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Functional specification of ASIC

Design of algorithm

Specification of IC architecture implementing
algorithm

Design of gate-level circuit schematic 
based on architecture

Translation to transistor-level circuit 
schematic

Placement, routing, and layout of 
transistor level schematic

ASIC Fabrication

Manual Design

IDEA

ASIC

CAD Approach

High Level Synthesis

Logic Synthesis

Place and route
(Low Level Synthesis)

Behavioral description

Register-tranfer level (RTL)
architecture specification

Gate-level or transistor level circuit
schematic
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ENTITY iir2 IS 
   PORT (
      x : IN  INTEGER
      y : OUT INTEGER
    clk : IN  BIT
  reset : IN  BIT
);

ARCHITECTURE behav OF iir2 IS
BEGIN
   main : PROCESS
      VARIABLE s1, s2 : INTEGER;
   BEGIN : 
      reset_loop : LOOP
         s1 := 0;
         s2 := 0;
         WAIT UNTIL clk=’1’ AND clk’EVENT;
         IF reset=’1’ THEN EXIT reset_loop; END IF;
         main_loop : LOOP
            s0 := x  - 2.0*s1 - 0.5*s2;
            y  := 1.5*s0 + 0.72*s1 + 0.25*s2;
            s2 := s1;
            s1 := s0;
            WAIT UNTIL clk=’1’ AND clk’EVENT;
            IF reset=’1’ THEN EXIT reset_loop; END IF;
         END LOOP main_loop;
      END LOOP reset_loop;
   END PROCESS main;
END behav;
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BEHAVIORAL HDL

Operation scheduling
FU allocation

FU binding

Controller/datapath generation

RTL ARCHITECTURE

Execution Unit Synthesis

Storage and Data Transfer 
Subsystem Synthesis

Storage Binding
Data-transfer binding

Storage/Bus Allocation

CDFG (Intermediate form)

Conversion to Intermediate Form

Parsing input HDL
CDFG creation

CDFG transformations
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s0 := x  - 2.0*s1 - 0.5*s2;        -- s0 = s(n)
y  := 1.5*s0 + 0.72*s1 + 0.25*s2;
s2 := s1;                          -- s2 = s(n-2)
s1 := s0;                          -- s1 = s(n-1)

Behavioral HDL

+

++

+

X

X

XX

X

x(n) y(n)

s(n-1)

s(n-2)

s(n)

-0.5

-2.0

0.25

0.72

1.5

2nd-order digital IIR filter (Digital signal processing representation)

Dataflow graph (DFG)

s2 s1x

mult1 mult2 mult3 mult4

add2

add1

mult5

add3

add4

s1_o y s2_o

-0.5 -2.0 0.25 0.72

1.5
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s2 s1

x

mult1 mult2

mult3 mult4

add2

add1

mult5 add3

add4

s1_o

y

s2_o

-0.5 -2.0

0.25 0.72

1.5

Clock
cycle 1

Clock
cycle 2

Clock
cycle 3

Clock
cycle 4

Clock
cycle 5

Clock
cycle 6

Clock
cycle 7
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I/O pad 1 I/O pad 2 Multiplier 1 Multiplier 2 Adder 1CSteps

1

2

3

4

5

6

7

s2 s1

mult1 mult2s2_o

x add1mult3 mult4

add2

s1_o mult5 add3

add4

y

Functional unit allocation:
        2 I/O pads
        2 multipliers
        1 adder
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1

2

3

4

5

6

7

Register 1 Register 2 Register 3 Register 4

<s2>

<s2>

<s1>

<s1> <mult1> <mult2>

<x> <add1> <mult3> <mult4>

<mult3> <mult4><a2>

<mult5>

<add4>

<add3>

Storage allocation:
4 registers

Key: <i> represents the data produced by operation i
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5

6

7

Interconnect allocation:
8 buses

Bus1 Bus2 Bus3 Bus4 Bus5 Bus6 Bus7 Bus8

<s2> <s1>

<s2> <s1> <mult1> <mult2>

<s2> <s1> <mult1> <mult2> <x> <add1> <mult3> <mult4>

<x> <add1> <add2>

<add2> <mult3> <mult4> <mult5> <add3>

<mult5> <add3> <add4>

<add4>

Key: <i> represents the data produced by operation i
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List *graph_dfs(Graph *g)
{
  List *dfs_nl;  /* DFS nodelist */
  Node *n;       /* Node of graph */

  /* Create the DFS nodelist */
  dfs_nl = l_new();
  
  /* Ensure the "visited?" attribute is un-set on all nodes */
  l_fforeach(graph_nodes(g), n) {
     node_delattr(n, "visited?");
  } l_endfor;

  /* For every node, do */
  l_fforeach(graph_nodes(g), n) {
    visit_node(n, dfs_nl); /* Start the DFS here */
  } l_endfor;

  return dfs_nl;
}

void visit_node(Node *n, List *dfs_nl)
{
  char *b;     /* Value of "visited" attribute */
  Edge *e;     /* Outedge of node n */
  Node *c_n;   /* Child node of node n */

  /* Ignore the node if it has been or is being visited */
  if (node_getattr(n, "visited?")) return;
 
  /* We need to visit this node, so mark it as being visited */
  node_setattr(n, "visited?", "is being visited");

  /* Otherwise, visit all the child nodes first */
  l_fforeach(node_outedges(n), e) {
    c_n = edge_dst(e);        /* Get the child node */
    visit_node(c_n, dfs_nl);  /* Visit the node -- RECURSION!!!! */
  } l_endfor;

  /* All children have been visited. Mark this node as visited */
  node_setattr(n, "visited?", "yes"); 

  /* Add it to the end of the DFS nodelist */
  l_append(dfs_nl, n);
}
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