CSC 252: Computer Organization
Spring 2021: Lecture 12

Instructor: Yuhao Zhu

Department of Computer Science
University of Rochester



Announcement

* Programming assignment 3 is out

 Details: https://www.cs.rochester.edu/courses/252/
spring2021/labs/assignment3.html

 Due on March 23, 11:59 PM

* You (may still) have 3 slip days
, s o 10

Today

Due Mid-term


https://www.cs.rochester.edu/courses/252/spring2021/labs/assignment3.html
https://www.cs.rochester.edu/courses/252/spring2021/labs/assignment3.html
https://www.cs.rochester.edu/courses/252/spring2021/labs/assignment3.html

Announcement

* Programming assignment 3 is in x86 assembly language. Seek
help from TAs.

* TAs are best positioned to answer your questions about
programming assignments!!!

* Programming assignments do NOT repeat the lecture materials.
They ask you to synthesize what you have learned from the
lectures and work out something new.



Edge-Triggered Latch (Flip-Flop)




Edge-Triggered Latch (Flip-Flop)

D

Data

¢ [

U

Control



Edge-Triggered Latch (Flip-Flop)

D

Data

¢ [

U

Control 0



Edge-Triggered Latch (Flip-Flop)

D

Data

1

¢ [

U

Control 0



Edge-Triggered Latch (Flip-Flop)

D

Data

1

¢ [

Control 0



Edge-Triggered Latch (Flip-Flop)

D

Data

1

¢ [

Control 1



Edge-Triggered Latch (Flip-Flop)

D

i —i%j
1
I—[>o—-‘>o—‘>o—_\ 0 ->1
C / 1 S

Control 1




Edge-Triggered Latch (Flip-Flop)

D

-

Data

1->0

I—[>o—-‘>o—‘>o—_\ 0 ->1
C . T

Control 1



Edge-Triggered Latch (Flip-Flop)

D

-

Data

1->0

I—[>o—-‘>o—‘>o—_\ 0->1->0
C . -

Control 1



Edge-Triggered Latch (Flip-Flop)

D

-

Data

Trigger

1->0
I—[>o—-‘>o—‘>o—_\ 0->1 ->0‘_

C - T

ontrol 1

C —

—)

D R (
Q+ .

Time



Edge-Triggered Latch (Flip-Flop)

D [
Dat R
o T Q+
1->0 Q
I—[>O—-‘>o—‘>o—_\ 0->1 ->0’_ -
C - T S
ontrol 1 )
Trigger
c—— e Flip-flop: Only latches data for a

brief period

o
|
4]

Time
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Edge-Triggered Latch (Flip-Flop)
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Control
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Trigger

e Flip-flop: Only latches data for a

brief period

¢ Value latched depends on data

as C rises (i.e., 0—>1); usually
called at the rising edge of C

e Output remains stable at all
other times



Registers

Structure
T p Q+ o,
ig | |2 Q+ O
i | |2 Q+ 0
z I le o 0,4
i3 | |2 Q+ 0,
i | o Q+ 0,
g | e o 0,
iy | |2 Q+ 0,

C

e Stores several bits of data
e Collection of edge-triggered latches (D Flip-flops)
e | oads input on rising edge of the C signal



Registers

Structure

i, p Q+ o,

ig | |2 a+ O

i | |2 a+ 0

i e Q+ 0, |—p —p O
i3 | |2 a+ 0,

Iy | |2 Q+ 0, |

Iy | o Q+ 0, C

i | |2 a+ 0,

C

e Stores several bits of data
e Collection of edge-triggered latches (D Flip-flops)
e | oads input on rising edge of the C signal
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Register Operation

State = x State =y

Input =y| | Output = x C Rises Output =y

DX =D — — —p Dy—>

e Stores data bits
e For most of time acts as barrier between input and output
e As C rises, loads input

e S0 you’d better compute the input before the C signal rises if you want
to store the input data to the register



Register Operation

State = x State =y
Input =y| | Output = x C Rises Output =y
x> [ Dy
|
C Output continuously produces

y after the rising edge unless

e Stores data bits you cut off power.

e For most of time acts as barrier between input and output
e As C rises, loads input

e S0 you’d better compute the input before the C signal rises if you want
to store the input data to the register
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* A special C: periodically oscillating between 0 and 1

* That’s called the clock signal. Generated by a crystal oscillator
inside your computer.
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Clock Signal

State = x
Input =y| | Output = x
DX

C Rises

State =y

Output =y

D

* A special C: periodically oscillating between 0 and 1

* That’s called the clock signal. Generated by a crystal oscillator
inside your computer.

Clock | |
In|_ % X X X Xy X5
Out X X4 X5 X3 Xy X5




Clock Signal

e Cycle time of a clock signal: the time duration between two rising edges.
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Clock Signal

e Cycle time of a clock signal: the time duration between two rising edges.
e Frequency of a clock signal: how many rising (falling) edges in 1 second.

Cycle time
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Clock Signal

e Cycle time of a clock signal: the time duration between two rising edges.
e Frequency of a clock signal: how many rising (falling) edges in 1 second.
e 1 GHz CPU means the clock frequency is 1 GHz

Cycle time
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Out Xo Xy Xo X3 Xq X5




Clock Signal

e Cycle time of a clock signal: the time duration between two rising edges.
e Frequency of a clock signal: how many rising (falling) edges in 1 second.
e 1 GHz CPU means the clock frequency is 1 GHz

e The cycle time is 1/10"9 =1 ns

Cycle time

clock [~ 1 M1 M1 M1 11

In[__ %o X : X : X3 - X4 i X5

Out Xo Xy Xo X3 Xq X5




Register File

e A register file consists of a set of registers that you can individually
read from and write to.
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e A register file consists of a set of registers that you can individually
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Register File

e A register file consists of a set of registers that you can individually
read from and write to.

* To read: give a register file ID, and read the stored value out
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Register File

e A register file consists of a set of registers that you can individually
read from and write to.

* To read: give a register file ID, and read the stored value out
e To write: give a register file ID, a new value, overwrite the old value

Register File
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srcA Read
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Register File

e A register file consists of a set of registers that you can individually
read from and write to.

* To read: give a register file ID, and read the stored value out
e To write: give a register file ID, a new value, overwrite the old value

Register File
1| z
X valA X valW

srcA | Read Write | gsiw

2 —> 3 w

Clock



Register File

e A register file consists of a set of registers that you can individually
read from and write to.

* To read: give a register file ID, and read the stored value out
e To write: give a register file ID, a new value, overwrite the old value

Register File

valA valW

srcA | Read Write | gsiw




Register File

e A register file consists of a set of registers that you can individually
read from and write to.

* To read: give a register file ID, and read the stored value out
e To write: give a register file ID, a new value, overwrite the old value
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valA valW

srcA | Read Write | gsiw

1 "~ Rising
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Register File

e A register file consists of a set of registers that you can individually
read from and write to.

* To read: give a register file ID, and read the stored value out
e To write: give a register file ID, a new value, overwrite the old value
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Register File

e A register file consists of a set of registers that you can individually
read from and write to.

* To read: give a register file ID, and read the stored value out
e To write: give a register file ID, a new value, overwrite the old value
e How do we build a register file out of individual registers??

Register File

X valA 2 y valW y

srcA | Read Write | gsiw

1 "~ Rising
Clock __| edge




Register File Read

e Continuously read a register independent of the clock signal

Register 0

Register 1

Register 2

Register 3

O OO OO0 O| O

10



Register File Read

e Continuously read a register independent of the clock signal
Read Reg ID

1l

Register 0 —

Register 1 ——» Out
41 |—»
MUX

Register 2—

O OO OO0 O| O

Register 3 >

10



Register File Write

0
Register 0

C1 i
Register 1
D

C2

Register 2
D g

C3

Register 3
D g

Read Reg ID

1l

4:1
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Out

11



Register File Write

Data

0
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C1 i
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Register File Write

Clock

Data

Register 0

Register 1

3o 2fo 8

Register 2

2=

O

Register 3

Read Reg ID

1l

4:1
MUX

Out
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Register File Write

e Only write the a specific register when the clock rises. How??
Read Reg ID

Clock ‘ |
+—CO _
Register 0 —
W1 — D
Q —»
o)) *—ICH )
2 Register 1 ——» Out
p +— D 41 |——>
T W0 t$—C2 . MUX
= —> 5 Register 2—
*—C3 _
Register 3 >
Data — D

11



Register File Write

e Only write the a specific register when the clock rises. How??
Read Reg ID

Clock ‘ |
I 0Registero—>
o W I | °
=] 0 0 O© 1 o
% == o o 1 o [t—D Register 1 — 4:1 —>OUt
Ewo SN o 1 o o fC2_ S
= —>-- S mananees || 18 Register 2—
*—1C3
Register 3 >
Data — D

11
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Decoder

2
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Decoder

z
CCIEIEIEIE .

0 1

1 0

0 0
CO =IW1 & WO
C1=1IW1 & WO
C2 =W1 & WO
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|

0
0
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Register File Write

Clock
o_ .
Register 0
Q —»
& 1 Register 1
2 D egister
2
= Cc2
= —» 5 Register 2
C3 _
Register 3
Data D

Read Reg ID

1l

4:1
MUX

Out

13



Register File Write

Clock

Write Reg ID

|

2:4
Decoder

0
Register 0

C1 i
Register 1
D

C2

Register 2
D g

Data

C3

Register 3
D g

Read Reg ID

1l

4:1
MUX

Out

13



Register File Write

Clock

Write Reg ID
lo

l_.

2:4
Decoder

0
Register 0

C1 i
Register 1
D
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D g

Read Reg ID
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Register File Write

Clock

Write Reg ID
lo

l_.

2:4
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0
Register 0

C1 i
Register 1
D
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Register File Write

Clock

Write Reg ID
lo

l_.

2:4
Decoder

Data

0
Register 0

C1 i
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D
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Register File Write

Clock

Write Reg ID
lo

l_.

2:4
Decoder

Data

0
Register 0

C1 i
Register 1
D

C2

Register 2
D g

C3

Register 3
D g

1l

4:1
MUX

-

Read Reg ID

Out

* This implementation can read 1 register and write 1 register at
the same time: 1 read port and 1 write port
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Multi-Port Register File

e \What if we want to read multiple registers at the same time?
Read Reg ID

Clock l l
0
CO T
0 } S Register 0 —
Q —»
2 e et
2 -4 Register 1 ——» Out1
9 Decc.)der = 41
29 0 +— )——»C2 MUX
s —> Register 2—
0 &—— —>(C3
D— Register 3 >
Data ¢

14



Multi-Port Register File

e \What if we want to read multiple registers at the same time?

Clock

Write Reg ID
lo

l_.

2:4
Decoder

0
Register 0

Read Reg ID

b

C1 i
Register 1
D

C2

Register 2
D g

> Outi
4:1 |— >
MUX

Data

C3

Register 3
D g

Reg ID 2

4:-1 |Out2
MUX

14



Multi-Port Register File

e \What if we want to read multiple registers at the same time?

Clock

0
Register 0

Read Reg ID

b

lo
|
¥

C1 i
2-4 b Register 1

Write Reg ID

l_.

D

> Outi
4:1 |— >
MUX

21 s

Register 3
Data — D

e This register file has 2 read ports and 1 write
port. How many ports do we actually need?

Reg ID 2

4:-1 |Out2
MUX

14



Multi-Port Register File

* |s this correct? What if we don’t want to write anything?

Clock

Write Reg ID
lo

l_.

2:4
Decoder

0
Register 0

Read Reg ID

b

1
Register 1

C2

Register 2

> Outi
4:1 |— >
MUX

Data

Seiteey

C3

Register 3
D g

Reg ID 2

4:-1 |Out2
MUX

15



Multi-Port Register File

* |s this correct? What if we don’t want to write anything?

Read Reg ID
Clock l l
() Y SER—
CO T
0 ‘_} 5 Register 0 >
8 — ;
! C1
é::;» 2:4 ‘—} Register 1 > Out1
L - +— D 41 |—>
£ Decoder| ¢ | :) o MUX
s —» — 5 Register 2 >
0 s ~—:>—+CSR o 3 R
egister
Data ‘ J “—Read
lReg ID 2
Enable
4:-1 |Out2
MUX

15



Processor Microarchitecture

e Sequential, single-cycle microarchitecture implementation
- Basic idea
- Hardware implementation

16



Executing an ADD instruction

« How does the processor execute addg %$rax, $rsi

« The binary encoding is 60 06

Instruction Code
Add

AN

Function Code

/

addqg rA, rB

6|0

rA

rB

17



Executing an ADD instruction

« How does the processor execute addg %$rax, $rsi
« The binary encoding is 60 06
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« How does the processor execute addg %$rax, $rsi

« The binary encoding is 60 06

Memory
|_> (Later...)
Clock
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« The binary encoding is 60 06
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Executing an ADD instruction

« How does the processor execute addg %$rax, $rsi

« The binary encoding is 60 06

Memory
|_> (Later...)
Clock
— PC

Add
addqg rA, rB 6|0|rArB
newData
. # Select
Write l
Reg. ID — Reg 1 Data>
Read R : A
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Read Reg. _| g
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Enable Clock
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Executing an ADD instruction

« How does the processor execute addg %$rax, $rsi

« The binary encoding is 60 06

Memory
(Later...)

-

Clock

1

—

PC

Add
addqg rA, rB 6|0|rArB
newData
. # Select
Write l
Reg. ID — Reg 1 Data>
Read R : A
caded- —» Register L
Read Reg. _| g
ID 2
? T > Flags

Enable Clock
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Executing an ADD instruction

« How does the processor execute addg %$rax, $rsi

« The binary encoding is 60 06

Memory
|_> (Later...)
Clock T l
— PC
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s1|o
s2| 0
s3| 6

Add
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newData
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Write
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A
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ID 2
f T > Flags
Enable  Clock




Executing an ADD instruction

« How does the processor execute addg %$rax, $rsi

« The binary encoding is 60 06
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Add
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Executing an ADD instruction

« How does the processor execute addg %$rax, $rsi

« The binary encoding is 60 06

Memory

Clock__1 l
— PC
s0| 6
s1|o
s2| 0
s3| 6

|_> (Later...)
T

/Re
/Re

Add
addqg rA, rB 6|0|rArB
newData
. # Select
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Reg. ID — Reg 1 Data> l
A
adReg. __,| Register L
ad Reg. __| g
ID 2
? T > Flags
Enable Clock
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« How does the processor execute addg %$rax, $rsi

« The binary encoding is 60 06
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Executing an ADD instruction

« How does the processor execute addg %$rax, $rsi
« The binary encoding is 60 06

Add
addqg rA, rB 6| 0|rArB
Memory
(Later...)
‘ newData Wt
Clock T l # Logic?
— FC ' Select
Write
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A
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Executing an ADD instruction

« How does the processor execute addg %$rax, $rsi

« The binary encoding is 60 06

Add
addq rA, rB 6| 0|rA|rB
Memory
(Later...)
‘ newData —> What
Clock T v Logic?
N _ lSeIect
Reg 1 Data
s0| 6 > A
s1(0 Reallg Teg- —» Register L
s2/ o File Reg 2 Data’ U
Read Reg. '
s3| 6 D2 '
f T > Flags

Enable Clock

18




Executing an ADD instruction

* Logic 1: if (sO == 6) select = s1;

addg rA, rB 6| 0|rA|rB
Memory
‘ (Later...)
newData
T —> Logic 1
Clock__| v
N lSeIect
Reg 1 Data
s0| 6 > A
s1(0 Read Reg. _,| Register L
s2| g ID 1 File Reg 2 Data |
Read Reg. g
s3| 6 D2 '
f T > Flags

Enable Clock




Executing an ADD instruction

Clock

!

sO
si
s2

s3

* Logic 1: if (sO == 6) select = s1;

1D 1

Read Reg. ,

ID 2

Read Reg. >

Logic 2

addg rA, rB 6|0 |rArB
newData
—> Logic 1
¢ lSeIect
Reg 1 Data
> A
Register L
File Reg 2 Data N U
? T > Flags
Enable  Clock
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Executing an ADD instruction

* Logic 1: if (sO == 6) select = s1;

addg rA, rB 6| 0|rA|rB
Memory
‘ (Later...)
newData
T —> Logic 1
Clock__| v
N lSeIect
Reg 1 Data
s0| 6 > A
s1(0 Read Reg. _,| Register L
s2| g ID 1 . Reg 2 Data
Read Reg Al g y
s3| 6 D2 '
; t .
. Flags
Logic 2 Enable  Clock Z|ls




Executing an ADD instruction

* Logic 1: if (sO == 6) select = s1;
* Logic 2: if (sO == 6) Enable = 1; else Enable = 0;

addg rA, rB 6| 0|rA|rB
Memory
‘ (Later...)
newData
T —> Logic 1
Clock__| v
N lSeIect
Reg 1 Data
s0| 6 > A
s1(0 Read Reg. _,| Register L
s2| g ID 1 . Reg 2 Data
Read Reg Al g y
s3| 6 D2 '
; t .
. Flags
Logic 2 Enable  Clock Z|ls




Executing an ADD instruction

* Logic 1: if (sO == 6) select = s1;

* Logic 2: if (sO == 6) Enable = 1; else Enable = 0;

addg rA, rB 6| 0|rA|rB
Memory
‘ "l (Later...)
newData
T —> Logic 1
Clock | v
i lSeIect
Reg 1 Data
sO| 6 > A
: silo Read Reg. i
Logic 3 s2| o D1~ Reg_lster Reg 2 Data ]
Read Reg > File g y
s3| 6 D 2
5 1 >
. Flags
Logic 2 Enable  Clock Z|ls




Executing an ADD instruction

* Logic 1: if (sO == 6) select = s1;

* Logic 2: if (sO == 6) Enable = 1; else Enable = 0;

Memory

|—' (Later...)
T

Clock 1
—»| PC

TnPC sO
s
s2

s3

Logic 3

Ol lelielle)

1D 1

ID 2

Read Reg. .

Read Reg. ,

Logic 2

addg rA, rB 6|0 |rArB
newData
—> Logic 1
v lSeIect
Reg 1 Data
> A
Register L
File Reg 2 Data N U
? T > Flags
Enable  Clock
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Executing an ADD instruction

* Logic 1: if (sO == 6) select = s1;
* Logic 2: if (sO == 6) Enable = 1; else Enable = 0;

addg rA, rB 6| 0|rA|rB
Memory
‘ (Later...)
newData
T —> Logic 1
Clock | ¢
o lSeIect
OPC‘ TnPC sO| 6 o9 | Data' A
P s1|0 Read Reg. _,| Register L
ogic3 | ., 0 ID 1 . Reg 2 Data
Read Re Al g )
s3| 6 Do .
¥ ) >
. Flags
Logic 2 Enable  Clock z|ls|lo




Executing an ADD instruction

* Logic 1: if (sO == 6) select = s1;
* Logic 2: if (sO == 6) Enable = 1; else Enable = 0;

addg rA, rB 6| 0|rA|rB
Memory
‘ (Later...)
newData
T —> Logic 1
Clock | ¢
o lSeIect
oPC‘ TnP(yso 6 Reg 1 Data> A
Logic 3 s1|0 Read Reg. _,| Register L
ogic3 | ., 0 ID 1 . Reg 2 Data
Read Re Al g )
s3| 6 Do .
3 ) >
. Flags
Logic 2 Enable  Clock z|ls||o




Executing an ADD instruction

* Logic 1: if (sO == 6) select = s1;
* Logic 2: if (sO == 6) Enable = 1; else Enable = 0;
» Logic 3: if (sO == 6) nPC = oPC + 2;

addg rA, rB 6| 0|rA|rB
Memory
‘ (Later...)
newData
T —> Logic 1
Clock__| ;
o lSeIect
oPC‘ TnP(yso 6 Reg 1 Data> A
Logic 3 s1|0 Read Reg. _,| Register L
ogic3 | ., 0 ID 1 . Reg 2 Data
Read Re Al g )
s3| 6 Do .
3 ) >
. Flags
Logic 2 Enable  Clock z|ls||o




Executing an ADD instruction

* Logic 1: if (sO == 6) select = s1;

* Logic 2: if (sO == 6) Enable = 1; else Enable = 0;
» Logic 3: if (sO == 6) nPC = oPC + 2;

« How about Logic 47

addg rA, rB 6| 0|rA|rB
Memory
‘ (Later...)
newData
T —> Logic 1
Clock__| v
O e Select
orc) frgrs0/6 =
Logic 3 s1|0 Read Reg. _,| Register L 1
s2/ D 1 File Reg 2 Data |
s3/6 feached —» 1% Logiﬂ
5 1 >
. Flags
Logic 2 Enable  Clock z||s||o




Executing an ADD instruction

* Logic 1: if (sO == 6) select = s1; :

Logic 2: i (sO —= 6) Enable = 1- else Enable = 0- How do these logics
* Logic 2: if (sO == 6) Enable = 1; else Enable = 0; get implemented?
 Logic 3: if (sO == 6) nPC = oPC + 2; — ————
« How about Logic 47

addg rA, rB 6|0 |rArB
Memory
‘ (Later...)
newData
T —> Logic 1
Clock__1 #
— PC Select
oPC‘ TnP(yso 6 Reg 1 Data>A\
s1|0 Read Reg. Reaqi
i — egister
Logic 3 s2| o ID 1 Ig"e Reg 2 Data IL_J T
s3| 6 Re&?g geg' —_— "/ Logio4
Logic 2 ! t > _ Flags
Enable  Clock -1lsllo




Executing an ADD instruction

* Logic 1: if (sO == 6) select = s1; :

Logic 2: i (sO —= 6) Enable = 1- else Enable = 0- How do these logics
* Logic 2: if (sO == 6) Enable = 1; else Enable = 0; get implemented?
 Logic 3: if (sO == 6) nPC = oPC + 2; — ————
« How about Logic 47

addg rA, rB 6| 0|rA|rB
Memory
‘ (Later...)
newData
T —> Logic 1
Clock__| v
O e Select
oPC‘ TnP(yso 6 o9 | Data’A\
: silo Read Reg. Reaqi
—>» Register T
Logic 3 s2[ o ID 1 ,?"e Reg 2 Data IfJ
s3|6 Reﬁg geg' —> ’/ Loiﬂ
5 1 >
. E— Flags
Logic 2 Enable  Clock Rising Z Sg o)
] edge




Executing an ADD instr

uction

« When the rising edge of the clock arrives, the RF/PC/Flags will be written.
« So the following has to be ready: newData, nPC, which means Logic1, Logic2,

Logic3, and Logic4 has to finish.

addqg rA, rB 6|0 |rArB
Memory
|_. (Later...)
newData
T —> Logic 1
Clock #
O e Select
oPC‘ TnP(yso 6 o9 | Data’A\
: silo Read Reg. Reaqi
—>» Register T
Logic 3 s2[ o ID 1 Igile Reg 2 Data IfJ
s3|6 Reﬁg geg' —> ’/ Loiﬂ
i} 1 =
. E— Flags
Logic 2 Enable  Clock Rising Z Sg o)
] edge
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Executing a JLE instruction

 Let’s say the binary encoding for j1e .L0 is71 0123000000000000
« What are the logics now?

Memory

jle Dest

Dest

K

Clock
—| PC
oPCl Trc. /s0
Lthic 3/ s1
s2
s3
s4
s5

l

W IN|= O (= |

1D 1

ID 2

Read Reg. >

Read Reg. ,

Logic 2

newData
—> Logic 1
¢ . o Select
eg 1 Data
AL
Register
Ig"e Reg 2 Data IL_J I
"/ Logic 4
f f !
——— > Flags
Enable  Clock Rising Sl
_ | edge

21




Executing a JLE instruction

Memory

K

Clock l
— PC

oPCl Thec /S0| 7

Lthic 3/ s11

s2| 0

s3| 1

s4|2

s5| 3

1D 1

ID 2

Read Reg. ,

Logic 2

Enable

newData
—> Logic 1
# . o Select
eg 1 Data
A S

Read Reg. — Register Reg » Data L T
Flle ’} Logic 4

f f !
Clock > Flags

Z||S||O

D2




Executing a JLE instruction

» Logic 1: if (sO == 6) select = s1;

Memory

K

Clock l
— PC

oPCl Thec /S0| 7

Lthic 3/ s11

s2| 0

s3| 1

s4|2

s5| 3

1D 1

ID 2

Read Reg. .

Read Reg. ,

Logic 1

>

Logic 2

Enable

D
newData >
v
Reg 1 Data
Register
File Reg 2 Data
t Cloc:kT

>

S

>

A
L
U
/ Logic 4
v

Select

'

Flags

Z||S||O

D2




Executing a JLE instruction

e Logic 1: if (sO == 6) select = s1;
e Logic 2: if (sO == 6) Enable = 1; else Enable = 0;

Memory

K

Clock l
— PC

oPCl Thec /S0| 7

Lthic 3/ s11

s2| 0

s3| 1

s4|2

s5| 3

newData >3 Logic 1
# Select
Reg 1 Data»A\
i — Regi'lseter Reg 2 Data | | | ¥ _
Reellg geg. N "/ Logic 4
f f
Logic 2 cable Clock > - Flasgs -

D2




jleDest |7 |1 Dest

Executing a JLE instruction

e Logic 377
Memory
‘ newData
> Logi
gic 1
Clock T
— PC l ¢ Select
OPC¢ T”Pyso - Reg 1 Data»\
Logic 3 s1| 1 Read Reg. » Register ﬁ‘
ID 1 . I
s210 Read Reg Fite eg 2 Ae > Y Logic 4
sz 1 D 2 > v i
§4| 2
s5| 3 Logic 2 P Clock! > __ Flags
Enable Z||S||O




jleDest |7 |1 Dest

Executing a JLE instruction

« Logic 3?77 if (sO == 6) NPC = oPC + 2;
Memory
‘ newData
Clock T > Logic 1
— PC ¢ Select
op(i Tnp(yso 7 Reg 1 Data»\
Logic3 | o1 Read Heg. | Register f
J s2| o D 1 File Reg 2 Data’ U I
Read Reg. ' Logic 4
S3/1 D2 > v i
&= T Clock
- OC > Flags
s5 Logic 2
3 £l Enable Zllsl|lo




jleDest |7 |1 Dest

Executing a JLE instruction

. Logic 3727 if (sO == 6) NPC = oPC + 2;
else if (SO == 7) {
if s1==1){//]LE
if (Z ] (S Q) nPC = Dest; // jump
else nPC = oPC + 10; // don’t jump, but add 10 (why??)
}elseif (s1==...){...}

Memory 1
‘ newData
| Logi
gic 1
Clock T
—Of PC l ¢ Select
oPCi Tnpcyso 7 Heg | Data»A\
: s1]1 Read Reg. :
Logic 3 | _, 5 Dy o > Relgillzter Reg 2 Data b I
Read Reg. > Logic 4
S3| 1 D 2 > v i
s4| 2 5 =
: Clock > Flags
L 2
$9|3 sl Enable Zllsl|lo




jleDest |7 |1 Dest

Executing a JLE instruction

. Logic 3727 if (sO == 6) NPC = oPC + 2;
else if (sO ==7) {
if s1==1){//]LE
if (Z ] (S Q) nPC = Dest; // jump
else nPC = oPC + 10; // don’t jump, but add 10 (why??)
}elseif (s1==...){...}

Memory 3
‘ newData
‘b Logi
gic 1
Clock T
c l ¢ Select
OPC¢ T”Pyso - Reg 1 Data»\
: s1|1 Read Reg. — Register ﬁ
Logic 3 32 5 ID 1 File Reg 2 Data | .
Read Reg. g Logic 4
T T 1 D2 ' - J
Flags [s2...s9] 2: 2 — f C|OCkT > Flags
D Enable Z||S||O




Executing a JLE instruction

» Logic 4?7 Does JLE write flags?

Memory
‘ newData
—p .
Logic 1
Clock T
C l # Select
OPC¢ Tﬂpyso - Reg 1 Data»\
. s1|1 Read Reg. » Register ﬁ‘
Logic 3 52 0 ID 1 File Reg 2 Data U I
Read Reg. > Logic 4
T T L D2 > v 7
e e :g ° Logic 2 t Cloc:kT = Flags
£ Enable Z||S||O




Executing a JLE instruction

» Logic 4?7 Does JLE write flags?
« Need another piece of logic.

Memory
‘ newData
Clook T | Logic 1
oC
C # Select
oPC‘ Tnpcyso 7 Heg | Data»A\
: s1]1 Read Reg. __| :
Logic 3 52 0 ID 1 Relgillseter Reg 2 Data IL_J I
Read Reg. > Logic 4
T T 1 D2 > v 7
s s :g ° Logic 2 t Cloc:kT > Flags
£ Enable : EnableF | |z [ls ||O
— 1 Logic5 ——,




Executing a JLE instruction

» Logic 4?7 Does JLE write flags?
« Need another piece of logic.
e Logic 5: if (sO == 7) EnableF = 0; else if (sO == 6) EnableF = 1;

Memory
newData
C # Select
oPC‘ Tnpcyso 7 Heg | Data»A\
: s1]1 Read Reg. __| :
Logic 3 52 0 ID 1 Relgillseter Reg 2 Data IL_J I
Read Reg. > Logic 4
T T 1 D 2 > v 7
s s :g ° Logic 2 t Cloc:kT > Flags
£ Enable : EnableF | |z [ls ||O
— 1 Logic5 ——,




Microarchitecture (So far)

Clock

l

!

!

PC

Memory

Register
File

}

Flags
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Microarchitecture (So far)

Clock
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!

!
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Register
File
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Microarchitecture (So far)

Clock l l l l

Register Flags
PC —» Memory Igile =lE




Microarchitecture (So far)

Clock l l l l

Register Flags
PC —» Memory g"e 21l's

Combinational Logic




Microarchitecture (So far)

Clock l l l l

Register Flags
PC —» Memory Igile =lE

Combinational Logic

Read current_states;




Microarchitecture (So far)

Clock l l l l

Register Flags
PC —» Memory Igile =iEle
I
|
%Lg T | Cur. Flag
Current Values

Rd/Wr
Inst. Reg. IDs Reg.
Values l
¥ | !

Combinational Logic

Read current_states;




Microarchitecture (So far)

Clock l

! !

PC

Cur.
PC

|

Register
Memor :
y File
Rd/W Current
Inst. Reg. IDrs Reg.
Values
! | !

}

Flags

Z

S||O

Cur. Flag
Values

l

Combinational Logic

Read current_states;
next_states = f(current_states);

25



Microarchitecture (So far)

Clock l

! !

}

Register Flags
PC Memor :
, y File z||s]|o
|
%Lg T | Cur. Flag
Inst Rd/Wr Current Values
l : Reg. IDs Reg.
Values l
! | !
Combinational Logic
A
L
U

Read current_states;
next_states = f(current_states);

25



Microarchitecture (So far)

Clock

l Register Flags
PC —» Memor :
| y File z||s]|0
|
%lg T | Cur. Flag
Inst Rd/Wr Current Values
l ' Reg. IDs Reg.
Values l
! | I
Combinational Logic
Logic for generating Logic for generating
ALU select signal new flag value A
Logic for generating Logic for deciding all .
new PC value the enable signal values U

Read current_states;
next_states = f(current_states);




Microarchitecture (So far)

Clock

l Register Flags
PC —» Memor :
| y File z||s]|0
|
%lg T | Cur. Flag
Inst Rd/Wr Current Values
l ' Reg. IDs Reg.
Values l
! | I
Combinational Logic
Logic for generating Logic for generating
ALU select signal new flag value A
Logic for generating Logic for deciding all .
new PC value the enable signal values U

Read current_states;
next_states = f(current_states);

When clock rises, current_states = next_states;

25



Microarchitecture (So far)

Clock

l

! !

— Register
PC Memory Igile
|
Cur. T A |
i Inst Rd/Wr ggé\/_ Current
New : Reg. IDs | | Valus VIZﬁJgéS
PC i
v ‘ Enalble? l

}

Flags

Z

S

O

7y

Enable?

New Flag
Values

Cur. Flag
Values

l

Combinational Logic

Logic for generating
ALU select signal

Logic for generating
new flag value

Logic for generating
new PC value

Logic for deciding all

the enable signal values

Read current_states;
next_states = f(current_states);

When clock rises, current_states = next_states;

cr >»
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Executing a MOV instruction

« How do we modify the hardware to execute a move instruction?

rmmovqg rA, D (rB)

Memory

410 |rA|rB

D

move rA to the memory address rB + D

rmmovqg %rsi,0Ox4lc(%rsp) |40 64 1c 04 00 00 00 00 00 0O

K

Clock

C
oPC_ nrC. /S0
o
Logic 3

bt

Flags [s2...89] s4
s5

l

W IN|= O (= |

newData \~k Logic1
# Select
Read R — >A\
M Reg_ister L
Read Reg. —_— File = ’}E
ID 2 *
Logic 2 t Cloc:kT »  Flags
Enable __ | Logic5 EnableF | |z |l s |l O

P6




rmmovqg rA, D (rB)

move rA to the memory address rB + D

4

O 1rA|rB

D

Memory

K

Clock

C
oPC_ nrC. /S0
o
Logic 3

bt

Flags [s2...89] s4
s5

= | |0 O

(@]

newData
\“ Logic 1
¢ Select
RA »\
Read Reg. _,| Register ﬁ 1
ID 1 .
nead Reg File 18 » U Logic 4
ogic
D 2 ' - v
Logic . f C|OCkT > Flags
Enable Logic 5 |E10eF, | | Z|[S |0

D7




move rA to the memory address rB + D

rmmovqg rA, D (rB) 410(]rA|rB D
Memory
‘ newData
T \“ Logic 1
wloge C ¢ ot ST > M Select
o frogs0ls X
Logic 3 s110 Re?S Teg — Register L T
T T 52 ° Read Reg. File e » U Logic 4
|
4 D2 > v 1
oo s 2; L Logic 2 ) ClockT > Flags
c Enable ——1enavieF | [2 1[5 [0
— 1 Logic5 ——,




move rA to the memory address rB + D

rmmovqg rA, D (rB) 410(]rA|rB D
Memory
‘ newData i
Logic 1
Clock T ¢ [s4...519] —p( I
C Select
o frogs0ls X
s1|0 Read Reg. Reaist
Logic 3 D 1 —> egister L T
T T 52 ; Read Reg. File e > Y I egics
|
k D 2 > v 1
s s 2; L Logic 2 t ClockT = Flags
¢ Enable = |enavleF | [z 1[50
— 1 Logic5 ——,




rmmovqg rA, D (rB)

move rA to the memory address rB + D

4

O 1rA|rB

D

* Need new logic (Logic 6) to select the input to the ALU for Enable.

Memory

K

Clock

C
oPC_ nrC. /S0
o
Logic 3

bt

Flags [s2...89] s4
s5

= | |0 O

(@]

Logic 6
newData T
Logic 1
v 4519 —p{y Select
RA |U
Read Reg. Redist o A\
—> egistier
o File B o ¢
Read Reg. ' Logic 4
D 2 > v l
Logic 2 t Cloc:kT »  Flags
Enable Logic 5 EnableF Z[|S||O

D7




move rA to the memory address rB + D

rmmovqg rA, D (rB) 410(]rA|rB D

* Need new logic (Logic 6) to select the input to the ALU for Enable.

Logic 6
Memory
<+— Address
newData T
Logic 1
Clock T v [s4.519] —p(p
C Select
o frogs0ls XA
; s1|0 Read Reg. Reaqist
Logic 3 D 1 —> egister L T
T T 52 ° Read Reg. Flle = > U Logic 4
|
k D 2 > v 1
s s :g 1 Logic 2 i Cloc:kT = Flags
c Enable g |EnableF | | Z||s ||o
— 1 Logic5 ——,




rmmovqg rA, D (rB)

move rA to the memory address rB + D

41 0|rA|rB

D

* Need new logic (Logic 6) to select the input to the ALU for Enable.

Memory

<« Data to write

K

Clock

C
oPC_ nrC. /S0
o
Logic 3

bt

Flags [s2...89] s4
s5

= | |0 O

(@]

Logic 6
<+— Address
newData T
Logic 1
# [s4...519]| —pp M Select
RA |U
Read Reg. Redist o A\
— Register L
ID 1 - I
Read Reg. File i y U Logic 4
ogic
D2 > v l
Logic 2 t Cloc:kT »  Flags
Enable Logic 5 EnableF Z[|S||O

D7




rmmovqg rA, D (rB)

move rA to the memory address rB + D

41 0|rA|rB

D

* Need new logic (Logic 6) to select the input to the ALU for Enable.

Memory

<« Data to write

K

Clock

C
oPC_ nrC. /S0
o
Logic 3

bt

Flags [s2...89] s4
s5

= | |0 O

(@]

< Enable Logic 6
<+— Address
newData T
Logic 1
# [s4...519]| —pp M Select
ST
Read Reg. i
Dy o Relg::jillseter .. If) 1
Read Reg. __| "/ Logic 4
ID 2 *
Logic 2 t Cloc:kT »  Flags
Enable Log|c5 EnableF Z||S||O

D7




rmmovqg rA, D (rB)

move rA to the memory address rB + D

41 0|rA|rB

D

* Need new logic (Logic 6) to select the input to the ALU for Enable.
« How about other logics?

Memory

<« Data to write

K

Clock

C
oPC_ nrC. /S0
o
Logic 3

bt

Flags [s2...89] s4
s5

= | |0 O

(@]

< Enable Logic 6
<+— Address
newData T
Logic 1
# [s4...519]| —pp M Select
AT
Read Reg. i
Dy o Relg::jillseter .. If) 1
Read Reg. __| "/ Logic 4
ID 2 *
f f
Logic 2 Clock »  Flags
Enable Logic 5 EnableF Zlls||lO

D7




How About Memory to Register MOV?

move data at memory address rB + D to rA

mrmovg D (rB), rA 410 |rA|(rB D
<« Data to write
< Enable Logic 6
Memory
<— Address
newData o~
Clook T Logic 1
oC
C ¢ [s4...519] —}RA I\l,jl Select
oPc¢ TnpcysO 4 X A\
; s1|0 Read Reg. :
Read Reg. > Logic 4
T T 4 D2 > v 1
o e S4 L : t Cloc:kT > Flags
S3)c Logic 2 Enable EnableF
— | Logic5 |-, | £|[S||©




How About Memory to Register MOV?

move data at memory address rB + D to rA

mrmovg D (rB), rA 4 10 |rA|rB D
<« Data to write
< Enable Logic 6
Memory [~ Data read back
<— Address
. Y\ O —
0C S
C new atag [s4...519)|—( 1 =
oSl X A
: s1/0 Read Reg. -
Logic 3 52 ” Dy o > Relgillseter . b
Read Reg. >t Legio
£ o oo L p==
e S4 1 ' t Cloc:kT > Flags
" 2292 | Enable EnableF
— | Logic5 |-, | £|[S||©




Microarchitecture (with MOV)
Clock l l l l

Register Flags
PC —
| Memory File 21Is o
Cur. I T A | * l
PC Inst. New Enable? Cur. Flag
Rd/Wr Reg. Cgrrent | Values
Reg. ID eg.
NPeC\)N eg. IDs Vallus Valuges Now Flag
‘ Enable? l Values
I

Combinational Logic

Read current_states;
next_states = f(current_states);
When clock rises, current_states = next_states;




Microarchitecture (with MOV)
Clock l l l l

Register Flags
PC —» Memor :
, v File z||slo
Cur. I T T A | * l
PC Inst. New Enable? Cur. Flag
New Rd/Wr Reg. Current Values
N Data Reg. IDs | | valus Reg. I
PeC\)N X Values New Flag
‘ Enable? l Values
[

Combinational Logic

Read current_states;
next_states = f(current_states);
When clock rises, current_states = next_states;




Microarchitecture (with MOV)
Clock l l l l

Register Flags
PC —» Memor :
, v File z||slo
Cur. I T T T A | * l
PC Inst. New Enable? Cur. Flag
New Rd/Wr Reg. Current Values
N Data | | Addr. Reg. IDs | | valus Reg. I
PeC\)N X Values New Flag
‘ Enable? l Values
[

Combinational Logic

Read current_states;
next_states = f(current_states);
When clock rises, current_states = next_states;




Microarchitecture (with MOV)
Clock l l l l

Register Flags
PC —» Memory 9 2151l
| File
Cur. I T T T A | * l
PC Inst. New Enable? Cur. Flag
I New Addr Rd/Wr Reg. Current | Values
Data : Reg. IDs Reg.
NPeC\)N Data 9 Vallus Valuss New Flag
l ‘ Enable? l Va'lues

Combinational Logic

Read current_states;
next_states = f(current_states);
When clock rises, current_states = next_states;




Microarchitecture (with MOV)
Clock l l l l

Register Flags
PC —» Memory 9 2151l
| File
Cur. I T T T A | * l
PC Inst. New Enable? Cur. Flag
I New Addr Rd/Wr Reg. Current | Values
Data : Reg. IDs Reg.
NPeC\)N Data 9 Vallus Valuss New Flag
l ‘ Enable? l Va'lues

Combinational Logic

Read current_states;
next_states = f(current_states);
When clock rises, current_states = next_states;

next_states has to be ready before the close rises




