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Instruction Fetch

1. Copy PC contents to MAR

IdMAR
MAR é
enaPC=1 & IdMAR=1
REG FILE MEMORY
selPC
1 MARMUX . o FF::IEXM e
| 0 J LD
2. Perform memory read }7
seIMDR=1 & IdMDR=1 LN Som O\ !
Increment PC by M o
selPC=00 & IdPC=1 104) . 3 l
_ it 8
3. Copy memory output register = \eo Fﬁ
contents to IR e f ? ! L Jr'(_
enaMDR=1 & IdIR=1 | S
naMDR
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Fetch Control Sequence

C t  Next
ggteen Stz);e Outputs
O ad x | DD:

QL/QO|NLINO| & | S |2 /8|S|2|5|&
0/0[0|1|1]|1|xx[0|x|0]O0O]|O
0|1|1]{0|0|0|00|1]|1]1]|0]0
1/0|1[1]0]|0(xx[0|x|0]|1]1
1|1 ||| 2]2[?2]2|2|2|2]|?
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The Control Logic
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The Control Logic

daiAles
dVIAPI

ddINpPI
= Y\
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LC3-DC

Designing The

LC-3 Control

MARMUX
] !

|

MAR

REG FILE

POMUX
o

_+ LD
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& / ADDER
N\

VT

[P /
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ADDRIMUX \ SR2 SRI

10:0
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ouT - ot
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1
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The Von Neumann Model

Fetch an instruction
Execute it

Fetch the next instruction
continue ...

ECE238L

LC3-3
Page 9

© 2006




The Fetch Cycle

1. PC 9MAR enaPC
IdMAR

2. PC=> PC+1,

Mem[MAR] & MDR

se|lPC <= “00”"

3. MDR=IR 4PC
selIMDR <=1’
IdMDR
enaMDR
dIR
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A Note on Timing

In all cases:

0 Buses are driven and muxes are selected during a
State

a Registers and memory Inputs are latched on the
rising clock edge at the end of the state
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CLK

Master
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Master

Slave

Master

Slave

Master

a
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X Fetch O

Fetch 1) Fetch 2 X

EnaPC

LAMAR
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PC contents are driven onto the Bus

T
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@ IdIR

enaPC
IdMAR

selPC <= “00"
IdPC

selMDR <=1’
IdMDR

enaMDR

MAR actually loads on clock edge
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CLK

a a a a

Master Slave Master Slave Master Slave Master Slave

K X Fetcho Y Fetch 1) Fetch2

GMDR -

LR

o = |
/ - \

MDR actually loads on clock edge

Memory is being accessed
and generates its output
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CLK

a a a a

Master Slave Master Slave Master Slave Master Slave

cs ) X Fetch0 ) Fetch 1) Fetch?2

PC

LdAMDR @ s
selPC <= *“00"

@ dPC

IMDR <=1’

LdIR i

MDR

MDR @ R X

N /
e \
IR actually loads on clock edge

MDR output is driven onto bus
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A Note on PC Incrementing

The approach taken is to always increment the
PC during the fetch process

a This assumes that the next instruction to be
executed will always be at location PC+1

In the case of a branch or jump, the PC will get

loaded with a different value during the

execution phase of the instruction.

ECE238L LC3-3 © 2006
Page 15




The Decode State

Decode

opCodé=0111 opCode=1111

opCode=000 opCode=0010 opCode=0100

The only state with a conditional branch in the machine...
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The Decoder

4:16 "% >LDR

. 0111 o
RIIS121 L~ Decoder 1000

JMP
reserved
LEA
TRAP
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LEA Instruction

# Send DR field from IR as
address to the register file (a)

@ Add the contents of the PC to
the zero extended PCoffset9
from the IR to form the
effective address (b)

¥ Store the generated address
Into the DR (c)

\ \ \
LEA
|

PCoffset9
\\\\\\\\

C
S ‘ MAR
a MARMUX PCMUX
Al 0\ _+.J'lﬂ' [T }"
b
) t SRI
T / LN \ |
SR2
ADDRMUX SR -SRI
oT - ouT
Wl 1]
SEIMUX
1 )
? ? \unmu‘x/
B V A
N{Z|P ALU
MDR
IR a
- I - LOGIC ]
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The LEA Instruction

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
I F 1T 1T 1T T 1T T 1

LEA 1110 DR PCoffset9
\ \ \ \ S I A IR N NN NN N B

R[DR] € PC + IR[8:0]

Note that the PC Offset is
always a 2’s complement
(signed) value

ECE238L

to FetchO

selEAB1 <=0’
selEAB2 <= “10"
selMAR <=0’
enaMARM

DR <= 1R[11:9]
regWE
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| DR Instruction

. —i Y
¥ Send BaseR field from IR as :
address to the register file (a) ve o [FE5FE | | Mevom
¥ Add the contents of BaseR to . ‘F — 011
the zero extended offset6 from r o\ i =
the IR to form the destination 7% 0
memory address for the ey o on o
STR (b)
1
\IEM\.‘1 : !
¥ Store the generated address b | N/
Into the MAR (¢) —,
- I - LOGIC ]
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\ \
BaseR
| |

index6

DR Instruction

!

¥ Send DR field from IR as address
to the register file (d) ve e e | | [amon
¥ Store the contents of memory t:_j I maN <l
the MDR (e ] e . f W
( ) /AIJLILH \ .
@ Write the contents of the MDR A NYAD A o o f
10:0) . }
into the DR (f) )y
/ \+_ '
50 SRIMUX ! !

':::I:::‘ LOGIC
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The LDR Instruction

SR1 <= IR[8:6]
selEAB1 <="'1"

LDRO sel[EAB2 <= "01”
selMAR <=0’
enaMARM
I[dMAR

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
I r T I N N B

LDR 0110 DR BaseR offset6
| | | | | | I A I S N B!

selMDR <=1’

MAR € R[BaseR]+offset6 ldMDR

MDR € Mem[MAR]

R[DR] € MDR enaMDR
DR <= IR[11:9)]

regWE

SRS

to FetchO
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LDI Instruction

¥ Add the contents of the PC to
the sign extended PCoffset9

from the IR to form the source  — /| /mimy

memory address for the
LDl (a)

¥ Store the generated address
Into the MAR (b)

@ Load the memory contents
Into the MDR (c)

® Load the contents of the MDR
Into the MAR (d)

LDI DR PCoffset9
| | | | | I IR I I NN RN N R
b
d
>} MAR
PC DR REG FILE MEMORY
N LD
a
y W | w
ZEXT / LN \ |
* ,t SR2
ADDRZMUX ADDRIMUX \6_ SR2 SR
B;H T oi\/ i ouT - OUT
10:
' |
1 C
1 (]
0] _ \E‘““
-
MDRMUX
ttd
N|Z|P ALU
IR
I LOGIC ,
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LDI Instruction

¥ Load the memory contents
Into the MDR (e)

© Load the contents of the MDR

Into the DR ()

DR

PCoffset9
\\\\\\\\

PC

/ POMUX
o

L

==
=

\

k!

MAR

oR ]m; FILE MEMORY

/ ADDR2MUX \ ADpRIMUX
11 mw (]

\

SRI SRl
ouT - ouT
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- seIEABZ <="10"
The LDI Instruction =
enaMARM
IdMAR
o 15\ 11‘;1:3 2 11D;O ° 8\ 7\ Gpscoﬁzet: 2\ 1\ ° selMDR <= ‘1’
| | | | | | | IdMDR
v
enaMDR
MAR € PC + IR[8:0] IdMAR
MDR € Mem[MAR] ’
selMDR <= ‘1’
MAR €& MDR dMDR
MDR € Mem[MAR]
R[DR] € MDR enaMDR
DR <= IR[11:9]
regWE
v

to FetchO
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STR Instruction = = == ==

—y—
# Send BaseR field from IR as e e
address to the register file (a) ve o [FE5FE | | Mevom
—_ mm g FFHI'.‘( | .
¥ Add the contents of BaseR to i ‘F —~
the zero extended offset6 from i, o\ i =
the IR to form the destination 7% s
memory address for the | |V on o
STR (b)
1
\IEM\.'J : !
¥ Store the generated address b | N/
Into the MAR (¢) —,
j LOGIC ]
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STR Instruction Tl [ .
© Send SR field from IR as address 7?7 I
to the register file (d) re o[ 168 | | Mo

© Store the contents of SR to
the MDR (e)

@ Perform the memory write (f)

|7:0

MARMUX
!

/ POMUX
_l; o__m

ZEXT

SEXT

ﬁ

SEXT

/AI]LIEI{

/ s.umt.m\ \ /

E|
A\
SR
ADDRIMUX SRI SRl
oT ot

T

Ski

?

ECE238L

LOGIC

PASS =

1

1 []
SRIMUX

m

T_
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The STR Instruction

SR1 <= IR[8:6]
selEAB1 <=1’
selEAB2 <= “01”
15‘ 14‘ 13‘ 12 11‘ 10‘ 9 8‘ 7‘ 6 5‘ 4‘ 3‘ 2‘ 1‘ 0 STRO SeIMAR <: ‘O’
STR 0111 SR BaseR offset6 enaMAR M
IdMAR
SR1 <= IR[11:9]
aluControl <= PASS
MDR € RISR selIMDR <= ‘0’
_ [ ] IdMDR
Write memory
@ memWE
to FetchO
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STI Instruction B O T e O

b
d
—>)
¥ Add the contents of the PC to
the sign extended PCoffset9 1 o W[5 | e
from the IR to form the source  — /| /mimy
memory address for the ) = |
STI (a) )\ A e
A b
* ,t SR
O_Store the generated address > /e @ w
Into the MAR (b) ! 2
4 Load the memory contents [, o F c
into the MDR (¢) i f 1 f . onu /€
¥ Load the contents of the MDR "
into the MAR (d) 1 ;
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STI Instruction B O T e O

-
© Load the contents of the

source register into the MDR (e) re w[WE] | Fomvon | 1
© Load the contents of the MDR e 4 )

Into the DR () }* g =

U it
/ ADDER \
AN
SR2
/ ADDRIMUX \ /_-'.I}I}RI_\IUN SR -SRI
L (| oT - our

mecifl Ve T
/ ; <4+7(_

Rl - / \1£-Il\.‘l
ﬂ@ PASS —

IR

T_
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The STI Instruction

o|EAB1L <=0’
selEAB2 <= “10"
selMAR <=0’
enaMARM
I[dMAR

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
T 1 1 T T T T T T 1
STI 1011 SR PCoffset9
| | | | |

MAR € PC + IR[8:0]
MDR €& M[MAR]
MAR € MDR

MDR € R[SR]

Write memory

ECE238L

R

to FetchO

selMDR <=1’
|dMDR

enaMDR
[dMAR

SR1 <= IR[11:9]
aluControl <= PASS

enaALU
selIMDR <=0’
IdMDR
memWE
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JSRR Instruction = = o2

|

MAR

© Load the contents of the PC
Into R7 (a)

MARMUX

| y J [}
© Load the contents of the H

base address register into 4" ,} ' w
the PC (b) Il:l|i~-1lj'llu lé\/A - Sﬁ T

a " REG FILE MEMORY
%‘]

1
-
Rl - \E'"\ 1 !
0] . f f ? y \'-lnmll'.‘;/
—@ N|Z|P ° ALU )
MR
IR
I LOGIC
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The JSRR Instruction

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
I \ T I N N B

JSRR 0100 0 00 BaseR 000000
L1 \ [ O B O R

Note: Same opcode as JSR!
(determined by IR bit 11)

R7 € PC
PC € R[BaseR]

ECE238L

to FetchO

enaPC
DR <=*111",
regWE

SR1 <= IR[8:6]
selEAB1 <=1’
selEAB2 <= “00"
selPC <=*01"
[dPC
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The BR Instruction

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

T 1 T 1T T T T T 1
BR 0000 nlz|p PCoffset9
| | |

Simply check NZP flags with nzp from instruction to
decide whether to IdPC or not

Method 1: Could bring nzp flags into FSM as inputs
and put comparison into state table... Bad idea

Method 2: Do comparison with some external gates
and bring single-bit input into FSM....Good Iidea
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The BR Instruction

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

T 1 T 1T T T T T 1
BR 0000 nlz|p PCoffset9
| | |

N

Take the branch=(n e N) + (z+ Z) + (p * P)

NP

1 Bit Condition Code Registers
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