LC-3 Instruction Set (Entered by Mark D. Hill on 03/14/2007; last update 03/15/2007)

PC”:

incremented PC. setcc(): set condition codes N, Z, and P. mem[A]:memory contents at address A.

SEXT(immediate): sign-extend immediate to 16 bits. ZEXT(immediate): zero-extend immediate to 16 bits.

Page 2 has an ASCII character table.

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

S S S
]oO 0O 0 1] DR | SR1 J]oJ]O O] SR2 |
R S S

S S
]0O 0 0 1] DR | SR1 1 1] imm5 |

LT SRRV SEVEVES DU S SR SR R R S

[ SRR S S SR S S S S —
10 1 O 1] DR | SR1 ]olJO0 o] SR2 |
T T SRV SEVRVES DU S SRR SR R R S

SR S S S S S S S S ——
10 1 O 1] DR | SR1 1 1] imm5 |
Tt SRRV SEVEVES DU S SRR S R R S

SR S S S S S S S S ——

J]O 0 O O|lnlzlpl PCoffset9 |
B T et T T S S e s Tt

S S S
11 1 0 O0O]J]O0O 0 0] BaseR ]oO 0 O O 0 o]
S S SR

S S S S S
]10 1 0 O01]1] PCoffsetll |
f SR S S S S S S S S S —

S S S
10 1 0 OoOJoOoJo 0] BaseR ]oO 0 0O O 0 o]
S S S S S

g S
J]o 0 1 0] DR | PCoffset9 |
S S S SR

g S S
|1 o 1 0] DR | PCoffset9 |
S S S SR

RS S R U S S S S S
J]oO 1 1 0] DR | BaseR | offset6 |
RS R S S S ' S

N S
I1 1 1 0] DR | PCoffset9 |
g S

S N
]I1 0 0 1] DR | SR 111 1 1 1 1]

Tt DRVEVEE SEVEVES DU ST SR R R R

SR S S S S S S S S —
11 1 0 O0O]J]O O O]1 1 110 0 O O O 0]
Tt DRVEVEE SEVEVES SRS S SRR R SR S

SR S S S S S S S S —

]1L o o0 0JO O O O O O O O O O O O]

[ SR S S S S S S S S S ——

B S S S
]O O 1 1] SR | PCoffset9 |
SR S S S S S S S S ——

B S S S
]1 O 1 1] SR | PCoffset9 |
SR S S S S S S S S ——

B S ——
J]o 1 1 1] SR | BaseR | offset6 |
B S ——

B T i et T L L e i ettt T S
J1 1 1 1]0 O 0 O] trapvect8 |
B S ——

B T T e s T CETTE N SR I S
]I1 1 0 1] |
B T i it S L e S e

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

ADD DR, SR1, SR2 ; Addition
DR € SR1 + SR2 also setcc()
ADD DR, SR1, imm5 ; Addition with Immediate
DR € SR1 + SEXT(imm5) also setcc()

AND DR, SR1, SR2 ; Bit-wise AND

DR € SR1 AND SR2 also setcc()

AND DR, SR1, imm5 ; Bit-wise AND with Immediate

DR € SR1 AND SEXT(imm5) also setcc()

BRx, label (where x = {n,z,p,zp,np,nz,nzp}) ; Branch
GO € ((n and N) OR (z AND Z) OR (p AND P))

if (GO is true) then PC € PC” + SEXT(PCoffset9)

JMP BaseR ; Jump

PC € BaseR

JSR label ; Jump to Subroutine

R7 € PC”, PC € PC” + SEXT(PCoffsetll)
JSRR BaseR ; Jump to Subroutine in Register
temp € PC”, PC €& BaseR, R7 €& temp

LD DR, label ; Load PC-Relative

DR € mem[PC” + SEXT(PCoffset9)] also setcc()
LDI DR, label ; Load Indirect

DR €« mem[mem[PC” + SEXT(PCoffset9)]] also setcc()
LDR DR, BaseR, offset6 ; Load Base+Offset

DR € mem[BaseR + SEXT(offset6)] also setcc()

LEA, DR, label ; Load Effective Address
DR € PC” + SEXT(PCoffset9) also setcc()
NOT DR, SR ; Bit-wise Complement

DR € NOT(SR) also setcc()

RET ; Return from Subroutine
PC € R7

RT1 ; Return from Interrupt

See textbook (2" Ed. page 537).
ST SR, label ; Store PC-Relative
mem[PC” + SEXT(PCoffset9)] €« SR
STI, SR, label ; Store Indirect
mem[mem[PC”> + SEXT(PCoffset9)]] €« SR

STR SR, BaseR, offset6 ; Store Base+Offset
mem[BaseR + SEXT(offset6)] € SR

TRAP ; System Call

R7 € PC”, PC € mem[ZEXT(trapvect8)]

; Unused Opcode

Initiate illegal opcode exception



ASC Table and Decseription

ASCII stands for American Standard Code for Information Interchange. Computers can only understand numbers, so an ASCII code is the
numerical representation of a character such as 'a' or '@' or an action of some sort. ASCIl was developed a long time ago and now the non-
printing characters are rarely used for their original purpose. Below is the ASCII character table and this includes descriptions of the first 32 non-
printing characters. ASCIl was actually designed for use with teletypes and so the descriptions are somewhat obscure. If someone says they want
your CV however in ASCII format, all this means is they want 'plain’ text with no formatting such as tabs, bold or underscoring - the raw format
that any computer can understand. This is usually so they can easily import the file into their own applications without issues. Notepad.exe
creates ASCII text, or in MS Word you can save afile as 'text only'

Dec Hxoct Char Dec Hx ©ct Himl Chr [Dec Hx Oct Himl Chrl| Dec Hx Oct Himl Chr
0O 0 000 NOL frnuall) 32 20 040 &#3Z; Fpace| 54 40 100 s#6d; [ 96 60 140 &#96;
1l 1 001 50H (start of heading) 33 Z1 041 &#33; ! 65 41 101 &#a65; 4 a7 6l 141 «#37; a
2 2 002 3Tx (start of text) 34 22 04z &#34: 7 g6 42 10z s«#665; B ag 62 142 s#98; b
3 2 003 ETx (end of text) 35 23 043 &#357 # &7 43 103 «#67: C 99 53 143 «#99:; C
4 4 004 EOT (end of transmission) 36 Z4 044 &#36; § 65 44 104 «#68; D |100 64 144 &#l00; d
5 5 0053 ENQ [enguiry) 37 Z5 045 &#37; % 69 45 105 &«#659; E (101 65 145 &#101; =
6 6 006 ACE [acknowledge) 38 26 046 &#38!7 & 70 45 106 «#707 F |102 66 145 «#l02; €
77 007 EEL (bell) 39 Z7 047 &#39:; 71 47 107 ##71: G |103 67 147 &#103; O
& & 010 B3 (backspace) 40 Z§ 050 &#40;7 | 72 45 110 «#72; H |104 55 150 &#104; h
9 9 011 TAE (hori=zontal tab) 4] Z9 051 &#41; ) 73 49 111 «#73:; I (105 59 151 &#105; 1
10 A 012 LF (NL line feed, new line)| 42 24 052 &#42; * 74 44 112 &#74: J |106 64 152 &#l06: ]
11 E 013 VT (wertical tab) 43 ZB 053 &#43; + 75 4F 115 «#75; K |107 6B 153 &#107: k
12 C 0l4 FF (NP form feed, new page)| 44 2C 054 &#d4; , 76 4AC 114 «#76: L |108 6C 154 &#l08; 1
13 D 015 CE  [carriage return) 45 ZD 055 &#45; - 77 4D 115 «#77; M (109 gD 155 &#109; @
14 E 016 30 (shift out) 45 ZE 056 &#46: . 78 4F 116 &##78; N |110 6E 156 &#1l10; 1
15 F 017 3I (shift in) 47 ZF 057 &#47: / 79 4F 117 &£#79: 0 |111 &F 157 &#lll; o
16 10 020 DLE [(data link escape) 45 30 060 &#45: 0 g0 50 120 &#30; P |112 70 led &#l12; b
17 11 021 DCL (dewice control 1) 49 31 06l &#49; 1 8l 51 121 «#81; 0 (113 71 lel &#113; g
15 12 022 DC2 [(dewice control 2) 50 32 062 &#50; 2 g2 52 122 &#82: B |114 72 lez2 &#114: ¢
19 13 023 DC3 (dewvice control 3) 81 33 0A3 &#51: 3 83 53 1235 &#33; 5 |115 73 163 &#ll5; S
Z0 14 024 DCa [(dewice control 4) 52 34 064 &#52; 4 g4 54 124 &«#34: T |116 74 1lad &#lla; ©
2l 15 025 NAE [(negative acknowledge) 53 35 065 &#53; 5 85 55 125 &«#85; T (117 75 les &#117; 1
22 16 026 3YN (synchronous idle) 54 36 066 #5472 6 g6 56 126 &##86; V |1158 76 lec &#113; 7
23 17 027 ETE (end of trans. block) BE 37 0AT &#55: 7 g7 57 127 &#37: W |119 77 167 &#119; W
24 15 030 CAN [cancel) 86 35 070 &#56; 8 G5 58 130 &#35; ¥ |1z0 78 170 &#l20; =
25 192 031 EM  (end of medium) 57 39 071 «#57; 9 89 59 131 &«#89; T (121 792 171 &#1:21; ¥
26 1A 032 SUE (substitute) 58 34 072 &#58; a0 5A 132 &£#90; 2 |122 74 172 &sfl2z2; =2
27 1B 033 ESC [ezacape) 59 3B 073 &#59: ; a1 5B 133 «#91; [ |123 7B 173 &#123; {
28 1C 034 F3 [(file separator) 60 3C 074 &#60; < 9z 5C 134 &#%92; % |1z4 7C 174 &#l:24;
29 1D 035 G3  [(group Separataor) 6l 30 075 &«#F6l; = 93 5D 135 «#93; ] |125 7D 175 &«#125; }
30 1E 038 ES  (record separator) 62 3E 076 &«#6Z; > 94 EE 136 «#94; * (126 7E 176 &#l26; ~
31 IF 037 TS |unit separator) 63 3F 077 &#63: 7 95 5F 137 &«#95; _ |127 7F 177 «#127; DEL

Sourze: www.LookupTables.com

Dec: decimal (base 10). Hx: hexadecimal (base 16). Oct: Octal (base 8).
Html: not needed for CS/ECE 252. Char/Chr: ASCI1 character.

Example: ASCII character “9” is 00111001 (binary), 57 (decimal), and 39 (hexadecimal).



