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Chapter 5

Design Representation
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ROLE OF INTERMEDIATE
REPRESENTATION

L 1

L 2

L 3

A1

A2

A3

T1
T2

T3

Target

architectures

Synthesis
tools

Canonical
intermediate

representation

Input 

HDLs

−   Database for complete design information

−   Uniform view across tools and users

−   Language independent

−   Support all architectural styles
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DESIGN FLOW IN HLS

(Shift−Multiplier Example)
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HDL COMPILATION

+

*

−

A := B + C;

X := D − A;
D := A * E;

Stmt1

Stmt2

Stmt3

Read B Read C

+

Read B Read C

Write A

Read E

*

Read A Read E

Write D

Write X

−

Read D Read A

Write X

Parse tree DFG

HDL description
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CONTROL AND DATAFLOW
       REPRESENTATION

case C is 
    X := X + 2;

when 2 => 

end case;

when 1 =>

1 2 E

A := X + 5;
A := X + 3;

when others => A := X + W;

X := X + 2;
A := X + 5;

A := X + W;A := X + 3;

VHDL Description Control flow representation

+

5 3

2

1

+ +

+

2 E1 2 E

Read X

Read W

Write AWrite X

Read C

Dataflow representation
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   DATAFLOW WITH 
PRECEDENCE ARCS

b <= a + 1;
a <= b + 1;

+ +

Read b Const 1 Read a

Write b Write a

Representation

Concurrent VHDL
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+

Control flow

1 2 E

+

+

+

Read C Read X Read W

Write A

Const 3 Read X

Write A

Read X Const 2

Const 5

Write X Write A

Data flow

Partitioned CDFG

WDXD DC

XU

ME

BR BR

+

++

21
E E

E1 1
2 2

Data flow

E

2

5

3

+

UA

ME

DeJong’s hybrid flow graph

Control flow Data flow

1=

+

+

C

X

2

5 3

+

A

W

4

(C=1)

(C=2)

(C=E)
1

2
2

3

3 5

6
5

4

+

SSIM flow graph

3.                      A := X + 5;
A := X + 3;4.     when 2 => 

5.     when others => A := X + W;
6. end case;

1. case C is 

X := X + 2;2.     when 1 =>

VHDL Description

OTHER  FLOW GRAPH
  REPRESENTATIONS
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  VHDL PROCESS
REPRESENTATION

Process <=> Control/Data Flow Graph (CDFG)

Sequential execution

P1: process
begin

   CREG := DATA_BUS;

   if  CREG = B"00"  then
        COUNT := COUNT + 1;
   else
        COUNT := 0;
   end if

end process;

CREG = B"00"

Data_bus.r

Creg.w

1

Count.w

Count.r

+

0

Count.w

5.16

VHDL process

Control Flow Graph
Data Flow Graph
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    VHDL BLOCK
REPRESENTATION

VHDL block <=> Directed acyclic Graph (DAG)

Parallel execution

5.17

1

+

B.r

A.w

1

+

B.w

A.r

architecture swap of design is
begin
L: block (clock’event AND clock = ’1’)
    begin

    L1:  A  <=  guarded  B + 1;

    L2:  B  <=  guarded  A + 1;

    end L;
end swap;

VHDL Block

DAGs



TRANSFORMATIONS

1.  Compiler transformations

2.  Flowgraph transformations

3.  Hardware transformations
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COMPILER TRANSFORMATIONS

+

Const 4 Const 5

Write C

Const 9

Write C

* * *

Read A Read B Read A Read B Read A Read B

Write C Write D Write C Write D

Constant folding

Redundant operator elimination
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CONTROL−TO−DATAFLOW
     TRANSFORMATIONS

if (X = 0) then
A := B + C;
D := B − C;

else
D := D − 1;

end if;

B
Read

+

0

=

1

−

−

0 1

X
Read

D
Read

D
Write

If_test

Stmt_blk2 Stmt_blk1

If_join

C
Read

A
Write

D
Write

0

=

1 0 1 0

1

−
+ −

X
Read

B
Read

C
Read

D
Read

A
Read

D
Write

A
Write

CF representation

DF representation

Textual representation
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CONTROL FLATTENING

0 1

10

0 1

Stmt_blk1

If_test

Stmt_blk2

Stmt_blk3
If_test

Stmt_blk4 Stmt_blk5

If_join

If_join

Stmt_blk1

If_test

Stmt_blk3 Stmt_blk6

If_join

Stmt_blk7

Original CFG Final CFG
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      LOGIC−LEVEL
TRANSFORMATIONS

HDL boolean expression

Original flow graph After logic optimization

Read a Read b

Write C

Read a

Write CNAND

c = (a’ NAND (a NAND b)) = a

NOT NAND
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A BA B

+

+

1

n1

n2

n3 add
inc

RT−level function recognition

RT−Component specific transformation

Adder/Incrementer Transformation

RT  TRANSFORMATION
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case F is

end case;

when "00" => OUT <= A + B;

when "10" => OUT <= A − B;
when "01" => OUT <= A + B + "0001";

when "11" => OUT <= A − B + "0001";

"00" "01" "10" "11"

++ −

+ −

"0001"

F

BA

OUT

+

"00" "01" "10" "11"

+ −

F

A B

OUT

AI SI

BA

"00" :  +

"10" : −

OUT

F "01" : AI

"11" : SI

VHDL DF graph

Simplified DF graph Complex−node DF graph

COMPLEX FUNCTION
      RECOGNITION
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FUTURE DIRECTIONS

1.  Common representation

2.  Different views

3.  Different architectures

4.  Description disambiguation

5.  Layout−Driven Transformations

6.  Transformation scripts

7.  Representation for interactive design

UC IrvineCopyright © 1993 by Daniel Gajski and Nikil Dutt

5.27


