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The Slides are self-contained? NO!

Do please refer to following two documents:
» LC-3b_ISA.pdf
» LC-3b_assembly.pdf
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http://www.cse.cuhk.edu.hk/~byu/CEG3420/LC-3b_ISA.pdf
http://www.cse.cuhk.edu.hk/~byu/CEG3420/LC-3b_assembly.pdf

Notations
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DR

» Destination register
LSHF (A, b)

> Shift A to the left by b bits

> IfA=1111 11111111 1111,b=5

» Then LSHF (A,b) =1111 1111 1110 0000
MEM[addr]

» \Word starting at the given memory address
setcc ()

> Set condition codes N, z, P based on DR value
SEXT (A)

> Sign-extend A to 16 bits

> If A=110000, SEXT (&) =1111 1111 1111 0000
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LC-3b Example 2: Count from 10 to 1

countl0.asm: countlO.cod:
.ORIG x3000 0x3000
LEA RO, TEN 0xEQ005
LDW R1, RO, #0 0x6200
START ADD R1, R1, #-1 0x127F
BRZ DONE 0x0401
BR START 0xO0FFD
DONE TRAP x25 0xF025
TEN FILL x000A 0x000A

.END
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LEA: Load Effective Address

.ORIG x3000 0x3000
LEA RO, TEN 0xE005
LDW R1, RO, #0 0x6200
START ADD R1, R1, #-1 0x127F
BRZ DONE 0x0401
BR START 0x0FFD
DONE TRAP x25 0xF025
TEN  .FILL x000A 0x000A
.END
» 0xE0O05 — 1110 000 000000101
15 12, 1 9 8 0
T T T T T T T T T T T T T
1110 DR PCoffset9
| | 1 1 | 1 1 1 1 1 1 1 1

1. DR = PC + 2+ LSHF (SEXT (PCoffset9),1);

2. setcc();

6/22




LDW: Load Word

.ORIG x3000 0%3000
LEA RO, TEN 0xE005
LDW R1, RO, #0 0x6200

START ADD R1, R1, #-1 0x127F
BRZ DONE 0x0401
BR START 0x0FFD

DONE TRAP x25 0xF025

TEN .FILL x000A 0x000A
.END

» 0x6200 — 0110 001 000 000000

15 12 1 9 . 8 6 | 5 0
T T T T T T T T T T T T

o110 DR BaseR offseté
L 1 1 L | L

1. DR = MEM[BaseR + LSHF (SEXT (offset6), 1)1;

2. setcc();
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ADD: Addition

.ORIG x3000
LEA RO, TEN
LDW R1l, RO,

START ADD R1, R1,
BRZ DONE
BR START
DONE TRAP x25
TEN .FILL x000A
.END
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#0
#-1

0x3000
0xE005
0x6200
0x127F
0x0401
0xO0FFD

0xF025
0x000A

» Ox127F — 0001 001 001 1 11111

15

12

1

9

5 4

T
0001
1

DR

1

1. DR = SR1 + SEXT (immb) ;

2. setcc();




Sample: Codes of Addition

case 1: /* add, and */
case 5:
DR = partVal(curInstr, 11, 9);
SR1 = partVal(curInstr, 8, 6);
if (partVal(curInstr, 5, 5)) /* immS */
{
imm5 = partVal(curInstr, 4, 0);
value = SEXT(immS, 5);
}
else
{
SR2 partVal(curInstr, 2, @);
value = CURRENT_LATCHES.REGS[SR2];
}
if (opCode D

NEXT_LATCHES .REGS[DR] = Low16bits(CURRENT_LATCHES.REGS[SR1] + value);
}
else if (opCode =

NEXT_LATCHES.REGS[DR] = Low16bits(CURRENT_LATCHES.REGS[SR1] & value);

}
setCC(NEXT_LATCHES.REGS[DR]);
break;

1. DR = SR1 + SEXT (immb) ;

2. setcc();
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BR: Conditional Branch

.ORIG x3000 0x3000
LEA RO, TEN 0xE005
LDW R1, RO, #0 0x6200

START ADD R1, R1, #-1 0x127F
BRZ DONE 0x0401
BR START 0x0FFD

DONE TRAP x25 0xF025

TEN  .FILL x000A 0x000A
.END

» 0x0401 — 0000 010 000000001

15 12 11 10, 9 8 0
T T T T T T T T T T T
0000 nlz|p PCoffset9

| | | | | | |

1. if (CURRENT_LATCHES.Z) then:
2. PC = PC + 2 + LSHF (SEXT (PCoffset9), 1);
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BR: Conditional Branch

.ORIG x3000 0x3000
LEA RO, TEN 0xE005
LDW R1, RO, #0 0x6200

START ADD R1, R1, #-1 0x127F
BRZ DONE 0x0401
BR START 0x0FFD

DONE TRAP x25 0xF025

TEN  .FILL x000A 0x000A
.END

» 0x0401 — 0000 111 111111101

15 12 11 10, 9 8 0
T T T T T T T T T T T
0000 nlz|p PCoffset9
1 1 1 1 L | Il 1 | 1 1
1. if (CURRENT_LATCHS.N || CURRENT_LATCHES.Z ||

CURRENT_LATCHES.P) then:
2. PC = PC + 2 + LSHF (SEXT (PCoffset9), 1);
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TRAP x25: Halt

.ORIG x3000 0x3000
LEA RO, TEN 0xE005
LDW R1, RO, #0 0x6200

START ADD R1, R1, #-1 0x127F
BRZ DONE 0x0401
BR START 0x0FFD

DONE TRAP x25 0xF025

TEN FILL x000A 0x000A
.END

» 0x0401 —+ 1111 0000 00100101

15 12 1 8 7
T T T T T T T T T T T T
1111 0000 trapvect8
1 1 | L | L 1 Il Il L 1 L
1. R7 = PC + 2;
2. PC = MEM[LSHF (ZEXT (trapvect8), 1)1;
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Sample: Codes of TRAP x25

case 15: /* TRAP */
trapvect8 = partVal(curInstr, 7, @);
NEXT_LATCHES.REGS[7] = Low16bits(CURRENT_LATCHES.PC + 2);

NEXT_LATCHES.PC = memWord(trapvect8<<1);
break;

15 12 1 8 7 0
T T T T T T T T T T T T T
1111 0000 trapvect
1 1 1 1 1 1 L 1 1 1 L 1 1
1. R7 = PC + 2;
2. PC = MEM[LSHF (ZEXT (trapvect8), 1)1;
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Task 2: partval () function

» Implement int partval (int, int, int);
» Then TRAP instruction is completed;

407
408 /* return the corresponding value of intst[hBit:1Bit] */
409 int partVal (int instr, int hBit, int 1Bit)

/*

* Lab2-2 assignment.
*/
return 0;
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Task 2: SEXT () & setCC () functions

» Implement int SEXT (int , int)
» Implement void setCC (int)
» Then ADD instruction is completed

/* sign extend the imm to 16 bits
* 'width' is the bit width before imm is extended*/
int SEXT (int imm, int width)
{
/*
* Lab2-2 assignment.
*/
return 0;

}

/* set condition code */
void setCC(int num)
{
/*
* Lab2-2 assignment.
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Golden Result of Task 2: bench/testTask2-2.cod

1. run 1
Registers:
Instruction Count : 1
' . PC : 0x3002
Instructions: CCs: N=0 z=0 P=1
Registers:
0: 0x0000
1: 0x0001
process_instruction() | curInstr = 0x1261 28 =000
3: 0x0000
4: 0x0000
5: 0x0000
6: 0x0000
7: 0x0000
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Golden Result of Task 2: bench/testTask2-2.cod

2. Goonrun 1 ,
Registers:

Instruction Count : 2

1 . PC : 0x3004

Instructions: s N -0 20 b

Registers:

0: 0x0000

1: 0x0002
process_instruction() | curInstr = 0x1261 2: 0x0000

3: 0x0000

4: 0x0000

5: 0x0000

6: 0x0000

7: 0x0000
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Task 3: Parse LEA, L1LDW, BR instructions

» Finish the following parts

486
case 0: /* br */
/* Lab2-2 assignment: */

break;

case 6: /* ldw */
/* Lab2-2 assignment: */
break;

case 14: /* lea */
/* Lab2-2 assignment: */
break;

» Please refer implementations of ADD, TRAP
» Then the simulator can work on count10.cod

18/22



Golden Result of Task 3: bench/count10.cod

1.run2 ‘
Registers:
Instruction Count : 2
Instructions: pC : 0x3004
CCs: N=0 Z2=0 P=1
Registers:
0: 0x300c
1: 0x000a
process_instruction()| curInstr = 0xe005 2: 0x0000
process_instruction() | curInstr = 0x6200 3: 0x0000
4: 0x0000
5: 0x0000
6: 0x0000
7: 0x0000
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Golden Result of Task 3: bench/count10.cod

2.Goonrun6

Instrustions:

process_instruction() |
process_instruction() |
process_instruction ()
process_instruction ()
process_instruction() |
process_instruction() |
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curlnstr =

curInstr
curInstr
curInstr
curInstr

curlnstr =

0x127f
0x0401
0x0ffd
0x127f
0x0401
0x0ffd

Registers:

Instruction Count : 8

PC : 0x3004
CCs: N=0 Z2=0 P=1
Registers:

0: 0x300c

1: 0x0008

2: 0x0000

3: 0x0000

4: 0x0000

5: 0x0000

6: 0x0000

7: 0x0000



Golden Result of Task 3: bench/count10.cod

3. Goonrun 12

Instrustions:

process_instruction () |
process_instruction () |
process_instruction() |
process_instruction() |
process_instruction() |
process_instruction (
process_instruction ()
process_instruction (
process_instruction() |
process_instruction() |
process_instruction() |
process_instruction () |
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curlnstr =

curlnstr
curInstr
curlnstr
curInstr
curInstr
curInstr
curInstr
curlnstr
curlnstr
curlnstr

curlnstr =

0x127f
0x0401
0x0ffd
0x127f
0x0401
0x0ffd
0x127f
0x0401
0x0ffd
0x127f
0x0401
0x0ffd

Registers:

Instruction Count : 20
PC : 0x3004
CCs: N=0 Z2=0 P=1
Registers:

: 0x300c

0x0004

0x0000

0x0000

0x0000

0x0000

0x0000

0x0000

do s WN B o



Golden Result of Task 3: bench/count10.cod

4. Goonrun 12

Instrustions:

process_instruction () |
process_instruction () |
process_instruction() |
process_instruction() |
process_instruction() |
process_instruction (
process_instruction ()
process_instruction (
process_instruction() |
process_instruction() |
process_instruction() |
process_instruction () |
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curlnstr =

curlnstr
curInstr
curlnstr
curInstr
curInstr
curInstr
curInstr
curlnstr
curlnstr
curlnstr

curlnstr =

0x127f
0x0401
0x0ffd
0x127f
0x0401
0x0ffd
0x127f
0x0401
0x0ffd
0x127f
0x0401
0xf025

Registers:

Instruction Count : 32
PC : 0x0000
CCs: N=0 Z2=1 P=0
Registers:

: 0x300c

0x0000

0x0000

0x0000

0x0000

0x0000

0x0000

0x300c

do s WN B o
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