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(57) ABSTRACT 

An EDA tool is provided With the ability to determine a cell 
based parallel veri?cation order for a plurality of hierarchi 
cally organized design cells of an integrated circuit design, 
and the ability to verify the design cells in accordance With 
the cell based parallel veri?cation order, With at least some 
of the design cells being veri?ed in parallel . In one 
embodiment, the EDA tool is also provided With th ability to 
re-eXpress a design cell of the IC design in terms of a number 
of neWly formed intervening constituent design cells, With 
the neW intervening constituent design cells being formed in 
accordance With a number of metrics pro?ling placements of 
original constituent design cells of the design cell. 
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CELL BASED PARALLEL VERIFICATION OF AN 
INTEGRATED CIRCUIT DESIGN 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] An EDA tool is provided With the ability to deter 
mine a cell based parallel veri?cation order for a plurality of 
hierarchically organized design cells of an integrated circuit 
design, and the ability to verify the design cells in accor 
dance With the cell based parallel veri?cation order, With at 
least some of the design cells being veri?ed in parallel. In 
one embodiment, the EDA tool is also provided With the 
ability to re-express a design cell of the IC design in terms 
of a number of neWly formed intervening constituent design 
cells, WiththeneW intervening constituent design cells being 
formed in accordance With a number of metrics pro?ling 
placements of original constituent design cells of the design 
cell. More speci?cally, the present invention relates to 
methods and apparatuses associated With processing an IC 
design. 

[0003] 2. Background Information 

[0004] Because of the ever increasing complexity of IC 
designs, most modern IC designs are expressed in terms of 
hierarchically organiZed design cells. For example, an exem 
plary IC may be expressed in terms of a collection of 
placements of design cells A, B, C, . . . and various 
“interconnecting” geometric elements, Whereas design cell 
A may in turn be likeWise expressed as a collection of 
placements of design cells A1, A2, . . . , and various 

“interconnecting” geometric elements Within cell A, design 
cell B expressed as a collection of placements of design cells 
B1, B2, . . . , and various “interconnecting” geometric 

elements Within cell B, and so forth. 

[0005] Additionally, prior to fabrication (especially those 
IC designs fabricated using sub-micron processes), various 
veri?cation operations, including but not limited to design 
rule checks (such as spacing), RC analysis, and so forth, are 
performed to ensure the fabricated IC Will function as 
designed. In order to verify a particular design cell, in vieW 
of the hierarchical nature of its organiZation, it is necessary 
to verify the context independent and context dependent 
portions of the design cell separately. The context dependent 
portion of the design cell is promoted upWard recursively 
until it is a part of the context independent portion of a 
higher level design cell. A process knoWn as “selective 
promotion”. 

[0006] In order to facilitate ef?cient performance of these 
operations, various design cells injection techniques are 
employed to reduce the amount of selective promotions. 
Design cells injection is a process by Which a design cell is 
re-expressed in terms of a number of arti?cially created 
design cells. For examples, a design cell A having place 
ments of design cells A1, A2, A3, A4 and A5 may be 
re-expressed in terms of placements of arti?cially created 
design cells A10 and A11, Where arti?cially created design 
cell A10 is comprised of placements of design cells A1 and 
A2, and arti?cially created design cell A11 is comprised of 
placements of design cells A3, A4 and A5. A particular 
“placement based” design cell injection technique is the 
subject of co-pending US. patent application Ser. No. 
09/xxx,xxx, entitled “Placement Based Design Cell Injec 

Apr. 25, 2002 

tion Into An Integrated Circuit Design”, ?led contempora 
neously. Three other prior art design cell injection tech 
niques are also described in the background section of the 
’xxx patent application. 

[0007] HoWever, even With reduced selective promotion 
and employing some of the most poWerful Workstations 
knoWn today, it is not uncommon for many of today’s IC 
designs taking a day or tWo to be veri?ed. The situation is 
expected to get Worse as the complexity of IC designs 
continues to increase. Thus, additional techniques to further 
speed up the veri?cation process is desired. 

SUMMARY OF THE INVENTION 

[0008] An EDA tool is provided With the ability to deter 
mine a cell based parallel veri?cation order for a plurality of 
hierarchically organiZed design cells of an integrated circuit 
design, and the ability to verify the design cells in accor 
dance With the cell based parallel veri?cation order, With at 
least some of the design cells being veri?ed in parallel. In 
one embodiment, the EDA tool is also provided With the 
ability to re-express a design cell of the IC design in terms 
of a number of neWly formed intervening constituent design 
cells, With the neW intervening constituent design cells being 
formed in accordance With a number of metrics pro?ling 
placements of original constituent design cells of the design 
cell. 

BRIEF DESCRIPTION OF DRAWINGS 

[0009] The present invention Will be described by Way of 
exemplary embodiments, but not limitations, illustrated in 
the accompanying draWings in Which like references denote 
similar elements, and in Which: 

[0010] FIGS. 1-2 illustrate an overvieW of the cell based 
parallel veri?cation of the present invention; 

[0011] FIG. 3 illustrates the operational ?oW for generat 
ing an optimiZed cell based parallel veri?cation order in 
accordance With one embodiment; 

[0012] FIGS. 4a-4c illustrate the operational ?oW for 
verifying multiple design cells in parallel in accordance With 
tWo embodiments; 

[0013] FIG. 5 illustrates a sample application of the 
present invention; 

[0014] FIG. 6 illustrates an EDA tool suite incorporated 
With the teachings of the present invention in accordance 
With one embodiment; and 

[0015] FIG. 7 illustrates a computer system suitable for 
practicing the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0016] In the folloWing description, various aspects of the 
present invention Will be described. HoWever, it Will be 
apparent to those skilled in the art that the present invention 
may be practiced With only some or all aspects of the present 
invention. For purposes of explanation, speci?c numbers, 
materials and con?gurations are set forth in order to provide 
a thorough understanding of the present invention. HoWever, 
it Will also be apparent to one skilled in the art that the 
present invention may be practiced Without the speci?c 
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details. In other instances, Well known features are omitted 
or simpli?ed in order not to obscure the present invention. 

[0017] Parts of the description Will be presented using 
terminology commonly employed by those skilled in the art 
to convey the substance of their Work to others skilled in the 
art, such as roW/column coordinates, cut lines, horiZontal/ 
vertical orientations, and so forth. As Well understood by 
those skilled in the art, these terminology are merely logical 
in nature to facilitate explanation of the present invention. 
Parts of the description Will also be presented in terms of 
operations performed by a computer system, using terms 
such as tables, data and the like. As Well understood by those 
skilled in the art also, these quantities take the form of 
electrical, magnetic, or optical signals capable of being 
stored, transferred, combined, and otherWise manipulated 
through mechanical and electrical components of a digital 
system; and the term digital system includes general purpose 
as Well as special purpose data processing machines, sys 
tems, and the like, that are standalone, adjunct or embedded. 

[0018] Various operations Will be described as multiple 
discrete steps perfom ed in turn in a manner that is most 
helpful in understanding the present invention, hoWever, the 
order of description should not be construed as to imply that 
these operations are necessarily performed in the order they 
are presented, or order dependent. Lastly, repeated usage of 
the phrase “in one embodiment” does not necessarily refer 
to the same embodiment, although it may. 

[0019] Referring noW to FIGS. 1-2, Wherein an overvieW 
of the cell based parallel veri?cation of the present invention 
is accordance With one embodiment is shoWn. As illus 
tracted, EDA tool 102, incorporated With the teachings of the 
present invention, includes in particular, a number of veri 
?cation functions 103, veri?cation order generator/opti 
miZer 104 and veri?cation dispatcher 106. In accordance 
With the present invention, veri?cation funcations 103 per 
form coventional veri?cation functions such as DRC as 
LVS. Veri?cation order generator/optimizer 104 determines 
cell based parallel veri?cation order 108 for a number 
hierachically organiZed design cells of integrated circuit 
design 110, and veri?cation dispatcher 106 dispatches the 
design cells for veri?cation in parallel in accordance With 
cell based parallel veri?cation order 108. Except for veri? 
cation order generator/optimiZer 104, veri?cation dispatcher 
106, and the manner veri?cation functions 103 cooperate 
With dispatcher 106, Which are described in further details 
beloW, EDA tool 102 is otherWise intended to represent a 
broad range of EDA tools knoWn in the art, including in 
particular those tools having veri?cation functions for per 
forming design rule checks (DRC) and layout versus sche 
matic (LVS). 

[0020] As shoWn in FIG. 2, operationally, at 202, veri? 
cation order generator/optimiZer 104 determines cell based 
parallel veri?cation order 108 for the hierarchically orga 
niZed design cells of integrated circuit design 110. Prefer 
ably, cell based parallel veri?cation order 108 is optimiZed 
With improved overall order distance separation betWeen 
parent and child design cell. Order distance separation refers 
to the positional difference betWeen the veri?cation posi 
tions occupied by the parent and child design cells. In 
general, the larger the order distance separating the parent 
and child design cells, the greater the probability veri?cation 
of the child design cell Will be completed at the time When 
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recource is available for use to verify the parent design cell. 
Thus, improved overall order distance separation betWeen 
parent and child design cells results in reduction of the 
overall “Waiting time” of the parent design cells. 

[0021] At 204, veri?cation dispatcher 106 dispatches the 
design cells for veri?cation in parallel in accordance With 
generated cell based parallel veri?cation order 108. As Well 
be described in more detail beloW, in one embodiment, 
veri?cation dispatcher 106 dispatches disign cell for veri? 
cation in parellel, in cooperations With veri?cation function 
103. In an alternate embodiment, veri?cation dispatcher 106 
independently dispatches as many design cells Without child 
design cell dependency for veri?cation as possible, i.e. as 
many as resources of the underlying computer system on 
Which the present invention is practiced Will support. 

[0022] FIG. 3 illustrates the operational ?oW for generat 
ing an optimiZed cell based veri?cation order in accordance 
With one embodiment. As shoWn, at 302, veri?cation order 
generator/optimizer 104 ?rst generates a cell based topo 
logically ordered data structure of the design cells of IC 
design 110. A particular example of a cell based topologi 
cally ordered data structure is a cell based depth-?rst sort 
list. Other topologically ordered data structure may also be 
employed. Next, at 304, veri?cation order generator/opti 
miZer 104 adjusts the cell based topologically ordered data 
structure to increase the order distaces betWeen child and 
parent design cells, Without violating their topological order. 

[0023] In one embodiment Where the depth-?rst sort list is 
employed as the topologically ordered data structure, to 
effectuate the optimiZation adjustment, veri?cation order 
generator/optimizer 104 ?rst numbers the design cells in the 
depth-?rst sort list in accordance With the design cells’ 
positions in an alternate breadth-?rst sort list, eg 1, 2, 3 . . . 

from left to right, top to bottom. Then, starting from the 
earliest veri?cation position (also referred to as the “bottom 
position” of the list), scanning in a later veri?cation direction 
toWards the later veri?cation positions, veri?cation order 
generator/optimizer 104 examines each design cell and 
determines if the design cell can be moved to a later 
veri?cation position. (The latest veri?cation position is also 
referred to as the “top position” of the list.) 

[0024] In one embodiment, the move (or relocation) deter 
mination is made employing tWo heuristic rules. The ?rst of 
these tWo heuristic rules is the rule that no design cell Will 
be moved pass a design cell having a “breadth-?rst” number 
that denotes “earlier in position” then the “breadth-?rst” 
number of the design cell Whose “relocation” is being 
contemplated, eg a design cell numbered 7 in accordance 
With the above described left to right, top to bottom manner, 
Will not be moved pass a design cell numbered “6”. The 
second of these tWo heuristic rules is the rule that no design 
cell Will be moved pass its parent design cell. (Note that as 
described earlier, all contemplated movements are in the 
later veri?cation direction, i.e. toWards the “top position” of 
the list. 

[0025] In alternate embodiments, one or more other opti 
miZation techniques are employed either in lieu of or in 
addition to the above described depth-?rst and breadth-?rst 
approach to further enhancing the veri?cation distance 
betWeen the parent and child design cells. In one embodi 
ment, these one or more other optimiZation techniques 
include reordering child design cells of the same generation 
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in accordance With their content volumes. That is, a child 
design cell With more contents is given an earlier veri?cation 
position than a child design cell of the same generation With 
less contents. 

[0026] FIGS. 4a-4c illustrates the operational How of 
dispatching multiple design cells for veri?cation in parallel 
in accordance With one embodiment, Where the desired 
parallelism is cooperatively accomplished by dispatcher 106 
and veri?cation functions 103. As shoWn in FIG. 4a, at 402, 
dispatcher 106 creates n parallel veri?cation threads of the 
desired veri?cation function, Where n typically is as large as 
the resources of the underlying computer system on Which 
the present invention is practiced Will support. For example, 
in an 8-Way symmetric multiprocessor systems, Where all 8 
processors are available, dispatcher 106 creates 8 veri?ca 
tion threads, one on each of the processor. For illustrative 
purpose, in the case of a WindoWs NT® system, each 
veri?cation thread is created using “Create Thread”, 
Whereas in the case of a UNIX® system, each veri?cation 
thread is created using “pthread_create”. WindoWs NT is 
available from Microsoft, Inc. of Redmond, Wash., Whereas 
UNIX is available from Sun Microsystems, Inc. of Mountain 
VieW, Calif. (marketed as Solaris). 

[0027] Next, at 404, dispatcher 106 dispatches up to m 
design cells to ?ll a veri?cation queue, Where m is the 
smaller of the veri?cation queue or the number of design 
cells requiring veri?cation. Dispatcher 106 selects the m 
design cells starting from the earliest veri?cation position, 
moving toWards the latest veri?cation position, in accor 
dance With the veri?cation order generated. If there are still 
residual design cells to be dispatched after dispatching the 
?rst m design cells, at 408, dispatcher 106 Waits for the 
queue space to “open up”. The queue space “opens up”, 
When design cells are dequeued from the veri?cation queue 
by veri?cation functions 103. Upon detecting the availabil 
ity of queue space, at 410, dispatcher 106 dispatches addi 
tional design cells to ?ll up the empty queue space, and 
continues its execution at 406. 

[0028] Eventually, dispatcher 106 Will determine at 406 
that all design cells have been dispatched. At such time, 
dispatcher 106 Waits for all remaining veri?cations to com 
plete, 412. When all remaining veri?cations are completed, 
414, dispatcher 106 terminates the veri?cation threads it 
created. 

[0029] FIG. 4b illustrates the operational How of a veri 
?cation thread of veri?cation functions 103. As shoWn, at 
422, the veri?cation thread checks to determine if the 
veri?cation queue is empty, and Waits for the veri?cation 
queue to become non-empty. Upon detecting that dispatcher 
106 has dispatched design cells into the veri?cation queue 
for veri?cation, 424, the veri?cation thread ?rst examines 
the design cell placed at the head of the veri?cation queue 
to determine if all dependency has been satis?ed, ie the 
veri?cation has been completed for all its child design cells. 
If not all dependency has been determined to be satis?ed, the 
veri?cation thread examines the next design cell in the 
veri?cation queue, 428. The process continues until the 
veri?cation thread ?nds a design cell having all dependency 
satis?ed. At such time, the veri?cation thread removes the 
design cell from the veri?cation queue and veri?es the 
design cell, 430. In one embodiment, if the veri?cation 
thread is unable to ?nd a design cell With all dependency 
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satis?ed, it repeats the process starting at the head of the 
veri?cation queue or Wait until neW cells come to the 
veri?cation queue. The process continues With multiple 
repeats if necessary until the veri?cation thread ?nds a 
design cell With all dependency satis?ed. FIG. 4c illustrates 
the operational How of dispatcher 106 independently dis 
patching multiple design cells for veri?cation in parallel in 
accordance With an alternate embodiment. As illustrated, at 
442, veri?cation dispatcher 106 ?rst selects up to n design 
cells occupying the earliest veri?cation positions and With 
out child design cell dependency, and dispatches them for 
veri?cation in parallel. In one embodiment, veri?cation 
dispatcher 106 scans the cell based parallel veri?cation order 
108, starting from the earliest veri?cation position, and 
determines for each design cell Whether it is child design cell 
dependency free and if so, Whether the resource of the 
underlying computer system can support its veri?cation. If 
either the design cell is not child design cell dependency free 
or the resource of the underlying computer system is unable 
to support veri?cation of the design cell, veri?cation dis 
patcher 106 temporarily halts the “scanning”. In one 
embodiment, each design cell is dispatched for veri?cation 
as an execution “thread”. 

[0030] Upon having dispatched up to n design cells With 
out child design cell dependency, veri?cation dispatcher 106 
Waits for completion of at least one of the dispatched 
veri?cations at 444. Whenever veri?cation of one of the 
previously dispatched design cell is completed, at 446, 
veri?cation dispatcher 106 determines if there are additional 
design cells to be dispatched. If there are additional design 
cells to be dispatched, veri?cation dispatcher 106 returns to 
442 and dispatches as many design cells Without child 
design cell dependency as the resource of the underlying 
computer system Will support, as described earlier. On the 
other hand, if all design cells have been dispatched, at 448, 
veri?cation dispatcher 106 determines if veri?cations of all 
previously dispatched design cells have been completed. If 
not all veri?cations of previously dispatched design cells 
have been completed, veri?cation dispatcher 106 returns to 
444 to Wait for their completion. On the other hand, if 
veri?cations of all previously dispatched design cells have 
been completed, veri?cation dispatcher 106 terminates the 
process. 

[0031] The later approach enables the parallel dispatching 
to be accomplished through dispatcher 106 only, and there 
fore Without requiring any modi?cations to conventional 
veri?cation functions 103. HoWever, the approach Will 
require more thread creations and terminations. The earlier 
approach minimiZes the number of thread creations and 
terminations. HoWever, it requires small amount of coordi 
nated enhancements to the otherWise conventional veri?ca 
tion functions. 

[0032] Experience has shoWn that the above described cell 
based parallel veri?cation is superior to other types of 
parallel veri?cation. For example, experience has shoWn that 
if parallel veri?cation is attempted at the layer level, While 
it is a good source of parallelism, as there is little depen 
dency betWeen layers, the approach nevertheless has the 
disadvantage of requiring changes to a number of the 
common hierarchical data structures, such as the cell list, 
placement list, temporary layer usage, and so forth. Each of 
these data structures Will have to be replicated for each layer 
to facilitate parallel layer veri?cations, resulting in signi? 
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cant increase in memory and storage usage. Similarly, 
parallelism may also be attempted at the scanline level. 
However, scanline level parallelism has the disadvantage of 
requiring changes to a number of the veri?cation algorithms. 
In contrast, the above described cell based parallel approach 
does not have any of these disadvantages. In fact, experience 
has shoWn that the above described cell based approach is 
much superior in scalability than either the layer or the 
scanline approach. 

[0033] FIG. 5 illustrates a sample application of the 
present invention. For the illustrated application, EDA tool 
102 is also incorporated With the teachings of the above 
identi?ed US. patent application Ser. No. 09/XXX,XXX, ?led 
contemporaneously, for placement based design cell injec 
tions into an integrated circuit design. The jXXX application 
is hereby fully incorporated by reference. In any event, at 
502, EDA tool 102 systematically processes the design cells 
of IC design 110, and injects intervening constituent design 
cells Where appropriate. In particular, for “?at” design cells, 
EDA tool 102 employs metrics to pro?le placements of 
constituent design cells of a particular design cell, and then 
uses the metrics to selectively group contents of the design 
cells to form neW intervening constituent design cells to 
re-eXpress the various “?at” design cells. As discussed in the 
incorporated by reference, contemporaneously ?led 
co-pending application, the placement based design cell 
injection technique enables intervening constituent design 
cells to be injected even though the particular design cells’ 
constituent deign cells do not exhibit any particular inter-cell 
relationship suitable for the application of either the homo 
geneous, overlapping or heterogeneous technique. 

[0034] Upon injecting the intervening constituent design 
cells, including those injected employing the placement 
based technique, at 504, the EDA tool proceeds to generate 
a cell based parallel veri?cation order, and to verify the 
design cells in parallel, Wherever possible, in accordance 
With the generated cell based veri?cation order, as described 
earlier, referencing FIGS. 2-4. 

[0035] Referring noW to FIG. 6, Wherein an EDA tool 
suite incorporated With the teaching of the present invention 
is shoWn. As illustrated, EDA tool 600 includes a number of 
tools, in particular, veri?cation tool 602. For the illustrated 
embodiment, veri?cation tool 602 is incorporated With the 
teachings of the present invention, i.e. cell based parallel 
veri?cation of an IC design, 604, as Well as the teachings of 
the co-pending application, i.e. placement based design cells 
injection, 606. 

[0036] FIG. 7 illustrates one embodiment of a computer 
system suitable for use to practice the present invention. As 
shoWn, computer system 700 includes a number of proces 
sors 702 and shared system memory 704 coupled to each 
other via processor bus 703. Computer system 700 also 
includes system bus 706, bridged to processor bus 703 by 
bus bridge 705. Coupled to system bus 706 are non-volatile 
mass storage 708, input/output devices 710, such as key 
board, displays, and so forth, and communication interfaces 
712, such as modem, LAN interfaces, and so forth. Each of 
these elements perform its conventional functions knoWn in 
the art. In particular, shared system memory 704 and non 
volatile mass storage 708 are employed to store a Working 
copy and a permanent copy of the programming instructions 
implementing the above described teachings of the present 
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invention. Shared system memory 704 and non-volatile 
mass storage 706 may also be employed to store the IC 
design. The permanent copy of the programming instruc 
tions to practice the present invention may be loaded into 
non-volatile mass storage 708 in the factory, or in the ?eld, 
through distribution source/medium 714 and communica 
tion interfaces 712. EXamples of distribution medium 714 
include recordable medium such as tapes, CDROM, DVD, 
and so forth. In one embodiment, the programming instruc 
tions are part of a collection of programming instructions 
implementing EDA tool 600 of FIG. 6. The constitution of 
elements 702-714 are Well knoWn, and accordingly Will not 
be further described. 

[0037] Thus, a method and apparatus for cell based par 
allel veri?cation of an IC design has been described. While 
the present invention has been described in terms of the 
above illustrated embodiments, those skilled in the art Will 
recogniZe that the invention is not limited to the embodi 
ments described. The present invention can be practiced 
With modi?cation and alteration Within the spirit and scope 
of the appended claims. The description is thus to be 
regarded as illustrative instead of restrictive on the present 
invention. 

What is claimed is: 
1. A method implemented on a computer system com 

prising: 
a) generating a cell based ordered parallel veri?cation 

data structure for a plurality of hierarchically organiZed 
design cells of an integrated circuit design; and 

b) verifying the design cells in accordance With the cell 
based ordered parallel veri?cation data structure, With 
at least a plurality of the design cells being veri?ed in 
parallel. 

2. The computer implemented method of claim 1, Wherein 
said generation of the cell based ordered parallel veri?cation 
order includes optimiZing the ordered cell based parallel 
veri?cation data structure to increase order distances 
betWeen child and parent design cells. 

3. The computer implemented method of claim 2, Wherein 
said optimiZation of the cell based ordered parallel veri? 
cation data structure includes generating a cell based topo 
logically ordered data structure of the design cells, and 
adjusting the cell based topologically ordered data structure 
in increase order distances betWeen child and parent design 
cells Without violating their topological order. 

4. The computer implemented method of claim 3, Wherein 

said generation of the cell based topologically ordered 
data structure of the design cells includes generating a 
cell based depth-?rst sort data structure of the hierar 
chically organiZed design cells, and 

said adjustment of the cell based topologically ordered 
data structure includes locating neW veri?cation posi 
tions for the design cells in a later veri?cation direction 
subject to the topological order, and repositioning the 
design cells to the neW veri?cation positions. 

5. The computer implemented method of claim 4, Wherein 
said locating neW veri?cation positions for the design cells 
include numbering the design cells in accordance With the 
design cells’ positions in a breadth-?rst sort data structure 
and determining hoW far in the later veri?cation direction 
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each of the design cells can be repositioned Without passing 
the particular design cell’s parent design cell or other design 
cells With higher numbering. 

6. The computer implemented method of claim 1, Wherein 
said veri?cation of the design cells in accordance With the 
cell based parallel veri?cation order With at least a plurality 
of the design cells being veri?ed in parallel comprises 
verifying up to n design cells in parallel, Where n equals 
maximum number of concurrent execution supported by the 
computer system, and Wherein all child design cells of each 
of the n design cells have been veri?ed. 

7. The computer implemented method of claim 1, Wherein 
said method further comprises injecting a number of neW 
intervening constituent design cells to re-express a design 
cell in terms of the neWly injected intervening constituent 
design cells. 

8. The computer implemented method of claim 7, Wherein 
said injection of neW intervening constituent design cells are 
performed using a selected one of a number of pattern based 
recognition techniques and a placement based technique. 

9. The computer implemented method of claim 8, Wherein 
said injection of neW intervening constituent design cells 
using a placement based technique includes determining a 
number of metrics to pro?le placements of constituent 
design cells of the design cell, and generating the neW 
intervening constituent design cells using the determined 
metrics. 

10. An article of manufacture comprising: 

a recordable medium having recorded thereon a plurality 
of programming instructions suitable for use to pro 
gram an apparatus to enable the programmed apparatus 
to be able to generate a cell based parallel veri?cation 
order for a plurality of hierarchically organiZed design 
cells of an integrated circuit design, and to verify the 
design cells in accordance With the cell based parallel 
veri?cation order, With at least a plurality of the design 
cells being veri?ed in parallel. 

11. The article of manufacture of claim 10, Wherein said 
plurality of programming instructions further enable the 
programmed apparatus to include as an integral part of said 
generation of the cell based parallel veri?cation order, 
optimiZation of the call based parallel veri?cation order to 
increase order distances betWeen child and parent design 
cells. 

12. The article of manufacture of claim 11, Wherein said 
plurality of programming instructions further enable the 
programmed apparatus to include as an integral part of said 
optimiZation of the cell based parallel veri?cation order, 
generation of a cell based topologically ordered data struc 
ture of the design cells, and adjustment of the cell based 
topologically ordered data structure to increase order dis 
tances betWeen child and parent design cells Without vio 
lating their topological order. 

13. The article of manufacture of claim 12, Wherein said 
plurality of programming instructions further enable the 
programmed apparatus to include as an integral part of said 
generation of the cell based topologically ordered data 
structure of the design cells, generation of a cell based 
depth-?rst sort data structure of the hierarchically organiZed 
design cells, and to include as an integral part of said 
adjustment of the cell based topologically ordered data 
structure, location of neW veri?cation positions for the 
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design cells in a later veri?cation direction subject to the 
topological order, and repositioning of the design cells to the 
neW veri?cation positions. 

14. The article of manufacture of claim 13, Wehrein said 
plurality of programming instructions further enable the 
programmed apparatus to include as an integral part of said 
location of neW veri?cation positions for the design cells, 
numbering of the design cells in accordance With the design 
cells’s positions in a breadth-?rst sort data structure and 
determination of hoW far in the later veri?cation direction 
each of the design cells can be repositioned Without passing 
the particular design cell’s parent design cell or other design 
cells With higher numbering. 

15. The article of manufacture of claim 10, Wherein said 
plurality of programming instructions enable the pro 
grammed apparatus to verify the design cells in accordance 
With the cell based parallel veri?cation order With at least a 
plurality of the design cells being veri?ed in parallel by 
verifying up to n design cells in parallel, Where n equals 
maximum number of concurrent execution supported by the 
apparatus, and Wherein all child design cells of each of the 
n design cells have been veri?ed. 

16. The article of manufacture of claim 10, Wherein said 
plurality of programming instructions further enable the 
programmed apparatus to inject a number of neW interven 
ing constituent design cells to re-express a design cell in 
terms of the neWly injected intervening constituent design 
cells. 

17. The article of manufacture of claim 16, Wherein said 
plurality of programming instructions further enable the 
programmed apparatus to inject the neW intervening con 
stituent design cells are employing a selected one of a 
number of pattern based recognition techniques and a place 
ment based technique. 

18. The article of manufacture of claim 17, Wherein said 
plurality of programming instruction enable the pro 
grammed apparatus to inject the neW intervening constituent 
design cells using a placement based technique by deter 
mining a number of metrics to pro?le placements of con 
stituent design cells of the design cell, and generating the 
neW intervening constituent design cells using the deter 
mined metrics. 

19. The article of manufacture of claim 10, Wherein the 
programming instructions are member programming 
instruction of an EDA tool. 

20. A computer system comprising: 

one or more storage devices having stored therein a 
plurality of programming instructinos, and for use to 
receive and store an integrated circuit design having a 
plurality of hierarchically organiZed design cells; and 

a plurality of processors coupled to the one or more 
storage devices to execute the programming instruc 
tions to generate a cell based parallel veri?cation data 
structure for the design cells, and to verify the design 
cells in accordance With the cell based parallel veri? 
cation data structure, With at least a plurality of the 
design cells being veri?ed in parallel. 

21. The computer system of claim 20, Wherein said 
processors further execute the plurality of programming 
instructions to optimiZe the cell based parallel veri?cation 
order to increase order distances betWeen child and parent 
design cells, While generating the parallel veri?cation order. 
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22. The computer system of claim 21, wherein said 
processors further execute the plurality of programming 
instructions to generate a cell based topologically ordered 
data structure of the design cells, and to adjust the cell based 
topologically ordered data structure to increase order dis 
tances betWeen child and parent design cells Without vio 
lating their topological order, While optimiZing the cell 
based parallel veri?cation order. 

23. The computer system of claim 22, Wherein said 
processor further execute the plurality of programming 
instructions to generate a cell based depth-?rst sort data 
structure of the hierarchically organiZed design cells, While 
generating the cell based topologically ordered data struc 
ture of the design cells, and to locate neW veri?cation 
positions for the design cells in a later veri?cation direction 
subject to the topological order, and reposition the design 
cells to the neW veri?cation positions, While generating the 
cell based topologically ordered data structure of the design 
cells. 

24. The computer system of claim 23, Wherein said 
processors further execute the plurality of programming 
instructions to number the design cells in accordance With 
the design cells’ positions in a breadth-?rst sort data struc 
ture and to determine hoW far in the later veri?cation 
direction each of the design cells can be repositioned With 
out passing the particular design cell’s parent design cell or 
other design cells With higher numbering, While locating 
neW veri?cation positions for the design cells. 

25. The computer system of claim 20, Wherein said 
processors execute the plurality of programming instruc 
tions to verify up to n design cells in parallel, Where n equals 
maximum number of concurrent execution supported by the 
processors, and Wherein all child design cells of each of the 
n design cells have been veri?ed. 

26. The computer system of claim 20, Wherein said 
processors execute the plurality of programming instruc 
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tions to inject a number of neW intervening constituent 
design cells to re-express a design cell in terms of the neWly 
injected intervening constituent design cells. 

27. The computer system of claim 26, Wherein said 
processors further execute the plurality of programming 
instructions to inject the neW intervening constituent design 
cells, employing a selected one of a number of pattern based 
recognition techniques and a placement based technique. 

28. The computer system of claim 27, Wherein said 
processors further execute the plurality of programming 
instructions to determine a number of metrics to pro?le 
placements of constituent design cells of the design cell, and 
to generate the neW intervening constituent design cells 
using the determined metrics, to inject the neW intervening 
constituent design cells using the placement based tech 
nique. 

29. An apparatus comprising: 

means for determining a cell based parallel veri?cation 
order for a plurality of hierarchically organiZed design 
cells of an integrated circuit design; and 

means for verifying the design cells in accordance With 
the cell based parallel veri?cation order, With at least 
some of the design cells being veri?ed in parallel. 

30. A method comprising the steps of: 

a ?rst step of determining a cell based parallel veri?cation 
order for a plurality of hierarchically organiZed design 
cells of an integrated circuit design; and 

a second step of verifying the design cells in accordance 
With the cell based parallel veri?cation order, With at 
least some of the design cells being veri?ed in parallel. 


