LC3 Instruction Diagrams




NOT (Register)
1

15 14 13 12 11 10 G ¥ G 5 4 3 7 1 ()
NOT |1 0 0 1| Dst Sre (1 1 1 11 1
Register File
Dst <
Src Assembly EX:
NOT R3, R2

NI

Note: Src and Dst
could be the same register.
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ADD/AND (Regis
.

ADD

AND

this zero means ‘register mode ”

ter) l
£ 14 13 12 11 10 9 8 7 6 % 4 3 2 1 0
O 0 0 1 Dst Srecl |00 O] Src2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0O 1 0 1 Dst Srecl |00 O] Src2
Register File
~Src2
Dst <
Assembly Ex:
B Add R3, R1, R3
(1) Q)




ADD/AND (Immediate)

15 14 13 12 11 10

this one means ‘immediate mode ”

ADD |o 0 0 1| Dst

15 14 13 12 11 10

AND (0 1 0 1| bDst

Srecl |1 Immb5

Note.: Immediate field is
sign-extended.

IR[4:0]

Assembly EXx:
Add R3, R3, #1

)

Instruction Reg

ﬁ Sext

Register File
Dst <
Srct
(1)
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Assembly EXx:

. LD R1, Labell
LD (PC-Relative)
15 14 13 12 11 10 § 7 6 5 4 3 2 1 0
ID|o o0 1 o Dst PCoffset9
PC Register File Memory
Dst
<
—
Sext i l
() TIR[S:O] \
Instruction Reg (2
\/
MAR ®
€
MDR
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Assembly EXx:

- ST R1, Label2
ST (PC-Relative)
15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
ST |0 0 1 1| src PCoffset9
PC Register File Memory
Src
<
> A
Sext l
3 ]
0 TIR8:0] \V
Instruction Reg (2
\/
MAR ®
MDR
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Assembly EXx:

LDI (Indirect) LD R,
15 14 13 12 11 10 © 8 7 6 5 4 3 2 1 0
ILDI {1 0 1 o Dst PCoffset9
PC Register File Memory
> Dst
) — >
(6
— [
Sext l l
1 TIrR[8:0] \
L"'_/
Instruction Reg (2 ®
\{
MAR [@ @
A €
MDR ®
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Assembly EXx:

STI (Indirect) SUL Ry 400
15 14 13 12 11 10 9 8 7 6 &5 4 3 2 1 0
STI |1 0 1 1| srec PCoffset9

PC Register File Memory

Src
@ — N

(5)
—{ ]
Sext l l
1 TIrR[8:0] \
L"'_/
Instruction Reg (2 C

A\

MAR |4 ®
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LDR (Base+Offset)

Assembly EXx:
LDR R4, R1, #1

15 14 13 12 11 10 & 8 7 6. 5 4 3 2 1 0
IDR |0 1 1 o| Dst Base offseté6
Register File Memory
Dst
4 Base
0 '
—>  Sext l
IR[5:0] Vg
\_"'_/
Instruction Reg (2
A\
MAR a)
> 3
MDR
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Assembly EXx:

STR (Base+Offset) STR R4, R1, #1
15 14 13 12 11 10 & 8 7 6 5 4 3 2 1 0
STR |0 1 1 1| src Base offseté6
Register File Memory
Src
©) Base
) —> A
) -
—>  Sext |
L
IR[5:0] \V
\_"'_/
Instruction Reg 2)
A\
MAR @
’ 4
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LEA (Immediate)

LEA

15 14 13 12 11 10 & 7 6 5 4 3 2 1 0
1 1 1 0 Dst PCoffset9
: : Assembly EXx:
PC Register File LEARL Labl
> Dst
)
Sext l

(1) TIR[B:O]

Instruction Reg
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BR (PC-Relative)

15 14 13 12 11 10 7 6 5 4 3 2 1 0
BR [0 0 0 0({n]|z PCoffset9
PC (3
<
5 —+fPoMUX)
@) taken [
Logic |J/RI119] Sext 1 l
9 TIR[8:0] \
I 11 - \ + /
N| |Z P

Instruction Reg

What happens if bits [11:9] are all zero? All one?
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JMP (Register)

Jump is an unconditional branch -- always taken.
« Target address is the contents of aregister.
« Allows any target address.

~

15 14 13 12 11 10 © 7

6 5 4 3 2 1
JMP 1 100\000\Base|000000

PC Register File

Base
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TRAP ITRAP

PC

oy
®

j

Instruction Reg

MAR

A

MDR @

15 14 13 12 19 186 9 8 74 6 o 4 43 2 1 4
L L X LG D g 8 trapvect8
Register File Memory
—
C> > R7
IR[7:0] T Tort

NOTE: PC has already been incremented
during instruction fetch stage.
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JSR

15 13 13 1& 11 131G 8

8 7 € S5 4 3 2 .

JSR 010 0|1 PCoffsetll
PC . Register File
Sext i l

(2 TIR[10:O]

Instruction Reg

NOTE: PC has already been incremented
during instruction fetch stage.
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JSRR 15 14 13 12 11 10 8 8 T 8
JSRR 0 1 0 0/0/0 0 Base

o u»n
o |~
o |w
o v
o -
O o

el 2 Register File

A\

NOTE: PC has already been incremented
during instruction fetch stage. 0-16



