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Quiz Topics!

\_

There will be a
seating chart!

Y,

Pipelining

o  Performance Analysis of Single-Cycle vs. Multi-Stage Pipelined

Implementations
e The Register Filel

o Conceptually, what it is, how it works, how to read/write to one.

e RISC-V Assembly

o @Given an instruction in hex or binary, translate it into assembly.
o Given an instruction in assembly, translate it into machine code

o Be able to fill in the R-Format instruction templates we have seen in class.
o Be able to trace through the execution of an assembly instruction. Making
correct updates to the register file. See the in-class problems we have done

together the past 3-4 classes!




RISC-V ASSEMBLY! ©
YAY YAY YAY FUN FUN




Reminder: How are programs turned into
machine code?

High-level language > c=a+b
Assembly add x5, x4, x3

1

Machine Code 00000000001100100000001010110011

1




F_% R'type: |- f}m?? [ | rS2 1 rSj_ fu|nc|3 rd

31|30|29|28|27|26|25I24|23|22|21|2O 19|18|17|16|15 14|13|12 11|10| 9 . 8 : /7 6 5 4 3 2 0
I'type: L1 1 1 i|mr|nl|2 L1 1 1 rSl fu|nc|3 rd O O 1 O O 1 1
P —
31I3O|29|28|27|26|25 24|23|22|21|2O 19.18.17.16.15 14|13|12 :I.1|10I 9 I 8 I 7 6 5 4 3 2 10
B/Stype: |, T, , | rs2 | rs1 [unes| mms, [O]1j0J0J0J1]2
31|30|29|28|27|26|25l24|23|22|21|20|19|18|17|16|15|14|13|12 11|10| 9 . 8 : 7 6 5 4 3 2 10
U'type: [ T T Y N N Ilmr}12(|) [N I T O O rd 0]11/0[11

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 (LUIl, AUIPC)




s

For R-Type and I-Type
R_type Data PFOCGSSing Instructions, the RegWrite
signal in our data path will
ALU instructions with register operands _ L be 1.
Rd - register file write address *
Rn, Rm - register source operands —+ PC___ |
Shift or Rs - Optional shift of Rm o
Instruction
LA - direction and type of shift viematy
S-bit - controls update of PSR D i
_ 152124.20) 2 ; Din[B:0] [+~

Func decoding from ALU lecture s oo s

000 - ADD/SUB £

. . 001 - SLL — 1 DA[31:0] DB[31:0

Register write back controlled DR it
by WERF logic 100 - XOR

101 - SRLUSRA

110-0OR

111 - AND

Y




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
add xb, x4, x3

N

destination source source
register (rd) register 1 register 2
(rsl) (rs2)
@D source source funct3 destlpatlon opcode
register 2 register 1 register
0000000 00011 00100 000 00101 0110011

25 24 20 19 15 14 12 11 7 \6
] — T W




Register File

Reg 0

E

Reg 1

Reg 2

D

T
"o

Reg3 Reg4 Regb5

D  |ID Q
» }*-ﬂ

Reg 6

A
D

g’

E

Reg8 Reg9 Reg10 Reg11 Reg12 Reg13 Reg14 Reg15

E

Reg 16 Reg 17 Reg 18 Reg 19 Reg20 Reg 21

9

b

E
F

E

3[s

E

E
F

E
F

E

"2

Reg22 Reg23

F

2]

Reg24 Reg25 Reg26 Reg27 Reg28 Reg29 Reg30 Reg31

D Q

D Q

D Q

D Q

D Q

D Q

D Q

"2




r1=r2+r3

source source destination
. . funct3 . opcode
register 2 register 1 register

funct7

0000000 00011 00010 000 00001 0110011

31 25 24 20 19 15 14 12 11 /7 6 0

00000000001100010000000010110011

—3Opcode is always 0110011 for integer R-type ALU instructions
funct3 is always the primary operation code group (e.g. 000 = add/sub. 100 = xor, 111 = and)
funct? is used to further specify the operation (e.g. distinguishes add vs. sub. srl vs. sra)



funct7 rs2 rs1 funct3 rd opcode

—| 0000000 00011 00010 000 00001 0110011
31 25 24 20 {19 15 14 12 11 76 0
5 |
Read /. Read 32
o Register Data 1 % 32
=
.5 } Read Read 52
© Register 2 Data 2
3 Reg
= File
Write
Register QM\J[\g j X&) 17&%

Write Data (—»\ :
| RegWrite ||—




What are the contents of the register file
after the following instructions are
executed?

8x003202b3
0x00528533
Ox00EA6020

12



Conter

ts of RegFile

Reg0 Reg1

D

Q

0

D

Q

S

Reg 2

D
>

Q
11

Reg6 Reg7/
D Q D Q
25 22

IS b
Reg8 Reg9 Reg10 Reg 11 Reg 12 Reg% Reg 14 Reg 15

D g Db a DQ-
99 08 s5| P

DQ
2 3 10

Reg 16 Reg 17 Reg18 Reg19 Reg20 Reg 21

D Q D Q
112

Sl

Reg 22 Reg23

D

Q
8

D

Q
86

D

Q

21

D

Q

77

D

Q

84

D

Q
98

D Q [P Q
25 17

Reg 24 Reg25 Reg26 Reg27 Reg28 Reg29 Reg30 Reg 31

D Q D Q D Q
33 a|l P 47

DQ
2 5 67

D

Q
99

D

Q
44

D

Q
62




l V@%ﬁ — Z‘| \0\~|~‘§
What are the contents of the register file
after the following instructions are
executed? —>gxg@3202b3 Y>> O |

source
reqister 2

source

funct? reqister 1

opcode

31 25 24 20 19 15 14 12 11 /7 6 0

=

\ODUO oc:aqb oo[lTC;Dfo E%:Qomo L/DIL @b‘x\‘

14



What are the contents of the register file

after the following instructions are

executed?  —> ©x003202b3
—3 Bbo0bBBBoo PO10000000101011001 1

source
reqister 2

destination
reqister

source

functr reqister 1

opcode

0000000 0110011
31 25 24 20 19 15 14 12 11 7 6 0
x5 x3 § )
x5 =56+ 100 add x5, x4, x3

X5 = 156 - g

15



LachF o4 fp 3 <\ ' = adl XN

What are the contents of the register file
after the following instructions are

executed? 0x00528533

source
reqgister 2

destination
reqister

source

funct? reqister 1

,?O()oo OO0 Ol0| QOIS j@ggof O\ 00|
add XD, XS, XS




What are the contents of the register file

after the following instructions are
executed? 0x00528533

Bb0000B0O0B0O B01010006101001160011

source
reqister 2

destination
reqister

source

funct reqister 1

opcode

0000000 0110011
31 25 24 20 19 15 14 12 11 7 6 0
—~ x10=x5+ x5 r A
> X1O =@+Z 156 ) add x10, x5, x5

X10=312 \. y

17

—%




What are the contents of the register file
after the following instructions are

executed? Ox00a38633

source
reqister 2

destination
reqister

source

funct? reqister 1

opcode

31 25 24 20 19 15 14 12 11 /7 6 0




What are the contents of the register file
after the following instructions are

executed? —0x00a38633
Bb0000B0O0B0O BO111000011000110011

source
reqister 2

destination
reqister

source

funct? reqister 1

opcode

0000000 0110011

31 25 24 20 19 15 14 12 11 /7 6 0

x12 = x7 + x10

X12 = 22 + 312 add x12, X7Q
x12 = 334 E E )




Final Contents of RegFile

Reg 7
D Q
22

Reg0 Reg1 Reg2 Reg3 Reg4 Reg 6
D Q ID Q |IDQ [P Q ﬂ D
0 5 11 100 56 15
Reg8 Reg9 fReg1(\ Reg 11 Reg 13 Reg 14 Reg 15
JOBOE E‘
P2 3 10| N2 31 112 98 85

Reg 16 Reg 17 Reg 18 Reg

19 Reg 20 Reg 21

Reg 22 Reg 23

D Q
8

D

Q
86

Q
21

b

D Q

84

D

Q
98

D Q |ID Q
25 17

Reg 24 Reg25 Reg26 Reg27 Reg28 Reg29 Reg30 Reg 31

DQ
2 5 67

D Q
99

D Q
44

D Q
62

D Q D Q
33 34

D Q
P 47




R-Format Operations
m add

m sub O ( ( DO ( \
m AND

m OR
m SLT (set on less than)

m SLTU (Unsigned)

m SLL (shift left logical)

m SRL (shift right logical)

m SRA (shift right arithmetic)




Subtract Instruction

—> subrd, rsi, rs2

RIrd] = R[rsl] R[r32] \

f

value of the value of the value of the
register rd reglster rsl reglster s2 __,,_;f

22



R-format Syntax
copjrd, rsi, rs2

This notation means RegisterFile[rd]
(i.e. the contents of register rd)

N

@: R[rs1] op R[rs2]
L

value of the value of the value of the
register rd registerrsl  register rs2

23



Translating from C to RISC-V

c =a + b;
v VY

XH X8 X9

add x5, x8, x9




Translate this line from C to RISC-V

7}@-&
V

x14 x15 x16 x17 x18

You may use additional registers in your solution

A8 xS XNT A\ KISz Xy
oA KT XAS KT\ X X
SU~ XY, K\S T (X prs—e



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

vV V. vV VY

x14 x15 x16 x17 x18

add x14, x15, x16 add x5, x15, x16
add x14, x14, x17 or sub x6, x17, x18
sub x14, x14, x18 add x14, x5, x6

26



\.J - S
m\tﬁe value of €ach signal when exécuting: @xz x5
) 2 5 | :
— Read

g Register 1

\ 5 /
24:2C 3 ngesy

3 : R ter 2

“,r"_

Reg

File
) ° Write

Register

8
Write Data RegWrite ‘*

Instruction

%w




WS Soln ~ 4nd T &, %S,

A,

- I &5

K | 60/

_;?@)DO/O@%

\Z)[_UOb[ObM\ObH




Reg 8

D Q
3

Reg 9

Reg 10

100

Original Contents of RegFile

Reg

D Q
18

N

Reg 6
D Q
25

Reg 7

D Q
2

Reg 11 Reg12 Regi13 Regi14 Regilb

D Q
10

D Q
9

Reg 16 Reg 1/ Reg 18

D Q

112

D Q
99

D Q
98

D Q
85

2
D Q
0

Reg 19 Reg20 Reg21 Reg?22 Reg23

b
8

Reg 24 Reg 25 Reg 26

D Q
5

D Q
1

D Q
77

Reg 27 Reg 28 Reg29 Reg30

D Q
84

D Q
98

U
25

D Q
86
6

D Q
.

2
D Q
55

D Q
44

D Q
62

D Q
33

D Q
34

D Q
17

Reg 31

QO

D
47

29
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