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Assembly operations are conducted upon an 8-bit sequence (Byte) or 16-bit sequence (Word), therefore hexadecimal are pre-
dominant in many operations, although the MSP430 can easily handle binary, octal, decimal and hexadecimal.
Binary to Hex and back again:
Each hexadecimal (hex) digit is composed of 4 bits, therefore a full 16-bit word would require 4 hex digits. That means that if 
you are given a string of binary digits, (1) break them up into manageable 4-bit chunks. The right-most bit is the least signif-
icant bit (has the lowest value), while the left-most bit is the most significant bit (has the highest value). The left-most hex 
bit is 20 = 1 while right-most hex bit (4-bit) value is 23 = 8, so (2) under each digit right the corresponding power of two. (3) 
multiply down and add them up – just remember that A = 10, B = 11, C = 12, D = 13, E = 14, and F = 15. (4) Lastly, write out 
the hex value (don’t forget the 0x before the number or h after the number).  Here are a few examples:

Given: 01001001
(1) break it up è 0 1 0 0 1 0 0 1
(2) write the powers of 2 8 4 2 1 8 4 2 1
(3) multiply down and add 0+4+0+0 8+0+0+1
(4) write the hex value 4 9 h
More examples:
1000010100110111 è 1000  0101  0011  0111 è 8+0+0+0  0+4+0+1  0+0+2+1  0+4+2+1 è 8537h
0110101011101111 è 0110  0101  1110  1111 è 0+4+2+0  0+4+0+1  8+4+2+0  8+4+2+1 è 0x65EF
1100101111011010 è 1100  1011  1101  1010 è 8+4+0+0  8+0+2+1  8+4+0+1  8+0+2+0 è 0xCBDA
1011010101111011 è 0000  0101  0111  1011 è 0+0+0+0  0+4+0+1  0+4+2+1  8+0+2+1 è 057Bh

To switch from hex back to binary is just as simple. (1) Separate each hex digit and operate on each individually. (2) Deter-
mine if it is greater than or equal to 8, if so write a 1, and subtract 8 from the hex digit, if not, write a 0. (3) Repeat previous 
step, subtracting 4 from the remainder, writing the 1 or 0 to the right of the 1 or 0 you wrote previously. (4) Repeat the 
previous step subtracting 2. (5) Finally, write the remainder (1 or 0) to complete the 4 digit binary sequence. Here are a few 
examples:

Given: D4h
(1) break it up è D 4
(2) is it ≥ 8? Yes: D-8 = 5 No: 4
 1 0
(3) is the remainder ≥ 4? Yes: 5-4 = 1 Yes: 4-4 = 0
 11 01
(4) is the remainder ≥ 2? No: 1 No: 0
 110 010
(5) write the remainder? 1101 0100
More examples:
0B42h è 0    1    0    0 è 00   10    01    00 è 000   101   010   001 è 0000  1011  0100  0010
F361h è 1    0    0    0 è 11   00    01    00 è 111   001   011   000 è 1111  0011  0110  0001
2189h è 0    0    1    1 è 00   00    10    10 è 001   000   100   100 è 0010  0001  1000  1001

2’s Complement:
Since computer hardware cannot directly handle negative numbers, we use the 2’s complement conversion method to allow 
us to subtract two numbers while still using the same standard “full-adder” hardware. This is an artificial convention – there 
is absolutely nothing in hardware that allows the computer to know if it is adding two positive numbers or adding a positive and 
negative number! Only the status register bits V, N, Z, and C are used to determine whether the operation resulted in a cor-
rect value. When using 2’s complement notation, remember that the most significant bit designates whether the number 
is positive (0) or negative (1). This means that when you use 2’s complement, you can only represent positive numbers up 
to 2n-1 values where n is the number of bits used to represent your numbers. Remember, when using 2’s complement, only  
NEGATIVE numbers need to be converted! Also note that when “extending the sign” (using 16 bits to represent an 8-bit number 
– i.e. the assembly SXT operation), the most significant bit is carried (copied) for all leading bits (e.g.s 0x0111 0101 è 0x0000 
0000 0111 0101; 0x1001 0110 è 0x1111 1111 1001 0110). There are a few easy methods for converting a value into it’s 2’s 
complement negative value:
Method 1: Invert and add 1
(1) If the number is positive, you are done (convert to binary if asked). Otherwise, if the number is negative, then switch the sign. 
Let’s assume that you are asked to find the 2’s complement of the 8-bit hex value of -78h. (2) Convert the number to binary, 
78h à 0111 1000. (3) Invert each bit, 0111 1000 è 1000 0111. (4) Add 1 to the previous number, 1000 0111+1 = 1000 
1000. (5) If asked, convert the number back to hex, 1000 1000 è 88h, this represents your 2’s complement negative number. 
-78h = 88h
Method 2: Find the first (least significant) binary 1 then invert all the higher value bits.
 (1) If the number is positive, you are done (convert to binary if asked). Otherwise, if the number is negative, then switch the sign. 
Let’s assume that you are asked to find the 2’s complement of the same 8-bit hex value of -78h. (2) Convert the number to bi-
nary, 78h à 0111 1000. (3) Find the first 1, 0111 1000. (4) Invert all the higher value bits, 1000 1000. (5) If asked, convert 
the number back to hex, 1000 1000 è 88h.
Method 3: Finding the difference (2n - XXh) – may require a hex enabled calculator.



 (1) If the number is positive, you are done (convert to binary if asked). Otherwise, find the next greatest binary value based on 
your word length (e.g. assuming 8-bit operations: 28 = 256 = 100h). Let’s assume that you are asked to find the 2’s complement 
of the same 8-bit hex value of -78h. (2) Subtract the number you want to find from number in step 1. (3) Convert to binary 
if necessary. 0x100 - 0x78 è 88h.
Checking:
You can always check your result from any of the above methods by adding the two positive hex numbers together, they 
should add to 0h with a carry of 1 (i.e. 2n) (e.g. 78h + 88h = (1)00h).
Status Register bits: (V-, N-, Z-, and C-bits)
The V bit is set whenever the most significant bits of the two operands are the same and the resulting word’s most significant 
bit are different. (e.g. assuming 8-bit operations: 1101 0000+1000 0000 = 0101 0000).
The N bit is set whenever the most significant bit of the resulting word (8-bit for .B or 16-bit for .W or blank) is 1. (e.g. assum-
ing 8-bit operations: 0111 1111 + 0000 0001 = 1000 0000).
The Z bit is set whenever the resulting word (8-bit for .B or 16-bit for .W or blank) is 0. This can also be thought of as a NOR 
of all the result bits. (e.g. assuming 8-bit operations: 1111 1111 + 0000 0001 = 0000 0000).
The C bit is set whenever the operation results in a digit to be carried off either side of the operation. (e.g.s a Roll to the right 
operation (RRA or RRC) of the number 0100 0111 would result in 0010 0011 (1); similarly 1111 1101 + 0000 0011 results in  
(1) 0000 0000; also a BIT operation that results in true – BIT.B 0000 0010, 1110 0111).
The bare minimum of assembly:
Assembly operations operate on individual bits, full words, status bits, or through jump commands. Many operations can be 
limited to a byte (8-bits – .B) or a word (16-bits – .W). Assembly is coded sequentially and will only branch (jump) if there is a 
specific command to jump to a different section of the code. Assembly follows a very strict syntax:

Label  (or white-space) Instruction operand (source, destination or LABEL)

Use the instruction set to verify all instructions and to help troubleshoot any errors in your code (e.g. an instruction is at the 
far left and is seen by the compiler as a label, and ignored). 
Bitwise Operations:
Bitwise operations work on individual bits, or combination of bits, within a word and require the use of a mask. Masks allow 
us to isolate only the information that we want to test or manipulate. The result of the operation may or may not be stored 
(e.g. src .or. dst à dst; src .and. dst).
Let us assume that we have a BIT (bit test) operation against register 5 (R5) that contains the value 0x0039, BIT.W #0x0080, 
R5. Convert the mask (source field) and destination (R5) into binary, 0x0008 è 0000 0000 0000 1000; 0x0039 è 0000 
0000 0011 1001. Wherever there is a 1 in the mask is the only bit(s) that will be “seen” by the bit test operation. This means 
that the values of 0011 0001 in the least significant byte of R5 will be ignored. This is especially useful for isolating incoming 
voltages registered in the PxIN registers (e.g. BIT.B #0x0002, &P2IN will test only if P2.1 has a high value). Bitwise operations 
are indicated in the MSP430 Instruction set (User’s guide Table 3-17 pgs. 65-66) with a . before and after the operation in the 
description field (e.g. src .and. dst).
Full Word Operations:
Full word operations usually involve an addition or subtraction operation. The result of the operation may or may not be 
stored (e.g. src+dst à dst; dst - src).
Let us assume that we have an ADDC (addition with the carry bit) operation of register 5 (R5) that contains the value 0x02, 
register 9 (R9) that contains the value 0xF1, and the C-bit is high, ADDC.B R5, R9. This would result in 0x02+0xF1+1 = 0xF4 
to be stored in R9 and set the N-bit to 1 and set the V-, Z-, and C-bits to 0.
Status Bit Operations:
Some operations will execute an instruction that will change the status bits, but not store the result anywhere. This is espe-
cially useful when followed by a conditional jump operation.
Let us assume that we have a CMP (compare) operation of 0x80 against register 8 (R8) that contains the value 0x10, CMP.B 
#0x80, R8. The Compare operation subtracts the source from the destination, thus 10h - 80h will result in a negative number, 
forcing the N-bit to go high, but not change the value stored in R8.
Jump Operations:
The JMP (unconditional jump) is the only jump command that will jump to another section of your program without checking 
the status register bits (V, N, Z, or C). All other jump commands will pole one of the status register bits to determine if the 
condition is satisfied to execute the jump. Please review pg. 139-141 of the Davies book.
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