Address Bus

Data Bus
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MODULE alu
TITLE 'ALU Module'

" 8-bit, 4-function ALU with bi-directional data bus

" ADD: (Q7..Q0) <- (Q7..Q0) + DB7..DBO

" SUB: (Q7..Q0) <- (Q7..Q0) - DB7..DBO

" LDA: (Q7..00) <- DB7..DBO

" AND: (Q7..Q0) <- (Q7..Q0) & DB7..DBO

" OUT: Value in Q7..Q0 output on data bus DB7..DBO

" AOE ALE ALX ALY Function CF ZF NF VF
N e o D= === =msm==ms=e == == == ==
" 0 1 0 0 ADD X X X X
" 0 1 0 1 SUB X X X X
" 0 1 1 0 LDA L X X o
" 0 1 1 1 AND . X X .
" 1 0 d d ouT o . o .
" 0 0 d d <none> ° J o o

" X -> flag affected e -> flag not affected

" Note: If ALE = 0, the state of all register bits should be retained
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DECLARATIONS
CLOCK pin;

" ATLU control lines (enable & function select)

ALE pin; " overall ALU enable

AQCE pin; " data bus tri-state output enable
ALX pin; " function select

ALY pin;

" Carry equations (declare as internal nodes)
CY0..CY¥7 node istype 'com';

" Combinational ALU outputs (D flip-flop inputs)
" Used for flag generation (declare as internal nodes)

ALUO. .ALU7 node istype 'com';
" Bi-directional 8-bit data bus (also, accumulator register bits)
DBO. .DB7 pin istype 'reg_d,buffer’;

" Condition code register bits

CF pin istype 'reg d,buffer'; " carry flag
VF pin istype 'reg d,buffer'; " overflow flag
NF pin istype 'reg d,buffer’'; " negative flag
ZF pin istype 'reg d,buffer'; " zero flag
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" Declaration of intermediate equations

" Least significant bit carry-in (0 for ADD, 1 for SUB => ALY)

CIN

" Intermediate equations for
" selected when ALX

SO0 =
S1
S2
S3
sS4
S5
S6
S7 =

" Intermediate equations for

L0 =
L1l
L2
L3
L4
L5
L6
L7 =

ALY ;

DBO.
DB1.
DB2.
DB3.
DB4.
DB5.
DB6.
DB7.

(Lo ayte Juyte uyte Jte Qe e it e}
SRR RO T T AT AR 7

'ALY&DEBO
IALY&DB1

'ALY&DB3
'ALY&DB5

'ALY&DB6
'ALY&DB7

(DBO
(DB1
(DB2
(DB3
(DB4
(DB5
(DB6
(DB7

.pin
.pin
IALY&DB2.
.pin
'ALY&DB4.
.pin
.pin
.pin

pin

pin

H I I H N

=0
.pin $ ALY)
.pin $ ALY)
.pin $ ALY)
.pin $ ALY)
.pin $ ALY)
.pin $ ALY)
.pin $ ALY)
.pin $ ALY)

ALY&DBO.
ALY&DB1.
.q&DB2
.q&DB3

ALY&DB2
ALY&DB3
ALY&DB4.

ALY&DBS.
ALY&DB6.
ALY&DB7.

adder/subtractor SUM (S0..S7),

CIN;
CYO;
CY1;
cY2;
CY3;
cY4;
cY5;
CY6;

v v

selected when ALX =

:

and AND,

q&DBO
g&DB1

.pin;
.pin;
.pin;
.pin;
.pin;
.pin;
.pin;
.pin;

q&DB4
gq&DB5
q&DB6
q&DB7

1
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EQUATIONS

" Ripple carry equations (CY7 is COUT)

CY0 = DBO.qg&(ALYSDBO.pin) # DBO.g&CIN # (ALYSDBO.pin) &CIN;
CY1l = DBl.g&(ALYSDBl.pin) # DB1l.g&CYO # (ALYS$SDBl.pin)&CYO;
CY2 = DB2.qg& (ALY$DB2.pin) # DB2.g&CY1l # (ALY$DB2.pin) &CY1;
CY3 = DB3.qg&(ALYSDB3.pin) # DB3.g&CY2 # (ALYSDB3.pin) &CY2;
CY4 = DB4.g& (ALYS$SDB4.pin) # DB4.g&CY3 # (ALYSDB4.pin) &CY3;
CY5 = DB5.q& (ALYS$SDB5.pin) # DB5.qg&CY4 # (ALYSDBS5.pin)&CY4;
CY6 = DB6.g& (ALYSDB6.pin) # DB6.g&CY5 # (ALYS$DB6.pin) &CY5;
CY7 = DB7.qg&(ALYSDB7.pin) # DB7.q&CY6 # (ALYSDB7.pin) &CY6;

" Combinational ALU equations

ALUO = !'ALX&SO # ALX&LO;
ALUl = !ALX&S1 # ALX&L1;
ALU2 = !'ALX&S2 # ALX&L2;
ALU3 = !ALX&S3 # ALX&L3;
ALU4 = 'ALX&S4 # ALX&L4;
ALU5 = !ALX&S5 # ALXEL5;
ALU6 = !'ALX&S6 # ALX&L6;
ALU7 = 'ALX&S7 # ALX&L7;

" Register bit and data bus control equations
[DBO. .DB7].d = 'ALE&[DBO..DB7].q # ALE&[ALUO..ALU7];

[DBO. .DB7] .clk = CLOCK;

[DBO..DB7] .ce = AOE;
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ALU Multiplexer Block Diagram

ALY —p

ALY
4 v
Al A0 < v
fp 21 mux Full Adder Cin |¢— C,,
F Cout S
Al A0
Q
ALX —P] 1, 2:1mux —»| D
CLOCK
k4
Al A0
ALE —P mo 2:1 mux

AOE

_ <> DB,
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" Flag register state equations

CF.d = 'ALE&CF.q # ALE& (!'ALX&(CY7 $ ALY) # ALX&CF.q);

CF.clk = CLOCK;

ZF.d = 'ALE&ZF.qg # ALE& ('ALU7&'ALU6&!'ALUS&!ALU4&!ALU3&!ALU2&'ALUL&!ALUO) ;
ZF.clk = CLOCK;

NF.d = !'ALE&NF.q # ALE&ALU7;

NF.clk = CLOCK;

VF.d = 'ALE&VF.q # ALE& (!'ALX&(CY7 $ CY6) # ALX&VF.q) ;

VF.clk = CLOCK;

END
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