIT+4
* STk LMTBkRTE SHIPCIZEINGEE
s 2R RIEEMEBEITHXEES, BALUTEERornZAIEEHPC
s RZEHPCE
s B (GRS RIGRERS
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EIE
IR
SCIR

p
e
i
rsl »{R1 V\LirDl -
'Y rs2 »{rR2
rd
VR D2
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B Y

U Y

¢ DEESTRIZINFR — REESRIN, DREHS TR
v Tips: Flassignifa). (O&FERF[]. (HHERA{(}SCH
31 2524 2019 1514 1211 76 0
funct7 s2 sl funct3 rd opcode
imm|[11:0] sl funct3 rd opcode
imm|[11:5] rs2 sl funct3 imm{[4:0] opcode
imm[12|10:5] rs2 sl funct3 imm[4:1]11] opcode
imm|[31:12] rd opcode
imm[20[10:1|11[19:12] rd opcode

J 7
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¢ DEESTRIZTIFE
¢ BV EHFRRI4RF
¢ UEFRNAHITIESERE
« BL RIEDHESBENGFRSHIRERMETHXERES,
IEEENF 7
¢ XMBIEHITHSY &
o ERL luil jallESRISZIEPER 200, HR2E12(U
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202146 4 28 H 10} 43%)

) [Fmy HITSZ R385 013 RBHF o
YA 3 Education Center of Experiments and Innovations, HITSZ



AT
TRIR
SCH)

Y
(=]

\ 4
=

202146 28 H 10i5f 4374y Jn EJ HITSZ 2% 54137 2 B F P oo
A

Education Center of Experiments and Innovations, HITSZ



A TIRIRSCI

. EIHEEHIR
s B0 IRIERHIESHIRIFEUERES, 1© [op_B_sel |
EARRREREEL:
input [31:0] rd_dat1 i; // (rs1)
input [31:0] rd dat2 i; // (rs2)
input [31:0] npc_i; // Next PC A
input [31:0] imm _i; /] ¥ FEFERIIZEDEL .

0
assign op_ A = op A sel ? npc_i: rd dat1 i _ i
assign op_B = op_B sel ? imm_i: rd_dat2 _i; ~
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HATHRIRSCER

¢ REREEHYE
¢ TREAR. BiE. BsE

« B FRRITFNALUER, BiEflzsiopESisFzHEI0EE
* TREBRIEERIPCEITE

¢ B BEL JERESHMEIEENSY RBiE, FEINLPCHE
¢ THIZEEREE (SHREMRE)

o B RIEEHERNOALUCHIEEHES, BHENEEER
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Mem2Reg

op
s [ e

func3 - MemWrite
*Eik | ##) | Branch ,

pfunc? 1wt [aLuced
%fn}' Imm_sel op_A_sel

[,Jal op_B_sel
Jal,Jalr] RegWr P> v
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F e seIl

¢ ERBRIESEHIRBEFIIITEIENZ K EINESESHEE
¢ IRIERESIIEHIESHXR, BHE N EHESCEIEERAT
s WER, FRRTEEWEZEREAN

+ TRIBEERIAI(, FVerilog HDLECINEMRYESZEE

s ZEFTEREHIZE, FRiEHlEs
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F e seIl

s B
s RIEEHIESHER, A8 EEnHEEAETHIREFESEH
BN ANZERIAT
o FIAILAVEIN: opcode, funct3, funct?

5% | npc_op | rf_ we | wd_sel | sext_op | alu_op | alub_sel | branch | dram_we
add pc+4 1 'b00 X ADD 0 0 0
sub pc+4 1 'b00 X SUB 0 0 0

ori pc+4 1 'b00 'b00 OR 1 0 0

lw pc+4 1 'b01 'b00 ADD 1 0 0

SW pc+4 0 XX 'b01 ADD 1 0 1
beq 'b01 0 '"oXX 'b10 SUB 0 1 0

jal 'b10 1 'b10 'bl1 X X 0 0
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EFEEERHYTNREIRIE

¢ AMAIRIECF R BSHYTOREHT TIRIE? BB E
¢ (pE — ETHEE (MoFRRESSEN) SRIGIERRIRIIRERY TSI

MNEE |, SWMEEE | WHestes

(DUT, Design Under Test)
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CPUHYTIREYSIE

o CPUZRHZFEEEE, thrlXAMERNIGIEG A, BREEX(E
o DHBEOIRRIGUE, skEBIYMEEIH
o HifmEIMEFRZERERER Rz F7eeH A
o HOH:
o FA—EBIESEFIWENMNER, BIREERRITERIIGUECPUILES

¢ WIBEXIERES, ELIECSEIR

o BEIFE: EFTracebtXTRITHRERGIE
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CPUBYTHRESGIE — — EFtracektsd

¢ Trace: CPUHITIESHRAIR=4RIERE (PC. BEFFRYER, etc)
o EHF Tracebt3JAVEGIES %!

@ REXMIIREIEMRICPUIEITIIIFER:, 18%Trace0 (Golden Trace)

@ FAFRIECPUEITIIEAER, ™4 Trace

® & Trace15TraceOFE{TSCATLLRY, WNRHIMAR, IZEMRIEEFHELE
* FRIER:

+ Storeig$ — BEMEXAILoadiESBE NS EFENESGTARE
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{E)l (DDL: 68298 23:59)

~
FEBIRINERESHWE. &5
* TRk Ehzyi g, G55
FRE¥T Big# T FET ¥ #FiEET
B PC NPC IROM RF SEXT ALU DRAM
BAES din PC imm adr rR1 rR2 wR wD din A B adr | wdin
add NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | ALU.C RF.rD1 | RErD2
sub NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | ALU.C RF.rD1 | RF.rD2
ori NPC.npc | PC.pc PC.pc | IROM.inst[19:15] IROM.inst[11:7] | ALU.C IROM.inst[31:20] RF.rD1 | SEXT.ext
Iw NPC.npc | PC.pc PC.pc | IROM.inst[19:15] IROM.inst[11:7] | DRAM.rd IROM.inst[31:20] RF.rD1 | SEXT.ext | ALU.C
SW NPC.npc | PC.pc PC.pc | IROM.inst[19:15] | IROM.inst[24:20] IROM.inst[31:25]11;7] RF.rD1 | SEXT.ext | ALU.C | RF.rD2
beg NPC.npc | PC.pc | SEXT.ext | PC.pc | IROM.inst[19:15] | IROM.inst[24:20] IROM.inst[31]7]30:25|11:8] | RF./D1 | RF.rD2
jal NPC.npc | PC.pc | SEXT.ext | PC.pc IROM.inst[11:7] | NPC.pc4 [[ROM.inst[31]19:12|20|30:21]
ALU.C RE.ID2
S2# | NPC.npc | PC.pc | SEXT.ext | PC.pc | IROM.inst[19:15] | IROM.inst[24:20] | IROM.inst[11:7] | DRAM.rd IROM.inst[31:7] RF.rD1 SEXl'Il"ext ALU.C | RF.D2
NPC.pc4 '
BIEEFES - npc_op - - - f_we sext_op alu_op - |dram_we|
FHERES] - - - - - - [ wd_sel - - lalubsel| - -
BEEHES - - branch -
o SRS SHEES
&% | npc_op | rf we | wd_sel | sext op | alu_op | alub_sel | branch | dram_we
add pc+4 1 'b00 ADD 0 0 0
sub pct+4 1 'b00 X SUB 0 0 0
ori pc+4 1 'b00 '000 OR 1 0 0
Iw pct+4 1 'b01 '000 ADD 1 0 0
SwW pc+4 0 ‘bXX 'b01 ADD 1 0 1
beqg 'b01 Q 'HXX 'b10 SUB 0 1 0
jal 'b10 1 'b10 ‘b1l X X 0 0
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