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* Introduction

Present design process oi analog integrated
cireuits

- Time-consuming hand-craticd layout

- Rough estimation and complex: constraimis

Analog device/celliplacement 1s, one; ol the
MOESt signriicant stages i thelayoui synthcsis

Placement siratcgicstioranalogimicgraicd
CICTIILS




* Review of Prior Work

Topological representations for digital layout
placement design

Absolute-coordinate representation used in a
iew well-known analeg layout automation
SY/SUE1S

O=tice and Br=iree o satisiyimg the analog
SyImmeiEy: constramis i thie placemeni probl e

S IICGES and I CGE representationsHior analog
placement propicm




* SP Symmetric-Feasibility Conditions

a <aand B7' < B3, 0(a,a)OT,(b,p") O ,a % b




TCG Representation

Horizontal transitive closure graph G, and
vertical transitive closure graph G

A valid TCG has three properties




* Conversion Between SP and TCG

Given a SP, its corresponding TCG can be
constructed in O(#°) time

Given a TCG, its corresponding SP can be
constructed i Of7) time

- vertices m O=sequence; are ondered meremenially
according to)the sum ol m-degree i G, and oui-
degree 1 G ol eachi Veriex

- vertices m [Seseduencel are ordercd imerementally;
dcconding 1o the sum ol im-degrees in bouh G; and G
Ol CAChI VETIEX:




«X— TCG Symmetric-Feasibility Conditions

For (a, a’)ell and (b,b*)ell, a TCG (G, and G, )
representation 1s symmetric-feasible it both of the
tollowing conditions are satisficd:

G i a

= by al b

inG:atheh b La
WHETE =y denotes thiat the two, Cases betone and aiter
thrsysymbelfcanne sumiiltancousiy appear i the

same 1HCGE




* Symmetric-Feasible TCG

emma: Any placement containing a symmetry.

group can be represented with a symmetric-
ieasible TCG

Four cases for two symmetric paits/cells

- [W0 Symmetiic pais

- one symmettic=pait and one seli=symmetiic cell
- two seli=symmetric; cells

= bwo) cells i one SymimetiHe pai




Y -dimensional Symmetric Packing

Y-Dimensional Symmetric Packing
Begin
1 construct the topological order of the TCG;
2 calculate the vertical longest path of the TCG based on
the topological order;
for (each cell ¢; 1n the topological order) {
if (¢; has a symmetric counterpart ¢;) {
it (AY =c¢.y-¢.y<0){
shift ¢; and 1ts G, fan-out cells for -AY; }
else it (AY =c¢,.y-¢.y>0) 4
shift ¢; and 1ts G, fan-out cells for AY; }§ |




X-dimensional Symmetric Packing

X-Dimensional Symmetric Packing
Begin
construct the topological order of the TCG;
calculate the horizontal longest path of the TCG based on the topological order;
determine the symmetry axis, and label the symmetric cells, which are chosen to calculate the symmetry axis, as c;
and ¢;, (i/);
for (any unprocessed symmetric cell ¢, i<s<j) {
if (c; has a symmetric counterpart ¢;) {
shift symmetric pair (¢, c;);
mark ¢, and ¢, as processed; } }
for (any unprocessed symmetric cell ¢, j<s<n) {
if (¢, has a symmetric counterpart ¢;) {
shift symmetric pair (¢, ¢,); }
else if (¢, 1s a self-symmetric cell) {
symmetrically shift cg; }
mark c,(c;) as processed; }
for (any unprocessed symmetric cell ¢;, 0<s<i) {
15 if (c; has a symmetric counterpart ¢,) {
16 shift symmetric pair (c,, ¢,); }
17 else if (¢, 1s a self-symmetric cell) {
18 symmetrically shift c; }
19 mark c; (¢,) as processed; }
End




Symmetric-Feasible TCG and
Symmetric Placement

Lemma: Given a symmetric-feasible TCG

containing a symmetry group, one can build a
placement satisiying the positioning and the

Symmetry constraints in O(77) time




*Perturbation of Symmetric-Feasible TCG

Three operations for TCG perturbation

- vertex rotation

- Symmetric-swap

- edge change

[Cemma: TCG; 18 still symmetric-icasible and valid

under the vertex=rotation operation, and this operation
takes O time

Cemmes Given a symmeticsicasible TEG; the
iesultmg I CGE Alte a Symmetic-Swap opetation s still
syrmmetrc=icasivlcrand valids and i takesi O ) e




Edge Change Operation

randomChangeTcgEdges

(Input: a symmetric-feasible TCG, Output: TRUE for a successful random edge-change operation and FALSE for a

failure random edge-change operation)

Begin

1 randomly choose one vertex a;

2 if (a 1s symmetric) {

3 obtain the slack range of vertex a in the 0- (B-) sequence and save them into Set-A (Set-B);

4 in Set-A (Set-B), randomly pick up one vertex b (a#b) and only keep the vertices between a and b (including b)
in the corresponding set;

5 randomly choose to operate on Set-A or Set-B;

6  for (each vertex c in Set-A (Set-B)) {

7 move (move-reverse) the edge between a and c;

8 if (c is a symmetric vertex and the updated (a, ¢) or (', ') violates symmetric-feasibility Egs. (2) and (3)) {

9 the random edge change fails and return FALSE;} } }

10 else {

11 randomly pick up one vertex b (a#b);

12 obtain the vertices lying between a and b in the 0- (B-) sequence and save them into Set-A (Set-B);

13 for (each vertex ¢ in Set-A (Set-B)) {

14 move (move-reverse) the edge between a and c;} }

15 the random edge change is successful and return TRUE;
End




*Perturbation of Symmetric-Feasible TCG

Lemma: Given a symmetric-feasible TCG, the
perturbed TCG 1s still symmetric-feasible and valid
under the certain edge change operation, and such an
operation takes Ofn) time

ITheerem: The solution space of symmetiic-teasible
TCG can be fully explored using random Vertex
HOLALION,, Sy MIMEHC-SWap, cdgc change operations, Fhe
iranstiommation O tworneighbormg Soluiions represented
m PCGE takes at most Oz time




* Experimental Results (1)

Coded i C++ and compared with other two approaches

- AbsPlace., one absolute placement scheme using
absolute coordinates

- SymmSP, an implementation using SP symmetry-
icasibility: conditions

Simulated-anncaling based symmetny-aware TCG
placement algomithmm

Pedicated cost ilnchion:

c=a, C +a C +a. C

area —area nets —nets Size ~size




Experimental Results (11)

Analog
Circuits

AbsPlace

SymmSP

SymmTCG

Rail-to-rail
Opamp

119.6%

106.2%

142643

134.2%

94.5%

48

Comm.-mode-
feed. Opamp

126.6%

109.2%

306512

136.3%

102.1%

72

[Low-noise
opamp

126.3%

105.7%

286559

139.5%

104.2%

84

Comparator

140.1%

121.6%

19720

152.5%

98.2%

118




Comparison of Approaches

Approaches Packing Perturbation Completeness
SP General O(nlglgn) O(l) Yes

Symm. om?) O(l) No
General O(nign) O(n)

Symm. om?) Om?)
General Oom?) Om?)

Symm. (this | O#?) O(n)
work)




CMOS Analog Comparator




*

Conclusions

A set of TCG symmetric-feasible conditions is
proposed

Solution space of symmetric placements can be

citiciently explored by evaluating symmetric-feasible
TCGs

[Fliicient strategy: (o1 generating random symimetic:
icasible TCG representations while kecpmg 1TCG
valid @) time

AW, packang schieme 101 syimmetrc-icasiblcr FfCG
2 stmlaicd=anncalmg bascd placcment al g onbhmm
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