8. Instruction Set Architecture — The LC-3
(Chapter 5) September 26, 2018

* Review
* The von Neumann (stored program) computer
* LC-3 data path

e Instruction processing
» Example instructions
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Instruction Processing

= PG

Fetch instruction from memory ApDORESS A

:

Decode instruction

|

Evaluate address

l

Fetch operands from memory

|

Execute operation
Store result

-




Instruction Processing: FETCH
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Instruction Processing: DECODE
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Instruction Processing: EVALUATE ADDRESS

=
F

CompOTE EYFECTIVE I
A DDRESS Y

ApDP OFFSET o FC #
- oP

- (LET 1< }
pop off3El 7o - EX
BASE REGISTER I

S

]




Instruction Processing: FETCH OPERANDS

€% AMOLE !
For ADD  READ DATA

Flom THE
REGISTER ¢ (LE

TENEN AENCe



Instruction Processing: EXECUTE
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Instruction Processing: STORE RESULT
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. ADD*

ADD*

AND*

AND*

BR

JMP

JSR

JSRR

LD*

LDI*

LDR*

LEA*

NOT*

RET

RTI

ST

STI

STR

TRAP

reserved

1514 1312 11 10 9 8 765 4 3 2

1 0

] | | | !I | I I 1 |

0001 DR SR1 0 00 SR2
L | 1 1 1 1 1 1 1 1 1

I I ] 1 I ] | | | | |
0001 DR SR1. 1 , imm5

1 1 1 1 | 1 1 1 1 | 1

| T 1 | | | I} 1 I |
0101 DR SR1 0 00 SR2

1 | 1 1 1 | | 1 | 1

1 T I | 1 1 1 I | |
0101 DR SR1 1- imm5

1 1 | 1 | 1 1 1 1 1 |

1 I I | T T T T T T T .
0000 zZ|p PCoffset9

| 1 1 | 1 | 1 1 1 | |

|} I | I | I |} T ] | | |
1100 000 BaseR 000000

| | 1 1 1 | 1 1 1 1 | |

| 1 1 i I | I 1 1 1 1 I
0100 PCoffset11

1 1 1 | | 1 | 1 1 | | 1

| I I I | | ] | ] | |
0100 00 Base 000000

1 1 1 | 1 1 1 1 | 1 1

1 | | | | I 1 1 T | I | |
0010 DR PCoffset9

1 1 1 1 1 1 ] | | | 1 1 1

I T 1 I | ] I T T T T 1 I
1010 DR 1 PCoffset9

1 1 1 ] | | | | 1 1 | 1 1

| ] 1 I I I I I | I I |
0110 DR BaseR offset6

1 1 1 I | 1 1 | 1 1 1 |

1 I I 1 1 I | I I i I | 1
1110 DR PCoffset9

1 | | 1 | 1 | | 1 1 | 1 1

1 | | I I I I | 1 1 I 1
1001 DR SR 111111

1 | | | | | 1 | 1 1 1 |

| | | | | I 1 I | | 1 I
1100 000 111 000000

1 | 1 ] 1 | | 1 1 | 1 1

1 | | | | ] [} I I 1 1 | 1
1000 000000000000

1 | 1 1 | 1 | | | 1 1 1 |

1 | 1 I I T I | I 1 I | |
0011 SR PCoffset9

1 1 1 | | | | 1 | 1 1 1 |

1 | | I I I 1 | I I | |
1011 SR PCoffset9

1 1 1 1 1 1 | 1 1 1 1 1 1

1 1 L 1 1 1 | I T 1 1
0111 SR BaseR offset6

1 1 1 1 1 1 1 | 1 1 | |

| I | I I I I I | I | I
1111 0000 trapvect8

d L 1 | 1 1 | 1 1 1 1 |

1 ] I | I | I I I | 1 I |
1101

1 1 1 1 1 ] 1 I 1 1 1 1 1




Example LC-3 Add Instructlon
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