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1 Intr oduction

Theproblemof findingsub-circuitsin alargercircuit arisesin many contextsin computer-aideddesign.See
Figure1(a)for aninstanceof thesubcircuit(aNAND gate)in themaincircuit shown in Figure1(b).Thisis a
problemoftensolvedusingadhoctechniquesthatrely onthecircuit technologyandimplementationdetails.
In fact,theproblemof finding a subcircuitin acircuit canbetransformedinto thatof findinga subgraphin
a graph.A solutionto thesubgraphisomorphismproblemasa generaltechniquethat is applicableacross
technologiesandcircuit domainsis proposedin [1].

2 Preliminar ies

Beforespecifyingtheproblem,weneedsomebackgroundinformationpresentedin thefollowing.

2.1 CDL and Cir cuit Graph

CDL is a commontext formatin theindustryto describea circuit design.A circuit designcanbeexpressed
in differentstyles.Text formatsuchasCDL is preferableto computerswhile graphrepresentationis more
readableto humanbrains. Figure2(a) givesa CDL descriptionof a NAND gatewhosecircuit graphis
shown in Figure2(b). A circuit graphis anundirectedbipartitegraphwith devices, representedby squares,
forming onesetof vertices,andnets (wir es), representedby circuits, forming anotherset. A connection
betweentwo devicesis madeby connectingeachdevice vertex to a netvertex. Eachdevice andnet(wire)
have their own names.Deviceshave typeswhich distinguishthedevicesaccordingto their functions. In
Figure2(b), theMOS device hasthreeterminals,namelydrain,gate,andesource;amongthemtwo of the
terminalsbelongto class“s” (drainandsource)while theotheroneis assignedclass“g” (gate).

2.2 CDL Syntax

Thesyntaxof CDL relatedto thisproblemis describedasfollows:

1 .subckt xxx terminal list
Specifyacircuit definition.

xxx Thenameof circuit.
terminal list Nodesthatcanbeconnectedfrom outside.

Example:

.subcktnand2Z A B

A circuit namednand2with threeterminals Z, A, and B.

Note:

A completedesignmayincludemorethanonecircuit definition.Nodesnot in theterminal
list arecalled“internalnodes,” e.g.,net6.
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Figure1: Transistor-level representationof anexamplecircuit. Thereis oneinstanceof thesubcircuitin the
maincircuit at theright.

2 Mxxx drain gate source bulk model
Definea MOSFETdeviceandits terminalconnections.

xxx Devicename.
drain Thedrainterminalnodename.
gate Thegateterminalnodename.
source Thesourceterminalnodename.
bulk Thebulk terminalnodename.
model Thedevice typename.

Example:

MN3 Z B net6VSSn

An n-type MOS named N3 whosedrain, gate, source, and bulk are connectedto nodesZ,
B, net6,VSS,respectively.

Note:

Drainandsourceareinterchangeable,sothey arein thesameclass“s” whilegateis in class
“g.” Sinceann-typeMOStypically connectsbulk to VSSandap-typeMOSconnectsbulk
toVDD, wecanignorethebulk connectionin circuitgraph.Here,VDD andVSSarecalled
“global nodes,” meaningthatthey areall connectedthroughoutthewholedesign.

3 Xyyy node name list subname
Definea circuit instanceandits terminalconnections.

yyy Theinstancename.
node name list Thenodenamesto which theinstanceterminalsconnect.
subname Thecircuit nameof this instance

Example:
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Figure2: (a)NAND gatedescriptionin theCDL format;(b) circuit graphof theNAND gate

.subckt nand2 Z A B

...
ends

.subckt TOP AA BB
XI1 net6 AA BB nand2
...
.ends

An instance(namedI1) of nand2 whosethreeterminals Z, A, B are connectedto nodesnet6,
AA, and BB in the circuit definition of TOP.

2.3 Hierar chical Structur eand Flattening

With the ability of defining instanceof one circuit within anothercircuit, the whole chip designcan be
representedby a treeor hierarchicalstructure.If wereplaceall theinstanceswith their originalcircuit from
bottomto top in a hierarchicaldesign,we canendup with a flat circuit which consistsof only primitive
MOSdevices.This processis calledflattening.

Figure4 givesa circuit flattenedfrom theexamplehierarchicaldesignshown in Figure3. Notethatthe
device andnodenamesin Figure4 werereassignednumbers.A mappingbetweenthenodenumbersand
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.subckt nand2 Z A B .subckt or2 Z A B
MN3 Z B net6 VSS n XI1 Z net8 inv
MN2 net6 A VSS VSS n XI0 net8 A B nor2
MP1 Z B VDD VDD p .ends or2
MP0 VDD A Z VDD p
.ends nand2 .subckt orand2 AO OO A B C

XI3 AO C net6 and2
.subckt inv Z A XI2 net6 B A and2
MN1 Z A VSS VSS n XI1 OO net14 C or2
MP0 VDD A Z VDD p XI0 net14 A B or2
.ends inv .ends orand3

.subckt and2 Z A B .subckt adder Carry Sum A B C
XI1 net6 A B nand2 XI8 net10 net9 A B C orand3
XI0 Z net6 inv XI7 Sum net17 inv
.ends and2 XI6 Carry net26 inv

XI5 net17 net16 net10 nor2
.subckt nor2 Z A B XI4 net26 net19 net30 nor2
MN3 Z B VSS VSS n XI3 net23 A B or2
MN2 Z A VSS VSS n XI2 net19 net23 C and2
MP1 net14 B Z VDD p XI1 net16 net26 net9 and2
Mp0 VDD A net14 VDD p XI0 net30 B A and2
ends nor2 .ends adder

Figure3: Descriptionof anadderin theCDL format.

theoriginalnamesfor theterminalsof thetop cell “adder” is shown in Figure5.

3 ProblemDescription

Givena FLAT circuit, for exampletheaddershown in Figure4, anda sub-circuitof it, for examplenand2
in Figure3, identify all theinstancesof thesub-circuitin theFLAT circuit.

4 Input
� FLAT Cir cuit: Pleasereferto theexampleinputshown in Figure4.

� Sub-Circuit: Seethesubcktnand2 listedin Figure3.
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.subckt adder 3 4 5 6 7 M21 1 6 25 1 N M42 30 5 2 2 P
M1 20 17 19 1 N M22 1 5 25 1 N M43 32 7 31 1 N
M2 1 7 20 1 N M23 25 6 26 2 P M44 1 16 32 1 N
M3 2 17 19 2 P M24 26 5 2 2 P M45 2 7 31 2 P
M4 19 7 2 2 P M25 1 11 4 1 N M46 31 16 2 2 P
M5 1 19 9 1 N M26 4 11 2 2 P M47 1 31 14 1 N
M6 9 19 2 2 P M27 1 12 3 1 N M48 14 31 2 2 P
M7 22 5 21 1 N M28 3 12 2 2 P M49 34 10 33 1 N
M8 1 6 22 1 N M29 1 9 11 1 N M50 1 12 34 1 N
M9 2 5 21 2 P M30 1 13 11 1 N M51 2 10 33 2 P
M10 21 6 2 2 P M31 11 9 27 2 P M52 33 12 2 2 P
M11 1 21 17 1 N M32 27 13 2 2 P M53 1 33 13 1 N
M12 17 21 2 2 P M33 1 15 12 1 N M54 13 33 2 2 P
M13 1 23 10 1 N M34 1 14 12 1 N M55 36 5 35 1 N
M14 10 23 2 2 P M35 12 15 28 2 P M56 1 6 36 1 N
M15 2 7 23 1 N M36 28 14 2 2 P M57 2 5 35 2 P
M16 1 18 23 1 N M37 1 29 16 1 N M58 35 6 2 2 P
M17 23 7 24 2 P M38 16 29 2 2 P M59 1 35 15 1 N
M18 24 18 2 2 P M39 1 6 29 1 N M60 15 35 2 2 P
M19 1 25 18 1 N M40 1 5 29 1 N .ends
M20 18 25 2 2 P M41 29 6 30 2 P

Figure4: Descriptionof theflattenedcircuit from thatlistedin Figure3.

1: VSS 5: A
2: VDD 6: B
3: CARRY 7: C
4: SUM

Figure5: Examplenodenumbermapping.
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Output

Reportinstancesof thesubcircuitfoundfrom thegivenflat circuit.

nand2: instance 1
M1 20 17 19 1 N
M2 1 7 20 1 N
M3 2 17 19 2 P
M4 19 7 2 2 P

nand2: instance 2
M7 22 5 21 1 N
M8 1 6 22 1 N
M9 2 5 21 2 P

M10 21 6 2 2 P

nand2: instance 3
M43 32 7 31 VSS N
M44 VSS 16 32 VSS N
M45 VDD 7 31 VDD P
M46 31 16 VDD VDD P

nand2: instance 4
M49 34 10 33 VSS N
M50 VSS 12 34 VSS N
M51 VDD 10 33 VDD P
M52 33 12 VDD VDD P

nand2: instance 5
M55 36 5 35 VSS N
M56 VSS 6 36 VSS N
M57 VDD 5 35 VDD P
M58 35 6 VDD VDD P

6 Language/Platform
� Language:C or C++.

� Platform:SunOS/Solaris.

7 Evaluation
� Correctness,effectiveness(numberof subcircuitinstancesfound), performance,time andmemory

usage.

� Note that subcircuitidentificationin generalis an NP-hardproblem,andthusit is computationally
expensiveto extractall instancesof asubcircuitfrom ageneralcircuit. Youshallconsiderthetrade-off
betweenefficiency andeffectivenessduringthetool development.
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� Pleaseexpectthattheproblemsizecouldreach10K.

8 Questions

Pleasereportany questionregardingthis problemto cad@cis.nctu.edu.tw with the email subject
“CAD Contest: Problem 8.” Your question(s)will beansweredin two weeks,andtheQ&A’swill
bepostedat thecontestwebsite.Buffers
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