Combinational Logic with VHDL

Example. Consider the circuit below which shows a simple computer Arithmetic Logic Unit (ALU). The
inputs are a and b, and the output is y. Note that a, b and y are each one byte.
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The 4-bit opcode input decides what the ALU does. For example, if the opcode is 0011, the output is the OR-
ing of a and b. The additional input to the ALU, cin, is used only in the addition operation.

Write VHDL code to implement the ALU using WITH/SELECT/WHEN statements.
arithmetic is unsigned.

Assume that all

Library:
2 ——Library declaration
3 library IEEE: —— Declare which VHDL library
4 use IEEE.=std logic 1164.all: —— and packages to use
5 use IEEE.std logic unsigned.all; -- for +, - operators
Entity:
=] —— Entity declaration
= EHENTITY alu IS
10 BEFoRT |
11 a, b IN 3TD LOGIC WECTOR [ 7 DOWNTO O ):
iz cin I STD_LOGICH
13 opcode IN 3TD LOGIC WECTOR | 3 DOWNTO O ):
14
15 v : OUT STD LOGIC VECTOR ( 7 DOWNTO O )
16 B 12
17 END alu;




Architecture:

19 ——Architecture body

20 [EARCHITECTURE alu arch OF alu IS

21

22 SIGMAL ¥ logical ¢ STD _LOGIC WECTOR ( 7 DOWNTO O j;
23 SIGHAL ¥ _arith ¢ STD_LoOGIC WECTOR ( 7 DOWNTO O j:
24 o

25 EEBEGIN

26 WITH opcode( 2 downto 0O ) ZELECT

27 ¥ _logical <= MOT & WHEM fooor

25 MOT kb WHEM foOo1r

29 & AMD kb WHEN "O10"
3a a OFR kb WHEN "O11"

31 & NAND kb WHEM fi00"
32 a NOFE b WHEN "101"

33 a XOF b WHEN ™110"
34 a XMOE kb WHEN OTHERS;
35

36 WITH opcode( 2 downto 0O ) ZELECT

37 y_arith <= a WHEN "0OO0"

3G b WHEN "Oo1r

39 & + 1 WHEW foio™

40 b + 1 WHEN "O11" .,

41 & — 1 WHEW fioo™ |

4z b - 1 WHEN ™"i01" .,

43 & + b WHEM Tiio"™ .,

44 & + b + cin WHEN OTHERS:
45

1 WITH opcode (3) SELECT

47 ¥ <= y_logical WHEN 'O,

45 y_arith WHEN OTHER3Z:

49

50 END alu_arch;




