INTERNATIONAL IEC
STANDARD 61523-2

First edition
2002-05

o

Delay and power calculatior

Part 2:
Pre-layout delay F: specification
for CMOS gsm

Reference number
IEC 61523-2:2002(E)



https://iecnorm.com/api/?name=bb1b89d67c39720fffbb1c4158ac28b0

Publication numbering

As from 1 January 1997 all IEC publications are issued with a designation in the
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1.

Consolidated editions

The IEC is now publishing consolidated versions of its publications. For example,
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publicatjon, the

base publication incorporating amendment 1 and the base publication incofporati
amendments 1 and 2.

Further information on IEC publications

thus ensuring that the content reflects current technology.
this publication, including its validity, is available ,jnh
publications (see below) in addition to new editions, a

you to search by a vari
committees and date of p
recently issyed publjeatiqns) withq



https://iecnorm.com/api/?name=bb1b89d67c39720fffbb1c4158ac28b0

INTERNATIONAL IEC
STANDARD 61523-2

First edition
2002-05

Part 2:
pre-layout delay c

0 IEC 2002 O Copyright - all rights reserved

No part of this publication may be reproduced or utilized in any form or by any means, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the publisher.

International Electrotechnical Commission, 3, rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland
Telephone: +41 2291902 11 Telefax: +41 22919 03 00 E-mail: inmail@iec.ch  Web: www.iec.ch

PRICE CODE W

Commission Electrotechnique Internationale
International Electrotechnical Commission

MexayHapoaHas 3nekTpoTexHuyeckas Komuccusa For price, see current catalogue



https://iecnorm.com/api/?name=bb1b89d67c39720fffbb1c4158ac28b0

-2- 61523-2 © IEC:2002(E)

CONTENTS

0 (=LY o P 3
T SCOPE AN ODJECT L. 5
2 NOIMALIVE FEIEIENCES . .uiiiiiiii et et e e en e e 5
3 Relations with other companion standards activities ..............ccocooiii 6
4 Terms and defiNitioNs ..o e 6
5 Pre-layout delay calculation method for CMOS ASIC libraries ............. e e e e e eas 7
Annex A (informative)  Four points interpolation .............cccooiii & (0

Annex B (informative)  Three ponts interpolation ....................... GG OGN )

Annex ¢ (informative)  Selection method of interpolation plang
Annex ) (informative) Theoretical accuracy comparison be

MEthOodsS ... G L N e N

Annex B (informative)  Application example........... o 0G0 e N e

Annex H (informative) = Example of Cn, Ts, Tpd tables by/ delajncalculz

ion language]|........ 35

O

S



https://iecnorm.com/api/?name=bb1b89d67c39720fffbb1c4158ac28b0

61523-2 © IEC:2002(E) -3-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

DELAY AND POWER CALCULATION STANDARDS -

Part 2: Pre-layout delay calculation specification
for CMOS ASIC libraries

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for gtandardizati pomprising
all n i promote
internptional co-operation on all questions concerning standardization in the elegt ic|fields. To
this epd and in addition to other activities, the IEC publishes International . i %ation is
entrudted to technical committees; any IEC National Committee interesed ith may
particlpate in this preparatory work. International, governmental and nox-gower ions liaising
with the QS i ernational
Organfization for Standardization (ISO) in accordance with conditiop &rmiR t ween the
two ofganizations.

2) The fprmal decisions or agreements of the IEC on techniga t , 1€ sible, an
internptional consensus of opinion on the relevant subjects g t j Y sentation
from

3) The dpcuments produced have the form of re i fi { the form
of stgndards, technical specifications, teehnisal r p i National
Com

4) In order to promote international unification, i i S ernational
Standprds transparently to the maximum/extent possi rds. Any
diverdence between the IEC Standard ang pbe clearly
indical

5) The IEC provides no marking p indi RPro e for any
equipment declared to be i Qi 3

6) Attentjon is drawn to the e subject
of patgnt rights. TT IEC

Internatjonal Standé tee 93:

Design putomati

The A on Working Group of EIAL EDA Technical Commitfee also

particip i iomvof this standard.

This standa of the EIAJ1 document: ASIC Library Representation (ALR)[1994.

The tex{ oflthis standard is based on the following documents:

FDIS Report on voting
93/151/FDIS 93/153/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This standard does not follow the rules for the structure of international standards given in
Part 2 of the ISO/IEC Directives.

NOTE This standard has been reproduced without significant modification of its original content or drafting.

1 Electronic Industries Association of Japan.
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IEC 61523 consists of the following parts, under the general title: Delay and calculation
standards:

IEC 61523-1:2001, Part 1: Integrated circuit delay and power calculation systems
IEC 61523-2, Part 2: Pre-layout delay calculation specification for CMOS ASIC libraries

The committee has decided that the contents of this publication will remain unchanged until
2006. At this date, the publication will be

reconfirmed,;

withdrawn;

replaced by a revised edition, or
amended.

@%
;
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DELAY AND CALCULATION STANDARDS -

Part 2: Pre-layout delay calculation specification
for CMOS ASIC libraries

1. Scope and object

This standard specifies the pre-layout delay calculation method for
CMOS1YASIC? Libraries which contains cell based primitives and

memories to be used during the pre-layout design phase of Logic

simprtatromn, Tmmmg vertfication, anmd Cogic symthesTs:

Theldelay calculation method addressed in this standard consists 9

1) Bstimation of wire capacitance and
2) Delay calculation method based on tablelook-up.
Wit

Thi
stan

Sco

The
calo
Dur
The
for

wid
usin
The

of ¢

between linear interpolation and SPICE result.

2. Normative references

The following referenced documents are indispensable for the application of this
document. For dated references, only the edition cited applies. For undated references,

the latest edition of the referenced document (including any amendments) applies

IEEE Standard 1481:1999, Integrated Circuit (IC) Delay and Power Calculation System.

Y Complementary metal oxide semiconductor (CMOS).
? Application — Specific Integrated Circuits (ASIC).
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3. Relations with other companion standards activities

The input to the delay calculator are net list and library.

The net list is described on either Verilog or VHDL.

The library consists of a functional part and a delay parameter part.
The functional part of the library is covered by Verilog or VHDL.

NOTE The delay parameter part of the library has not been standardized ,
because it depends strongly on the delay calculation method. EIAJ/ALR versionl.1

a1 P PR T PR PR 3 PRI PR TS SR I
describedtie acIay CalCulation mMetnod, and tne aclay CalCulation Metnod O ETAJ/ ALK

versjonl.1 is represented by DCL and DCL-PI standard(IEEE 1481).

This part of IEC 61523 specifies in detail a table look up calcul
for CMOS ASIC library".
The| output of the delay calculator is a Standard Delay &

4. Tlerms and Definitions

cap
s

d

DCL:

from

logic synthesizer: CAD package function performing the translation from

RTL-level descriptions to Gate-level descriptions.

port to port delay: One meaning is pin to pin delay inside of gate. The other is pin
to pin delay between gates.

pre-layout: Design phase before layout, i.e.logical design phase.

propagation delay: Traveling time of a given edge of a signal. Usually it is

separated into two items: i.e.propagation delay inside a gate and propagation

) This is not defined in EIAS/ARL version 1.1.
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delay from the output of a gate to the input of another gate which is driven by it.

SDF: Standard Delay Format.

simulator: CAD package function of the circuit simulator based on behavior, network,

and stimulus. There are Digital and Analog Simulators.
SPEF: Standard Parasitic Exchangeable Format.

SPICE: Simulation Program similar to the program with the same name

developed at UC Berkeley. The simulation results are in terms of continuous

waveforms representing current or voltage. It emphasizes Integrated Circuit timing

and waveforms

timing verifier: CAD package function that checks register to registér\i
violations

af setup and hold time. Network description and clock tipaing
transient timing group: Group of signal values. The delay w

definedwhen the signal changes from one value to

Tinfing design is the critical issue

the fetail pre-layout delay calculati

5.1 PDelay model

When considering

items should

apacitance-based) timing model, two

delay timing and (2) input slew rate eff]

bCt.
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4 TwoStepDelayCalculation
step1: Calculate < InputSlew Rate >
step2: Calculate < PorttoPort PropagationDelay;Tpc

by using < InputSlew Rate >

<InpuSlewRate: _

Figuy

The is the
‘Net ¢ rond is
‘Input slew rate hamed
Tpd thble). As a e, and
Ts talple. And Lt slew
rate, gnd T; €

The
apprq
stand; jor BDA vendors. The other is linear interpolation approximation by 3 points. This
appraximation is more accurate than bilinear interpolation, and both linear and bilinear methods dan use
the same Tpd table.

5.2.1 Load capacitance estimation

First step is to estimate the load capacitance of each net. Load capacitance is estimated

by the following rule.

agation delay is\calcutated using a Tpd table by applying one of the methods for interpglation
1S bilipear interpolation approximation by 4 points. This method will be de ficto

Load Capacitance =  (Input port capacitance) + estimated net capacitanc
where  (Input port capacitance) is the summation of input port capacitance
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in the net

The estimated capacitance is a function of fanout and estimated size which is calculated by summing
up the cell size of all cells in the top hierarchy to which the net belongs. So, to estimate capacitance, a
two dimensional table is used. Indices of the table are fanout and sum of cell size. Different tables
should be prepared according to chip size(standard cell) or type of base array(gate array). As shown in
figure 2, each net capacitance is calculated by step interpolation using Cn table.

Capacitance
40 -

30 -

ol Q @
(.
&

Fanout

A0 1040 40,100

10]
Size]

521

Cnt i i ional matrix specified for each design methodology, i.e. gate array, sthndard
cell(§ .
The Lstundex is size( S[]): sum of cell size_or sum of number of gates_or base array size for gate
array.

The 2nd index(  Folj]) is the number of fanout in net.

The value(  C[i][j]) is pre-defined capacitance value.

where

1 1 M(Mis effective maximum number of size values used),

1 j  N(Niseffective maximum number of fanout values used).

Cli][7] has a real value.

Values of S[i] and Fo[j] have 2 integer values each, which are in the following relationship;
0 first value second value,
second value of S[i] = first value of S[i+1],
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second value of Fol[j] = first value of Fo[j+1],
first value effective value second value,
Cn[1][j] is real value, unit is pF or fF.

5.2.1.2 Net capacitance( CnE ) estimation rule
The Net capacitance estimation (CnE) is specified below.
If the size is ranged in S[i] and the fanout is ranged in Fo[j]

cn
CNE = CAfi][] . s (1)

If the size is less than the first value of S[1], then setito 1.

If th size 1s greater than or equal to the second vale of SIM], then set1to M.
If the fanout is less than the first value of Fo[ 1], then setj to 1.

If the fanout is greater than or equal to the second value of Fo[N],

then[set j to N.

The apply it to function (1).

5.2.2 Input slew rate calculation
Inpyt slew rate is calculated by linear interpolation shown i

Time

S]]

] | N

S[1] -
/\% \ ! !
N\
N [1] Cl] CLO  Cli+l] C[N] Cap.

Figure 3. Example of input slew rate calculation

5.2.2. T Tstablespecification
A Ts table is a one dimensional matrix for each transient timing group.(See F.2)

Theindex( CJi]) is the capacitance of the net which includes the input of the target gate,
The value(  SJi]) is the characterized input slew rate
where
2 1 N(Niseffective maximum number of capacitance values used,
C[i] has 1 real value of capacitance, unit is pF or fF,
0 Cf] (it
S[i] has 1 real value of time, unit is ns.
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5.2.2.2 Input slew rate(  Ts0) calculation rule
To calculate input slew rate by Ts table, the linear interpolation method will be applied between C[i]

and C[i+1].

If target input capacitance(  C0) is ranged between C[i] and C[i+1]

then

TsO=a  CO+D s )

wherea=(S[it1] S[i]) (C[itl] C[i])

b=(C[tFI] S[ C[J S[EFI]) (C[FI] CLD.

If target input capacitance is less than C[1], then setito 1.
If target input capacitance is greater than C[N],

then setito N-1.

Then apply it to function of (2).

5.2.3 Port to Port propagation delay time calculation

tabl usinz
%iﬂ] 1
\ -

Portfto port delay is calculated using as either a linear or a bilinear

interpolation method.

Time

_ [i+11r]
1]

1] Ts[i] TsO Ts[i+1] Ts[M] Time
\ | \

1]

CIy

1]

CIINT
Capacitance

Figure4. Example of propagation delay time calculation
5.2.3.1 Tpd table specification
Tpd table is a two dimensional matrix for each transient timing group.(See F.3)
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The 1stindex ( Ts[i]) is input slew rate,
The 2nd index(  Cl[j]) is load capacitance of output of gate,
The value ( Tpd[i][j]) is characterized propagation delay time,
where

2 1 M(Miseffective maximum number of input slew rates used),

Ts[i] has 1 real value of time, unit is ns,

0  Ts[i] Ts[i+1],

2 j  N(Niseffective maximum number of load capacitance values of

gate output used),

Cl[j] has 1 real value of capacitance, unit is pF or fF,

0 Clj] CIjt+1y,

Tpd[i][j] has 1 real value of time, unit is ns,

Tpd[j]  Tpdfi+!IG, Tpdfli+]  Tpdfi+1IfAL

523,
Toc

D Selection rule of 4 points

(T
If

if ta

5.2.3 3 Propagation delay time(_Tpd0) approximation
Two methods are specified here.
One is to solve bilinear interpolation (Z=a X+b Y+c X Y+d).
See Annex A in details.
Another method is the linear interpolation based on 3 points which are selected from
4 points shown in figure 5. (See Annex F.4 for detail interpolation example)
5.2.3.3.1 Selection rule of 3 points
Tpd is slowly increasing convex function with negative second derivatives.
In this case, 3 point linear approximation is more accurate than bilinear interpolation
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,especially more accurate for smaller tables.
See Annex B for details. Tod[i+1][+1]
pd[i+1][j+1]

Tpd[i]i+1]
Tpd[i]j+1 pd[i+1]0]

Tpd[i+1][] Tpd(i]]
Tpd[i[]

Tp

,and Tpd[i][j+1]

5.2.3.3.2 Tpd calculation by linear interpolation method
Tpd is calculated using the following equation. ( See Annex B)
Z=Tpd[i][i+1] HTpdfi]j] Tpd[li+1) (CIj] Clf+1]) (CLL  CIf+])
Tpd0=Z+ (Tpd[i+1]j-Tpd[IGDATs[i+1]-Ts[ix(TsO-Ts[i]) ... (3)
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Cl[j+1] Tpd[i][j+1]

CL1 d0

Cl[j] Tpd(H0]

T[] Ts0

Figure®6. Interpalation for right ang

o
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Annex A. (Informative)
Four pointsinterpolation

Here, we explain bilinear interpolation by four trapezoidal points.

Y A
y2
Y
y1
>
Whe points(x11,y1), (x12,y1), (x21,y2), (x22,y2) are given and
fungti estimate
fung thod.(see
Figy
B(linear interpolation method uses following bilinear apprdximation

formula.

z = Ax+By+Cxy+D

A.l.Bilinear formula is "linear” on Y=yl, so we can evaluate Z1 by linear
interpolation(x11,z11)and(x12,z12).
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z12-711
Z1 =211+ (x-x11)
x12-x11
A.2. Bilinear formula is "linear” on Y=y2, so we can evaluate Z2 by linear
interpolation(x21,z21)and(x22,z22).

722-721
Z2 = z21+ (x-x21)
X22-x21

A.3.[Bilinear formula is "linear" on X=X, so we an _evakuate 2\by linegr

interpolation(yl ,Z1) and (y2 ,Z2).
Z2 -71
z=721+ ————

Consequently,
formula.

[T rapezo@

222-7221
Z2=721+ ————————  (x-x21)
X22-x21
Z2 -7Z1
z=721+ — (y-y1)

y2 -yl
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Annex B. (Informative)
Three pointsinterpolation

Here, we explain linear interpolation by three triangular points.

Z1 z “ Z2
y ;J_)\/
yl AN
SSUI
Q

v

X X3 X2 x2

Whe Ints (x1,y1),(x2,y1),(x3,y2) are given and functional jpalues of
each points zI ,zZ ,z3  are known, we estimate functional value z at (x, y) by
following linear interpolation method.(see Figure B.1)

B.1. Evaluate X1 by linear interpolation (y2 ,x3 ) and (y1 ,x1).

x1 -x3
X1=x3+ (y-y2)
yl-y2
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B.2. Evaluate Z1 by linear interpolation (y2 ,z3 ) and (y1 ,z1).

z1 -z3
Z1 =123+ (y-y2)
yl-y2

B.3. Evaluate X2 by linear interpolation (y2 ,x3 ) and (y1 ,x2).

X2 -X3
XP =x3 + (y-y2)
yl-y2
B|4. Evaluate Z2 by linear interpolation fy2
z2 -z23
Z2 =23 +
yl-y2
B|5. Evaluate z ear |
2
z=71 (x-X1)
AW
Wiher
z2 -z23 z1 -z3
Z2|-Z1=z3 + {y-y2)-z3 - (y-y?2)
yl-yZz yl-yz
z2 -z1

= (y-y2)
yl-y2
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X2 -x1
Similarly, X2 -X1= (y-y2)
yl-y2
Z2 -71 z2 -z1
So, ——=
X2 - X1 x2 - x1
z2 -z1
Therefore, z=271 +
X2 -x1
Copsequently, we can evaluate z at(x, y) by the

formula.

[Three points interpolation formula]

becomes

easi
[Thrée pointsinterpolation formula (right-angled)]
z1 -z5
Z=23+ —— (y-y2)
yl-y2
z2 -z1
z=7Z+ —— (X-x3)

X2 -x1
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Annex C (Informative)
Selection method of interpolation plane

the contents of this annex

We explain selection method of interpolation plane in calculation of the gate delay

value using table model. In the delay calculation that uses table model, the interpolation

method between points constituting a table is important. We analyzed the accuracy of the

dela

poin

C.1l1

B
intef
4 po

inter

value after interpolation using 3 points selected from 4 pgints surrqu
[ to be calculated.

A selection of interpolation plane (No. 1).
y choosing 3 points among 4 points surroungi he B 0, be calc
of interp
e need to se

nding the

Ilated, we
olation for

ect which

D
‘C |
(a)Points  A,B,C interpolation (b)Points B,C,D interpolatior

Figure C.1 selection of an interpolation plane (No.1)
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C1.2. A selection of an interpolation plane (No. 2)

A combined plane formed by two planes by selecting 3 points among 4 points become

convex or concave according to the combination of the planes as shown in Fig. C.1.

Hence, the selection of the combined plane shown in Fig. C.2 becomes the second

problem when calculating the delay from 4 points.

AT

(a)Convex (b) Concave

Figure C.2 A selection of interpolatio

C.2 Precision evaluation

C 2.1. A selection of interpolation piane (No.

poin
base

Fig.

A:(loadl,slewl,delayl)
B:(loadl,slew2,delay3)

: o X b C:(load2,slew1,delay3)
D:(load2,slew2,delay4)
load1<load2,slew1<slew2
A C delayl<delay2,delay3<delay4

X:(load3,slew3,delay5)

each combination of the p
 simulation for the point to be
coordinates and delay values ai

delay value of an actual cell.

anes for 4
calculated

e given in

load3>(load1+load2)/2
slew3<(slew1+slew2)/2

Figure C.3 Relation of each point
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(1

A discrepancy of a delay value at a point X i 5 wn
in Fip.

LUS]
Q
N

ion is as follows.
(1) the plane which is fo. i i 24.3[%]

med ¥ point ¥ -22.5[%
ry point A,B,D -7.6[%

aed by/point B,C,D -12.9[%

[Ty w—

R Petter result is obtained for the interpolgtion using
the point X than the combination of the planes (1) and
2) W

C.2.2

Y result of two kinds of interpolation method described befofe and the

resu

In this
comparison, we also used the delay value of an actual cell.
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A:(loadl,slewl,delayl)
B:(loadl,slew2,delay3)

B b C:(load2,slewl,delay3)
D:(load2,slew?2,delay4)
X. load1<load2,slew1<slew?2

delayl<delay2,delay3<delay4
X:(load3,slew3,delay5)

load3<(load1+load2)/2

slew3<(slewl-+slew2)/2

Figure C.5 Position relation of each point

b is above
he point X

and a line

of planes

simulation

undgrithe above assumption.

interpolation plane (convex) -3.3[%]

interpolation plane (concave) -29.7[%]

A good result of the interpolation is obtained when the combination of the planes are
so selected that the surface of delay curve become convex in the area surrounded by
points A,B,C and D .
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C.3. Consideration
A characteristic of a delay value table used for the above precision evaluation satisfies
the following conditions when expressed a delay value in F(load,slew) as a function of the
load capacitance and a input signal slew.
(1) F®(load,slew) > 0
(2) F@(load,slew) < 0

In other words, a curved surface of delay value expressed in F(load,slew) is

mon hvex in all
area H by a line
A-D [and C. On
the @ ves a good
resu rom these
cons bolated by
appl

Cc.4.

R harize the
divis 6 ace in one domain be f(load,slew), a
plan Slew and a
delay value in poi ve assume

that f<1>(|oad@v) ’

0

Division by a line B-D
Division by a line A-D
(load_d,slew_d) = delay_d A plane formed by points A,B,C and D

(2) " FY(load,slew) 0 && f@(load,slew) 0
(d) g(load_d,slew_d) > delay_d Division by a line A-D

(e) g(load_d,slew_d) < delay_d Division by a line B-C
(f g(load_d,slew_d) =delay_d A plane formed by points A,B,C and D

And, in the domain where f¥(load,slew) > 0 is not satisfied, we need to determine the
selection method of the plane according to the position relation of points A,B,C and D. For

this purpose, implementing the information of derivatives in the library will be helpful.
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Annex D. (Informative)

Theoretical Accuracy Comparison Between Two Interpolation Methods

As

an exanpl e of theoretical accuracy conpari son between | ocal -1i near

i nterpol ati on and bilinear i nterpol ation, we estimate these precisionin

case of the quadric surface z=Ax2+Bxy+Cy2+Dx+Ey on the rectangle
[0,S]X[0,T] (S, T>0).

W show that the Tocal-Tinear rnterpolation 1s betfer Whanp |bilinear
intdrpolation if |Bl is sufficiently small.
D.1.| Test surface
\e conpar e accuracy between two i nter pol ingthemtothe
foll owi ng quadratic surface z=Ax2 on [0, 9] X0, T]
S, T>0). By scaling x andy -di rectijon{T}t i o consi def in case
pf S=T=1. So we anali ze rface on [0, 1] X[ 0, 1].
z=Ax2+Bxy+Cy2+Dx+Ey
This test surface is cons it owi ng properties pf delay
sur flace.
a)| Del ay surface
b)| Del ay surf|a
<1)
D. 2.
D. 2]
Ap near interpolationto the test surface, we give fljol | owi ng

appr

oxi mati ory f or mul a.

z=(A+D)x+(C+ E)y+ Bxy
And the approximation error is

E,(x,y)= Ax* +Cy’ — Ax-Cy.

We estimate the maxi mum error of bilinear interpolation.

Fi

rst, on the boundary of square,
E,(x,0)=E,(x,))= Ax* — Ax
E,(0,y)=E,(1,y) = Cy* = Cy
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Hence,

Boundary maxi mum error _max{|A| |C|}
4 4

Next, the maximumerror in interior region is evaluated by stationary
val ue of E, (x,y).

HEITCLr,

_ _ |A+C|
nteri or nmaxi num err or

PpRIRLE

Thler ef ore, the maxi mum error of bilinear iR

9

{|A| |C| |A+c|} |4+C|
ME = max =
4°4° 4

becquse, 4<0,C<0.

D. 2.

e
approxi mati on er
fallling (RF) |0

(Fiqure D.@
Aplpl yi ng

I

igure D. 1

terpolation to the test surface,| we give

f ol | nmul a.
(x+y<1
(x+y>1
An
- Cy+ Bxy (x+y<1
A~ Cu L p/vn h' 1)J_1\ /vJ.n 1\
R S S LI AR Ao S

Especially, on diagonal line (x+y=1)
E pp(x,1=x)=(A+C—B)(x* —x)

And on the boundary of square,
Epp (x,0) = Eqpp (x,]) = AX® — Ax
Er(0,y) = Egpe(Ly) = Cy2 -Cy
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D. 2.3 RR local linear interpolation

We eval uat e approxi mati on fornula and error Figure D. 2

in dase of rightward rising (RR) Tocal ITnear

i nterpolation. (Figure D. 2) <\\\
Apppl ying RR I ocal linear interpolation to

the|test surface, we give follow ng approxi mati Q a.
(A+B+D)yx+(C+E)y (x<y)

—
(A+D)x+(B+C+E)y (x>y)

LN

And the approximation error
Ax® +Cy* —

i (x,) = g :
e Ax® +Cy* — Ax = B > )
Especi al I y, on di agonal b

I p (X, X) = (A +

An

He

D. 3. acy\ Comparison when |B| is sufficiently small

LF| B=0, E{(0,9) = Espp (x,9) = Eype (x,9) = Ax* + Cy* = Ax = Cy.

Here, we conpare accuracy between the local |inear interpolation and
the bilinear interpolation when |B| is sufficiently small, by using
perturbation method. Inthe follow ng, put B=be where b i s real nunber

and £ is very small positive nunber (order paraneter).

D.3.1 Bilinear interpolation

The maxi num approxi mation error of bilinear interpolation is
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|A+C|
ME, ="——.
4

D. 3.2 RF local linear interpolation

4 |

The maxi mumerror on the boundary of square is max{ T} and t hat on

|A+C—be|

t he[di agonal line (x+y=1) is The maxi i nterior

regifon is evaluated by stationary value of FE;.(

Thie stationary condition K s :aE“‘F =0
K P
1 1 be
2A(x— =) +be(y——) = -2
( 2) (¥ 2) 5 B
1 1 b
be(x——)+2C(y——) =—
( 2) (¥ 2) >
24 -1y +be(y -1y = 28
2 2 2 $>1)

By mation, the solution (x,,y,) ¢f above
equg
(x+y<1]
(x+y>1
Fr , the solution (x,,y,) i s consistent withrange clondition
if
Then the stationary value is
A+C_bg b2 1 1 2 3
E X, = (—+—)e +0(e
sz (X05Y0) 4 16(A C) ()
Therefore the maximm approximtion error of RF |ocal i near
interpolation is
|4+ C-b¢ ,
ME,,, =—+ 0(¢")
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D. 3.3 RR local linear interpolation

A
The maxi mumerror on the boundary of square is max{%,@} and t hat on
. . |4+ C+be . o .
t he diagonal line (x=y) is T The maxi mum error in interior
regifon 1s evaluated by stationary val Ue Of L,p(X,)).
JE JE
Thle stationary condition —=88 =" —( jg
ok o
1 1, be
2A(x ——)+be(y ——) = —
2 2 2
1 1. be (x5
be(x—=)+2C(y——)=——
( 2) (v 2) 5

be

1 1
2A(x— =) +be(y—=) = —
(x 2) (¥ 2) 5

1 1 be
be(x——)+2C(y ——) = —
(x 2) (v 2) 5

By

equa

the solution (x,,y,) ¢f above

(x<y)
(x>y)
Fr Solution (x,,y,) i s consistent withrange clondition
if 4
Th
o )__A+C+b£_b2(1+1)gq+U(€,)
3R X5V 4 164 C
Therefore the maxinmm approximation error of RR local |inear
interpolation is
|A+C+be| ,
ME ., =—+0(€7)

D. 3.4 Accuracy Comparison
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By above eval uati on, nmaxi mumapproxi mati on errors of i nterpol ati ons are

as foll ows.

A+C
ALE4:| | (bilinear)
|4+ C—be| 5 .
ME 4, =—+0(¢") (RF local linear)
|4+ C+Dbel ) .
=+ 0(&7) (RR local linear)

pRiviY

From A<0 and C<0, we give follow ng accurac

i ntgrpol ati ons.

i)l If b>0, then RR1local linear interpolati‘

i nt erpol ati on.

If p<0O, then RF local Iinear
i nt grpol ati on.

D. 4. Conclusion

We[ give the follow ng

i ntgrpolati on and Jbilinear

ctter

ali onVi s better

bilinear interpolation are sane.

%&Q bet ween

bi | i near
i nterpo i e than |pilinear

pari son between |ocal|l |inear

in case of quadratic| surface

iciently small, then RR | ocal |ilnear

than bilinear interpolation.

is sufficiently small, then RF |ocal |inear

than bilinear interpolation.

hen the accuracy of local |inear interpolat|{on and
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Annex E (Informative)
Application example

E.1. The contents of this Annex
We demonstrate the interpolation selection method by showing the example of delay

calculation of gates.

E.1.1 Inverter
We show the result of applying above described method to i y as an
%ristics.

@D
X
QD
3
=l
®
—
>
@D
=
=
Q
S
<
o
ol
c
(%2}
9%
[@F
>
@D
=
@D
Q
(72}
QD
>
@D
X
Q
3
=l
@D
>
Q
%)
-+
>

Cell type is inverter cell,
A table of 4 3 for a load capacitance
The load capacitance and input signal s ing,
Convex in all area.
Table]

—

Q aD AreaF
s Q@ f\\>o ® )
Q AreaqiA AreaC AreaE

S
=\

NN PN 0 0
dl load2 load3 load4

1 < load2 < load3 < load4 , slewl < slew2 < slew3

We.examine the position relation of _four points forming each area A - F. F¢r example,

we divide the area A so that the condition of convex is satisfied according to the position
relation of the point 5 and the plane formed by the points 1, 2 and 4. We will show the
result of the area division by examining the relation of the points for each area using the

actual delay data.

[Table after area division ]


https://iecnorm.com/api/?name=bb1b89d67c39720fffbb1c4158ac28b0

