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File: /home/orish/adder4.vhdl Page 1 of 2

1 »=h R

2 LIBRARY ieee; \ Bo (9

3 USE ieee.std_logic_1164.all;

4

5 ENTITY FullAdder IS

6 PORT ( Cin, x, y : IN std_logic;

7 S, Cout : OUT std_logic);

8 END FullAdder;
/()% T'\\ 9

10 ARCHITECTURE LogicFunc OF FullAdder IS
7(_‘3( 11  BEGIN

12 s <= x xor y xor Cin after 5 ns;

13 Cout <= (x and y) or (x and Cin) or (y and Cin) after 5 ns;

14 END LogicFunc;

15

16

17 LIBRARY ieee;
18 USE ieee.std_logic_1164.all;
19 USE WORK.FullAdder;

20

21 ENTITY Adder4 IS

22 PORT (a, b: IN std_logic_vector(3 downto 0);
23 Cin : IN std_logic;

24 sum: OUT std_logic_vector (3 downto 0);
25 Cout, V: OUT std_logic);

26 END Adder4;

27

28 architecture fouradder_structure OF Adder4 IS
29 SIGNAL c: std_logic_vector (4 downto 0);

30 COMPONENT FullAdder LFn ‘j’ﬂc\h@
31 PORT ( Cin, x, y : IN std_logic;<— 2y,

32 S, Cout : OUT std_logic);g’SmA,Q

33 END COMPONENT; — Nay
34 BEGIN

35 FAO: FullAdder

36 PORT MAP (Cin, a(0), b(0), sum(@), c(l));
37 FAl: FullAdder

38 oL PORT MAP (C{(1), a(l), b(1l), sum(l), c(2));
39 9«1 FA2: FullAdder

49¢ypm ORT MAP (C(2), a(2), b(2), sum(2), c¢(3));
41 FA3: FullAdder

42 ORT MAP (C(3), a(3), b(3), sum(3), c(4));
43 V <= ¢(3) xor c(4);

44 Cout <= c(4);

45 END fouradder_structure;

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61



File: /nome/orish/adder4.vhdl Page 2 of 2

62

63

64

65 ENTITY TestAdd IS

66 END TestAdd; —~___ O‘p 1<
67 S A

68 LIBRARY std; el

69 USE std.textio.all;

70 LIBRARY ieee;

71 USE ieee.std_logic_1164.all;
72 USE ieee.std logic_arith.all;
73 USE ieee.std _logic_textio.all;
74 USE WORK.Adder4;

75

76  ARCHITECTURE Test OF TestAdd IS
77 COMPONENT Adder4

78 PORT (a, b: IN std_logic_vector(3 downto 0);

79 Cin : IN std_logic;

80 sum: OUT std_logic_vector (3 downto 0); e

81 Cout, V: OUT std_logic); 12 4

82 END COMPONENT; ¥

83 /v ).,
84 SIGNAL AAAA, BBBB, SSSS: std_logic_vector (3 downto 0); é? N
85 SIGNAL cin_1, cout_1, V_1: std_logic;

86

87 BEGIN

88  T1: Adderd PORT MAP(AAAA,BBBB,cin_1,5SSS,cout_1,V_1);
80  p: PROCESS IS

90 VARIABLE my_line : line;

91 BEGIN

92 cin_1<='0'; (j) i)
93 AAAA<="1110"; A 4

94 BBBB<="0101"; ond e PP FA
95 WAIT FOR 40 ns; <—jg %0

96 write(my_line, string'("sum = "), left);
97 write(my_line, cout_1, left, 1);

98 write(my_line, SSSS, left, 10);

99 writeline(output, my_line);

100

101 END PROCESS;
102 END Test;

103

104

105

106
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' ~ swap: add $tl sal,flal
¥ ol add  stl, stl.§cl
add  Stl, a0, stl

1w $t0, 0(stl)
Tw $t2, 4(stl)

SW st2, 0(stl)
SW $t0. 4(stl)

# reg stl =k * 2
# reg $tl =k * 4
# reg $tl = v + (k * 4)

# reg $tl has the address of v{k]
{# reg $t0 (temp) = v(k]

# reg $t2 = vik + 11

 refers to next element of v

# vik] = reg §t2

# vik+l] = reg $t0 (temp)

o G Ay

0 Praceduxe retum:

- { return to cal1ing routine

Clo

ssp SSp.

So‘fk (m’t VZ) }‘“k_ Y‘} ; n

Savmg\reglsters

K‘Q))FQ’ W H)h }n)\“\(

PR
e

7 make room on stack for 5 registers

Sw $s0, 0($sp)

move . $s2, Sao

Move parameters
move $s3, sal

sw $ra, 16($sp) # save $ra on stack
swW $s3,12(3sp) # save $s3 on stack
sW 352, 8($sp) §# save $s2 on stack
W $sl, 4(ssp) # save $sl on stack

## save sso on stack

chedule hady":

# copy parameter $30 into $s2 (save $a0)
# copy parameter $al into $s3 (save 3al)

move $sG, $zero

#i=0

sit $t0, s$t4, $t3
beq $t0, $zero, exit2

QOuter loop forltst:slt $t0, $s0, §s3 # reg $t0 =0 if $s0 2 $s3 (i =z n)
beq $t0. szero, exitl # go to exitl if $s0 2 $s3 (i 2 n)
irphe addi  $s1, $s0, -1 #y=1-1
for2tst:siti $t0, $si, O # reg $t0 = 1 if $s1 < 0 (J < O)
bne $t0, Szero, exit2 # go to axit2 1f $s1 ¢ 0 (J € O)
add $tl, $sl, $sl § reg $tl = J » 2
Inner loop add $tl, stl, stl # reg $tl =J = 4'
add $t2, $s2, $ti $rag stz =v + (j 74
1w $t3, 0(5t2) # reg $t3 = v(Jl
1w $t4, 4(5t2) # reg $té = v(j + 1]

# reg $t0 = 0 if $t4 2 $t3
## go ta exit2 1f $té 2 $t3

move $a0, $s2

Pass parameters move sal, $si

7 1st parameter of swap Is v (old $a0)
# 2nd parameter of swap is j

$s0, Q(ssp)

iw $s1, 4($sp)
1w $s2, 8($sp)
Tw $s3,12(3sp)
Tw sra,16(3sp)

ssp $sp. 20

and call .
Jal swap # swap code shown in Figure 3.24
inner loop éddi $sl, $sl, -1 $#i=3-1
J fordtst # jump to test of inner loop
exit2: addi  $s0, $s0, 1 pi=1+1
Outer loo : '
§ J forltst # jump to test of outer logp

# restore

$s0 from stack
# restore $sl from stack
# restore $s2 from stack
# restore $s3 from stack
# restore $ra from stack
# restore stack pointer

{#f return to calllng rout1ne 4#____*_::]




: CPV o) QGO /\l‘"Q,')

| Register Name | Number Usage

2ero ( | Constant 0
at 1 | Reserved for assembler
vi) 2 | Expression evaluation and
vl 3 results of a function
a0 4 | Argument 1
al 5 | Argument 2
a2 6 | Argumnent 3
a3 7 | Argument 4
t0 8 | Ternporary (not preserved across call)
tl ¢ | Temporary (not preserved across call}

Jt2 10 | Temporary {not preserved across call)
t3 11 | Temporary (not preserved across call)
t4 12 | Temporary (not preserved across call)
th 13 | Temporary (not preserved across call)
t6 14 | Ternporary (not preserved acroas call)
t7 15 | Temporary {not preserved across call)
&0 16 | Saved temporary (preserved across call)
al 17 | Saved temporary (preserved across call)
82 18 | Saved temporary (preserved acroes call)
83 19 | Saved temporary (preserved across call)
a4 ' 20 | Saved temporary (preserved across call)
&b 21 | Saved temporary {preserved across call)
86 22 | Saved temporary (preserved across call)
87 23 | Saved temporary (preserved across call)
t8 24 | Temporary (not preserved acroes eall)
td 25 | Temporary (not preserved across call)
kO 26 | Reserved for OS kernel
k1 27 | Reserved for OF kernel
Ep 28 | Pointer to global area
sp 26 | Stack pointer
fp 30 | Frame pointer
ra 31 | Return address {used by function call)
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Field
Bit positions

a. R-type instruction—= g'u.gg Qr O\f\d
)

Field
Bit positions

b. Load or store instruction

Field
Bit positions

[ 0 J rs rt ] rd shamt funct j
31-26 25-21 20-16 15-11 10-6 5-0

L 35 0r 43 I rs rt address
31-26 25-21 20-16 15-0

L 4 rs ’ [ rt r address
31-26 25-21 20-16 15-0

¢. Branch instruction

AR
AT

el

Addition immediate (with overflow)

addi rt, rs, imm[ 8 | rs | 1t | imm

chv@ 5 5 16

Jump

j target E?. l target ]
6

26

Unconditionally jump to the instruction at target.

Jump and link

jal target HE target ]
6

26

Unconditionally jump to the instruction at target. Save the address of the next

instruction in register $ra.
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Registers

IB/EX

EX/MEM

MEM/WB

Data
memaory

Rs ForwardB
Ri
Rt M
Rd u
X

Farwarding

unit

EX/ ﬁmg.mmmmmmm%mv

>

MEM/WB.RegisterRd
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Hazards O Q) ey
odd %o s 1 RO Ko
Fowardig U< 1) oK
EX hazard If (EX'MEM.RegWrite
and (EX/MEM.RegisterRd # 0)
and (EX/MEM.RegisterRd = ID/EX.RegisterRs))
then ForwardA = 10
If (EXIMEM.RegWrite
and (EX/MEM.RegisterRd # 0)
and (EX/MEM.RegisterRd = ID/EX.RegisterRt))
then ForwardB = 10
MEM hazard |If (MEM/WB.RegWrite
and (MEM/WB.RegisterRd # 0)
and (MEM/WB.RegisterRd = ID/EX.RegisterRs))
o Y2 {2 and (EXIMEM.RegisterRd # ID/EX.RegisterRs))
%(:A«zz > then ForwardA = 01

If (MEM/WB.RegWrite
and (MEM/WB.RegisterRd # 0)
and (MEM/WB.RegisterRd = ID/EX.RegisterRt))
and (EXMEM.RegisterRd # ID/EX.RegisterRt))
then ForwardB = 01

Load hazard

If (ID/EX.MemRead

QY K . .
~ — and ((ID/EX.RegisterRt = IF/ID.RegisterRs) or
\ Mp?gj 'y (ID/EX.RegisterRt = IF/ID.RegisterRt)))
N AP then stall the pipeline
.\\’Dj”“ Branch If ((IF/1D.opcode = begy—> & ’, or
hazard o

and (FastComparator = 1))
then stall the pipeline
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