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3. Instruction Set: Chapter Objectives

• How a computer operation is specified Instruction
• Instruction Format
• Data Transfer Instructions• Data Transfer Instructions
• Arithmetic Instructions 
• Logic and Shift/Rotate Instructions
• Branch Instructions
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Condition code bits          Flags
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3-1. M68HC12  Architecture

– All memory and I/O are mapped in a common 64 Kbytes address 
space.
• The same set of instructions can be used to access memory, I/O ports, and 

control registers.

– 8-bit and 16-bit operands
– Most instructions involve a register (including accumulator).

• Load, Store, …

– An instruction is 1 ~ 6 bytes long.
– An instruction may involve 0~2 operands.
– Instruction Format
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• Prebyte
• Opcode
• Postbyte
• Immediate operand, addresses (offset, effective address)

Prebyte

Opcode
Postbyte

Immed.,
Addr.

0~4
bytes

3-1. M68HC12  Architecture

– Examples (Instruction Format)
ldaa  7,y movb  $800,$801

Prebyte

Opcode
Postbyte

Immed.,
Addr.

A6
47

18
0C

08
00
08
01
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Postbyte (indexed with 5-bit offset):   r r 0 n n n n n
0 1 0 0 0 1 1 1

y              7
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3-2.  Data Transfer Instructions

3-2-1.  Load (LDr)
– Copy memory content into a register r.

• Source:  any addressing mode except for inherenty g p
• Destination: register  (A,B,D,SP,X,Y)

– N, Z and V are updated  (0 V).

– Load Effective Address (LEAr)
• Load X, Y or SP with an effective address.
• Source:  indexed addressing only
• No flag updated
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• Used to change EA in X, Y or SP

3-2.  Data Transfer Instructions

• Load (LDr), Load Effective Address (LEAr)
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3-2.  Data Transfer Instructions

3-2-2.  Store (STr)
– Copy the content of a register r to memory.

• Source:  register (A,B,D,SP, X, Y)g ( , , , , , )
• Destination: any addressing mode except for immediate and inherent

– N, Z and V are updated  (0 V)
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3-2.  Data Transfer Instructions

3-2-3.  Transfer (TFR r,R) and Exchange (EXG r,R)
– TFR:  transfer the content of a register r to another register R
– EXG: swap the contents of two registers r & REXG: swap the contents of two registers, r & R
– A register can be CCR.
– Flags are not updated except when CCR is involved.

– You may use the following formats:
• TAB, TBA:  N, Z and V are updated  (0 V)
• TSX, TSY, TXS, TYS, XGDX, XGDY (M68HC11), no flag updated
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– Sign Extension (SEX r,R)
• Do sign-extension on r  into  R
• r : A, B, CCR
• R : D, X, Y, SP
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3-2.  Data Transfer Instructions

• Transfer (TFR r,R), Exchange (EXG r,R), Sign Extension (SEX r,R)
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3-2.  Data Transfer Instructions

3-2-4. Move (MOVB, MOVW src,dst )
– Move a byte or word from a memory location (including an 

immediate operand) to another location.p )
– No register is involved.
– Addressing modes:  Immediate, Extended, Indexed
– No flag updated
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3-2.  Data Transfer Instructions

3-2-5.  Stack Instructions
• Stack

LIFO (Last In First Out) data structure– LIFO (Last-In-First-Out) data structure
– The “top” byte is always pointed to by SP.

SP

push

pull

Address
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– The stack “grows” as operands (bytes, words) are pushed onto it 
and “shrinks” as they are pulled out of it.

3-2.  Data Transfer Instructions

• Push (PSHr)
– Push (store) the content of a register r onto the stack.

• SP SP size of r• SP SP – size of r
• r is stored at the location pointed to by SP.

– r : A, B, D, X, Y, CCR
– No flags updated

• Pull  (PULr)
– Pull (load) the byte or word at the top of stack into a register r.

• r  is loaded with the byte or word pointed by SP.
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y p y
• SP SP + size of r

– r : A, B, D, X, Y, CCR
– No flags updated (except when r is CCR)
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3-2.  Data Transfer Instructions

• Push (PSHr), Pull  (PULr)
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3-3.  Arithmetic Instructions

3-3-1.  Addition (ArR, ADCr, ADDr) and Subtraction (SrR, SBCr, SUBr)
– 8-bit or 16-bit addition/subtraction is performed between two registers 

r & R, or between a register r and a memory operand.r & R, or between a register r and a memory operand.
– N, Z, V, C, & H are updated.
– ADCr and SBCr for multi-byte operands 

• If two-byte operands, ADDD and SUBD 

– DAA (Decimal Adjustment Addition) for BCD arithmetic (addition)
• Packed BCD

3-3-2.  Increment (INC, INCr, INr) and Decrement (DEC, DECr, DEr)
A l f 1 i dd d t bt t d f i t

ELEC2220     Auburn University

– A value of  1  is added to or subtracted from a register r or a memory 
operand.

– Flags are updated
• N, Z, & V: DEC, DECA, DECB, INC, INCA, INCB
• Z:  DEX, DEY, INX, INY
• DES & INS do not update any flag.
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3-3.  Arithmetic Instructions

• Addition and Subtraction

B To A
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3-3.  Arithmetic Instructions

• Decrement and Increment
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3-3.  Arithmetic Instructions

3-3-3.  Compare and Test
– Perform subtraction to update flags without storing the result.
– Compare (CMPr CPr)– Compare (CMPr, CPr)

• Compare a register r (A,B,D,SP,X,Y) to another register (B) or a memory 
operand.

– Test (TST, TSTr)
• Compare a register r (A,B) or a memory operand to zero.

– Flags (Condition code bits)
• Compare:  N, Z, V, & C
• Test:  N, Z  (0 V, C)
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3-3.  Arithmetic Instructions

• Compare and Test
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3-3.  Arithmetic Instructions

3-3-4  Multiplication
– 8-bit multiplication:  MUL (unsigned) 

• A x B D
– 16-bit multiplication:  EMUL (unsigned), EMULS (signed)

• D x Y Y:D
– Flags (Condition code bits)

• N (MSB of result), Z, & C (bit 7 or 15) are updated.

3-3-5.  Division
– 16-bit by 16-bit

• D / X X (quotient), D (remainder)
• IDIV (unsigned): Z 0 V (always) 1 C if X=0 (divided by zero)

ELEC2220     Auburn University

• IDIV (unsigned):  Z , 0 V (always), 1 C if X=0 (divided by zero)
• IDIVS (signed):  N, Z, V, 1 C if X=0

– 32-bit by 16-bit
• Y:D / X Y (quotient), D (remainder)
• EDIV (unsigned): N, Z, V, 1 C if X=0
• EDIVS (signed): N, Z, V, 1 C if X=0

3-3.  Arithmetic Instructions

• Multiplication and Division
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3-3.  Arithmetic Instructions

3-3-6.  Clear, Complement and Negate
– Clear  (CLb, CLR, CLRr)

• Set a bit in CCR, a memory operand, or a register r (A,B) to zero.Set a bit in CCR, a memory operand, or a register r  (A,B) to zero.
• CLC, CLI, CLV
• CLR m, CLRA, CLRB:  N, V, & C are cleared, and Z is set.

– Complement  (COM, COMr)
• Derive the 1’s complement of a memory operand or a register r  (A,B).
• N, Z, 0 V, 1 C

– Negate  (NEG, NEGr)
• Derive the 2’s complement of a memory operand or a register r (A,B).
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• N, Z, V, C

3-3.  Arithmetic Instructions

• Clear, Complement and Negate
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3-4.  Branch Instructions

Program execution is not always sequential. branching

3-4-1. Unconditional and conditional branches3 4 1.  Unconditional and conditional branches
• Unconditional branches (BRA, BRN)

– Always branch to label

• Conditional branches (B??)
– Branch to label is taken if the condition ?? is satisfied.

Otherwise, go to next instruction.
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g

??

Next instruction

Branch to label

no

yes

3-4.  Branch Instructions

• Conditions
– Single flag

N Z V CN, Z, V, C

– Unsigned
Higher, Lower, Same

– Signed
Greater, Less, Equal
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3-4.  Branch Instructions

3-4-2.  Short and Long Branches
• Short (B??)

Offset is specified by a signed byte (8 bit)– Offset is specified by a signed byte (8-bit)
– $80 (-128) <= Offset <= $7F (127)
– PC PC + Offset    

• Long (LB??)
– Offset is specified by a signed word (16-bit)
– $8000 (-32768) <= Offset <= $7FFF (32767)
– PC PC + Offset
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– Add “L” in front of each short branch instruction.
e.g.,  BRA LBRA,  BGE LBGE

3-4.  Branch Instructions

Short
Branches
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3-4.  Branch Instructions

Long
Branches
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3-4.  Branch Instructions

3-4-3. Bit Condition Branches
• Branch if bits in a memory byte are in a specific state.

– A mask is used to test the byte– A mask is used to test the byte.
– If all bits in that byte corresponding to 1’s in the mask are set 

(BRSET) or cleared (BRCLR), the branch is taken.
– Offset  is specified by a signed byte.

i.e., Short branch

ELEC2220     Auburn University
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3-4.  Branch Instructions

3-4-3. Loop Primitive Instructions (DB??, IB??, TB??)
• The value of a counter is tested for zero or not zero (branch 

condition) with or without adjustment (+/- 1)condition) with or without adjustment (+/ 1).
• Branch is taken if the condition is satisfied.
• Counter:  A, B, D, X, Y, SP
• Offset is specified by a signed byte.

i.e.,  Short branch
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3-4.  Branch Instructions

• Loop Primitive Instructions
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3-4.  Branch Instructions

• IF-THEN-ELSE Construct
if a condition  then

do this
else

do this

• REPEAT-UNTIL Construct
Do this
Until a condition
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• DO-WHILE Construct
while a condition

do this

3-5.  Logic and Shift/Rotate Instructions

3-5-1.  Logic
– Perform a bit-wise boolean logic operation between a register r 

(A,B, CCR) and a memory operand.(A,B, CCR) and a memory operand.
– Result saved in the register
– Three logic operations AND (ANDr), OR (ORr), XOR (EORr)
– Flags

• N, Z, 0 V   for AND & OR
• N, Z, V, C  when CCR is involved.
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3-5.  Logic and Shift/Rotate Instructions

• Logic
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3-5.  Logic and Shift/Rotate Instructions

3-5-2.  Bit Test and Manipulation
– BITr

• Perform AND operation between a register r (A,B) and a memory operand,Perform AND operation between a register r (A,B) and a memory operand, 
and the result is not saved.

– BSET
• Set bits in a memory operand by performing OR operation between a 

memory operand and a mask.
• The bits to be set is indicated by setting the corresponding bits in the mask.

– BCLR
• Clear bits in a memory operand by performing AND operation between a 

memory operand and a mask

ELEC2220     Auburn University

memory operand and a mask.
• The bits to be cleared is indicated by setting the corresponding bits in the 

mask.

– N, Z,  0 V
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3-5.  Logic and Shift/Rotate Instructions

• Bit Test and Manipulation
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3-5.  Logic and Shift/Rotate Instructions

3-5-3.  Shift
– Logical Shift  (LSL, LSLr, LSRr)

• Shift a register r (A,B,D) or a memory operand to the left or right one bit.Shift a register r (A,B,D) or a memory operand to the left or right one bit.

– Arithmetic Shift (ASL, ASLr, ASRr)
• Left:    multiplying by 2
• Right:  dividing by 2      (MSB is replicated)

– N, Z, V, C

3-5-4. Rotate (ROL, ROR, ROLr, RORr)
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3 5 4.  Rotate  (ROL, ROR, ROLr, RORr)
• Rotate a register r (A,B) or a memory operand to the left or right  through 

carry (C) one bit.
• N, Z, V, C
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3-5.  Logic and Shift/Rotate Instructions

• Shift and Rotate
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3-5.  Logic and Shift/Rotate Instructions

• Shift and Rotate
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