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2) Provide the value of the control signals produced in a single-cycle RISC-V when executing a Iw instruction.

e PCsre %w o SINGLE_CYCLE CONTROLLER ImmSrch-s---
: Y :
c c .
.g S 8".5 BRwr ALUsre¢  ALUctr zero MemWr ResSrc :
ARA - x - -
< i -
N = . a i 0 : .
o} 4 = 00 . . A . . .
+
Truth table
H o = =]
: °p S| E[2]|3]| 2
@ H Y : (=2} o0
o : : (1) (add)
S > WE : WE 2 i || ooooo11 olo|1]|1]|00 00
S o RA1 RD1 ; X : —
SH—A s E . E i Jotooo11™ | oo | o 1|00 [1]-
A s 2 RA2 & A  SRD 0 '
2 E 22 ppo 5 e 00100114 | o | 0 | 1 | 1 | 1gtrer
§ = WA DuW Qo
@ x = 0110011 ®%* { o | 0 | 1 | 0 | 1ploperae
8 WD H
E WD i |1100011®=2 | 1 | 0 | 0 | 0 | oplubrecd
5 5 A A :
g 9 1101111920 L o [ 12 | 1 | - | -
38
S o
1 = .
a 3 Sign
u" S extension
e 3 A +
S 9 iy SINGLE-CYCLE
T o -
S .
=& - DATA PATH




Module 5 — Problems:

15/01/24 version

<
S
wv
(1]
<
S
Qo
2
3
S
Q
v
9
Q
—
(<))
S
(73

Z€ero

op

----------------------------

<O
uu_),g 7 > ImmSrc
;) > > PCsrc
=
(8] o
g| §
m Law}
__

: L > BRwr
] =4S > ALUsrc
T gg > MemWr

: / > ResSrc

§ 4 ALUop

0Ps

: =S mYy—f > ALUctr
3II : <O

----------------------------

Truth table

= Q o ‘3_ [
0000011 ¥ 0| 0] 1| 1 |oot 0 | 00
0100011 =¥ 0| 0| 0| 1 |oo@ 1| -

0010011 ¢ | 0 | 0 | 1 | 1 | 10©P== | o | 01

0110011 " | 0 | 0o | 1 | o |10 | 0 | 01

1100011 (beg) 1 0 0 0 Ollsubtract] 0 _

1101111 (33Y ol 1|1]-1|- 0| 10

The Branch and Jump signals are 0 because this is not
a conditional branch (beq) or an unconditional branch
(jal), and therefore the PCsrc signal will also be 0. The
PC will be updated with PC+4 (instruction after “lw”)
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- The BRwr and MemWr signals will be 1 and 0 respectively, because “Iw” instructions write in the register
file (the data read from memory will be loaded into the destination register), but they do not write in the
memory (only “store” instructions can write in the memory)
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- The ALUsrc signal (which controls the source of the lower operand of the ALU) has a value of 1, because
the content of source register rs1 is added with a sign-extended immediate. The ALU will perform the
addition needed to calculate the effective memory address, from which the data will be read. To do this,
ALUop will be 00 (same as with “store” instructions, since both perform the address calculation in the same
way). Therefore, ALUctr will be 000.
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- Finally, the ResSrc signal, which controls the source of the data that will be written in the register file,
has a value of 00. This is to indicate that the value to be written in the destination register (determined by
bits 11:7 of the instruction), is the data read from the data memory.

<
A
wv
(1]
s
g
Qo
a
3
=
Q
=
9
Q
(<))
B
7y

Module 5 — Problems:




3) Provide the value of the control signals produced in a single-cycle RISC-V when executing an andi instruction.
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The Branch and Jump signals are 0 because this is not
a conditional branch (beq) or an unconditional branch
(jal), and therefore the PCsrc signal will also be 0. The
PC will be updated with PC+4 (instruction after “andi”)
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- The BRwr and MemWr signals will be 1 and 0 respectively, because “andi” instructions write in the
register file (the result of the “and” operation), but they do not write in the memory (only “store” instructions
can write in the memory)
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- The ALUsrc signal (which controls the source of the lower operand of the ALU) has a value of 1, because
an “and” operation is performed on the content of source register rs1 with a sign-extended immediate. The
ALU will perform the “and” needed to carry out this operation. To do this, ALUop will be 10 and ALUctr will
be 010.
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- Finally, the ResSrc signal, which controls the source of the data that will be written in the register file,
has a value of 01. This is to indicate that the value to be written in the destination register (determined by
bits 11:7 of the instruction), is the result produced by the ALU after the “and” operation.




4) Provide the value of the control signals produced in a single-cycle RISC-V when executing a beq
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- The Branch signal is 1, because this is a conditional branch (beq), and Jump
is 0 because this is not an unconditional branch (jal). Therefore, the value
of PCsrc will depend on the value of the status signal “zero”, produced by
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- The BRwr and MemWr signals are both 0, because “beq” instructions do not write in the
reqgister file or in the memory.
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- The ALUsrc signal (which controls the source of the lower operand of the ALU) has a value of 0, because
source registers rs1 and rs2 have to be subtracted to determine the equality condition between them. The ALU
will perform this subtraction. To do this, ALUop will be 01 and ALUctr will be 001.
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- Finally, the ResSrc signal, which controls the source of the data that will be written in the register file, is
a “don’t care”, because “beq” instructions do not write in the register file (BRwr=0).
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8) Assume that the following program is running on a single-cycle RISC-V, with the initial value of the
memory and registers shown in the picture. Represent the execution diagrams for the registers and the
memory, as well as for the control and status signals, so that their values are shown for each clock cycle.

0x1000
0x1004
0x1008
0x100C

L7:
Iw
Sw
or
beq

X6,
X6,
x4,
x4,

-4(X9) x|
8(x9)
x5, X6

X4, L7

-12

00000000

00001000
00001004
00001008
0000100c

00002000

frffffc

X9

00001000
TTc4a303
0064a423 00000000
0062e233
Ted420ae3 00000006
0000000a 00002004
Memory Registers

PC

x0

x5

x31
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00000000 00001000 | PC
L7: 00001000 T1c4a303
0x1000 Iw x6, -4(X9)x 00001004 | 0064a423 00000000 | x0
0x1004 sw x6, 8(x9) —12 00001008 (20626233 :
0x1008 or  x 4’ X5 %6 > 0000100c | fte420ae3 00000006 | x5
0x100C | beq x4, x4, L7~ 00002000 [ 0000000a 50002004 ] x9
— 7 frffffc . x31
Memory Registers
The machine code representation of the program instructions is the following:
immy,.o rsl funct3 rd op P
Oxffc4a303
111111111100 01001 | 010 | 00110 0000011 0 %6 -4(x0)
imm;y;.c rs2 rsl funct3 imm,., op
0x0064a423
0000000 00110 | 01001 | 010 | 01000 0100011 36, B0
funct7 rs2 rsl funct3 rd op
0000000 | oo110 | oo101 | 110 | oo100 | 0110011 | 0O%x0062€233
or x4 ,x5,x6
immy, 1.5 rs2 rsl funct3 imm,., 44 op
- OxTed20AE3
1111111 00100 | 00100 | 000 | 10101 1100011 | 00 s e 10
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00000000 00001000 PC

L7: 00001000 TTtc4a303

0x1000 Ilw X6, _4(X9)‘\ 12 00001004 0064a423 . 00000000 .XO
0x1004 sw X6, 8(x9) 00001008 0062e233 |: :
< 0x1008 or x4, x5, x6 > 0000100c . Te420ae3 | | 00000006 .x5
§ Ox100C | beq x4, x4, L7 00002000 [ 00000005 ] [ 00002004 ] x9
§ — 7 FEFFFFfC . 1 | x31
) Memory Registers

Execution diagram: registers and memory

Iw x6,-4(x9) sw X6,8(x9) or x4,x5,x6 |beq x4,x4,-12 | lw x6,-4(x9)
;", PC 00001000
3 x4 27222227
39 x5 00000006
¢ X6 29922227
£ s X9 00002004
) MEM[0x2000] | 0000000a
ey MEM[0x200c] 22227777
S8 ' ' ' ' v '
$E de 5 4 L& 14

#cycle : 1 2 3 4 5




00000000 00001000 PC

L7: 00001000 TTtc4a303

0x1000 Ilw X6, _4(X9)‘\ 12 00001004 0064a423 . 00000000 .XO
0x1004 sw X6, 8(x9) 00001008 0062e233 |: :
< 0x1008 or x4, x5, x6 > 0000100c . Te420ae3 | | 00000006 .x5
§ Ox100C | beq x4, x4, L7 00002000 [ 00000005 ] [ 00002004 ] x9
§ — 7 FEFFFFfC . 1 | x31
) Memory Registers

Execution diagram: registers and memory

Iw x6,-4(x9) sw x6,8(x9) or x4,x5,x6 beq x4,x4,-12 | Iw x6,-4(x9)

PC 00001000 00001004
x4 Yo dadades =

x5 00000006 =

X6 Yo dadades 0000000a
x9 00002004

MEM[0x2000] 0000000a
MEM[0x200c] ?????7?7?7?

clk —I

#cycle : 1
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00000000 00001000 PC
L7: 00001000 TTtc4a303
0x1000 Ilw x6, -4 (xg) X 12 00001004 0064a423 00000000 x0
0x1004 sw X6, 8(x9) C 00001008 0062e233 :
S 0x1008 or x4, x5. X6 > 0000100c . fed420ae3 00000006 | x5
3] 0x100C beq x4, x4, L7~ 00002000 0000000a 00002004 | x9
v [ ] L I ] L[]
S 7 FEFFFFfC x31

Memory Registers

Execution diagram: registers and memory

# cycle

3 4

Iw x6,-4(x9) sw x6,8(x9) or x4,x5,x6 | beq x4,x4,-12 | lw x6,-4(x9)
3 PC 00001000 00001004 00001008
g x4 222772277 272227727 =
iés S X5 00000006 00000006
3 g X6 222772277 0000000a =
)
L s X9 00002004 00002004 =
I3 MEM[0x2000] 0000000a 0000000a =
E :»T MEM[0x200c] 22222227 22227227 0000000a
% E : . . . . .
3 e 44— ¥ L_F§ L4



00000000 00001000 PC
L7: 00001000 TTtc4a303
0x1000 Ilw x6, -4 (xg) X 12 00001004 0064a423 00000000 x0
0x1004 sw X6, 8(x9) C 00001008 0062e233 :
S 0x1008 or x4, x5. X6 > 0000100c fed420ae3 00000006 | x5
3] 0x100C beq x4, x4, L7~ 00002000 0000000a 00002004 | x9
v [ ] L I ] L[]
S 7 FEFFFFfC x31

Memory Registers

Execution diagram: registers and memory

# cycle

3

S

Iw x6,-4(x9) sw x6,8(x9) or x4,x5,x6 | beq x4,x4,-12 | lw x6,-4(x9)
:E: PC 00001000 00001004 00001008 0000100c
3 x4 araararararars ????7?7°7?7 ????°?7°7?7? 0000000e
iéi g x5 00000006 00000006 00000006 =
% § X6 araararararars 0000000a 0000000a =
E S X9 00002004 00002004 00002004 =
| % MEM[0x2000] 0000000a 0000000a 0000000a =
E E‘ MEM[0x200c] P??7?°°?7°77 ???7?7?7?7?7 0000000a =
32 . . . . .
$§ ol NN R I N S S E—



00000000 00001000 PC
L7: 00001000 TTtc4a303
0x1000 Ilw x6, -4 (xg) X 12 00001004 0064a423 00000000 x0
0x1004 sw X6, 8(x9) C 00001008 0062e233 :
S 0x1008 or x4, x5. X6 > 0000100c fed420ae3 00000006 | x5
3] 0x100C beq x4, x4, L7~ 00002000 0000000a 00002004 | x9
v [ ] L I ] L[]
S 7 FEFFFFfC x31

Memory Registers

Execution diagram: registers and memory

# cycle

3

4q

Iw x6,-4(x9) sw x6,8(x9) or x4,x5,x6 | beq x4,x4,-12 | Iw x6,-4(x9)
:E: PC 00001000 00001004 00001008 0000100c 00001000
S x4 ????7°7?7? ???°°27?7?7? 2??°?7?7?7? 0000000e =
Eé; g x5 00000006 00000006 00000006 00000006 =
% § X6 ????7°7?7? 0000000a 0000000a 0000000a =
S S X9 00002004 00002004 00002004 00002004 =
I % MEM[0x2000] 0000000a 0000000a 0000000a 0000000a =
E E‘ MEM[0x200c] ?????7?7?7? ????°7?7?7? 0000000a 0000000a =
s - . . . . .
$§ S S U Y U R G D S kS

(92}



00000000 00001000 PC

L7: 00001000 TTtc4a303

0x1000 Ilw X6, _4(X9)‘\ 12 00001004 0064a423 . 00000000 .XO
0x1004 sw X6, 8(x9) 00001008 0062e233 |: :
< 0x1008 or x4, x5, x6 > 0000100c . Te420ae3 | | 00000006 .x5
§ Ox100C | beq x4, x4, L7 00002000 [ 00000005 ] [ 00002004 ] x9
§ — 7 FEFFFFfC . 1 | x31
) Memory Registers

Execution diagram: registers and memory

# cycle

3

4

Iw x6,-4(x9) sw x6,8(x9) or x4,x5,x6 | beq x4,x4,-12 | Iw x6,-4(x9)
:E: PC 00001000 00001004 00001008 0000100c 00001000
S x4 ????7°7?7? P77 P???7°7°77 0000000e 0000000e
Eé; g x5 00000006 00000006 00000006 00000006 00000006
% § X6 Y ddadads 0000000a 0000000a 0000000a 0000000a
S S x9 00002004 00002004 00002004 00002004 00002004
u|3 § MEM[0x2000] 0000000a 0000000a 0000000a 0000000a 0000000a
% z MEM[0x200c] ?????7?7?7? ????°7?7?7? 0000000a 0000000a 0000000a
33 . . . . . .
$3 ol & & L4 L

5



Execution diagram: status and control signals

Iw x6,-4(x9) sw x6,8(x9) or x4,x5,x6 beq x4,x4,-12 | Iw x6,-4(x9)
op 0000011 0100011 0110011 1100011 0000011
funct7. = — 0 — —
funct3 010 010 110 000 010
zero - - - 1 -
Branch
Jump
BRwr
ALUsrc
ALUop
MemWr
ResSrc
InmSrc
ALUctr
PCsrc

15/01/24 version
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Execution diagram: status and control signals

1w x6,-4 (x9)

sw x6,8(x9)

or x4 ,x5,x6

beq x4,x4,-12

lw x6,-4(x9)

op 0000011 0100011 0110011 1100011 0000011
funct7. = — 0 — —
funct3 010 010 110 000 010
zero = — — 1 —
Branch 0 0 0 1 0
Jump 0 0 0 0 0
BRwr 1 0 1 0 1
ALUsrc 1 1 0 0 1
ALUop 00 00 10 01 00
MemWr 0 1 0 0 0
ResSrc 00 - 01 - 00
InmSrc 00 01 - 10 00
ALUctr 000 000 011 001 000
PCsrc 0 0 0 1 0
ik . . . : .
# ciclo 1 : 2 : 3 : 4 : 5 )

PCsrc

g SINGLE-CYCLE CONTROLLER

£
83 BRwr ALUsre  ALUcir zero MemWr ResSrc

=i

SN [

-3
Instruction

memory

i 4 2
19:15 WE
ra1 "E Ro1 [N

e RAZ E o 3 — ] E‘nr‘
117 s BE RD2l— - zE

& =

D WD
.. ..
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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/




