ECE 120: Introduction to Computing

LC-3 Control Signals

for Execution of an LDI

Let’s work out the
control signals needed
for executing an LDI

instruction.

The figure to the right

is part of Patt and Patel oo | (ancm <
Figure C.2. ] hm

The first state:
MAR « PC + off9
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Which registers change?

LD. | LD. |LD.| LD. | LD. [LD.|LD.
MAR | MDR| IR |BEN|REG | CC | PC
LDI1| 1 0 0 0 0 0 0
LDI2
LDI3
LDI4
LDI5
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et’s look a
datapath.

We have...
MAR «— PC + off9

£
e
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MAR « PC + off9
So what are the bus gating signals?

GatePC | GateMDR | GateALU MfI?lt’FUX
LDI1 0 0 0 1
LDI2
LDI3
LDI4
LDI5

Which muxes
matter?

The three address
generation muxes
(ADDR1MUX,
ADDR2MUX, and
MARMUX).
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MAR <~ PC + off9

What are the mux selection signals?

PC | DR | SR1 [ADDR1 |ADDR2 | MAR
MUX | MUX | MUX| MUX | MUX |MUX
LDI1| xx | xx | xx 0 10 1
LDI2
LDI3
LDI4
LDI5
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Both the ALU and
memory are unused.
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MAR — PC+ off9
What are the ALU and memory signals?

|Identical to the second
fetch state’s RTL, so we’ll

ALUK | MIO.EN | R.W copy the control signals!
LDI1 XX 0 X
LDI2
LDI Th d LDI
LDI4 e secon state:
LDI5 MDR — M[MAR]
ECE 120: Introduction to Computing © 2016 Steven S. Lumetta. All rights reserved. slide 9 ECE 120: Introduction to Computing © 2016 Steven S. Lumetta. All rights reserved. slide 10
MDR «— M[MAR] MDR — M[MAR]
Which registers change? What are the bus gating signals?
LD. | LD. |LD.| LD. | LD. |LD.|LD. Gate
MAR |MDR| IR [BEN|REG | CC | PC GatePC | GateMDR | GateALU | MARMUX
LDI1| 1 0 0 0 0 0|0 LDI1 0 Y 0 1
LDI2| O 1 0 0 0 0| o0 LDI2 0 0 0 0
1L.DI3 LDI3
LDI4 LDI4
LDI5 LDI5
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MDR — M[MAR]

What are the mux selection signals?

PC | DR | SR1 [ADDR1 |ADDR2 | MAR
MUX | MUX | MUX| MUX MUX |MUX
ILDI1| xx | xx | xx 0 10 1
LDI2 | xx | xx | xx x XX x
LDI3
LDI4
LDI5

MDR — M[MAR]
What are the ALU and memory signals?
ALUK | MIO.EN |R.W
LDI1 XX 0 X
LDI2 XX 1 0
LDI3
LDI4
LDI5
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The third LDI state:
MAR — MDR
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MAR — MDR
Which registers change?

LD. | LD. |LD. | LD. | LD. |LD. |LD.

MAR |MDR| IR [BEN|REG | CC | PC
LDI1 1 0 0 0 0 0 0
LDI2 0 1 0 0 0 0 0
LDI3 1 0 0 0 0 0 0
LDI4
LDI5
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Let’s look at the

MAR «— MDR

datapath. What are the bus gating signals?
We have...
Gate
MAR «— MDR GatePC | GateMDR | GateALU | MARMUX
LDI1 0 0 0 1
LDI2 0 0 0 0
LDI3 0 1 0 0
LDI4
LDI5
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Which muxes
matter?

None of them!

MAR «— MDR

What are the mux selection signals?
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PC | DR | SR1 |ADDR1

ADDR2 | MAR

MUX|MUX|MUX| MUX MUX | MUX
LDI1 | xx XX XX 0 10 1
LDI2 | xx XX XX b3 XX x
LDI3 | xx | xx | xx x XX x
LDI4
LDI5

slide 18

ECE 120: Introduction to Computing © 2016 Steven S. Lumetta. All rights reserved. slide 19 ECE 120: Introduction to Computing

© 2016 Steven S. Lumetta. All rights reserved.

slide 20



~ MAR<MDR

Both the ALU

and memory are What are the ALU and memory signals?
unused.
ALUK | MIO.EN |R.W
LDI1 XX 0 X
LDI2 XX 1 0
LDI3 XX 0 b3
LDI4
LDI5
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MDR «— M[MAR]
Which registers change?

Identical to LDI2, so we'll
copy the control signals!

LD. | LD. |LD.| LD. | LD. |LD.|LD.
MAR MDR| IR |BEN|REG | CC | PC

LDI1| 1 o lo|l o] o fofo
LDI2| O 1 ol o| o fofo
The fourth LDI state:
LDI3| 1 o lo|l o] o fofo
MDR « M[MAR] LDI4| O 1 o] o ofo]o
LDI5
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What are the Bus Gating Signals?

MDR — M[MAR]
What are the bus gating signals?

What are the Mux Selection Signals?

MDR — M[MAR]

What are the mux selection signals?

Gate PC | DR | SR1 [ADDR1 |ADDR2 | MAR
GatePC | GateMDR | GateALU | MARMUX MUX|MUX | MUX| MUX MUX | MUX
LDI1 0 0 0 1 LDI1 | xx | xx XX 0 10 1
LDI2 0 0 0 0 LDI2 | xx XX XX X XX x
LDI3 0 1 0 0 LDI3 | xx XX XX X XX x
LDI4 0 0 0 0 LDI4 | xx | xx | xx X xx x
LDI5 LDI5

What are the ALU and Memory Signals?

MDR — M[MAR]
What are the ALU and memory signals?

Continue with the Fifth LDI Execution State

10 ¢
start mnq-ncm@
here

£ J‘ 24
/ a( ]MDR<—M[MAHD
el R

ALUK | MIO.EN | R.W
/ e
i
XX X MAR<-B. Hﬁw
LDI1 0 ( -
LDI2 XX 1 0 — I
1<—F‘C+oﬂ3H MAR-<-MDR J
LDI3 XX 0 b4 ) - - :
LDI4 XX 1 0 The fifth LDI state: N o
Cfoorcw
LDI5 DR «— MDR, set CC N
(" DR<—MDA Y
set CC
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DR «— MDR, set CC Let’s look at the
Which registers change? o e .
We have...

LD. | LD. |LD.| LD. | LD. |LD.|LD.

MAR |MDR| IR |BEN|REG | CC | PC DR «— MDR
LDI1| 1 0 0 0 0 0| o and
LDI2| © 1 0 0 0 0| o set CC 2%
LDI3| 1 0 0 0 0 ) 'W h
LDI4| O 1 0 0 0 0| o

" ..,,ai o
LDI5| © 0 0 0 1 1|0 P e ik
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DR — MDR, set CC

Which muxes

What are the bus gating signals? matter?
Cato Only DRMUX.
GatePC | GateMDR | GateALU | MARMUX
LDI1 0 0 0 1
LDI2 0 0 0 0
LDI3 0 1 0 0
LDI4 0 0 0 0
LDI5 0 1 0 0
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What are the Mux Selection Signals? The LDI5 State Uses Neither the ALU nor Memory

a

atsARIX -\

DR «— MDR, set CC Both the ALU
. . and memory are e R
What are the mux selection signals? y orad
unused. el e
PC | DR | SR1 [ADDR1 |ADDR2 | MAR T
MUX | MUX | MUX| MUX MUX | MUX
LDI1 | xx XX XX 0 10 1 Gy
LDI2 | xx XX XX x XX b4 ;’Mﬁ
LDI3 | xx XX XX x XX x BET-to0e [
LDI4 | xx XX XX X XX b3 S ousin
IDI5| xx | 00 | xx | x xx | x e
TR e | ST
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What are the ALU and Memory Signals? Summary of Control Signals for LDI Execution

LD. LD. |LD.| LD. | LD. | LD. | LD. Gate
DR — MDR, set CC MAR | MDR | IR | BEN | REG | CC | PC GatePC | GateMDR | GateALU | MARMUX
LDI1 1 0 0 0 0 0 0 LDI1 0 0 0 1
1 ?
What are the ALU and memory signals? el ol lolololelallos @ 0 0 0
ALUK | MIO.EN | RW LDI3 1 0 0 0 0 0 0 LDI3 0 1 0 0
LDI4 0 1 0 0 0 0 0 LDI4 0 0 0 0
XX X
LDI1 0 LDI5 0 0 0 0 1 1 0 LDI5 0 1 0 0
LDI2 e 1 0 PC | DR | SR1 | ADDR1|ADDR2 | MAR
LDI3 XX 0 x MUX [ MUX | MUX | MUX MUX | MUX ALUK | MIO.EN | RW
LDI1 XX XX xx 0 10 1 LDI1 XX 0 X
LDI4 XX 1 0 LDI2 XX Xx XX x xx x LDI2 XX 1 0
LDI5 XX 0 X LDI3 | =xx xx xx x XX x LDI3 XX 0 x
LDI4 XX XX XX x XX x LDI4 XX 1 0
LDI5 XX 00 xx x XX x LDI5 XX 0 x
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