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Design Idea

Behavioral Design

—» Flow Graph,Pseudo Code,

Data Path Design

—» Bus & Register Structure

OCIOD

—» Gate Wirelist,Netlist

Physical DeS|g|n

— Transistor List , Layout



Manufacturing

Chip or Board
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Entity Component_I IS
Generic (Declaration Generic Parameter)
Port (Input & Output Declaration )

End Component_I

Architecture Architecture_name OF Component_I IS
Declaration
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Body Architecture;
End Architecture
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Type Definition
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Entity nand32 IS

Port (a,b : in vibit_1d(31 downto 0);y : out vibit (31 downto
0));

End nand32

Architecture Behavioral OF nand32 IS

Begin

Y<=anandb;

End Behavioral
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A: Integer

End Record
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Entity nand IS

Port (a,b : in vibit ; y : out vibit);
End nand;
Architecture Behavioral OF nand IS
Begin

Y <= a nand b after 2ns;
End Behavioral
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Entity nand IS
Generic (Delay : Time := 2 ns);
Port (a,b : in vibit ; y : out vibit);
End nand;
Architecture Behavioral OF nand IS
Begin
Y <= a nand b after Delay ;
End Behavioral;
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ELSE
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Statement 1

ELSEIF

Statement 2

ELSEIF

END IF

SELECT x CASE

WHEN CASE 1

WHEN CAES 2

END SELECT
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LOOP1 : Statementl LOOP

Statements loop body

END LOOP LOOP1,;

LOOP1 : FOR TIN5 TO 25 LOOP
Sequential Statement

END LOOP1
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* 64-bit Multiplicand reg, 64-bit ALU, 64-bit Product reg,
32-bit multiplier reg

Shift Left
Multiplicand qf”— ¢
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Multiplier hift Right
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Product J Write
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Control

Multiplier = datapath + control

sy g o FYALU 5 Cgpae sl o PP s, S oa gilene ol o

Cool 3L a8 Cgpan 6510 Gl S VY s ) g g0 PY o palols

by Jee g ad Cgpan g wypas sl s, Cid Sldee gHlexe (pf S8 e

Sdge ploxl dbgyye o) ol o palol>

21



() Al ) O pd sy

sl ol i3 50 SIft-Add 50, 4 00 aclos oy ,65!

T

)LQ;JJJ\JA#_,:AJS@_A@}'AXmBQ\)Q}P
MJ‘;AJ\}Q).'ALA\A

v v

M e Cipd A LSO g e s

Juala
0000 0000
0000 0010
0000 0110
0000 0100

4 0 pae Sy e

0011
0001
0000

v

MW (e Gl Gl H Ay HLSO | )48 g pne s

0000 0010
0000 0100
0000 1000

22

D3 LYY

Caal o

0 S



D) A O o iyl Sl

sk dge 2l (23,1 o5 S 4 0 Sz @ gpae G @ it il 4 &5 LT

Sqpee a0 Moe o FF 00tsS max 1 aiils 0 o lg0n i 5l oo Lawgio

§ og arled Caw o dons

t el o] 5,0 Y atud oo 38l Cue Ssbes

Tultiplicand

Shift Right

Multiplier

32 bits

Shift Right

Product I
64 hits

5 IS

e g A Cgpan S S VY s SO g ogpas sl e VY s, SOl o

Sgiuns ool oo YY ALU § oo £F O palol> s,

23



Y Asd O o i ye X!

Aapi )3 4al oad pas @ paliala G dasi | g s
R oo ) A palala s s

v v

W3 e il Sl 4y JLSG ) o paliala i

v

Seals

0000 0000
1:0010 0000
2:0001 0000
3:0001 0000
1:0011 0000
2:0001 1000
3:0001 1000
1:0001 1000
2:0000 1100
3:0000 1100
1:0000 1100
2:0000 0110
3:0000 0110
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3:0001 1000 0000 0010 Coul 22

1:0001 1000 0000 0010

2:0000 1100 0000 0010

3:0000 1100 0000 0010

1:0000 1100 0000 0010

2:0000 0110 0000 0010

3:0000 0110 0000 0010
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0010

x 0110

+ 0000 shift (0 in multiplier)

+ 0010 add (1 in multiplier)
+ 0010 add (1 in multiplier)
+ 0000 shift (0 in multiplier)

00001100
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6=-2+8
0110= - 0010 + 0100 = 1110 + 0100
0010
x 0110
~ 0000 shift (0 in multiplier)
- 0010 sub (first 1 in multpl.)
0000 shift (mid string of 1s)
—0010— add (prior step had last)

00001100
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PO b (e Jle

:2 % -3 Ao Lo
Oldos g o o pélol> o
0| adgl 20 ylade 0010 0000 1101 10 -> sub
0
1a P=p-m 1110 + 1110 Shift p (sign
ext.)
1110 1101
0
1b 0010 1111 0110 01 -> add
1
+0010
2a 0001 0110 Shift p
1
2b 0010 0000 1011 10 -> sub
0
+1110
3a 0010 1110 1011 Shift p
0
3b 0010 1111 0101 11 -> noop
1
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4a 1111 0101 Shift
1
4b 0010 1111 1010 Done
1
12 % 7 acilxo
Oldos g o o pélol> Ty
0| adgl 20 ylade 0010 0000 O111 10 -> sub
0
1a P=p-m 1110 +1110 Shift p
1110 0111
0
1b 0010 1111 0011 11 -> no
1 op,shift
2 0010 1111 1001 11 ->no
1 op,shift
3 0010 1111 1100 01 -> add
1
4a 0010 +0010 Shift
0001 1100

1
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4b 0010 0000 1110 Done
0
:instructions
Instraction example Meaning
command
and And $1=%$2 & $3 3reg.
$1,$2,$3 Operand;logical
and
or Or $1=%2 | $3 3reg.
$1,$2,$3 Operand;logical
or
Xxor Xor $1=%$2 xor 3reg.
$1,$2,$3 $3 Operand;logical
Xor
nor Nor $1=n~(%$2 | 3reg.
$1,$2,$3 $3) Operand;logical
nor
And Andi $1=$2 & 10 Logical and
immediate $1,$2,10 reg.,constant
Or Ori $1=%$2 | 10 | Logical or reg.
immediate $1,$2,10 constant
Xor Xori $1=~%$2 & | Logical xor reg.
immediate $1,$2,10 ~10 ,constant
Shift left Sli $1=9%2 << Shift left by
logical $1,$2,10 10 constant
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Shift right Srl $1=%$2 >> Shift right by
logical $1,$2,10 10 constant
Shift right Sra $1=%$2 << | Shift right (sign
arithm. $1,$2,10 $3 extend)
Shift left Sliv $1=9%2 << Shift left by
logical $1,$2,9$3 $3 variable
Shift right Arlv $1=%$2>> Shift right by
logical $1,$2,9$3 $3 variable
Shift right Srav $1=%$2 >> | Shift right arith.
arithm $1,$2,$3 $3 By variable
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Mux2-1

B-bit right shifter
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S2 |S1 |SO |RO |R1 |R2 |R3 |R4 |R5 |R6 |R7
0 0 0 A0 |A1 (A2 |A3 |A4 |A5 |A6 |AY
0 0 1 Al A2 |A3 |A4 |A5 |A6 |A7

0 1 0 A2 |A3 |A4 |A5 |A6 |A7

0 1 1 A3 |A4 |A5 |A6 |A7 |X

oS JelsT, Jeor S2,51,50 olie Koo 6l @
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If added Right-to-left connections could
support Rotate (not in MIPS but found in ISAs )
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: BB by cnids cauls

s Sl el 0 ol Ssles
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|, o Cads
R
VY S
Shift A by I bit ): y?Z
X 32
Sa=shift right amount
Shift right

Logical y=0, x=A, sa=i
Arithmetic ? y=_, x=_, sa=_
Rotate ? y=_ ,x=_, sa=_ $
Left shifts ? y=_, x=_, sa=_ r
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