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ISA - Instruction Length

Fixed Length Variable Length

: . JE EIP + displacement
2 bit a P
32 bits 4 4 8
hift i-
opcode | rs re rd s funct JE |©OndH| piplacement
amount tion
. b. CALL
32 bits 8 32
opcode | rs re immediate / offset CALL Offset

c.MOV  EBX, [EDI + 45]

32 bits 6 11 8 8
r/m .
opcode target MOV |d|w Postbyte Displacement
32 bits d. PUSH ESI
— 5 3
shirt
opcode | rs re rd | ounc| funct PUSH | Reg
392 bits e. ADD EAX, #6765
4 3 1 32
opcode target ADD |Reg|w Immediate
32 bits f. TEST EDX, #42
] ] 7 1 8 32
opcode | rs re immediate / offset )
TEST w Postbyte Immediate
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ISA

6 bits 5 bits 5 bits 5 bits 5 bits 6 bits

opcode | rs re rd aniiiztn .| funct
6 bits 5 bits 5 bits |6 bits

opcode | rs re immediate / offset
6 bits 26 bits

opcode target

ny 5 bits for rs, rt, rd?

nat impacts # bits in opcode

Ny is it ok to have 16 bits in immediate

nat is the difference between immediate and register source
nat are the trade-offs between fixed length and variable length?
nat is a load-store ISA?

S=2====
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Addressing Modes

- Register direct R3
- Immediate (literal) #25
- Direct (absolute) M[10000]

- Register indirect MIR3]

- Base+Displacement M[R3 + 10000]
- Base+Index M[R3 + R4]

- Scaled Index M[R3 + R4*d + 10000]
« Autoincrement M[R3++]

- Autodecrement MI[RS3 - -]

« Memory Indirect M[ M[R3] ]
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ISA - Addressing Modes in MIPS
register direct
OP rs rt rd sa funct
add $1, $2, $3
immediate
OP rs rt immediate

add $1, $2, #35
base + displacement s
Iw $1, disp($2)

o

rt

(R1 = M/R2 + disp])

immediate

We get register indirect and
absolute for free, but how?

register indirect

& disp = 0
absolute
& (rs) =0
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Memory Organization

12

===

32 bits of data

32 bits of data

32 bits of data

32 bits of data

hat is a word?
nat does it mean to be word aligned?
nat are the values of the last two bits of a word aligned address?

Registers hold 32 bits of data
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Performance

Speedup (X/Y) - Execution Time, _ .

Execution Timey
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Performance

- Machine A runs program C in 9 seconds, Machine B runs the same program
In 6 seconds. What is the speedup we see if we move to Machine B from
Machine A?

- Machine B gets a new compiler, and can now run the program in 3 seconds.
Speedup?

Monday, February 11, 13



Performance

- Machine A runs program C in 9 seconds, Machine B runs the same program
In 6 seconds. What is the speedup we see if we move to Machine B from
Machine A?

Speedup (X/Y) =

- Machine B gets a new compiler, and can now run the program in 3 seconds.
Speedup?
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Performance

- Machine A runs program C in 9 seconds, Machine B runs the same program
In 6 seconds. What is the speedup we see if we move to Machine B from
Machine A?

X = machine B
Speedup (X/Y) =

Y = machine A

- Machine B gets a new compiler, and can now run the program in 3 seconds.
Speedup?
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Performance

- Machine A runs program C in 9 seconds, Machine B runs the same program
In 6 seconds. What is the speedup we see if we move to Machine B from
Machine A?

X = machine B 9

Speedup (x/y) - ExecutionTimey _ 4 5
_ Execution Timey
Y = machine A 6

- Machine B gets a new compiler, and can now run the program in 3 seconds.
Speedup?

Monday, February 11, 13



Performance

- Machine A runs program C in 9 seconds, Machine B runs the same program
In 6 seconds. What is the speedup we see if we move to Machine B from
Machine A?

X = machine B 9

Speedup (x/y) - ExecutionTimey _ 4 5
_ Execution Timey
Y = machine A 6

- Machine B gets a new compiler, and can now run the program in 3 seconds.
Speedup?

X = machine B
Speedup (X/Y) =

Y = machine A
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Performance

- Machine A runs program C in 9 seconds, Machine B runs the same program
In 6 seconds. What is the speedup we see if we move to Machine B from
Machine A?

X = machine B 9

Speedup (x/y) - ExecutionTimey _ 4 5
_ Execution Timey
Y = machine A 6

- Machine B gets a new compiler, and can now run the program in 3 seconds.
Speedup?

X = machine B 9

Speedup (X/Y) - Execution Time,,

_ Execution Timey
Y = machine A 3

= n 3X
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Performance - Execution Time

- Assume that we have an application composed with a total of 500,000
Instructions, in which 20% of them are the load/store instructions with an

average CPI of 6 cycles, and the rest of the instructions are integer
instructions with average CPI of 1 cycle.

Instructions v Cycles Seconds

Execution Time = X

Program Instruction Cycle
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Performance - Execution Time

- Assume that we have an application composed with a total of 500,000
Instructions, in which 20% of them are the load/store instructions with an

average CPI of 6 cycles, and the rest of the instructions are integer
instructions with average CPI of 1 cycle.

Instructions v Cycles Seconds

Execution Time = X

Program Instruction Cycle

500,000 *
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Performance - Execution Time

- Assume that we have an application composed with a total of 500,000
Instructions, in which 20% of them are the load/store instructions with an

average CPI of 6 cycles, and the rest of the instructions are integer
instructions with average CPI of 1 cycle.

, , Instructions Cycles Seconds
Execution Time = X — X
Program Instruction Cycle
500,000 *

(2%6+ 8% |)*
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Performance - Execution Time

- Assume that we have an application composed with a total of 500,000
Instructions, in which 20% of them are the load/store instructions with an

average CPI of 6 cycles, and the rest of the instructions are integer
instructions with average CPI of 1 cycle.

, , Instructions Cycles Seconds
Execution Time = X — X
Program Instruction Cycle
500,000 *

(2%6+ 8% |)*

| ns =

Monday, February 11, 13



Performance - Execution Time

- Assume that we have an application composed with a total of 500,000
Instructions, in which 20% of them are the load/store instructions with an

average CPI of 6 cycles, and the rest of the instructions are integer
instructions with average CPI of 1 cycle.

, , Instructions Cycles Seconds
Execution Time = X — X
Program Instruction Cycle
500,000 *
(2*6+.8%])*
| ns =

1,000,000 ns
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Amdahl’'s Law

Speedup = '
P P ( I _ FraCtionenhanced)+ FI"aCtlonenhanced

Speedupenhanced

total execution time = |

—

) .

F I"aCti on enhanced
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Amdahl’s Law: The Super MPEG Decoder

- Assume that we have a game spending 25% of it’s time doing MPEG
decoding. If we add a hardware MPEG decoder that can speed up the MPEG
decoding by 10x. How much does the hardware MPEG decoder help?
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Amdahl’s Law: The Super M

=C

Decoder

- Assume that we have a game spending 25% of it’s time doing MPEG
decoding. If we add a hardware MPEG decoder that can speed up the MPEG
decoding by 10x. How much does the hardware MPEG decoder help?

Speedup =
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Amdahl’s Law: The Super M

=C

Decoder

- Assume that we have a game spending 25% of it’s time doing MPEG
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Speedup =
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Amdahl’s Law: The Super M

=C

Decoder

- Assume that we have a game spending 25% of it’s time doing MPEG
decoding. If we add a hardware MPEG decoder that can speed up the MPEG
decoding by 10x. How much does the hardware MPEG decoder help?

Speedup =

( I - FraCtionenhanced)+

F I’aCti on enhanced

Speedupenhanced

Speedup = 57Ty
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Amdahl’s Law: The Super M

=C

Decoder

- Assume that we have a game spending 25% of it’s time doing MPEG
decoding. If we add a hardware MPEG decoder that can speed up the MPEG
decoding by 10x. How much does the hardware MPEG decoder help?

Speedup =

( I - FraCtionenhanced)+

F I’aCti on enhanced

Speedupenhanced

Speedup = 575y +
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Amdahl’s Law: The Super M

=C

Decoder

- Assume that we have a game spending 25% of it’s time doing MPEG
decoding. If we add a hardware MPEG decoder that can speed up the MPEG
decoding by 10x. How much does the hardware MPEG decoder help?

Speedup =

( I - FraCtionenhanced)+

F I’aCti on enhanced

Speedupenhanced

Speedup = 575y +
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Amdahl’s Law: The Super M

=C

Decoder

- Assume that we have a game spending 25% of it’s time doing MPEG
decoding. If we add a hardware MPEG decoder that can speed up the MPEG
decoding by 10x. How much does the hardware MPEG decoder help?

Speedup =

( I - FraCtionenhanced)+

F I’aCti on enhanced

Speedupenhanced

Speedup = 575y +

0.25
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Amdahl’s Law: The Super MPEG Decoder

- Assume that we have a game spending 25% of it’s time doing MPEG
decoding. If we add a hardware MPEG decoder that can speed up the MPEG
decoding by 10x. How much does the hardware MPEG decoder help?

|
Speedup =
P P ( | - Fractionenhanced)+

Fractionenhanced
Speedupenhanced

_ |
Speedup = 7§75y ;o

|10
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Amdahl’s Law: The Super MPEG Decoder

- Assume that we have a game spending 25% of it’s time doing MPEG
decoding. If we add a hardware MPEG decoder that can speed up the MPEG
decoding by 10x. How much does the hardware MPEG decoder help?

Speedup = ‘
P (1~ Fractionemnced)+ FraCtiONenunced
Speedupenhanced
SPGGdUPz (I_ 025) I_|_ 0.25 = 1.29
|10
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ALU - Two’s Complement Representation

- 2’s complement representation of negative numbers

« Take the bitwise inverse and add 1

+ Biggest 4-bit Binary Number: 7 Smallest 4-bit Binary Number: -8
Decimal Two' s Complement Binary
-8 1000
-7 1001
-6 1010
-5 1011
-4 1100
-3 1101
-2 1110
-1 1111
0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
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ALU

Binvert

Qperation

Carryln ‘

|

0

—
=
1 » Result

O T
b 0 -+ 2
LD N
1
v
CarryOut

- How many bits does this ALU support?

- What does Binvert do?
« What about Carryln, CarryOut?

- How do we make an ALU that supports 32 bits?

Monday, February 11, 13



ALU

Bnegate Operation

Ainvertl l
? Y I_l V

a0 —={ Carryln
ResultO

b0 — ALUO
. o Less |
Wh at IS " CarryOut

®
YY ¥

al —| Carryln

<%

Y

bl —» ALUA Result1 .
0 — Less >
CarryOut : Zero
® O >
3
* Y Y VY
a2 —| Carryln
b2—»  ALU2 [ Resul2 Lo
0 — Less
CarryOut
!
L : © Carryln i
| VY l y

a31—{ Carryin Result31

b31—> ALU31 Set
0—> Less » QOverflow
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ALU

Bnegate Operation

Ainvertl l
? Y I_l V

a0 —| Carryln Resulto

b0 —=  ALUO ey
L oss |

CarryOut

<%

What is...

YY ¥

al —| Carryln

Y

Result1

b1 — ALU1 T—>

0 —» Less >
CarryOut : Zero
[ L J >
‘v Y VY
a2 —| Carryln
b2 — ALU2 Result2 -~ »
00— Less
CarryOut
L : * Carryln i
|
1y l — Result31
a31—{ Carryln S
b31—> ALU31
Less » Overflow
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ALU

Bnegate Operation

Ainvertl l
? Y I_l V

a0 —| Carryln Resulto

b0 —=  ALUO esl
L oss |

CarryOut

<%

What is...

YY ¥

al —| Carryln

Y

Result1

b1 — ALU1 T—>

0 —» Less >
CarryOut : Zero
[ L J >
‘v Y VY
a2 —| Carryln
b2 — ALU2 Result2 -~ »
00— Less
CarryOut
L : * Carryln i
|
1y l — Result31
a31—{ Carryln S
b31—> ALU31
Less » Overflow
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Full ALU

Binvert Operation
Carryln |
: . A
I, 0
‘—L/ !
- ; > Result
b — 0 + 2
1
Less »3
/
L J
a CarryOut
Binvert Operation
Carryln |
a * o\ )
I, 0
L) T
L
< ! » Result
b — 0 w +
—>

Less

Y ¥ Y

IL
— Set

Overflow
detection

» Overflov

Binvert

Carryln

Operation

:

L 4 l L J

ald —»
b —

Carryln

ALUO

Less
CarryOut

L l L J

al —»
bl =

Carryln
ALU1

» Resultd

» Resultl

Less
CarryOut

¥y ¥yYv

a2 —
D2 =
0 —»

Carryln
ALU2

Less
CarryOut

1

-

L L

lCarryIn

a3l —»
b31 —»

» Result2

Carryln
ALU31

» Result31
Set

Less

» Overflow

what signals accomplish:
Binvert CIn Oper

add?
sub?
and?
or?
beq?
slt?

ALU operation

|

ALU

N

CarryOut

—» Zero
—» Result

— Qverflow
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Full ALU

Binvert Operation
Carryln |
: . A
I, 0
‘—L/ !
- ; > Result
b — 0 + 2
1
Less »3
/
L J
a CarryOut
Binvert Operation
Carryln |
a * o\ )
I, 0
L) T
L
< ! » Result
b — 0 w +
—>

Less

Y ¥ Y

IL
— Set

Overflow
detection

» Overflov

Binvert

Carryln

Operation

:

L 4 l L J

ald —»
b —

Carryln

ALUO

Less
CarryOut

L l L J

al —»
bl =

Carryln
ALU1

» Resultd

» Resultl

Less
CarryOut

¥y ¥yYv

a2 —
D2 =
0 —»

Carryln
ALU2

Less
CarryOut

1

-

L L

lCarryIn

a3l —»
b31 —»

» Result2

Carryln
ALU31

» Result31
Set

Less

» Overflow

what signals accomplish:

Binvert CIn Oper
0

add?
sub?
and?
or?
beq?
slt?

0 10

ALU operation

|

ALU

N

CarryOut

—» Zero
—» Result

— Qverflow
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Full ALU

Binvert Operation
Carryln |
: . A
I, 0
‘—L/ !
- ; > Result
b — 0 + 2
1
Less »3
/
L J
a CarryOut
Binvert Operation
Carryln |
a * o\ )
I, 0
L) T
L
< ! » Result
b — 0 w +
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Less

Y ¥ Y

IL
— Set

Overflow
detection

» Overflov

Binvert

Carryln

Operation

:

L 4 l L J

ald —»
b —

Carryln

ALUO

Less
CarryOut

L l L J

al —»
bl =

Carryln
ALU1

» Resultd

» Resultl

Less
CarryOut

¥y ¥yYv

a2 —
D2 =
0 —»

Carryln
ALU2

Less
CarryOut

1

-

L L

lCarryIn

a3l —»
b31 —»

» Result2

Carryln
ALU31

» Result31
Set

Less

» Overflow

what signals accomplish:

Binvert CIn Oper
0

1

add?
sub?
and?
or?
beq?
slt?

0 10
1 10

ALU operation

|

ALU

N

CarryOut

—» Zero
—» Result

— Qverflow
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Full ALU

Binvert Operation
Carryln |
: . A
I, 0
‘—L/ !
- ; > Result
b — 0 + 2
1
Less »3
/
L J
a CarryOut
Binvert Operation
Carryln |
a * o\ )
I, 0
L) T
L
< ! » Result
b — 0 w +
—>

Less

Y ¥ Y

IL
— Set

Overflow
detection

» Overflov

Binvert

Carryln

Operation

:

L 4 l L J

ald —»
b —

Carryln

ALUO

Less
CarryOut

L l L J

al —»
bl =

Carryln
ALU1

» Resultd

» Resultl

Less
CarryOut

¥y ¥yYv

a2 —
D2 =
0 —»

Carryln
ALU2

Less
CarryOut

1

-

L L

lCarryIn

a3l —»
b31 —»

» Result2

Carryln
ALU31

» Result31
Set

Less

» Overflow

what signals accomplish:

Binvert CIn Oper
0

1
0

add?
sub?
and?
or?
beq?
slt?

0 10
1 10
0 00

ALU operation

|

ALU

N

CarryOut

—» Zero
—» Result

— Qverflow
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Full ALU

Binvert Operation
Carryln |
: . A
I, 0
‘—L/ !
- ; > Result
b — 0 + 2
1
Less »3
/
L J
a CarryOut
Binvert Operation
Carryln |
a * o\ )
I, 0
L) T
L
< ! » Result
b — 0 w +
—>

Less

Y ¥ Y

IL
— Set

Overflow
detection

» Overflov

Binvert

Carryln

Operation

:

L 4 l L J

ald —»
b —

Carryln

ALUO

Less
CarryOut

L l L J

al —»
bl =

Carryln
ALU1

» Resultd

» Resultl

Less
CarryOut

¥y ¥yYv

a2 —
D2 =
0 —»

Carryln
ALU2

Less
CarryOut

1

-

L L

lCarryIn

a3l —»
b31 —»

» Result2

Carryln
ALU31

» Result31
Set

Less

» Overflow

what signals accomplish:
Binvert CIn Oper

add?
sub?
and?
or?
beq?
slt?

0 0 10
1 1 10
0 0 00
0 0 01

ALU operation

|

ALU

N

CarryOut

—» Zero
—» Result

— Qverflow
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Full ALU

Binvert Operation
Carryln |
: ] A
I, 0
‘—L/ !
- ; > Result
b — 0 + 2
1
Less »3
/
L J
a. CarryOut
Binvert Operation
Carryln |
a * o\ 7 )
I, 0
L T
L
< ! » Result
b — 0 w

Less

LA J

IL
— Set

L 4 vy

Overflow
detection

» Overflov

Binvert

Carryln

Operation

:

L 4 l L J

ald —»
b —

Carryln
ALUO
Less

CarryOut

L l L J

al —»
bl =

Carryln
ALU1
Less
CarryOut

» Resultd

» Resultl

¥y ¥yYv

a2 —
D2 =
0 —»

Carryln
ALU2
Less

CarryOut

1

-

lCarryIn

a3l —»
b31 —»

» Result2

Carryln
ALU31

» Result31

Set

Less

» Overflow

what signals accomplish:
Binvert CIn Oper

add?
sub?
and?
or?
beq?
slt?

0 0 10
1 1 10
0 0 00
0 0 01
1 1 10

ALU operation

|

—» Zero

ALU |— Result

N

— Qverflow

CarryOut
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Full ALU

Binvert

Operation
Carryln |

1

0

+ Result

T
W
._Q_,/ !
X N
+

Less

(m

Binvert

Operation

Carryln |

> r

|
BN
0

» Result

Less

LA J

L 4 vy

IL
— Set

Overflow

detection

» Overflov

Binvert

Carryln

Operation

:

L 4 l L J

ald —»
b —

Carryln
ALUO
Less

CarryOut

L l L J

al —»
bl =

Carryln
ALU1
Less
CarryOut

» Resultd

¥y ¥yYv

a2 —
D2 =
0 —»

Carryln
ALU2

» Resultl

Less

CarryOut

1

-

lCarryIn

a3l —»
b31 —»

» Result2

what signals accomplish:
Binvert CIn Oper

add?
sub?
and?
or?
beq?
slt?

Carryln
ALU31

» Result31
Set

Less

» Overflow

0 0 10
1 1 10
0 0 00
0 0 01
1 1 10
1 1 11

ALU operation

|

—» Zero

ALU |— Result

N

— Qverflow

CarryOut
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The R-Format (e.g. add) Datapath

addr1, r2, r3

2} w—

PCSrg

RegWrite
|

Read
nd ? address

Instruction
memory

Instruction
[31 0]

Read I'2

register 1 Read
register

= Read

write ™1 gata 2
register

AL

>‘ﬁ‘dd result

Zero

ALU ALU
result

MemWrite
|

MemtoReg

Read
Address data

Wirite Data
data memaory

MemRead
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The Load Datapath

Iw r1, 1000(r2)

2} w—

PCSrg

Read
nd ? address
Instruction

[31 0]

Instruction
memory

RegWrite
|
Read r2
register 1 Read
register 2

Write 'l
register
Write
data

Registers

Instruction [S 0]

16 gn

> Add

AL
result

Zero

ALU ALU
result

1000

MemWrite

l

Read
data 2 r;ﬁ
32

ALUOp

ddress

Wirite

Rea

datz

Data

data memory

MemtoReg

X

MemRead
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The Store

Datapath

sw r1, 1000(r2)

&} —

i

Read
address

Instruction
[31 0]

Instruction
memory

PCSrg

RegWrite
|

Read I'2
register 1 Read
Read r1 data’
register 2

_ Reag
Write data 2
register
Write .
data  Registers

16 gn

Instruction [S 0]

AL
result

>Add

MemWrite
|

MemtoReg

Read

ddress data

Data

Lta  memory

MemRead

ALUOp
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The Branch (beq)

Datapath

beq r1, r2, 1000

Read
address

Instruction
[31 0]

Instruction
memory

RegWrite
|

Read I2
register 1 Read

REE({I r:I? data 1
register

eg_ Read
Write data 2

register

Write .
data  Registers

6 [ s\ 2

Instruction [S 0]

result

Zero

ALU ALU
result

ALUOp

MemWrite
|

Read
Address data

Wirite Data
data memaory

MemtoReg

MemRead
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Single Cycle CPU

4 —>»

I

Add

Read

address

Instruction

Instruction
memory

[31-0]

1

Instruction [31-26]

Instruction [25—-21]

> Control

RegDst
Branch

Add

ALU
result

\ MemRead

xc= ©

—

- What are the signals?
- What are the signals
for...
« add ri, r2, r3
* Iwr1, 1000(r3)
* SW r2, 45(r1)

MemtoReg

ALUOp

MemWrite

| ALUSrc

RegWrite

Read

Instruction [20—16]

Y

| Read

register 1

Read

data 1

N

Instruction [15—11]

“xec=©°

Instruction [15-0]

" | register 2

| Write

Read

Write data 2

register

data  Registers

16 m 32
o _| Sign

y
*x:ga\

V@

Instruction [5—0]

\

Address

Read
data

Data

data

Oxec=—

* beqgri, r2, Loop
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Complete Multi-Cycle

Datapath

Address

Memory
MemData

Widrite
data

Instruction
[31-28]

Instruction
[25 21]

Instruction
[20 18]

Instruction
(15 0]

Instruction
register

Instruction
15 Q]

Mermaory
data
register

Read
register 1

Read d Ff:tea1d
register 2 4ald

Registars

!

Sign
extend

Instruction [5 Q]

PC [31-28]

~_

address

Lero
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1. Instruction Fetch

PC

F'C'ﬁhﬂetnnd!/\\ PCSounce

aas

PCWrite
larD .'!{D”tll'lﬂs\'l'ﬁ'LUOD
MemRead| ALUSrcB
Memwiite| Control ALUSres
MemtaReg | Reg\Write
IR\Write \ [ﬁopU] RegDst
3 Shift
AT Neft 2
Instruction
- PC [31-28]
Instruction Read
ddress [28 21] register 1
Instruction Read Read A
MEWW [EG 15] FEQiE-tErE data 1 1 . Zero
MamData- , 0 _Registers AL
N 0 i 'I-"'-"I'I‘_c-a B result
_ (15 0l Instruction| U register  ga4m o
E"‘E‘:;e Instruction s 11] | = Wiite
register 1 it !
Instruction 0 :
15 0] M
u
—- X
Mermory 1
reg?st?er 16 Sign i L
extend left 2 control

Instruction [S Q]

Jump
address [31-0]

ALUOY

IR = Memory|PC]
PC=PC+4
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2. Instruction

Decode and

Register Fetch

“xec=Z O

/TI_C_I }Jli_',il"u'nl-:L'Ulﬂb/\ PCSource
e, " PCWrite ) )
larD) ||"|Illrl.'lur|'-||l:=.1II!MI'L‘I":\|-'
MemRead | ALUSrcB
Memwrite |  Control ALUSTeA
MemitaReg h RegWrite
IRWrite [S'DF’U] RegDst
Jump
2 address
Instruction
[31-28]
Instruction Read
Address [25 21] register 1
! Read
Instruction Read A
Memary [20 18] register 2 da"a"i 1
Memoata ' g _ Reqisters
Instruction M w”ta -
Wi [15 0] nstruction| U register gtz 2 A
" i 15 11 " _ "
data |I'|5tﬂ._l::t|on ] : White 1 u
register data e
Instructio 0 ;
[15 M
u
X
—1 Memory 1
data 186 32 »
o control

Instruction [S Q]

A = Register[IR[25-21]]
B = Register[IR[20-16]]
ALUOut = PC + (sign-extend (IR[15-0]) << 2)
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3. Branch Completion

/_PI_C B PCSource
X PCWrite
lorD ."‘Ilr"j'ut|3u|s‘5‘!“c"'-l*":"j
MemRead | ALUSTCE
Memwrite | Contral ALUSreA
MemtaReq h RegW\rite
IRWrite \, ¢ SGF’U] RegDst
Jump
I %E Shift 25 address [31 N 2 '
AT fleft 2
Instruction '
” | [31 .26] PC [31-28]
M Instruction Read
U [ Address [25 21] register 1
X
Instruction Read Read
1 emon [20 16] register 2 data |
MemDats [e———.- . N csters
Instruction Wite -
. M5 0] register  jo4q 2
ad E‘h;ht;e |n5tﬂ_l::tion 1 White
register data IEi
Instruction 0
[15 0] M
u
x
w— Memory 1
o I 2
register
* extend
Instruction [S Q]

if (A==B) PC = ALUOut
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3. Execution

=l

Address

Memory
MemDats e——

Widrite
data

Instruction
[31-28]

Instruction
[25 21]

Instruction
[20 18]

Instruction
15 0]

Instruction
register

—- Memow

Instruction
15 Q]

data
register

address

Read
register 1

!

Read d Fitea1d
register 2 4ald

_ Registers

Sign
extend

Instruction [S Q]

PC [31-28]

ALUout=AopB
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R-Type Completion

PCWNteCant I//\

Reg[IR[15-11]] = ALUout

/—PI_C—I PCSource
PCWrite . N
Sk s 'l'lllllrl.'-.ll.]”'-lll:-\.‘li‘HI Uop
MemRead |' ALUSreB
MenmWrite Cantral ALUSIcA
MemtoReq h RegWrite
— Op RegDst
L= [5 U]
i
1 M
JUMmg u
Imstruction [25 0] I %E Shift 28 address [31-0] - , K
A left 2
Instruction "
] Instruction Read M
2. o || I N s T
Instruction Read CAU f— A X
L Memory (20 16][7 - register 2 data 1 1 > ALU Zoro
MemData em—pe—p | ) Registers ALU ALUOUt
Instruction Write cad B result
Wit 5 o Instructio register  gatg 2 a
(=3 A
=l Instruction = 1 M
data register e it ! : /
Instruction 3
[15 0] Vi
u
x
—1  Mamory 1
s | | o [ \=
register . Sign
I extend
Instruction [S Q]

Monday, February 11, 13




4. Memory Address Computation

/7_|_C_I Wt Cor fm PCSaurce
P :Il:tlff' b “:HH‘\IJ_ IO

MemRead

MemWrite | 0N

MemtaReg

Instruction [25 0] I

address

Instruction I l

— — — - e w-

register

. - [31-26] I I PC [31-20]
] Instruction Read
" . Read
Instruction Read
1 Memary (20 16][] v register 2 data 1
MemDats je—— nstruction B 0 Wi Registers
nstruction M I Read g
_ (15 0] I nstruction| U register  gaig 2
- E';'"tge Instruction 1"" Write
register data r
Instructio 0 I
(15 © M I
I : —1
X
e =AY
data ! I ] ‘ 16 ~

Instruction [S Q]

ALUout = A + sign-extend(IR[15-0])
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4. Memory Access Load

/TPC_I PC'L"‘U'III-:I'_ZUHL/\ PCSaurce
PCWrite ‘I'Ir 1||‘J.:._|_|‘_r|.\::\.|_-,

larD) ||' Cutputs
MemRead |' ALUSTCE
Memwiite| Control L ALUSIEA
MemtaReq h RegW\rite
IRWrite [S'DF’U] RegDst
L]
1 il
Jumg u
" I %E Shift 25 address [31-0] 2 X
| - AT fleft 2
Instruction -
o (0 PC [31-28]
Instruction Read 3
Address [25 21] register 1 U
| Read x
Instruction Read p— A
Memory [20 18] register 2 data 1 1 >ALU Zero
MemData , _ Registers ALU ALUOU
Instruction 'I-"l-I'rl'_c-a - - AL
WAlrit 15 0] register  4g4- 2
e -
B Instruction
data register /

Instruction
15 0]

Mermaory
data
register

extend

Instruction [S Q]

memory-data = Memory[ALUout]
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4. Memory Access Store

F‘CWuIeL’:nncﬂ PCSounce

e CF

F"CU‘.‘rltef -
lorD | I.Tlutpuls.\l'ql-uolf
MemRead| ALUSrcB
Memwiite| Control L ALUSIEA
MemtaReq h RegW\rite
IRWrite [S'DF’U] RegDst
Instruction [25 0] %E
LY
Instruction
[31-26]
Instruction Read
Address [25 21] oeter 1
Instruction Read Read
Hemon [20 18] register 2 data 1
MemData Registars
Instruction Wite ag
. M5 0] register  jo4q 2
Eght;e Instruction Write
register data 1\
Imstruction ;
15 0]

Mermaory
data
register

Sign

extend

g

Memory[ALUout] =B

s

/

3\ 28
Ehift
left 2

PC [31-28]

0

M

Jump Tu

address [31-0] - L4
2

2ro

>MU ALU

result

ALUCuT
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5. Load Write-

'.Ier-ﬂ'—!ea. ::j|

vemwite]  Contr

'.I:'-rtu:-ﬁer_jl

Address

Memory
MemDats e——

Widrite
> data

Instruction
[31-28]

Instruction

Instruction

15 0]
Instruction

register

Instruction
15 Q]

Mermaory
data
register

Read
register 1

Read d Fitea1d
register 2 4ald
_ Reqisters
' Read

register im0
Write
data

!

Sign
extend

Instruction [S Q]

PC [31-28]

s

address

Lero

Reg|[IR][20-16]] = memory-data
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Multi-Cycle Control - The Full FSM

Memory address
computation

ALUSrcA = 1
ALUSIcB = 10
ALUOp = 00

@o PCSource = 01
e \\,
5 %,
! | Memory < Memory >
Q y access access R-type completion
3 5 7
MemRead MemWrite RegDst = 1
lorD =1 lorD =1 RegWrite
MemtoReg =0
Memory read
completon step
4
RegDst = 1
RegWrite - Y Y
MemtoReg = 0

Instruction fetch

MemRead

0 ALUSrcA =0 1
lorD=0
IRWrite ALUSIeA =0
Start ALUSIrcB = 01 ALUSIrcB = 11
ALUOp = 00 ALUOp = 00
PCWrite
PCSource = 00
o0 s
oo 2 —~
\o‘\ ',c\Q 5%’ >
‘\,@ P u n
Q.
R S S )
Branch Jump
Execution completion v completion
6

ALUSICA =1

ALUSrcA =1

ALUSIGB = 00 ALUSrcB = 00
ALUOp = 10 ALUOp = 01
PCWriteCond

Instruction decode/
register fetch

PCWrite
PCSource = 10
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Some Juicy Questions

- How many cycles will it take to execute this code?

1w St2, 0(St3)

1w St3, 4($t3)

beg S$t2, S$t3, Label #assume not
add $t5, S$t2, St3

sw Sth5, 8(5t3)

Label:

- Whats going on during the 8th cycle of execution?

» In what cycle does the actual addition of $t2 and $t3 take place?

« Assume 20% loads, 10% stores, 50% R-type, 20% branches, what is the
CPI17?
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Some Juicy Questions

- How many cycles will it take to execute this code?
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sw Sth5, 8(5t3)
Label:
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Some Juicy Questions

- How many cycles will it take to execute this code?

5 1w $t2, 0(St3)
5 1w $t3, 4(St3)
beg S$t2, S$t3, Label #assume not
add $t5, S$t2, St3
sw Sth5, 8(5t3)
Label:

- Whats going on during the 8th cycle of execution?
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CPI17?

Monday, February 11, 13



Some Juicy Questions

- How many cycles will it take to execute this code?

5 1w $t2, 0(St3)

5 1w $t3, 4(St3)

3 beqg $t2, $t3, Label #assume not
add $t5, S$t2, St3
sw Sth5, 8(5t3)
Label:

- Whats going on during the 8th cycle of execution?

» In what cycle does the actual addition of $t2 and $t3 take place?

« Assume 20% loads, 10% stores, 50% R-type, 20% branches, what is the
CPI17?

Monday, February 11, 13



Some Juicy Questions

- How many cycles will it take to execute this code?

1w St2, 0(St3)

1w St3, 4($t3)

beg S$t2, S$t3, Label #assume not
add $t5, S$t2, St3

sw Sth5, 8(5t3)

Label:

(&)

W

- Whats going on during the 8th cycle of execution?

» In what cycle does the actual addition of $t2 and $t3 take place?

« Assume 20% loads, 10% stores, 50% R-type, 20% branches, what is the
CPI17?
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Some Juicy Questions

- How many cycles will it take to execute this code?

1w St2, 0(St3)

1w St3, 4($t3)

beg S$t2, S$t3, Label #assume not
add $t5, S$t2, St3

sw Sth5, 8(5t3)

Label:

A W O

- Whats going on during the 8th cycle of execution?

» In what cycle does the actual addition of $t2 and $t3 take place?

« Assume 20% loads, 10% stores, 50% R-type, 20% branches, what is the
CPI17?
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Some Juicy Questions

- How many cycles will it take to execute this code?

1w St2, 0(St3)

1w St3, 4($t3)

beg S$t2, S$t3, Label #assume not
add $t5, S$t2, St3

sw Sth5, 8(5t3)

Label:

A W O

- Whats going on during the 8th cycle of execution?

» In what cycle does the actual addition of $t2 and $t3 take place?

« Assume 20% loads, 10% stores, 50% R-type, 20% branches, what is the
CPI17?
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Some Juicy Questions

- How many cycles will it take to execute this code?

1w $t2, 0(St3) 21
1w St3, 4($t3)

beg $t2, S$t3, Label #assume not taken
add St5, $t2, $t3

sw Sth5, 8(5t3)

Label:

A W O

- Whats going on during the 8th cycle of execution?
Iw

» In what cycle does the actual addition of $t2 and $t3 take place?

« Assume 20% loads, 10% stores, 50% R-type, 20% branches, what is the
CPI17?
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Some Juicy Questions

- How many cycles will it take to execute this code?

1w $t2, 0(St3) 21
1w St3, 4($t3)

beg $t2, S$t3, Label #assume not taken
add St5, $t2, $t3

sw Sth5, 8(5t3)

Label:

A W O

- Whats going on during the 8th cycle of execution?
Iw

» In what cycle does the actual addition of $t2 and $t3 take place?

16th

« Assume 20% loads, 10% stores, 50% R-type, 20% branches, what is the
CPI17?
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Some Juicy Questions

- How many cycles will it take to execute this code?

1w $t2, 0(St3) 21
1w St3, 4($t3)

beg $t2, S$t3, Label #assume not taken
add St5, $t2, $t3

sw Sth5, 8(5t3)

Label:

A W O

- Whats going on during the 8th cycle of execution?
Iw

» In what cycle does the actual addition of $t2 and $t3 take place?

16th

« Assume 20% loads, 10% stores, 50% R-type, 20% branches, what is the

CPI1?
2*(5) +
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Some Juicy Questions

- How many cycles will it take to execute this code?

1w $t2, 0(St3) 21
1w St3, 4($t3)

beg $t2, S$t3, Label #assume not taken
add St5, $t2, $t3

sw Sth5, 8(5t3)

Label:

A W O

- Whats going on during the 8th cycle of execution?
Iw

» In what cycle does the actual addition of $t2 and $t3 take place?

16th
« Assume 20% loads, 10% stores, 50% R-type, 20% branches, what is the

CPI?
2*(5) + .1*(4) +
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Some Juicy Questions

- How many cycles will it take to execute this code?

1w $t2, 0(St3) 21
1w St3, 4($t3)

beg $t2, S$t3, Label #assume not taken
add St5, $t2, $t3

sw Sth5, 8(5t3)

Label:

A W O

- Whats going on during the 8th cycle of execution?
Iw

» In what cycle does the actual addition of $t2 and $t3 take place?

16th
« Assume 20% loads, 10% stores, 50% R-type, 20% branches, what is the

CPI?
2*(5) + .1*(4) +.5*(4) +
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Some Juicy Questions

- How many cycles will it take to execute this code?

1w $t2, 0(St3) 21
1w St3, 4($t3)

beg $t2, S$t3, Label #assume not taken
add St5, $t2, $t3

sw Sth5, 8(5t3)

Label:

A W O

- Whats going on during the 8th cycle of execution?
Iw

» In what cycle does the actual addition of $t2 and $t3 take place?

16th
« Assume 20% loads, 10% stores, 50% R-type, 20% branches, what is the

CPI?
2*(5) + .1*(4) +.5*(4) + .2*(3) =
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Some Juicy Questions

- How many cycles will it take to execute this code?

1w $t2, 0(St3) 21
1w St3, 4($t3)

beg $t2, S$t3, Label #assume not taken
add St5, $t2, $t3

sw Sth5, 8(5t3)

Label:

A W O

- Whats going on during the 8th cycle of execution?
Iw

» In what cycle does the actual addition of $t2 and $t3 take place?

16th
« Assume 20% loads, 10% stores, 50% R-type, 20% branches, what is the

CPI?
2%(5) + .1*(4) +.5*(4) + .2*(3) = 4
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Good Luck!
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