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R-TYPE VS. I-TYPE
INSTRUCTIONS




Reminder: How are programs turned into
machine code?

High-level language > c=a+bh
Assembly add x5 x4, x3
/I\/Iachlne Code 00000000001100100000001010110011
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Four key instruction formats (each one has a corresponding opcode!):

1) ALU with two register operands

2 ) ALU with a register and an immediate operand
3) Stores and Branches

4) Jumps and large constants (LUI, AUIPC)




Syntax

register 5 = register 4 + register 3

add xb, x4, x3 \
destination source source
register (rd) register 1 register 2

(rsl) (rs2)




R-Format Syntax X% X 4
add x5, x4zx8 _ /St X<
A w3, x A

destination source source
register (rd) register 1 register 2
(rsl) (rs2)

destination
reqister

source
register 2

source

funct7 .
register 1

opcode

o@ooooo




R-Format Operations

m add '

m Sub O @ K J /‘\« |

m AND O | \DO k(

m OR —

m SLT (set on less than)

m SLTU (Unsigned) /R){\@k}jp\) AL S
m SLL (shift left logical) e
m SRL (shift right logical) Ly (o'

m SRA (shift right arithmetic) O Q
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Subtract Instruction

sub rd, rsl, rs2

R[rd] = R[rs1] - R[rs2]
t ot

value of the value of the value of the
register rd register rs1  register rs2



19 veaus |
Translating from € to RISC-V

c = a + b;
vV VY

xH X8 X9

add x5, x8, x9




Translate this line from C to RISC-V
a=-Db+c+d- e;

vV V.V VvV Y

x14 x1b x16 x17 x18

(| L= o \ X
You may use additional registers in your solution

(D AA N x\q/%\s",%{\é
> ald. Wy, <1y X+
(> SOw W s K




Translate this line from C to RISC-V
a—=-Db+c+d- e;

vV V. VvV VvV Y

x14 x1b x16 x17 x18

)

add x14, x15, x16  add x5, )x15, x16
add x14, x14, x17 or sub@ x17, x18
sub x14, x14, x18 add x14, x5, x6 \_&
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R-format vs |-format Instructions

m R-format
— Used for operations between two registers

m |[-format

- Used for operations between a register and an
Immediate value

m in other words, if you want to use a constant that is not in a
register

WY
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l-type Data Processing

Instructions that process one register and a constant:

31|30I29I28I27|26|25|24|23|22|21|2O 19|18|17|16|15 14|13|12 11IZLOI 9 i 8 : 7 6 54 3 2 10
I'type: [ I ilmrlnllz I rSl fu|n0|3 rd O O 1 O O 1 1
— - e — - s
Notice there is no SUBI 000 - ADDI 1 }Q{
Mo heree o OPLO
010 - SLTI
\ 011 -SLTUIl
‘, 100 - XORI
101 - SRLI/SRAI
110 - ORI
111 - ANDI )
-~ andi x5,x1@,255_]
I-type instructions
have the following template: Is encoded as:
0000 1111 1111 0101 0111 0010 1001 0011
OPfunc3 rd,rs1,imm12 -

Ox0ff57293
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l-Format Syntax

op rd, rsi, |mmed|at612

— *‘*v—*
this is where we will store
the result of the operation
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l-Format Syntax
xb=x4 + 12
addi xb, x4, 12

AN

destination source Immediate
register (rd) register value
(rsl)
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R-Format vs I-Format Syntax
R-Format -Format

op rd, rsl, rs2 op rd, rsl, immediate
R[rd] = R[rs1] op R[rs2] R[rd] = R[rs1] op immediate

writes to rd writes to rd
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Register O XO

m Register O always holds the value O

m This is very useful when we want to write a constant
value to a register
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l-Format Syntax

addi x5, x0, 12

I X5 = XbH2 = | 2

. . source destination

immediate register functs register opcode
V00t [\ DO | Doovs | ODS | 000l | O 0oy
¥— <~ — 201 15 14 12 11 7 6 0
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l-Format Syntax
addi xb, x0O, 12

source destination
register register

Immediate opcode

0000 0000 1100 0010011

20 19 15 14 12 11 /7 6 o)
20




ARITHMETIC LOGIC
UNIT (ALU) ©




A
4" Arithmetic Lo

Add/ Bidirectional Boolean
Sub Shifter Unit

( )

The “math center” of a

computer! ©
n
. J

Result 16

B
ic Unit ¢




An Example Boolean Unit

BT D —

Y
A —
‘:)D_
*— AND AxB Ob0O
e
OR A+B Ob0O1
XOR A+B Ob10
NOR A+ B Ob11
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Let’'s say n = 4. | wantto perform Y = A AND B where Ais b and B is 4.
v’_\/_

olo! \OSAvUC H v

':)D,
— Op o ) AND AxB Ob0O0
| OR A+B 0b01

- | NOR A+B Ob11
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Let’'s say n = 4. | wantto perform Y = A AND B where Ais b and B is 4.

Ob0101

Ob0100

Ob0100

B
0b0100 o
0b0101
:)D— .
r— 0b0001 AND A x B 0b00
| OR A+B 0b01
0b1010 XOR A@®B Ob10
5 | NOR A+ B Ob11
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What are the values on each signal when we want to perform Y = A XOR B where A
is Ob1010 and B is Ob0O0017? N\ —

o \/\S)('\/\_/L,’l\()(\

B
Coo\| 1 :D
‘:)):>_

[
+— AND AxB Ob0O0
| OR A+B 0b01
XOR A@B Ob10

| NOR A+ B Ob11
Bool
e
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What are the values on each signal when we want to perform Y = A XOR B
where A is 0b1010 and B is ObO0017?

0b1010
0b000O |
— d Ob1011_>

A
B ?
O Y
—
0b0001 |
0b1011
) > .
N
— 4 Ob10171 AND AxB 0b00
OR A+B 0bO1
. - 0b0100 XOR A@®B Ob10
i
NOR A+B Ob11

27




	Slide 1: COMP311:  Computer Organization!
	Slide 2
	Slide 3: Reminder: How are programs turned into machine code?
	Slide 4: The miniRISC-V ISA
	Slide 6: Syntax
	Slide 7: R-Format Syntax
	Slide 8: R-Format Operations
	Slide 9: Subtract Instruction
	Slide 10: Translating from C to RISC-V
	Slide 11: Translate this line from C to RISC-V
	Slide 12: Translate this line from C to RISC-V
	Slide 13: R-format vs I-format Instructions
	Slide 14: I-type Data Processing
	Slide 15: I-Format Syntax
	Slide 16: I-Format Syntax
	Slide 17: R-Format vs I-Format Syntax
	Slide 18: Register 0
	Slide 19: I-Format Syntax
	Slide 20: I-Format Syntax
	Slide 21
	Slide 22: n Arithmetic Logic Unit
	Slide 23: An Example Boolean Unit
	Slide 24: Let’s say n = 4. I want to perform Y = A AND B where A is 5 and B is 4.
	Slide 25: Let’s say n = 4. I want to perform Y = A AND B where A is 5 and B is 4.
	Slide 26: What are the values on each signal when we want to perform Y = A XOR B where A is 0b1010 and B is 0b0001?
	Slide 27: What are the values on each signal when we want to perform Y = A XOR B where A is 0b1010 and B is 0b0001?

