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Hierarchical Netlist Example

counter-MAPPED7.v

module counter DWO1 inc 0 ( A, SUM ):
input [7:0] A;
output [7:0] SUM:
wire [7:2] carry:

adhalf_1 U1 ( .a(A(6]), .b(carry[6]),
adhalf 1 1 ( .a(a[1]), .b(ago]),

adhalf 1 _2 ( .a(a[2]), .b(carry[2]),
adhalf 1 _3 ( .a(A[3]), .b(carry(3]),
adhalf_1 Ul_1 4 ( .a(A[4]), .b(carry(4]),
adhalf 1 U1_1 5 ( .a(A[S]), .b(carry(5]),
inv_2 U1 ( .a(A[0]), .x(SUM[O]) ):

exor2 1 U2 ( .a(carry[7]), .B(A[7]), .x(SUM[7])

endmodule

module counter ( clk, reset, count );
output [7:0] count;
input clk, reset;
wire [7:0] internal;
wire nil8;

counter DWO1_inc_0 add_13 ( .A(count),
dffpr 2 \count_reg(7]
dffpr 2 \count_reg(4]
dffpr 2 \count_reg(5]
dffpr_2 \count_reg[6]
dffpr 2 \count_reg([2]

.d(intern

dffpr_2 \count_reg[1]

dffpr 2 \count_reg[0]

inv_2 U4 ( .a(reset), .
endmodule

3

(n18) ):

.SUM (internal(7:0])):
.ck(clk), .rb(nl8), .q(count(7])
.ck(clk), .zl
.ck(clk),
.ck(clk),
.ck(clk), .rb(nl8), .g(count[2])
.ck(clk), .rb(ni8), .qg(count[3])
.ck(clk), .rb(nl
.ck(clk), .rb(nlg), .qg(count[0])

.d(internal(7]),
( 1(4]1).
( .d(internal[s]),
( .d(internal(é]),
( .d(internal(2]),

dffpr 2 \count_reg[3] ( .d(internal(3]),
( .d(internal(l}),
( .d(internal(0]),
x

.co(carry(7]), .s(SUM[6]) ):
.co(carry(2]), .s(SUM[1]) ):

.co(carry(3]), .s(SUM[2]) );
.co(carry[4]), .s(SUM(3]) );
.co(carry([S]), .s(SUM[4]) ):
.co(carry[6]), .s(SUM(5]) ):

)i

), .q(count(4])
)» .qlcount([5])
), .q(count(6])

), .qlcount(1])
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Gatepin-Level Connectivity Representation
» No Nets/Wires stored, only gatepin to gatepin
connections

Similar to a graph representation where gatepins are nodes
» Gatepin

Each gatepin is connected to a list of gatepins

Its connected gatepins may be Module I/O gatepins
» Simple Representation
» Redundancy

As connections of a=>b are stored bothinaandin b
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Partial Schematic

counter

counter_DWO1_inc_0

a[6]

aA[71

internal(é]

internal(7]

count reg[6]
d = -q

count

eduny
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» Tracing Gatepin
counter/count reg[7]/g connections?
» Tracing Gatepin
counter/count_reg[7]/d connections?

Gatepin-based Connectivity = Gatepins:

Gate Pin: counter DWO1_inc 0/AI7
Connections: (4)

counter_DWO1_inc 0/U2/b (no delay info)
counter/count|7 (ne delay info)
counter/add_13/AI7 (no delay info)
counter/\count_reg(7]/q (no delay info)

Gate Pin: counter_DWO1_inc_0/SUMIT
Connections: (3)

counter_DW01_inc_0/U2/x (no delay info)
counter/add_13/5UMI7 (no delay infc)
counter/\count_reg[7]/d (no delay info)
Gate Pin: counter/\count_reg[7]/d
Connections: (2)

counter/add_13/S0M|7 (no delay info)
counter_DWOI_inc_0/SUMI7 (no delay info)

Gate Pin: counter/count|?

Connections: (3)

counter/add_13/A17 (no delay info)
counter_DWOI_inc_0/Al7 (no delay info)
counter/\count_reg(7] /g (no delay info)
Gate Pin: counter DWOl_inc_0/U1_1_&/co
Connectio

Gate Pin: counter/\count_reg[7)/q
Connections: (3)

counter/count|7 (nc delay info)
counter/add_13/AI7 (no delay info)
counter_DWO1_inc_0/A|7 (no delay info)
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Gatepin-based Connectivity  Gatepins:

Gate Pin: counter_DWO1_inc_0/Al7

Connections: (4)
counter_DWO1_inc_0/U2/b (no delay info
counter/count|7 (no delay info
counter/add_13/A17 (no delay info)
counter/\count_reg(7]/q (no delay info)

Gate Pin: counter_DWO1_inc_0/SUM|7
Connections: (3)
counter_DW01_inc_0/U2/x (no delay info)
counter/add_13/SUM|7 (no delay info)
counter/\ count_reg[7]/d (no delay info)

Gate Pin: counter/\count_reg(7]/d
Connections: (2)
counter/add_13/SUM|7 (no delay info)
counter_DWO1_inc_0/SUMI7 (no delay i

Gate Pin: counter/count|7

Connections: (3)

counter/add_13/A17 (no delay info)
counter_DWOI_inc_0/Al7 (no delay info)
counter/\count_reg(7]/q (no delay info)

Gate Pin: counter_DWO1_inc_0/UL_1_6/co
Connections: (1)
counter_DW01_inc_0/U2/a (no delay info)

» Tracing Gatepin Gate Pin: ¢

i Connections
counter/count_reg[7]/q connections?

» Tracing Gatepin

counter/count_reg([7]/d connections?

" Connected
gatepins
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Gatepin-based Connectivity  Gatepins:

» Tracing Gatepin
counter/count_reg[7]/q connections?

» Tracing Gatepin
counter/count_reg([7]/d connections?

Gate Pin:
Connection:

Gate Pin: counter_DWO1_inc_0/SUM|7 N I \
Connections: (3) ext leve
counter_DW01_inc_0/U2/x (no delay infe)
counter/add_13/5UM|7 (no delay info

counter/\count_reg(7]/d (no delay fpdol o0 e

Gate Pin: counter/\count_reg(7]/d R
Connections: (2) gatepins
counter/add_13/SIMI7 (no delay info)
counter_DWOl_inc_0/SUMI7 (no delay info)

Gate Pin: counter/count|7

Connections: (3)

counter/add_13/A17 (no delay info)
counter_DWOI_inc_0/Al7 (no delay info)
counter/\count_reg(7]/q (no delay info

Gate Pin: counter_DWO1_inc_0/U1_1_6/co

(1)
01_inc_0/U2/a (no delay info)

Connected
gatepins
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Gatepln -based Connectivity  Gatepins:

» Tracing Gatepin
counter/count reg[7]/g connections?
» Tracing Gatepin
counter/count_reg[7]/d connections?

Gate Pin: counter DWO1_inc 0/AI7
Connections: (4)

counter_DWO1_inc 0/U2/b (no delay info)
counter/count|7 (ne delay info)
counter/add_13/AI7 (no delay info)
counter/\count_reg(7]/q (o delay info)

Gate Pin: counter_DWO1_inc_0/SUMIT
Connections: (3)
counter_DW01_inc_0/U2/x (no delay info)
counter/add_13/5UMI7 (no delay infc)
counter/\count_reg[7]/d (no delay info)

Gate Fin: t_reg[71/d

Gate Pin: counter/count|?
Connections: (3)
counter/add_13/AI7 (no delay info)
counter_DWOI_inc_0/A17 (no delay m@onnectcd

ccunter,\:nun: reg(7]/q (no delay i

Connections: (1)
ceunter DWOL iac 0/UZ/a (no deley info)

Gate Pin: cnuntarf\cnun:_rag[‘
Connections: (3)

counter/count|7 (nc delay info)
counter/add_13/AI7 (no delay info)
counter_DWO1_inc_0/A|7 (no delay info)
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Gatepln -based Connectivity — Gatepins: | 1eva

Gate Pin: counter DWO1_inc 0/AI7 Qf

» Tracing Gatepin
counter/count reg[7]/g connections?
» Tracing Gatepin
counter/count_reg[7]/d connections?

Connections: (4)
counter_DWO1_inc 0/U2/b (no delay Gonnected
counter/count|7 (nc delay info)
counter/add_13/RI7 (no delay info gateplns
counter/\count_reg(7]/q (no delay

nfo)

Gate Pin: counter/count|? Q
Connections: (3)

counter/add_13/AI7 (no delay info)
counter_DWOI_inc_0/A17 (no delay m@onnectcd

ccunter,\:nun: reg(7]/q (no delay i

Connections: (1)
counter_DWO1_inc_0/U2/a (no delay info)

Gate Pin: counter/\count_reg[7)/q
Connections: (3)

counter/count|7 (nc delay info)
counter/add_13/A17 (no delay info)
counter_DWO1_inc_0/A|7 (no delay info)
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Net-based Connectivity Representation

» Net
A net is a list of gatepins
A net may also be a gatepin itself
When it is a module I/O
Module I/O gatepin nets are updated
When new modules, new wires and instances are declared
» Gatepin
Each Gatepin is related to a single Net
the associated Net may itself be a gatepin - Module I/O port gatepin
The list of gatepins in its net
Are connected gatepins at this level of the hierarchy

The connected gatepins may also be themselves be nets
As they may be Module I/O pins down of up in the hierarchy
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Net-based Connectivity Representation
» Net updating

In net-based connectivity gatepin nets must be replaced when
a new level of hierarchy is introduced:

Replacing Original Net of Gatepin counter_DWOl_inc_0/SUMI6 (was counter DWO1_inc_0/SUMI6) with counter/internall6
Replacing Original Net of Gatepin counter_DWO1_inc_0/SUM|7 (was counter_DWO1_inc_0/SUM|7) with counter/internal|7
Replacing Original Net of Gatepin counter_DWOl_inc_0/SUM|4 (was counter DWO1_inc_0/SUM|4) with counter/internalld
Replacing Original Net of Gatepin counter DWOl_inc_0/SUM|5 (was counter DWOl_inc_0/SUM|S) with counter/internall$
Replacing Original Net of Gatepin counter DWO1_inc_0/SUM|2 (was counter_DWO1_inc_0/SUM|2) with counter/internal|2
Replacing Original Net of Gatepin counter DWOl_inc_0/SUM|3 (was counter DWO1_inc_0/SUM|3) with counter/internal|3
Replacing Original Net of Gatepin counter DWOl_inc 0/SUM|0 (was counter DWO1 inc_0/SUM|0) with counter/internall0
: Replacing Original Net of Gatepin counter DWOl_inc_0/SUM|1 (was counter DW01_inc_0/SUM|1) with counter/internal|l
Replacing Original Net of Gatepin counter DWOl inc_0/AI2 (was counter DWO1_inc_0/Al2) with counter/count|2
Replacing Original Net of Gatepin counter DWOl_inc_0/A|3 (was counter DWOl_inc_0/AI3) with counter/count|3
Replacing Original Net of Gatepin counter DWOl_inc_0/A|0 (was counter DWOl_inc 0/A10) with counter/count|0
Replacing Original Net of Gatepin counter DWOl_inc_O/All (was counter DWO1_inc_0/All) with counter/count |l
Replacing Original Net of Gatepin counter_DWO1_inc_0/Al6 (was counter DWO1_inc_0/AI6) with counter/count|6
Replacing Original Net of Gatepin counter_DWOl_inc_0/Al7 (was counter_DWO1_inc_0/AI7) with counter/count|7
Replacing Original Net of Gatepin counter DWO1_inc_0/A[4 (was counter DWO1_inc_0/Al4) with counter/count |4
Replacing Original Net of Gatepin counter DWO1_inc_0/A|5 (was counter DWO1_inc_0/A|S) with counter/count|5
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Net-based Connectivity Representation

» Net updating

13

In net-based connectivity gatepin nets must be replaced when
a new level of hierarchy is introduced:

Gatepin
counter_DWO01_inc_0/SUM|7
before net replacement:

Gate Pin: counter_DWO1_inc_0/SUMI|7
Connections: (0) T

(Module counter_DWO1_inc_0)

NONME.

Net Comnection: counter DWOL imc 0/5TM|7
(Net) Connections (1):
counter_DWO1_inc_0/U2/x

Net itself is not modified:

Gatepin
counter_DW01_inc_0/SUM|7
after net replacement:

Gate Pin: councer DWO1_inc 0/SUMIT
Connectiona: (0) T
(Module counter_DWOI_inc_0)

NCNE.

Net Connection: counter/internal|?7
(Het) Connections (3):

counte: i
counter_DWO1_inc_0/5UMI7
counter/\ count_reg[7]/d

Net Name: counter DWOl_imc_0/SUMIT

Connections (1):
counter_DW01_inc_0/U2/x
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Partial Schematic

counter

counter_DWO1_inc_0

count_reg[6
B EG -q
internal[6] couny
M_
a7 internal[7] equny
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Net-based Connectivity

i

Nets:

Net Name: counter DWO1_inc_0/AI7
Connections (1):
counter_DWO1_inc_0/U2/b

Net Name: counter_DWO1_inc_0/SUMIT
Connections (1):
counter_DWO1_inc_0/U2/x

Net Name: counter/internall?
Connections (3):
counter/add_13/5UMI7
counter_DWOI_inc_0/SUM|T
counter7\count_reg[7]/d

Net Name: counter/count|7
Connections (3):
counter/add_13/RI17
counter_DWO1_inc_0/A17
counter/\count_reg[7]/q

Net Name: counter_DWO1_inc_O/carry|l
Connections (2):
counter_DW01_inc_0/U1_1_/co
counter_DWO1_inc_0/U2/a

» Tracing Gatepin counter/count reg[7]/q connections?

Net connection = count [7]

» Tracing Gatepin counter/count reg(7]/d connections?

Net connection = internal [7]
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Net-based Connectivity Nets:

Net Hame: counter DWO1_inc 0/AI7
Connections (1):
counter_DWO1_inc_0/U2/b

Net Name: counter_DWO1_inc_0/SUMI7
Connections (1):
counter_DWO1_inc_0/U2/x

Net Name: counter/internall?
Connections (3):
counter/add_13/5UMI7
counter_DWOI_inc_0/SUM|T
counter7\count_reg[7]/d

Net Mame: counter/count|? Net

Connections (3): A
L& gatepins

i

» Tracing Gatepin counter/count reg[7]/q connections?
Net connection = count [7]

Net Name: counter_DWO1_inc_O/carry|l
Connections (2):
counter_DW01_inc_0/U1_1_/co
counter_DWO1_inc_0/U2/a

» Tracing Gatepin counter/count reg(7]/d connections?

Net connection = internal [7]
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counter DWO1l inc 0/A|7 is of the form
<modulename>/<portname> is a direct module port - also
called non-bridging

counter/add 13/SUM|7 is of the form
<newmodule/instancel/instance?2/../portname> is a bridging
gatepin

Bridging gatepins will always possess a direct module
port
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Net-based Connectivity Nets:
B Net Name: counter_DWO1_inc_0/AlT
Connections (1): L7
counter_DWO1_inc_0/U2/b :
------------------------------------- Gatepin
Net Hame: counter DWO1_inc_O/SUMIT
Connections (1): is also a
counter_DW01_inc_0/U2/x

—————— Net
Net Name: counter/internal|?
Connections (3):
counter/add_13/5UM|7
counter_DWO1_inc_0/SUM|7
counter/\ count_reg(7]/d

Net Mame: counter/count|? Net

Connections (3): A
L& gatepins

i

» Tracing Gatepin counter/count reg[7]/q connections?
Net connection = count [7]

Net Name: counter_DWO1_inc_O/carry|l
Connections (2):
counter_DW01_inc_0/U1_1_/co
counter_DWO1_inc_0/U2/a

» Tracing Gatepin counter/count reg(7]/d connections?

Net connection = internal [7]
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counter DWO1l inc 0/A|7 is of the form
<modulename>/<portname> is a direct module port - also
called non-bridging

counter/add 13/SUM|7 is of the form
<newmodule/instancel/instance?2/../portname> is a bridging
gatepin

Bridging gatepins will always possess a direct module
port
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Net Name: co

- Gatepin
Net Name: counter DWO1_inc O/SUMIT
Connections (1) is also a
counter_DWO01_inc_0/U2/x

—————— Net
Net Name: counter/internal|?
Connections (3):
counter/add_13/5UM|7
counter_DWO1_inc_0/5UM|7
counter/\count_reg[7] /d

Net Mame: counter/count|? Net

Connections (3): A
L& gatepins

i

» Tracing Gatepin counter/count reg[7]/q connections?
Net connection = count [7]

Net Name: counter_DWO1_inc_O/carry|l
Connections (2):
counter_DW01_inc_0/U1_1_/co
counter_DWO1_inc_0/U2/a

» Tracing Gatepin counter/count reg(7]/d connections?

Net connection = internal [7]
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counter DWO1l inc 0/A|7 is of the form
<modulename>/<portname> is a direct module port - also
called non-bridging

counter/add 13/SUM|7 is of the form
<newmodule/instancel/instance?2/../portname> is a bridging
gatepin

Bridging gatepins will always possess a direct module
port
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Net-based Connectivity

g

Nets:

Net Hame: counter DWO1_inc 0/AI7
Connections (1):
counter_DWO1_inc_0/U2/b

Net Name: counter_DWO1_inc_0/SUMIT
Connections (1) :
counter_DWO1_inc_0/U2/x

Ret Name: counter/internal|?

52 Net

@ gatepins

d

Net Name: counter/count|7
Connections (3):
counter/add_13/RI17
counter_DW01_inc_O0/AI7
counter/\count_reg[7]/q

Net Name: counter_DWO1_inc_O/carry|l
Connections (2):
counter_DW01_inc_0/U1_1_/co
counter_DWO1_inc_0/U2/a

» Tracing Gatepin counter/count reg[7]/q connections?

Net connection = count [7]

» Tracing Gatepin counter/count reg(7]/d connections?

Net connection = internal [7]
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Net-based Connectivity

g

Nets:

Net Name: counter DWO1_inc_0/AI7
Connections (1):

Gatepin
is also a

Vet Name: counter/internal|l Net

Connections (3) Net
d Q gatepins

Net Name: counter/count|7
Connections (3):
counter/add_13/RI17
counter_DWO1_inc_0/A17
counter/\count_reg[7]/q

Net Name: counter_DWO1_inc_O/carry|l
Connections (2):
counter_DW01_inc_0/U1_1_/co
counter_DWO1_inc_0/U2/a

» Tracing Gatepin counter/count reg[7]/q connections?

Net connection = count [7]

» Tracing Gatepin counter/count reg(7]/d connections?

20

Net connection = internal [7]
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Net-based Connectivity

T

Nets:

Net Name: counter DWO1_inc_0/Al7
Connections (1):
counter_DWO1

Cosmscetsns (1)} Net
- 2 @ gatepins
Net Ni : all?
C;ne:':o Net is
Q also
gatepin

Net Name: counter/count|?
Connections (3):
counter/add_13/A17
counter_DWO1_inc_0/AI7
counter/\count_reg{7]/q

Net Name: counter_DWO1_inc_0/carry|7

» Tracing Gatepin counter DWO1 inc

Connections (2) :
counter_DW01_inc_0/U1_1_6/co
counter_DWO1_inc_0/U2/a

0/U2/x connections?

Net connection = counter DWO1 inc 0/SUM|7

Net is also a gatepin, must be added and its net traced
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