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1 Intr oduction

Theproblemof finding sub-circuitdn alargercircuit arisesn mary contetsin computeraideddesign.See
Figurel(a)for aninstanceof thesubcircuita NAND gate)in themaincircuitshavnin Figurel(b). Thisis a

problemoftensolvedusingadhoctechniqueshatrely onthecircuit technologyandimplementatiordetails.
In fact, the problemof finding a subcircuitin a circuit canbe transformednto thatof finding a subgraptin

a graph. A solutionto the subgraphisomorphismproblemasa generalktechniquethatis applicableacross
technologiesndcircuit domainds proposedn [1].

2 Preliminaries

Beforespecifyingthe problem we needsomebackgroundnformationpresentedh thefollowing.

2.1 CDL andCircuit Graph

CDL isacommontext formatin theindustryto describea circuit design.A circuit designcanbe expressed
in differentstyles. Text formatsuchasCDL is preferableto computerswvhile graphrepresentatiois more
readableto humanbrains. Figure 2(a) givesa CDL descriptionof a NAND gatewhosecircuit graphis
shavnin Figure2(b). A circuit graphis anundirectedipartitegraphwith devices representedy squares,
forming onesetof vertices,and nets (wir es) representedby circuits, forming anotherset. A connection
betweenwo devicesis madeby connectingeachdevice vertex to a netvertex. Eachdevice andnet(wire)
have their own names.Deviceshave typeswhich distinguishthe devicesaccordingto their functions. In
Figure2(b), the MOS device hasthreeterminals,namelydrain, gate,andesource;amongthemtwo of the
terminalsbelongto class's” (drainandsource)while the otheroneis assignealass‘g” (gate).

2.2 CDL Syntax

The syntaxof CDL relatedto this problemis describedasfollows:

1 .subcktxxx terminal Jist
Specifyacircuit definition.

XXX Thenameof circuit.
terminal list Nodesthatcanbeconnectedrom outside.

Example:

.subcktnand2Z A B

A circuit namednand2 with threeterminals Z, A, and B.
Note:

A completedesignmayincludemorethanonecircuit definition. Nodesnotin theterminal
list arecalled“internalnodes), e.g.,net6.
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Figurel: Transistoflevel representationf anexamplecircuit. Thereis oneinstanceof the subcircuitin the
maincircuit attheright.

2 Mxxx drain gate source bulk model
Definea MOSFETdevice andits terminalconnections.
XXX Device name.
drain  Thedrainterminalnodename.
gate Thegateterminalnodename.
source Thesourceterminalnodename.
bulk Thebulk terminalnodename.
model Thedevicetypename.

Example:
MN3 Z B net6VSSn
An n-type MOS named N3 whosedrain, gate, source, and bulk are connectedto nodesZ,
B, net6,VSS,respectively

Note:

Drainandsourceareinterchangeableothey arein thesameclass's” while gateisin class
“g.” Sinceann-typeMOStypically connectdulk to VSSandap-typeMOS connectdulk
to VDD, we canignorethebulk connectiorin circuitgraph.Here VDD andVSSarecalled
“global nodes, meaninghatthey areall connectedhroughouthewholedesign.

3 Xyyy node_name_list subname
Defineacircuit instanceandits terminalconnections.

Yy Theinstancename.
node_name.list Thenodenamedo whichtheinstancdaerminalsconnect.
subname The circuit nameof thisinstance

Example:
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Figure2: (a) NAND gatedescriptionin the CDL format; (b) circuit graphof the NAND gate

.subckt nand2 Z A B
ends

. subckt TOP AA BB
Xl 1 net 6 AA BB nand2

. ends

An instance(named|1) of nand2 whosethreeterminals Z, A, B are connectedto nodesnet6,
AA, and BB in the circuit definition of TOP.

2.3 Hierarchical Structur eand Flattening

With the ability of defininginstanceof one circuit within anothercircuit, the whole chip designcanbe
representedly atreeor hierarchicaktructure If we replaceall theinstancesith their original circuit from
bottomto top in a hierarchicaldesign,we canendup with a flat circuit which consistsof only primitive
MOS devices.This processs calledflattening.

Figure4 givesa circuit flattenedfrom the examplehierarchicadesignshovn in Figure3. Notethatthe
device andnodenamesdn Figure4 werereassignesiumbers.A mappingbetweenthe nodenumbersand
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Figure3: Descriptionof anadderin the CDL format.

theoriginal namedor theterminalsof thetop cell “adder”is shavn in Figure5.

3 ProblemDescription

Givena FLAT circuit, for exampletheaddershown in Figure4, anda sub-circuitof it, for examplenand2
in Figure3, identify all theinstance®f the sub-circuitin the FLAT circuit.

4 Input

e FLAT Circuit: Pleaseeferto theexampleinputshovnin Figure4.

e Sub-Circuit: Seethesubcktnand?2 listedin Figure3.
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Figure4: Descriptionof the flattenedcircuit from thatlistedin Figure3.
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Figure5: Examplenodenumbemmapping.




5 Output

Reportinstance®f the subcircuitfoundfrom the givenflat circuit.

nand2: instance 1
ML 20 17 19 1 N
MR 1 7 20 1 N
\V/¢] 2 17 19 2 P
w4 19 7 2 2 P
nand2: instance 2
\Y14 22 5 21 1 N
VB 1 6 22 1 N
\Ye] 2 5 21 2 P
MLO 21 6 2 2 P
nand2: instance 3
(V78] 32 7 31 VSS N
MA4 VSS 16 32 VSS N
w45 vDD 7 31 vDD P
M4 6 31 16 VvDD VDD P
nand2: instance 4
A9 34 10 33 VSS N
\V/5Y0) VSS 12 34 VSS N
Vb1 vDD 10 33 VDD P
Vb2 33 12 VvDD VDD P
nand2: instance 5
Vb5 36 5 35 VSS N
Vb6 VSS 6 36 VSS N
Vb7 VDD 5 35 VDD P
Vb8 35 6 VDD VDD P

6 Language/Platbrm

e LanguageC or C++.

e Platform:SunOS/Solaris.

7 Evaluation

e Correctnesseffectiveness(numberof subcircuitinstancedound), performancefime and memory
usage.

e Notethat subcircuitidentificationin generalis an NP-hardproblem,andthusit is computationally
expensveto extractall instance®f asubcircuitfrom ageneratircuit. Youshallconsidethetrade-of
betweerefficiengy andeffectivenesgluringthetool development.
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e Pleasexpectthatthe problemsizecouldreachl10K.

8 Questions
Pleasereportary questionregardingthis problemto cad@i s. nct u. edu. t w with the email subject

“CAD Contest: Probl em 8. Yourquestion(swill beansweredn two weeks andthe Q&A’s will
be postedatthe contestwebsite.Bufers
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