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1) Given the following RISC-V assembly instructions, provide the corresponding 32-bit machine code.
a) lw t0, 0(t2)

b) bge t1, t0, 0x2C

c) sw tl, 0(td)
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31 2019 151 1211 7 6 0
immy,.q ksl funct3 rd op I-type
a) IW tOI O(t2) 9 I-type 12 bits 5 bits 3 bits 5 bits 7 bits

Function codes (i)
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31 2019 1514 1211 7 6 0

a) lw t0, 0(t2) - I-type

immg, ., rsl funct3 rd op I-type

12 bits 5 bits 3 bits 5 bits 7 bits

010/ 00101 | 0000011
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Field encoding

Register codes

Name  Number Code Name  Number Code

zero x0 00000 ab x16 10000

ra x1 00001 a7 x17 10001

sp X2 00010 s2 x18 10010

- gp X3 00011 s3 x19 10011

g t x4 00100 s4 x20 10100
é @ X5 00101 s5 x21 10101
§ Xb s6 X22 10110

" O t2 x7 00111 s7 x23 10111
E_, % s0/fp x8 01000 s8 x24 11000
‘8 S sl X9 01001 s9 X25 11001
< g a0 x10 01010 510 x26 11010
E S al x11 01011 sll x27 11011
% §, a2 x12 01100 t3 x28 11100
§ 2 a3 x13 01101 t4 x29 11101
Q ad x14 01110 t5 x30 11110

a5 x15 01111 t6 x31 11111




31 2019 1514 1211 7 6 0

a) lw t0, 0(t2) =2 I-type

immg, ., rsl funct3 rd op I-type

12 bits 5 bits 3 bits 5 bits 7 bits

010/ 00101 | 0000011
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Field encoding

Register codes

Name  Number Code Name  Number Code

zero x0 00000 ab x16 10000

ra x1 00001 a7 x17 10001

sp X2 00010 s2 x18 10010

- gp X3 00011 s3 x19 10011

g tp x4 00100 s4 x20 10100

é t0 X5 00101 s5 x21 10101
§ s6 x22 10110

" O s7 x23 10111
5 § s8 x24 11000
‘8 S s9 X25 11001
< g a0 x10 01010 510 x26 11010
E S al x11 01011 sll x27 11011
% §, a2 x12 01100 t3 x28 11100
§ 2 a3 x13 01101 t4 x29 11101
Q ad x14 01110 t5 x30 11110

a5 x15 01111 t6 x31 11111




31 2019 1514 1211 7 6 0

a) IW to' O(tZ) 9 I_type imm,, ., rsl funct3 rd op I-type

12 bits 5 bits 3 bits 5 bits 7 bits

000000000000 | 0O111/010|/ 00101 | 0000011

15/01/24 version

0x0003A283
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1) Given the following RISC-V assembly instructions, provide the corresponding 32-bit machine code.
a) lw t0, 0(t2)

b) bge t1, t0, 0x2C

c) sw tl, 0(td)
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% 31 2524 2019 1514 1211 7 6 0
immy; 0.5 rs2 rsl funct3] immy.; 44 op B-type
b) bge tl'tO'OXZC 9 B_type 7 bits 5 bits 5 bits 3 bits 5 bits 7 bits
101 1100011
= Condition branch instructions
g
) op funct3 Instruction Type
S
o § 000 beqg B
S5 001 bne B
S &
< o
e 1100011
13 T e
D
S 110 bltu B
Q
S Qq
111 bgeu B




31 2524 2019 1514 1211 7 6 0

b) bge tl,t0,0XZC 9 B_type Immy, 10.5 rs2 rsl funct3] imm,., 4, op B-type

S 7 bits 5 bits 5 bits 3 bits 5 bits 7 bits
é 00110 (101 1100011

Field encoding

Register codes

Name  Number Code Name  Number Code

zero x0 00000 ab x16 10000

ra x1 00001 a7 x17 10001

- sp X2 00010 s2 x18 10010

g gp X3 00011 s3 x19 10011
é tp x4 00100 s4 x20 10100
§ t0 x5 00101 s5 x21 10101

" O t1 X6 00110 s6 X22 10110
£ ,g t2 X7 00111 s7 x23 10111
% £ s0/fp x8 01000 s8 x24 11000
< g s1 X9 01001 59 X25 11001
:1.‘, S a0 x10 01010 s10 X26 11010
% §, al x11 01011 s11 x27 11011
§ 1 a2 x12 01100 t3 x28 11100
Q a3 x13 01101 t4 x29 11101
ad x14 01110 t5 x30 11110

a5 x15 01111 t6 x31 11111




31 2524 2019 1514 1211 7 6 0

b) bge tl, ,OXZC 9 B_type immy; 0.5 rs2 rsl funct3] imm,., 44 op B-type

S 7 bits 5 bits 5 bits 3 bits 5 bits 7 bits
é 00110 (101 1100011

Field encoding

Register codes

Name Number Code Name Number Code

zero x0 00000 a6 x16 10000

ra x1 00001 a7 x17 10001

- sp x2 00010 52 x18 10010

g gp x3 00011 s3 x19 10011
é tp x4 00100 s4 x20 10100
§ | to X5 00101 | s5 x21 10101
. t1 X6 00110 56 x22 10110
§ § £2 X7 00111 s7 x23 10111
35 £ s0/fp x8 01000 s8 x24 11000
< g s1 X9 01001 59 X25 11001
NS a0 x10 01010 s10 x26 11010
38 al x11 01011 511 x27 11011
§ 3 a2 x12 01100 t3 x28 11100
S a3 x13 01101 t4 x29 11101
a4 x14 01110 t5 x30 11110

a5 x15 01111 t6 x31 11111




Module 4 - Problems

15/01/24 version

L
o]
:
=
[
9
)
S
s
(7.}
£
()
S
b
S
A
wv
(]
Q

b) bge t1,t0,0x2C > B-type

0x2C -> 0b0000000101100

31 2524 2019 1514 1211 7 6
immy; 0.5 rs2 rsl funct3] imm,., 44 op
7 bits 5 bits 5 bits 3 bits 5 bits 7 bits
00107100110 1101 1100011

B-type
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b) bge t1,t0,0x2C > B-type

0x2C -> 0b0000000101100

31 2524 2019 1514 1211 7 6
immy; 0.5 rs2 rsl funct3] imm,., 44 op
7 bits 5 bits 5 bits 3 bits 5 bits 7 bits
001071} 00110 (101| 01100 | 1100011

B-type



31 2524 2019 1514 1211 7 6 0

b) bge tl,t0,0XZC 9 B_type Immy, 10.5 rs2 rsl funct3] imm,., 4, op B-type

7 bits 5 bits 5 bits 3 bits 5 bits 7 bits

0000001 | 001071} 00110 {101| 01100 | 1100011

15/01/24 version

0x2C -> 0b0000000101100

0x02535663
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1) Given the following RISC-V assembly instructions, provide the corresponding 32-bit machine code.
a) lw t0, 0(t2)

b) bge t1, t0, 0x2C

c) sw tl, 0(td)
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31 2524 2019 1514 1211 7 6 0
imm,, .. rs2 rsl funct3] imm,, op S-type
C) sw t1, O(t4) = S-type
7 bits 5 bits 5 bits 3 bits 5 bits 7 bits
010 0100011
§ Store instructions
S
S
-.g op funct3 Instruction Type
¢ S
% 2 000 sb S
< § [0100011] o001 sh S
NERS)
S § 010 sSw S
3%
S Qq




C) SW t]_’ O(t4) 9 S_type 31 2524 2019 1514 1211 7 6 0

imm,, .. rs2 rsl funct3] imm,, op S-type
S 7 bits 5 bits Sbits  3bits 5 bits 7 bits
o
>
S 11101 /010 0100011
S
)

Field encoding

Register codes

Name Number Code Name Number Code

Zero x0 00000 a6 x16 10000

ra x1 00001 a7 x17 10001

sp X2 00010 s2 x18 10010

- gp x3 00011 s3 x19 10011

§ tp x4 00100 s4 x20 10100

S t0 x5 00101 s5 x21 10101

S t1 X6 00110 s6 x22 10110

" *§ t2 X7 00111 s7 x23 10111

EJ s s0/fp X8 01000 s8 x24 11000

2 £ sl X9 01001 s9 x25 11001

< g a0 x10 01010 510 x26 11010

N S al x11 01011 s11 x27 11011

% §, a2 x12 01100 t3 x28 11100
§ § a3 x13 01101 |t x29 11101 |

ad x14 01110 t5 x30 11110

a5 x15 01111 t6 x31 11111




C) Sw i1, O(t4) > S_type 31 2524 2019 1514 1211 7 6 0

imm,, .. rs2 rsl funct3] imm,, op S-type
S 7 bits 5 bits Sbits  3bits 5 bits 7 bits
o
>
S 11101 /010 0100011
S
)

Field encoding

Register codes

Name  Number Code Name  Number Code

zero x0 00000 ab x16 10000

ra x1 00001 a7 x17 10001

sp X2 00010 s2 x18 10010

- gp X3 00011 s3 x19 10011

g tp x4 00100 s4 x20 10100
éi t0 x5 00101 s5 x21 10101

S [ t1 X6 00110 | s6 x22 10110
W:§ t2 x7 00111 s7 x23 10111
E_, E s0/fp x8 01000 s8 x24 11000
‘8 S sl X9 01001 s9 X25 11001
< g a0 x10 01010 510 x26 11010
:’.‘, "6‘ al x11 01011 s11 x27 11011
% §, a2 x12 01100 t3 x28 11100
§ § a3 x13 01101 t4 x29 11101
ad x14 01110 t5 x30 11110

a5 x15 01111 t6 x31 11111




C) SW t]_’ O(t4) 9 S_type 31 2524 2019 1514 1211 7 6 0

imm,, .. rs2 rsl funct3] imm,, op S-type

7 bits 5 bits 5 bits 3 bits 5 bits 7 bits

0000000 | 0O110| 11101 010| 00000 | 0100011

15/01/24 version

O0x006EA023
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2) Given the following RISC-V 32-bit machine code, provide the corresponding assembly instructions.

a) 0x03528b33
b) 0x00190913
c) 0x0000006F

15/01/24 version

a) 0x03528B33

00000011010100101000101100110011
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2) Given the following RISC-V 32-bit machine code, provide the corresponding assembly instructions.

a) 0x03528b33
b) 0x00190913
c) 0x0000006F

c
i)
7
—
[}
>
<
N
~
—
o
~
T}
~

op Instruction Type

a) 0x03528B33 0000011 load |

0010011 arithmetic-logic and shift with immediate operand

|
0010111 auipc U
0100011 store S
0000001 1 01 01 001 01 0001 01 1 001 1 001 1 I 0110011 arithmetic-logic and shift with register operands R I
‘g‘ 0110111 lui U
é 1100011 branch B
S 1100111 jalr |
¢ 3 1101111 jal ;
S 7
S £
Y
o
<& 31 2524 2019 1514 1211 7.6 0
§ S funct? rs2 rsl funct3 rd n R-type
o 1%
= 8 7 bits 5 bits 5 bits 3 bits 5 bits 7 bits




a) 0x03528B33

00000011010100101000101100110011 [ [ @ [ = R-me

7 hits 5 bits 5 bits 3 bits 5 bits 7 bits
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Multiplication and division instructions*

-
g op funct3 funct?7 Instruction Type
“§ |000 || 0000001 | mul R
" § 001 0000001 mulh R
S5 010 0000001 mulhsu R _ _
§ {E 011 0000001 mulhu R ‘ mul instruction
< %5 100 0000001 div R
3 S 101 0000001 divu R
S8 110 0000001 rem R
111 0000001 remu R

*Defined in the RVM extension




a) 0x03528B33
X22

x21 X0
\\ // 31 2524 2019 1514 1211 0
0000001101010010100071071100110011 EEERE 2R oo | to
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Field encoding

Register codes

Name Number Code Name Number Code

Zero x0 00000 a6 x16 10000

- ra x1 00001 a7 x17 10001

3 sp X2 00010 s2 x18 10010

S gp x3 00011 s3 x19 10011

§ tp x4 00100 s4 x20 10100

2 ‘g | to X5 00101 | s5 x21 10101

3B t1 X6 00110 56 x22 10110
§ ; t2 X7 00111 s7 x23 10111 ‘ mul s6,t0,s5

- s0/fp X8 01000 s8 x24 11000

M "g“ sl X9 01001 s9 x25 11001

= S a0 x10 01010 s10 x26 11010

§ = al x11 01011 s11 x27 11011

a2 x12 01100 t3 x28 11100

a3 x13 01101 t4 x29 11101

ad x14 01110 t5 x30 11110

a5 x15 01111 t6 x31 11111




2) Given the following RISC-V 32-bit machine code, provide the corresponding assembly instructions.

a) 0x03528b33
b) 0x00190913
c) 0x0000006F

15/01/24 version

b) 0x00190913

00000000000110010000100100010011
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2) Given the following RISC-V 32-bit machine code, provide the corresponding assembly instructions.

a) 0x03528b33
b) 0x00190913
c) 0x0000006F

15/01/24 version

op Instruction Type
b) 0x00190913 0000011 load :
I 0010011 arithmetic-logic and shift with immediate operand
0010111 auipc
0100011 store

000000000001 1 001 00001 001 0001 001 1 0110011 arithmetic-logic and shift with register operands

0110111 1lui

1100011 branch
1100111 3jalr
1101111 3jal

31 2019 1514 1211 7 b 0
immy,.q rsl funct3 rd “ I-type

12 bits 5 bits 3 bits 5 bits 7 bits
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b) 0x00190913

3 31 2019 1514 1211 7.6 0
2 .
N 00000000000110010000100100010011 imm,, rs1 Ifunct3| rd I-type
S 12 bits Shits  3bits 5 bits 7 bits
Arithmetic-logic and shift instructions with immediate operand
op funct3 funct7* Instruction Type
000 - addi I
- 001 0000000* s1lli I
[~}
3 010 - slti I
S :
S 011 - sltiu |
g : | instruction
§ § 0010011 100 - xori I ‘ add structio
S £ 101 0000000* srli I
S o
T 101 0100000* srai |
< & _
S5 110 - ori I
84 .
s & 111 - andi I




b) 0x00190913
1 x18 x18

|

00000000000110010000100100010011 imm,

C
Ke)
@
)
>
<
&
o
o) 12 bits 5 bits 3 bits 5 bits 7 bits

Field encoding

Register codes

Name  Number Code Name  Number Code
zero x0 00000 ab x16 10000
B ra x1 00001 a7 x17 10001
3 sp x2 00010 s2 x18 10010
~:- gp X3 00011 s X
8 tp x4 00100 s4 x20 10100
2 s t0 X5 00101 s5 x21 10101
2% t1 X6 00110 s6 x22 10110 )
I £2 X7 00111 57 x23 10111 ‘ addi s2,s2,1
R = s0/fp x8 01000 s8 x24 11000
RV s1 X9 01001 s9 x25 11001
32 a0 x10 01010 510 x26 11010
S A al x11 01011 s11 x27 11011
a2 x12 01100 t3 x28 11100
a3 x13 01101 t4 x29 11101
a4 x14 01110 t5 x30 11110

a5 x15 01111 t6 x31 11111




2) Given the following RISC-V 32-bit machine code, provide the corresponding assembly instructions.

a) 0x03528b33
b) 0x00190913
c) 0x0000006F

15/01/24 version

c) 0xO000006F

00000000000000000000000001101111
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2) Given the following RISC-V 32-bit machine code, provide the corresponding assembly instructions.

a) 0x03528b33
b) 0x00190913
c) 0x0000006F

15/01/24 version

op Instruction Type
C) 0x0000006F 0000011  load |
0010011 arithmetic-logic and shift with immediate operand
0010111 auipc
0100011 store

I

U

S

00000000000000000000000001101111 0110011 arithmetic-logic and shift with register operands R
u
B

I

0110111 lui
1100011 branch
1100111 jalr

|1101111 jal ) I

31 1211 7.6 0

20 bits 5 bits 7 bits
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c) 0x0000006F .
0
7 /
00000000000000000000000001101111 MM, 10 11 10:12

20 bits 5 bits 7 bits

15/01/24 version

jal x0,0
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About Creative Commons

" CClicense (Creative Commons)

O This license enables reusers to distribute, remix, adapt, and build
upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator.
If you remix, adapt, or build upon the material, you must license the
modified material under identical terms:

15/01/24 version

Attribution:
Credit must be given to the creator.

Non commercial:
Only noncommercial uses of the work are permitted.

Share alike:
Adaptations must be shared under the same terms.
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More information: https://creativecommons.org/licenses/by-nc-sa/4.0/




