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1. INTRODUCTION

When doing aspace resistance extraction, the nodes are classified withrdeeflag for
articulation reduction. Thareaflag can hee three values:

0 = non equi -potential node
1 = equi-potential |ine node
2 = equi-potential area node

The areaflag is set with functionsakelLineNode and makeAreaNode in the code.Also

the number of sets is counted withriablesequiLines and areaNodes for statistics. To

print these statistics, usepace option -i on the command line. Thearable
areaNodesTotal is used to count the "total ready area nodes". This counting is done in
function readyNode by testing the nodarea flag. Thenumber of area nodes in a ready
group can be printed with parametibug.ready_group The number is only printed

for nodes w/o seéerm and/or sekeepflag.

What is an equi-potential line node?

If we look where and when functianakeLineNode is called, we see that it is called in
function doEquiRectangle when \ariable equi_line _area is set and only for a high res
conductor Note thatequi_line_areais a parametemwhich is default "on". However,

note that functiordoEquiRectangle is only called for rectangle shaped tiles and possibly
only when parameteequi_line_ratio is greater than zero (cmflt "0"). Function
doEquiRectangle is only called when the tile is a ontpnTB or only conLR type tile.

Note that theonTB tile may not hge exra points on the vertical tile edges and the ratio
dy/dx must be >=equi_line_ratio. Note that theconLR tile may not hae exra points

on the horizontal tile edges and the ratio dx/dy must begt# _line_ratio. Function
doEquiRectangle creates an equi-potential line node in the center of the tile, see example:

€ )
conLR
dy tile 0) M
® %) \

dx

extra vert. point area=1 node

The tiles are classifiecbnTB in functionresEnumPair when a horizontal edge crossing
contains on both sides the same high res conduimd a tile with a high res d/s-area is
also classifiedonTB by a horizontal edge crossing between gate and d/s-area.

The tiles are classifiedonLR when a ertical edge crossing contains on both sides the
same high res conductoAnd a tile with a high res d/s-area is also classd@i.R by a
vertical edge crossing between gate and d/s-area.
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What is an equi-potential area node?

When we look in the code and look where functisakeAreaNode is called. We e that
function makeAreaNode is called in functionsdoRectangle and doEquiRectangle and
only is called for lav res conductor subnode3hese functions are called by function
triangular. And triangular is called by functiorresEnumTile, but only if the tile has a
high res conductor Thus, functiontriangular is not called for a completely Wores
conductor Tile example:

® o)
high res node low res node
points E point
o )
area=2 node

Notes about function reducArtDegree

See for an explanation of thmin_art_degree and min_degree heuristic also section
2.8.1 of the "Space UssrManual". Thesub-functioncalc_art_degree is used to madk

the code of functioneducArtDegree more easy to understand. The code tries to calculate
the art. degree for aarea=2 node by breaking the resistance graph in separate piéces.
uses the nodélag to skip non-separate node¥he function does not teka ssible
substrate resistor connection into account.

int calc_art_degree (node_t *n, int cx)

{
degree = 0;
for (con = n -> con[cx]; con; con = NEXT(con, n)) {
on = OTHER(con, n);
on -> flag = 1;
}
for (con = n -> con[cx]; con; con = NEXT(con, n)) {
on = OTHER(con, n);
if (on->flag) { on -> flag = O;
++degr ee;
for (r = on ->con[cx]; r; r = NEXT(r, on)) {
obn = OTHER(r, on);
if (obn -> flag) obn -> flag = 0;
}
}
}
return degree;
}

On the follaving page you can find the code of functimeglucArtDegree and some
comments and notes.
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int reducArtDegree (node_t **qn, int n_cnt)
{

for (i =0; i <n_cnt; i++) {
n=qnfi];
if (n->term>1) { n -> keep = 1; continue; }
n -> keep = 0;
cx = testRCelim(n);
if (!'n -> keep & artReduc && cx >= 0) {
if (n->area) {
if (n->area == 1) degree = 2;
el se degree = calc_art_degree (n, cx);
if (degree >= nin_art_degree || (degree > 1 &&
n ->res_cnt >= min_degree)) n -> keep = 1;

elseif (n->term {
if (mn_art_degree <= 1) n -> keep = 1;
}
}
if (!'n->Kkeep & !'n -> term {
elim(n);
gn[i--1 =qgn[--n_cnt];
}
}
return (n_cnt);

}

Some comments about the code of thevabreducArtDegree function. \ariable
artReduc can only be true by resistanceraction and is only true if one (or both) of the
parameteramin_art_degree or min_degreeis >= 0 and less than MAX_INTBoth
parameters are default MAX_INT (a specified value < 0 is changed into MAX_INT).

You e that the value of both parameters can set thekeegdlag, thus the node will be
retained in the netwrk. Notethat aterm node is alvays retained in the network, but the
keep flag can also be set for a term=1 node (which is n@traanode). Haovever, this
shall normally not happen, becausi_art_degree<= 1 is normally not used.

Note that thekeep flag is only used in functioneducMinRes for the min_res heuristic.
Nodes with a sekeep flag are not ealuated by functiorreducMinRes. But function
reducMinRes shall only @aluate nodes with an unskeep flag and that can only be
nodes withterm=1 status.

Note thatcx >= 0 guarantees that there is a resistor connected tormodad, because
the keep flag is not set, there is only one resistor type connected to the Rodever,
the noderes_cntcan be zero, because the resistor can be a substrate .rdsmithat
the substrate resistor is not ¢éakinto account when calculating the artgrée. Infact
the test forcx >= 0 is incorrect, becausewaot aways thekeep flag can be set for all
areanodes when parametenin_art_degree= 0 is pecified.

Note that the use of an art. degree of Zai@a=1 nodes does not follothe specification
of section 2.8.1 in the "Space Useanual”. Itcan better be coded ékhis:
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if (n->area ==1) {
if ((degree = n ->res_cnt) > 2) degree = 2;
}

When the suggested (typical) settings are used, art_degree=3 andmin_degree=4,
then thekeep for area=1 nodes is only depended of the nodg_cntand the choice of
parametemin_degree

By using a fixed art. degree of 2 farea=1 nodes and usingin_art_degree=2, then all
area=1 nodes will be retained in the netik and possible also nodes on a dead end
(dangling nodes). See following figure:

e

dead end?

Note that functiortalc_art_degree does not compute threal articulation dgree. Itdoes
not tale interconnect loops into account and does not find an ajteelef 1 for the
following cases:

1
: : art.degree=2 ? 3: \:

When we hee tree line nodes (x,y,z), then the order of processing of the nodes decide
of line node 'z’ is eliminated or notOnly when node 'z’ is done after 'x’ and 'y, it is
eliminated. Whemode 'y’ is done before 'X’, then the elimination is more compld/e

can add parametart_reduc_retry to process node 'z’ a second time and to eliminate it.
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When line node 'z’ is done before the other line nodes (and no retry is done), then it is
possible that node 'z’ becomes a dead end (a dangling node). See figure:

® >

r=1
r=res_cnt

The parametedelete _danglingis added to the code of functimeducArtDegree to
eliminate dangling nodes. Note that a dangling line node is also not eliminated when
min_art_degreeis <= 2. Thudelete_danglingmust werrule the art. parameters.

This gwves the following code:

int reducArtDegree (node_t **qn, int n_cnt)

{
for (i =0; i <n_cnt; i++) {
n=anfi];
if (n->term>1) { n-> keep = 1; continue; }
n -> keep = 0;
cx = testRCelim(n);
if (!'n -> keep & artReduc && cx >= 0) {
if (n->area) {
if (delete_dangling & n ->res_cnt < 2 & !n -> term
&% (n -> substrCon[cx] == 0 || n ->res_cnt == 0)) goto EI;
if (n->area == 1) degree = 2;
el se degree = calc_art_degree (n, cx);
if (degree >= min_art_degree || (degree > 1 &&
n->res_cnt >= mn_degree)) n -> keep = 1;
}
elseif (n->term& mn_art_degree <= 1) n -> keep = 1,
}
if (In->keep & !'n -> term {
El: if (delete_dangling & i & & n -> res_cnt <= 2) {
for (con = n -> con[cx]; con; con = NEXT(con, n)) {
on = OTHER(con, n);
if (on ->res cnt <=2 & !on -> tern {
for (j =0; j <i && qn[j] '= on; ++j);
if (j <i) {an[i--] =on; agn[j] = an[i]; }
}
}
}
elim(n); gn[i--] = qgn[--n_cnt];
}
}
return (n_cnt);
}

We nust look out forcx < 0 in the second delete_dangling test?

The Nelsis IC Design System



articulation reduction 6

The evolution of the reducArtDegree source code

The order problem &s no issue in early source code of functisducArtDegree (source
delta 4.10 to 4.14 in 1993¥-unctionreducArtDegree did not yet exist, bt was part of
functionreducGroupl . See following code part:

if (optRes & (min_art_degree >= 0 || min_degree >= 0)) {
for (i =0; i <n_cnt; i++) {

n=aqnfi];

n -> help 0; /* the articulation degree */

n -> keep 0;

cx = testRCelim(n); /* substrCon not tested! */

if (!'n-> keep & cx >= 0) {

for (con = n -> con[cx]; con; con = NEXT(con, n)) {

on = OTHER(con, n);
if (lon ->flag) { setBranch (n, on, cx); n -> help +=1; }

}

for (j =0; j <n_cnt; j++) gn[j] ->flag = 0; /* reset */
}
}
for (i =0; i <n_cnt; i++) {
n=aqnf[i];
if (!'n -> keep) {
if ((mMmn_art_degree >= 0 & n -> help + 0.5 >= nin_art_degree)
|| (n->help >1.5 &% n ->res_cnt >= min_degree)) n -> keep = 1;
}
if (n->area & !'n -> keep) { elim(n); gn[i--] = gn[--n_cnt]; }
}

}

Note that there are not yet substrate resistdhe flag member of all nodes is initial 0.
Function setBranch sets recursely node flags and counts the number of branches for
node 'n’. Thus, thereal articulation degree is computed and stored in the mede
member (a double)This is done in the first for-loop for all the nodes, which toeéd

to be lept. Whencx is >= 0, we knw that there is a resistor connected to node 'n’ and
that an art. degree for node 'n’ must be computed. And all node flags are reset again.
The second for-loop shalauate the computed art. giee of the nodes and can ketp
depended ofin_art_degreeand/ormin_degreeparameters. Thareanodes with unset
keepflag are eliminated. Note that terminal nodes must not be area nodes.

Note that arareanode is alvays kept whemmin_art_degree=0.

Starting with revision 4.15 (1993-09-20) the second for-loop is not more &senh that
moment on, the processing order of the nodes become important, because some nodes
may be eliminated during the art. reduction process. See code on next page.
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if (optRes & (min_art_degree >= 0 || mn_degree >=0)) { /* >= 4,15 */
for (i =0; i <n_cnt; i++) {
n =aqnfi];
n -> keep = 0;
cx = testRCelim(n); /* substrCon not tested! */
if (n->area & !'n -> keep & cx >= 0) {
n->help=0; /* the articulation degree */
for (con = n -> con[cx]; con; con = NEXT(con, n)) {
on = OTHER(con, n);
if (ton ->flag) { setBranch (n, on, cx); n -> help +=1; }

}

for (j =0; j <n_cnt; j++) gn[j] ->flag = 0; /* reset */

if ((mMn_art_degree >= 0 & n -> help + 0.5 >= nmin_art_degree)
|| (n->help >1.5 &% n ->res_cnt >= min_degree)) n -> keep = 1;

}

if (n->area & !'n -> keep) { elim(n); gn[i--] =qn[--n_cnt]; }
}
}

Note that this version depends or and does not alays keep ararea node when
min_art_degree=0. Notethat the nodéelp member needs not more be used for the art.
degree. Reision 4.19 (1993-12-23) adds the test (mirgrde >= 0) before (n -> help >
1.5) and remees the test for (n -> area) to compute the argrde. Inthat case the art.
degree is also computed for terminal nodeskaseg possibly set.

Starting with revision 4.22 (1994-08-05) a separatieicArtDegree function is created.
Now the art. dgree is only computed f@area nodes, for terminal nodes a degree of 1 is
used. Thenodeterm member is used in some tests, but the code is not really different.

Starting with revision 4.28 (1996-08-15) some major changes can be repddedrea
line nodes are introduced, whichvikaa fked at. degree of 2. FunctionsetBranch is not
more recursie and alsounsetBranch is added to reset thifag node members. Thus, not
more thereal articulation degree is computedlow also substrate extraction code is
added, functiortestRCelim is nav aso testing for substrCon/Cap and for junction caps.
Note that functionestRCelimis really added in revision 4.29 (1998-02-06).

Starting with revision 4.45 (2004-01-16) the testtesm > 1 is alded and setting the
keep member Line area nodes arewahanged int@rea=1 nodes.

Starting with revision 4.54 (2009-06-18) changed n -> help into tegieevariable.
Separate articulation degree testsdi@ma andterm nodes.

Starting with revision 4.55 (2009-06-28) revad functionssetBranch andunsetBranch.
Added theartReduc variable and remeed the test foroptRes min_art_dgree and
min_dearee. Noseparate code anymore for the aptResmode.

Starting with revision 4.59 (2010-05-04) reved tests formin_art_degree>= 0 and
min_degree>= 0. In revision 4.62 (2010-12-14) rewwd the test for n -> substr.
In revision 4.67 (2011-10-27) addddlete_danglingcode.
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How to implement an efficient art_reduc_retry?

We @an easy test on the end of thelflmwp of some nodes are eliminated and then jump
back and start functioreducArtDegree again. A jump back is not needed, if only nodes
on i=0 are eliminated. See following code:

int reducArtDegree (node_t **qn, int n_cnt)
{
begin_art:
retry = 0;
for (i =0; i <n_cnt; i++) {
n=qnfi];
if (n->term>1) { n -> keep = 1; continue; }
n -> keep = 0;
cx = testRCelim(n);
if (!'n -> keep & artReduc && cx >= 0) {
if (n->area) {
if (delete_dangling & ...) goto EI1;

elseif (n->term {
if (mMn_art_degree <= 1) n -> keep = 1;
}
}
if (!'n->Kkeep & !'n -> term {
El: if (i) {
if (art_reduc_retry) retry = 1,
else if (delete_dangling) { ... }

elim(n);
gn[i--1 =qgn[--n_cnt];
}

if (retry) goto begin_art;
return (n_cnt);

}

Maybe we dort'need to startwer agan by i=0, for example when the first nodes in array
gn have the term > 1 status. Possibly we can also swap nodes to the begin of gn?
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A more dficient calc_art_degree

The code to compute the art. degreeaf@ma=2 nodes can be impred:

if (n->area == 2) {
degree = calc_art_degree (n, c¢Xx);
if (degree >= min_art_degree ||
(degree >= 2 & n -> res_cnt >= min_degree)) {
n -> keep = 1;
conti nue;

}
We @an change it into:

if (n->area == 2) {
degree = calc_art_degree (n, cx);
if (degree < min_art_degree &&

(degree < 2 || n ->res_cnt < mn_degree)) goto nokeep;
n -> keep = 1;
conti nue;

}
And we can change it into:

if (n->area == 2) {
if (mn_art_degree < 2) {
if (n->res_cnt < mn_art_degree) goto nokeep;

}
el se {
mn=(n ->res_cnt < nmn_degree) ? mn_art_degree : 2;
if (n->res_cnt < nin) goto nokeep;
degree = calc_art_degree (n, cx);
if (degree < min) goto nokeep;
}
n -> keep = 1;
conti nue;

}

Thus, by amin_art_degree< 2 we dn’t need to compute the degree.
By amin_art_degree>= 2 we only need to compute the degree mBsacnt>= min.
This, because the art. degree i8agk <=res_cnt
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