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Recall: The Instruction Cycle

. FETCH

 DECODE

. EVALUATE ADDRESS
 FETCH OPERANDS
 EXECUTE

- STORE RESULT




Instruction Set Architectures




Recall: The Instruction Set Architecture
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Recall: Opcodes In L&

1514 1312 11109 8 7 6 5 4 3 2 1 0
T T

T T T T
DR SR1 0| 00 SR2
1 1 1 1 1 1 1
T T T T T T T T
DR SR1 1 imm5
1 1 1 1 1 1 1 1
T T T T T T T
DR SR1 0 00 SR2
| | | | | | |
T T T T T T T T
DR SR1 1 imm5
1 1 1 1 1 1 1 1
T T T T T T T T
nfzip PCoffset9
1 | 1 1 1 1 1 1
T T T T T T T T T
000 BaseR 000000
Il | | | 1 | 1 | |
T T T T T T T T T T
1 PCoffsetll
1 1 1 | 1 1 1 1 1 1
T T T T T T T T
0 00 BaseR 000000
1 1 1 1 1 1 1 1
T T T T T T T T T T
DR PCoffset9
1 1 1 1 1 1 1 1 1 1
T T T T T T T T T T
DR 1 PCoffset9
1 1 1 1 1 1 1 1 1 1
T T T T T T T T T
DR BaseR offset6
1 1 1 1 1 1 1 1 1
T T T T T T T T T T
DR PCoffset9
1 1 1 1 1 1 1 1 1 1
T T T T T T T T T
DR SR 111111
1 1 1 1 1 1 1 1 1
T T T T T T T T T
000 111 000000
1 1 1 1 1 1 1 1 1
T T T T T T T T T T T
000000000000
| | 1 | | 1 1 | 1 | |
T T T T T T T T T T
SR PCoffset9
1 1 1 1 1 1 1 1 1 1
T T T T T T T T T
SR PCoffset9
1 | | | Il 1 | 1 | |
T T T T T T T T
SR BaseR offset6
1 1 1 1 1 1 1 1 1
T T T T T T T T T T
0000 trapvect8
| | 1 | 1 1 | 1 | |
T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1

Figure 5.3  Formats of the entire LC-3 instruction set. NOTE: * indicates instructions
that modify condition codes



Recall: Opcodes In L&D

+ T T T T T T T T T T T
ADD 0001 DR SR1 |A| op.spec
l l l 1 1 l l 1 | 1 1
AND’ 0101 DR SR1 |A| opspec
1 1 1 1 1 1 1 1 1 1 1
T T T T T T T T 1 T T
BR 0000 nlz|p PCoffset9
l l | l l | | 1 1 1 1
T T T T T T T T T T T T
JMP 1100 000 | BaseR 000000

LDB" 0010 DR | BaseR boffseté
P
LDW 0110 DR BaseR offseté
. —————————
LEA 1110 DR PCoffset?
1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 I I 1 1 1 1 1 1 1 1 I
RTI 1000 000000000000
| | | | | 1 | | | | | | | |
+ I | | | | I | I | |
SHF 1101 DR SR |A|D| amountd
1 1 1 1 1 1 1 1 1 1
T T T T T T T T T T T T
STB 0011 SR BaseR boffseté
1 1 1 1 1 1 1 | 1 11 1
T T T T T T T T T T T T
STW 0111 SR BaseR offseté
| | 1 1 1 | | 1 1 1 1 1

frapvects

1
not used 1010

not used 1011




Recall: Funct in MIPSR/pe Instructions (I)

Opcode is 0
in MIPS R-

Type
instructions.
Funct defines

the operation

Table B.2 R-type instructions, sorted by funct field

Description Operation
000000 (0) s11 rd, rt, shamt shift left logical [rd]=[rt] << shamt
000010 (2) srl rd, rt, shamt  shift right logical [rd]=[rt] >> shamt
000011 (3) sra rd, rt, shamt shift right arithmetic [rd]=0[rt]>>> shamt
000100 (4) s1lv rd, rt, rs shift left logical variable [rd]l=[rt] << [rslys.o
000110 (6) srlvrd, rt, rs shift right logical variable [rdl=1[rt]>> [rsls.o
000111 (7) srav rd, rt, rs shift right arithmetic variable [rd]l=1[rt] >>> [rsls.o
001000 (8) jrrs jump register PC=1[rs]
001001 (9) jalrrs jump and link register $ra=PC+4, PC=L[rs]
001100 (12) syscall system call systemcall exception
001101 (13) break break break exception
010000 (16) mfhi rd move from hi [rdl="[hi]
010001 (17) mthi rs move to hi [hil=T[rs]
010010 (18) mflo rd move from lo [rdl1=1T[10]
010011 (19) mtlo rs move to lo [Tol=1I[rs]
011000 (24) mult rs, rt multiply {Chil, [Tol} =[rs]x[rt]

011001 (25)

multurs, rt

multiply unsigned

{Chil, [Tol} =[rs]x[rt]

011010 (26)

divrs, rt

divide

[Tol=1T[rs]/[rt],
[hil=T[rs]%[rt]

011011 (27)

divu rs, rt

divide unsigned

[Tol=1[rs]/[rt],
[hil=[rsl%lrt]

(continued)

Harris and Harris, Appendix B: MIPS Instructions
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Recall: Funct in MIPSR/pe Instructions (I1)

100000 (32)

Table B.2R-type instructions, sorted by funct field Contd

add rd, rs, rt

Description

add

Operation

[rd] = [rs] + [rt]

100001 (33)

addu rd, rs, rt

add unsigned

[rd] = [rs] + [rt]

100010 (34)

sub rd, rs, rt

subtract

[rd] = [rs] b [r]

100011 (35)

subu rd, rs, rt

subtract unsigned

[rd] = [rs] b rt]

100100 (36) and rd, rs, rt and [rd] = [rs] & [r1]

100101 (37) or rd, rs, rt or [rd] = [rs] | [r]

100110 (38) xor rd, rs, rt xor [rd] = [rs] ~ [rt]

100111 (39) nor rd, rs, rt nor [rd] = ~([rs] | [rt])

101010 (42) slt rd, rs, rt set less than [rs]<[rtf]?2[rd]=1:[rd]=0
101011 (43) sltu rd, rs, rt set less than unsigned [rs]<[rf]?2[rd]=1:[rd]=0
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13



Data Types
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Data Type Tradeoffs
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Addressing Modes

An addressing mode is a mechanism for specifying where
an operand is located

There five addressing modes in LC-3
o Immediate or literal (constant)
The operand is in some bits of the instruction
o Register
The operand is in one of RO to R7 registers
o Three of them are memory addressing modes
PC-relative
Indirect
Base+offset

In addition, MIPS has pseudo-direct addressing (for j and
jal), but does not have indirect addressing

16



Operate Instructions
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Operate Instructions

In LC-3, there are three operate instructions

a NOT is a unary operation (one source operand)
It executes bitwise NOT

o ADD and AND are binary operations (two source operands)
ADD is 2's complement addition
AND is bitwise SR1 & SR2

In MIPS, there are many more

o Most of R-type instructions (they are binary operations)
E.g., add, and, nor, xor...

a I-type versions (i.e., with one immediate operand) of the R-
type operate instructions

o F-type operations, i.e., floating-point operations

18



NOT in LC-3

#5688 ()*+$%,-$(%./0,'$.1-

236$%88&"()*+

NOT R3, R5

60*-$7%*8'&

0&<'=$>0*

& §) %)

! " # $%%$%%$%0$%$%$
9%./0,'$31-'

&' () *) NOT
$%+%+9 +%%$%] +%+%! $%$%$%$%$%$ g%@
$# $, $$ ! # + ’

RO

R1

R2

R3

0101000011110000 @:

1010111100001111 ?:

1
B A
ALU
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Operate Instructions

. We are already familiar with LC-3's ADD and AND with
register mode (R-type in MIPS)

. Now let us see the versions with one literal (i.e., immediate)
operand

. Subtraction is another necessary operation
How is it implemented in LC-3 and MIPS?

20



Operate Instr. with one Literal iIn43C

- " HSY&H!™

" #$ %$& | & (0

=+ [+,-. [+,-. )+,

O#*#+,-. $/0+%
123248445556 7839-#()HSSH/-#.-308/-. 1 9+&-#I""<
"> H#=6H#@H#B039/-%8.7099B<

12324845656  78$9-#()HSSH/-#.-308/-. 1 9+&-H#I"'<
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ADD with one Literal In L&

" HE6%& () HS+ #'S- [ +8#-0,8#

9&:/%;&<#=/)&

RO
R1

2+00:<7-:/0+#<&:/%; &< *?

ADD R1 R4

0001{001|100{1

12A#$%%&' ()*
ADDR1, R4, # -2
5/&),#6$)78&%
%& ) “+,
! ! #b
8%-./+&#20,&
%& ) i
-.-.- -.-. l.-.- LLLL-
I 1$ I / 0 1

0000000000000100 |'

D2 R3
11110 R4 | 0000000000000110
5 R5
Bz
SEXT ) R6
@&+,
R7
1111111111111110
I
N1 0/
Bit[5] e

>9
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Instructions with one Literal in MIPS
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Add with one Literal in MIPS

!Illl#$%%&ll$l(&
)*+,#'--&%./0
addi  $s0, $s1, 5
19&/"'#2'3&-
& () (* +,,
| # "$ %
(*-.-()-/-)+01 Z234*3156+,,7
)'45$6&#78"&
& () (* +,,
1111 ale RN =Tt
9:::<9999=
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Subtract in LE3

IHS06&"()*+,

?6>@*(A(+%:43( "#$%&"()*+,

a=b+c - d; add $tO, $s0, $s1
sub  $s3, $t0, $s2

- 10%&"()*+,

26> @ (A(+%:43( - 10%&"()*+,

ADD R2, RO, R1
NOT R4, R3
- 12&3(45%7%4.0 ADD R5, R4, #1

142(%67'829:8647' ADD R6, RZ, R5

a=b+c - d;

"3
%&()**+,$
&3/

08<9%'6)=+(2%:47824+%+4>6:
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Subtract Immediate

s UHSHE' T O,

1234/+(5(4678( HSR" T O

_3,

a=>b

"HTO*] 1 (6(7 &, HTh Y HS<

PUABI" " (O *,

addi  $s1, $s0, -3
= -_/0
1234/+(5(#1678( - JO%&" " (D *t,
a=hb - 3 ADD R1,RO,# -3
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Data Movement Instructions

and Addressing Modes
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Data Movement Instructions

= In LC-3, there are seven data movement instructions
o LD, LDR, LDI, LEA, ST, STR, STI

= Format of load and store instructions
o Opcode (bits [15:12])

DR or SR (bits [11:9])

Address generation bits (bits [8:0])

Four ways to interpret bits, called addressing modes
s PC-Relative Mode

= Indirect Mode

= Base+offset Mode

= Immediate Mode

(]

(]

(]

= In MIPS, there are only Base+offset and immediate modes
for load and store instructions

28



PCRelative Addressing Mode

HSI06& (HE) HAHHS Y- (

34 3. 32 35 33 36 - 7 8 9 4 . 2 5 3 6
[ H$%68S "O)*+ -
J01,* 2/01,* -/01,*
0#1#%23%'.
. 45657H#!"#1#8898
. 45657#*+#1#8899

B <)&, <Yo)H-.6<;, . H<)H!"
*FHLHYo=-3 4 6<, -H<)HH+

"> "HH@.A%-BCOD E#<6)FG,.)$OD%HH:.,I(J

*+> @.A%-BCOD E#;<6)FG,.)'$ODY%HH;.,|(J#?#*:

%1% [ 1<=>+24< + @)™
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LD in LC-3

HS%%& () 'S/ +&H-0,&H

O : 0. 8&9/%:&;#</)&
11 23#$%%&,()* l-é-%.,6 ./O+#,&9O/%.&, "
IR [0010|010| 110101111 R1
LD R2, Ox1AF LD Rz x1AF R2 | 0000000000000101 |"8
=+-,8&'&+:&#@1 Ri:0] RS
4/&),#5$)6&% PC [0100 0000 0001 1001 @%Zﬁzﬁz
( )* (+,--./01 1111111110101111 Ej
! ! "#$%& o
3B#"8#/%o#
\ aop / )0$.8.
AB#C,,;&%%@ 16 ©
7$-./+&#10,& $)-6)$:/0+
|( )* (+’__./01 MAR MEMORY MDR
2"2%$2"| "2%2 $2$2"2%$2"2$2$2$2%$2 B DB
&9,

$3 $! $$ 1 4

1/'[:$:/0+ JHE.&B) R&)$:/KE&#S,,;&%%/+9#'0,
[E.&#'&'O;*#$,,;&%%#/%@+)*#FDGG#MGH -$++0:#S$,,:8%%H<$H#PISH<;0'#: &t

)0-$:/0+%#SIS*#0<#:.&H 0 #>E#/+%:;6-:/0+ [+%::6-:/0+
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Indirect Addressing Mode

HS%I&! ($H) (*+,-./$) ($01#5%0.&+,$#) (*+,-./

[ #$%&S "))+ -
J01* 2001 /O1,*
23%4$&5-&(,
. 67879%!"#$4%:::;
- 67879%01#%4%:;::

"<$4$(,=.%)" . *&)$+,8%=.,+$*)$!"#
0<$4$=&>+-,$+,8*=.,+$*)$01#
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LDl in LC-3

- "ES%&&()*+5%,-$(%./0,'$.1-'S

. T - . o ?'@08&;'<$=0*
12 A$%&E ()*+ =T 0L S EPas Ro
IR|1010| 011 111001100 R1
LDI R3, Ox1CC LDI R3 xICC R2
#,.<'(,-$C2 IR[g:0] R3 |1111111111111111}"?
. . PC|0100 1010 0001 1100 @E%Q@im
50'*-$6%*7'& O R
R6
( )* (&+,,-./0 xFFCC 7
\ 16
! #$%&& v, HE$"2$0&$
\ ADD / *1%"6
DE$F--<'&&$E% 16
8%./0,'$21-" 477901,
[ MAR ] [ MDR ]
|( )* (&+ ‘/O MEMORY
& AE$!1%--$
, %p--<' 211
%1#1%| #1%1] %1%1%1#1#1%1%1#1#1 LD
-1$8F? GE$8'(1<+$ IE$8'(1<+$
%2 %3 %% O 4 # <%- <%-

[ 91:%;/'$%--<'&&$1=%;/'$1>'<%,-$.%0,%)'$ %,+:/'<'$0,$;/'B("(1<+
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Base+Offset Addressing Mode

CHS%I& (BH)*+,-)[BO(SL2#$%1-&.)SH)*+,-)./

" #$%&$ | 9:)*$ "(O*+,
-./0+) 1.J0+)  1.0+) J0+)
34$5%&67&()
- 89*9:$I"#F5$;<<;
- 89*9:$12#8$5%;<<<

"#$5%5(),-+0'-+&0%$.)*+,-).$+0$!"#

1#$5$,8=.7)$.)*+,-).$+0$12#

"#> "#$?$@)A& BCD')# ES$,+*BG-)0(%&HH,)-1/]

12#> @)A&.BM')# ES$,+*EG-)0(%&HH,)-1/I$?$1#
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LDR In LG3

= LDR assembly and machine code

LC-3 assembly

LDR R1, R2, Ox1D

Field Values

& %( 0+ Jreat -]

| ! #$'%
Machine Code

& %( 10+ Yrrt -l
#1"1"1# #1#1"| #1"1#| #1"1"1"1#1"
2 s a4 1 2 4

%Qstruction regi(s)ter

w4 | 011101

LDR R1 R2 x1D

x001D

IR[5:0]

'— Sign-
IEEE extend
16

Register file

RO

R1| 0000111100001111 DR

R2 | 0010001101000101 | BaseR

R3

R4

R5

R6

R7

9

A
\ ADD

1. Address 116
calculation @

A
MAR

MEMORY

2. Memory
@ read

3. DR is
loaded

®

16

MDR

[ Again, the address of the operand can be anywhere in the memory ]
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Base+Offset Addressing Mode in MIPS

"HSI0& H)H"+H ) # -, #0122, 3HAL+ H516# /* #
*+46.,,7"8#41+. O

B78.H.C.(#>1+.

$19%&#*,,.4/(D

Al2] = a;

sw  $s3, 8($s0)

K7.(+#L*(-,

(

)*

$.416DEF,G#0#HI#J#F,@

#$

#% &

(AAHT #3. #,<773#122,.3'#). 7> #1,8"=?3."+ +#31HQ@AH/73,
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An Example Program 1in MIPS and L.C-3

High-level code MIPS registers  LC-3 registers
a = A[0]; A = S$s0 A = RO

C = a + b - 5; b = $s2 b = R2
B[0] = c; B = $sl B = Rl
MIPS assembly LC-3 assembly

lw  $t0, 0($s0) LDR R5, RO, #0

add $tl, $t0, S$s2 ADD R6, R5, R2

addi $t2, S$tl, -5 ADD R7, R6, #-5

SW St2, 0(S$sl) STR R7, R1l, #0



Immediate Addressing Mode

CIMHS0I& ($)*+,- *SH((/*001

" #$ "06&" ()*+
-1 0-./%( - ¥
23%$4$5556

78$4%$(*0,-9',-&9%$/*:-0,*/$

"#: 78$<$3=' >$0-:97@,*9(%3=8&))0* Al

BC',$-0$,C*$))*/*0+*$)/&D$3=B*E' -.* '((/*00-9:$D&(*F

s
(

.

<
#90G*/;$H90,/1+,-&90$G-,G$B*E',-.* D&(*$'++*00$D*D&/IKS
LI,$!"#$(&*0$9&, % M*O+*$,C*$9'D*$/& ($"))*+, - *$#((/*00

| 89/(-/(-*¥Q)-1::<)=):¥)>-"%
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LEA In LG3

"H$%&& () *+$%,-$(%./0,'$.1-'$

12 A$%&E&()*+
LEARS, # -3
50'*-$6%*7'&
0 * )+,--./01
| " #$%&'
8%./0,'$21-'
0 * )+,--./01
%2%2% %2#29  %2%2%2%2%2%2

>9

LA "0&:'<$=0*
?,8;<7.,01,$<"10&;'< 9:08;<$=0
15 0 RO
IR [1110|101| 111111101 R1
LEA R5  x1FD R2
?,.<'(,;-$B2 IR[8:0]  R3
Y .
PC | 0100 0000 0001 1001 @@%03 Ra
""" R5 | 0100000000010110
16
R6
1111111111111101
16
A
ADD /
16
%2#2%2
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Immediate Addressing Mode In MIPS

- "HS10&H) *H#(,-.#)//01#*220.%-304% (,-.5#-#67 O*3#
*220.*-30#*"3,#3:.08)//01#:-(;#,,#-#10<*5301" . #5035#3:.0#
(,=01#:.-(;#3,#>

- 13#*5#)50.#3,#-55*<"#ABEBHA, "53-"35#3,#-#10<*5301

B*<:§0CO(#A,.0 $!1%&#-55029(D
a = Ox6d5e4f3c;

lui $s0, Ox6d5e
ori $s0, 0x4f3c
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Addressing Example in X

"H$%& %" (%) &*H#+%, #+-(%.)%/01
"HS%& ()< +$,-.-,

Address 15 14 13 12 11 10 98 76 54 32 1 0

x30F6[1 1 1 0]0 0 1JT1 1111110 1R1<- PC-3
x30F7[0 0 0 1]0 I 000 1J1]0 L I 1 0 R2<- R1+14
x30F8[0 0 1 1]0 I O[T 1111 10 1 1M[x30F4]<- R2
x30F9[0 1 0 1/0 1 0/0 1 0[1]0 0 0 0 O R2<- 0
x30FA[0 0 0 1[0 1 0/0 L 0/1]0 0 1L 0 I]R2<- R2+5
x30FB[0 1 1 1|0 1 0/0 0 1]0 0 L I 1 0M[R1+14]<- R2
x30FC[1 0 1 00 I 1|1 111 101 I 1R3<- M[MDX30F4




Addressing Example in X

1"HS%& %S (%) & H+%, H#+-(%.)%/01

"HS%& () *+$, .-,

Address 15 14 13 12 11 10 9 8 76 54 3 2 1 0

x30FB
x30FC 47:

B/<%K%<=F% @%AB?G0?H=%K%<=F%@%AE
/0% @%ABABEB#-%@%ABAB?GE2HF-F% ©
ABAB?GO0?H=FF%@%AB?G0<?JF%@%3

x30F6 0 0 1<% @ % EWh @ % ?GOH-0% @%?GO0"
Xx30F7 0 1 —  [J%@%/I<%KY%<=%@%?G0?H=%K%<=
x30F8 0 1 ABCDYBF%@%AB?G?0?H=F%@°
x30F9 0 1 5 11%@%
X30FA 0 1 3 13%@%/J%K%3%(@

0O 1

0O 1

2"(%) & H+%, H+- (VYR V63
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Control Flow Instructions

42



Control Flow Instructions

" 4BV & %' (H#)(8*Vo+#Y%, -, [+ Fb+6#0%1,2/ 3.,
. A#356+6#38"%7(&3.8,1%&35%9/*'1

A#356+6#38&"%7(8:3. R, %I/1,5%+#%b %5, .616#31
<)<=0660,%1+8&+ % 3+
23% @N=%-+8(,,8856+6#3%.4#5 &(,%/1,5

B/F1  &(,%/1,5%+H%6*" * 3+
L @##'1

. CI3.+6#3%.8™"1

BDE63% @W6&35B3%D?EF
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Condition Codes In LG

"#$9%8&' ()%*+)%, -.%/.0 123%'4%56'&&RTY %04 +80)&%6)8'48,) 64
"6)%:<="&)=

"H$Y0*>0&$) A% ="+ #*=) AB) %) &) 6%64) &%6/4) &% &* % ?3%* 6%+
/4)&%8&*%03

@>%8&$)%56'€&)+Y0 ALE)R6 Ao
B '4%4)87%C%"+=%-%"6)%#9)"6)=

@>%E3)%656'8.&)+ %A%’ 4%
C'4%4)&7%B%"+=%-%"6)%#9)"6)=

@>%8&$)%56'€&)+Y Ao
- '4%4)&TY%BYCYEI#9)"6)=

EFG%"+=%H-1.J%"6)%)E"(<9)4%*>% @H|4%&$"&%; 4)Yo#*+="&*+¥
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Conditional Branches In £

"% $19%&()*+,*-.%/0

BRz PCoffset9

1 "1/]0 H$%8&'()*
4 )
'1*#1*2*38)+()*(/'5+6+/%(/5.5+7%6.76.5% $81*-1*&'59/%*:0

IR TBY<(B+H =B THB/* 5.6+, >*6) *(/'5+6+/*(/5.7*6/*=.*6.76.5
C81%-1% 28 @<. T, *6).*(/%%. 72/ 5+ A*(/'5+6+*(/5.7

:B/,,7.6C*3*+DD.5+&6.*/%*(/'76&'6*?&@<.

+,*$$*EBF*80*G"*$2*E8F*.0*G"*$#*EBF*-00
- 6).":B*H*:B ' I*7+A'JK6.'5%:B/,,7.6CO

L&%0+&6+/'Vi* 1¥'# 1%¥'2 1¥'#2 1¥"2 1¥"# 1¥"#2

1 12.,.1)2(,."34(5(")(6,#$ 45



Conditional Branches In £

!II# ‘
A<?@<&B6loo 0001 0000 0001
C?=+'3< |
BRz 0x0D9 PC | 0100 0000 0010 1000
+;'<=>")"2+4(
<3@);'3<_BR_"#"$" pCoffset9
IR |0000(0|1]|0]011011001
9
C?+7)")?+( .
<3@):'3<: 16 16
N P 0000000011011001
0 1 0 \
( \ \/ A
$%&(O*¢(H(((( /0 k}j L[) \_ao/
1)2324¢#- 5 i

aY4
J

6+7(8%& ()*¢(,(#(.(-(.(9 [

\. J

Yes!

A
—%Muﬂ

ARG HE"S" () +)" 1¥(./* 01" <-"+0", 2)1* 34"+)"/012,*,01"/02)-"+0"1)"%)-*)2
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Conditional Branches in MIPS

o 1"E $%&'()*+,-+.#/'01
beq $s0, $s1, offset

! H "$ %&&H'S

O*+$# ) HSH )+ -()*+$#
2+3+45)46"

&BE&B+74/&)"+&":,79"&7
4--7"9+3+,;;"6,'9"+4&+)4(79'(9+<'0/"

-8 733+&9
L O (+=>+72+=> @+7,:AB9"(6$4--7"91+C+2

D'&,'9,4(7E¥# 8¥" 840"F8+9F

L J+#)+#)$)+01"2'0$'3)45



Branch If Equal in MIPS and £C

=>2@%&$$(*A 4 67D%E&S$S(*A, 4

beq $s0, $s1, offset NOT R2, R1
ADD R3, R2, #1
ADD R4, R3, RO
BRz offset

"HE%6&'$(
)*_|_( x

I"HSY%HSY& Vo ()&*+,(UBA(-.. #'%/" (Yo' $I023/#-'%S$(/
1"(Y$&*(%.2'3/#-' &, #14%0 (5240 BV Yor' $/023/#-'$Y6t' Yo BT

:21:%" (Y3-'/0-, %, -<#30(52#0($UD(%3-*+, ) #IA%H# Y%o=>2 @
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Lecture Summary

Instruction Set Architectures: LC-3 and MIPS
Operate instructions
Data movement instructions
Control instructions

Instruction formats

Addressing modes
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