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Questions answered by SREG Bits
Was answer zero? answer = 2
Is the answer correct (are vou lying +o me)?
answer: if +/- numbers =V otherwise C (also carry/borrow)
Is the answer positive or negative (really tell me the truth)?
answer: N (you can always trust S)
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ALU — SINGLE OPERAND INSTRUCTIONS®

o All single operand math and logic instructions only need a single regist)sand sually
the mnemonic alone is enough to tell you what it does.

Two’s complement.

inc Rd € Rd + 1 Increment*

dec Rd € Rd - 1 Decrement?

clr Rd « Rd®Rd Clear

ser Rd € OxFF Set Register, Limited to r16 —r31
tst Rd « RdeRd Test for Zero or Minus

AVR Instruction Set Document 0856

“The C Fag n SREG i not afected by the operaton.
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REG — AVR Status Register®

Bit 7 6 4 3
OX3F (0X5F) T T S v
Read/Write RW RW AW RW
Initial Value 0 0 0 0
Non ALU

« Bit7-I: Global Interrupt Enable

- Bit

it Copy Storage

ALV
Signed two's complement arithmetic

+ Bra-ssig s, s-N DV

The Global Interrupt Enable bit must be set for the i i interruy

Bit set if answer is negative with no errors or if both ive and

* Bit3-V: Two's Complement Overflow Flag
Bit set i error occurred as the result of an arithmetic operation, zero otherwise.
+ Bit2-N: Negative Flag

Bit set if result is negative, zero otherwise.

Unsigned arithmetic

+ Bit5—H:Half Ca

Carry Flag

'S ‘. tﬁ.l Carry from least significant nibble to most significant nibble. Half Carry is useful in BCD arithmetic.
% WO . Bito-

ot is then performed i
registers. The -bit s cleared by hardware after an interrupt has occurred, and s set by the ret i instruction. The | 7t cam ko b set and cesred by the
application with the sei and c1i  instructions.

‘The Bit Copy instructions b1d (Bit LoaD) and bst. (Bit STore) use the T-bit as source or destination. A bit from a register can be copied into T (R T) by
the bst instruction, and a bit in T can be copied into a bit in a register (T > Rs) by the b1d instruction.

‘The Carry Flag C indicates a carry in an arithmetic operation. Bit set if error occurred as the result of an unsigned arithmetic operation, zero otherwise.

Arithmetic and Logical

* Bitl-Z:ZeroFlsg.

The Zero Flag Zi in an arithmetic or

*Source: ATmega328P Data Sheet Document 8161 Section 6.3 Status Register
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“Load the Program Counter”
nop, sleep, wdr, break

postfix.

All math (+, =, sé‘nd logi .ﬁ
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ALUZ wE)PERAND INSTRUCTIONS?

imately the result of the operation. The initial contents of Rd are therefore destroyed

= Rd + Rr,

Toperations replace the source register Rr with a constant K. Typically denoted by an

; Rd = Rd - K,

v ok, xor) instructions work with the Register File (register to register).
s have two operands Rd, Rr with register Rd initially containing one of the values

You may use any register (RO — R31).

You may only registers (R16 - R31).

su@ Rdm
A

add, ade, yadiw

sub, sbe, subi, sbei,
source,

context.

mul, muls,

gister Rd and register Rr or cof

mulsu, fmul,

or signed (muls, fmus). Finally, the
The 16-bit unsigned product is placed in

and, andi, or, ori, eor

destination register Rd.

Adds two registers and the contents of the C Flag (adc only) and places the result in the

sbiw Subtracts the source register Rs or constant K from the

(high byte) and RO (low byte). ~RI:R0 € Rdx Rs

nstant K.

#Source: Atmel 8-bit AVR Instruction Set Document 0856
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COMPUTINGALU STATU! STER BITS — SUBTRACTION —
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stination register Rr and subtracts with the C Flag (sbc and sbci only) and places the
result in'the source/destination register Rd. Think of the C Flag as the Borrow bit within this

fmuls, fmulsu The multiplicand Rd and the multiplier Rr are two
ag fractional ( f-prefix) encoded numbers. Both numbers may be unsigned (mul, fmul),
tiplicand Rd may be signed with the multiplier Rr unsigned (mulsu, fmulsu).

Perforths the logical AND, OR, and XOR operations between the contents of
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For subtract insWuctions (sull sups_sbe, sbet, cluding compare instructiors (cp, epe, ept, cpse), the camitis
equalto C=Cy and H =C,

Assume the subtract instruction sub  r16, =17 has just been run by the ATmega328P microcontroller. Complete the tablg pr6fded.
‘The “difference” column should roflect the contents of register r16 after the sublraction operation (ieave the answer in 2's cgfffement form)

and not the actual difference (i., if done using your calculator).

[ signed unsigned |

16, rence | relationship | relationship | H S \% N Z

3B 00 +=+ = [ 0 0 0 1 Jo
3B 15 |26 +>+ > 0 0 0 0 0 f0
15 3B 4+ <+ < d——
F9_F6 - - >
F6 | F9 ~ - <
15 F6 H s = <
F6 15 4 <+ >
68 A5 4 + > = <
A5 68 -< T 2

fudio simulation software to check your answers.

Idd ri6, O)'ZS
14 2 r|7, or 15
S rie,r )

® Sv
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0x0100O
«dd

16, A
r17

rls, rl6
r0, ri6
rl, ri7
ro, ris
r1, r17

B, 0
B+l, rl

ALU PROGRAM EXAMPLE

Write an Assembly program to implement the polynomial expression

rl7 with 0
rl8 with 41
do something
rl:r0 = A%2

rl:ir0 = A2 + A

TLiT0 = A%2 + A+ 41
store
answer byte ordering

is little endian

7w oxlird

ryO = vOo+vil

ri=ri+ Q'*B

16 :n output ]l
load ? F(/A
e of A

7 rlé with th
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APPENDIX A — ATMEGA328P INSTRUCTION SET?
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