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1.1.1

LSI

1970 10 m LSI 14nm

2000 18 2

Moore s law

1.1 International Technology Roadmap for Semiconductors(ITRS)[1]

2 3

0.7 CMOS 5nm

CMOS

ITRS

2022 4.5nm

1.1

1



2011ITRSExecutiveSummaryTechnologyTrends
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0
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20

1.1.2 LSI EDA

LSI (ASIC:

Application Specific Integrated Circuit) 1.2

EDA(Electronic Design Automation) [2]

[3] [4]

[5] [6] LSI

EDA

EDA LAVIS

1.1

ITRS 2011 Edition Executive Summary

2
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1.2 LSI

Fig.2 LSI Design and Manufacturing process



1.1.3 EDA

(1)

LSI

DFM:Design for

Manufacturing [7][8] DFY Design for Yield)[9]

2

Redundant Via Double-cut Via) [10][11]

VLSI 2570 2560 99.6

( 1.3)

EDA

EDA DRC: Design Rule Check

[12]

EDA DRC

LSI

( 1.4)

1.1.1 1.1.2 EDA

GDSII

4



-Yield improvement

Ex) In a GDSII data, 99.6% of total polygon belong to Via

Each Via makes one parallel
circuit

Computation cost increase

Unrealistic processing time

Wm
(Wire)

Wm
(Wire)

1.3 DFM

Fig 1.3 Side effect of DFM/DFY

1.4 EDA

Fig 1.4 Problems on EDA tool analysis/verification

Via count has exploded !
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(2) DRC

DRC LSI

[13]

[14]

( 1.5)

Schematic simulation proves this path

prone to EM, thereby a width

restriction to be applied.

DRC catches all errors on the traced

paths

Tons of errors detected, unless DRC

( including thin lines ).

1.5 DRC

Fig.1.5 PG-Wire and Design Rule Check

6



(3)

(4)DRC

(3) DRC

DRC

DRC

EDA DRC

DRC

7



1.2

EDA

2

2 LVS:Layout

Versus Schematic [15]

DRC

DRC

8



2

CPU 4 x AMD Opteron 850 (2.4GHz)

Memory 64GB

OS CentOS4 (x86_64)

CPU 8 x AMD Opteron 6128 (2.0GHz)

Memory 32GB

OS CentOS5 (x86_64)

2.1

EDA

2.1 2

9

2.1

Table 2.1 Experimental environment.



2.2

Fig.2.1 GDSII element type

GDSII GDSII

GDS Calma CAD

GDSII

[16][17] Stream

10

Boundary

SREF

Box

TextPath

AREF

VDD

GND

2.1 GDSII



2.3

2.3.1 EDA API

EDA LAVIS[18] LAVIS-plus[19]

LAVIS LAVIS-plus TOOL Corporation GDSII

OASIS[20][21] Viewer

NodeTrace DRC

LAVIS LAVIS-plus

API[13]

LAVIS LAVIS-plus

LAVIS-plus LAVIS

5 LAVIS-plus LAVIS

LAVIS LAVIS-plus API

API LAVIS LAVIS-plus

EDA API API

EDA

EDA API

EDA API API

EDA Python[22]

Tcl[23] Ruby[24]

LAVIS

EDA

EDA [25]

11



2.3.2

EDA API

(1) API OS

(2) OS API

(1) EDA OS API

LAVIS system API

Unix OS Perl Python

[26] EDA

(2) (1) OS

API EDA

API API

(1) API API

API

LAVIS API

OS Perl EDA

Perl system OS API

Perl LAVIS API

API Perl

source API

EDA API EDA

2.2

12



square-root.pl
(Perl)

system perlsquare-root.pl2 square-root.pl
(Perl)

system perlsquare-root.pl2

LAVIS API

sub_mod1.cmd
(described by LAVIS
original command)

Create

source sub_mod1.cmd

set val1.414

LAVIS API

sub_mod1.cmd
(described by LAVIS
original command)

Create

source sub_mod1.cmd

set val1.414

2.2 EDA API

414.12 414.12

Fig.2.2 API of EDA tool and script language

3 4

EDA LAVIS

EDA

EDA

LAVIS LAVIS-plus

5

LAVIS-plus LAVIS-plus API python

LAVIS

LAVIS-plus LAVIS API

LAVIS-plus python

import math

val = math.sqrt(2)

13



3 DRC

3.1

GDS LSI

DRC

DRC

[27]

DFM DFY [10][11]

LSI 2570

2560 99.6

EDA

EDA DRC

EDA DRC

LSI

14

DRC



2

EDA

2

DRC 1

DRC TOOL LAVIS 3.1

GDS [28]

[29]

GDS

15

3.2

3.2.1



1Via

2

Via

Via

1Via

2

Via

Via

GDSGDS

3.1

Fig.3.1 Entire processing flow of the wire width checking

M etal1 Metal2 12 M etal1

M etal2 AND

AND

(1) (2) 3.2 m n

Wm Wn Vmn

AND

16



Metal2Metal2

Metal1

Metal2

Metal1

Metal2

Metal1Metal1

Existing Via

Replaced Via

Existing Via

Replaced Via

3.2

Fig 3.2 Via reduction method

3.2.2 LAVIS

3.1

3.2 CPU

[30][31] 4CPU 4CPU

2 1

DRC

17



3.1

Table 3.1Experimental data

3.2 DB

Table 3.2DB creation and reading with or without Via reducing

3.3 CPU

Table 3.3 Number of figuresand width checking time (CPU time)

GDSII

[MB] 1,700

[um] 6,000 x 6,000

Metal 4layer + Via 3layer + Poly

[um] 0.2

[um 2] 36,602,550

25,876,841

23454DB [MB]

5.6559DB [MB]

0.00345DB [sec]

12171055DB (4CPU [sec]

ViaVia

23454DB [MB]

5.6559DB [MB]

0.00345DB [sec]

12171055DB (4CPU [sec]

ViaVia

Original Original

A 2176634 208 36 <1

B 2377162 2204 36 <1

C 6142784 2122 94 <1

D 9599292 2001 90 <1

3.3

18

N i ci

W Fcount

Linux Top



3.3 <1

3.2.1 DRC DRC

DRC Calibre [32]

DRC-H CentOS5[33]

2.1 2

(1) 3.3 A D GDSII A.gds,B.gds,C.gds,D.gds

(2) GDSII AND

A_rv.gds, B_rv.gds, C_rv.gds,

D_rv.gds

(3) (1) (2) Calibre

3.4 LAVIS

Original(X.gds) (X_rv.gds)

A 7 <1

B 7 <1

19

C 25 <1

D 38 <1

3.2.3 Calibre

3.4 Calibre sec

Table 3.4 Width checking time (sec) with or without Via reducing inCalibre



3.2.4

LAVIS

2

45

1

Calibre DRC Calibre

3.2.3(1)(2)

3.3 LAVIS Original 3.5 Calibre Original

LAVIS 2.1 1 Calibre 2.2

2 2

LAVIS GUI Calibre CUI

Calibre LAVIS

20



3.3

2 2

3.3 2 2

Electro Migration EM [34] ,SPICE

[35]

2

. GDS

21

3.3 2

Fig 3.3Two types of wire width checking method of power net.



3.4 2

Fig 3.4 Algorithm of pruning between 2 points.

3.3.1

3.4

- S,E

(step.1) S,E 1

3.4

A

(step.2) step.1 G G S E 1

2 S,E

(2-1) G 2 H [36] 2

22



(articulation node) (bridge)

(2-2) H G S 2 E 2 P

(2-3) P 2 G G

G 3.4 [37]

P G

P ( 3.4 B)

(step.3) G S-E

2

[38]

3.3.2

DRC DRC [39]

3.3. 3.2

3.5 Metal1

M etal1

3.2.1

23

AND 1 AND

3.4



3.5

Fig.3.5 An error figure is cut off at the gravity of Via.

3.6

Fig.3.6 Themethodonly using Via found first and figure cut line

3.2 AND

24

EDA



3.6

3.2.1

DRC

AND AND

AND

25

3.5

2



4

4.1

LSI

2

2 2

TAT

LVS

2

TAT

20 30

LSI

PG

PG

PG

DRC

DRC

26

PG

PG (Tapering)



PG 2 2

PG

(Double Via)

20

2

2

VLSI PG

TAT

LVS

LVS

[32]

4.3

4.4

27

4.1 LVS Instance Cross

4.2.1

4.2



Reference File (ixf) Net Cross Reference File(nxf) 2

ixf

1 1

( 4.2.4)

28

ixf
The coordinate of a

start point and an endpoint

Check whether both

the points are on the

nxf

Constraint

File

Equipotential Net

same netGDS
LVS

A part of the proposed system

Wire Width Check

4.1

Fig4.1 A system general flow



ixfInstance Cross Reference File)ixfInstance Cross Reference File)

I100 (278,759)
I100 (278,749)
I102 (304,463)

I100 (278,759)
I100 (278,749)
I102 (304,463)

nxfNet Cross Reference File)nxfNet Cross Reference File)

net324 (506,537)
net108 (334,1839)
net324 (506,537)
net108 (334,1839)

I100 MINUS I102 PLUS net324 M1=9.025
I103 VDD I104 GND net108 M1=12 M2=10

Constraint File

These parameters are derived from the information provided by a schematic

diagram at the circuit design stage

The file which defines the point that a user wants to measure

I100 MINUS I102 PLUS net324 M1=9.025
I103 VDD I104 GND net108 M1=12 M2=10

Constraint File

These parameters are derived from the information provided by a schematic

diagram at the circuit design stage

The file which defines the point that a user wants to measure

(a) ixf file.

(b) nxf file.

(c) Constraint file.

4.2

Fig 4.2 The format of the input file.

Instance name

on Schematic

coordinate on

Schematic

Instance name

on Schematic

coordinate on

Schematic

netname

on Schematic

coordinate on

Schematic

netname

on Schematic

coordinate on

Schematic

netname

Start Point

instance

name

Start Point

pin name

End Point

instance

name

End Point

pin name

threshold

wire widthnetname

Start Point

instance

name

Start Point

pin name

End Point

instance

name

End Point

pin name

threshold

wire width

29



nxf 1 1

ixf

nxf LVS

(Constraint File) ixf nxf

( 4.2.5)

ixf

GDSII

LVS ixf nxf

3

4.2

Virtuoso[40] 2

Netname nxf Netname

1

GDSII [17]

30

4.2.2

4.2.3



<Schematic> <Layout>

Instance Name (C)

Instance Coord. (ixf) Cell Name (S)

Cell Coord. (S)Pin Name (C)

Pin Coord. (S)

(C) info. from Constraint File

ixfinfo. from ixf

S The thing which this system calculates

Start and End Point

4.3 , , ,

Fig 4.3 A flow in search of SP and EP. (Relation of Instance,Cell and Pin.)

4.2.4

PG

2

2 ixf 4.3

(1)

ixf

4.2 ixf

31



(2)

2 GDSII

(Angle) (Mirror)

4.4

(X1,Y1) X3,Y3

Zone 4.4 90

8

32

ex)ex)

Cell Original Position in
TOP Coordinate System

ex)

Cell Original Position in
TOP Coordinate System

ex)

N

offsetX offsetY

SY

SX

FE

X1 = X offsetY SY

Y1 = Y offsetX SX

X3 = X1 + SY

Y3 = Y1 + SX

N

offsetX offsetY

SY

SX

FE

X1 = X offsetY SY

Y1 = Y offsetX SX

X3 = X1 + SY

Y3 = Y1 + SX

4.4

Fig4.4 Calculation of the cell coordinate.

Mir=None Angle=0 Mir=XmirAngle=270Mir=None Angle=0 Mir=XmirAngle=270

P X,Y)

X1,Y1)

X3,Y3)

P X,Y)

X1,Y1)

X3,Y3)



(3)

LAVIS GDSII

(Binary ) GDSII ASCII

, ASCII

TOOL Pilot lvgds2pilot[41] GDSII

Pilot 4.5

33

PIL '1.2';

# This is a sample.

FILEATTR GDS VER=5 LIBNAME='SAMPLE_TEST.LIB'

PIL '1.2';

# This is a sample.

FILEATTR GDS VER=5 LIBNAME='SAMPLE_TEST.LIB'

UNIT 1e-09 0.001;
CELL BLK3 ;

INSTEXT CPUCELL 50 60 FILE="/disk1/gds/aa.gds" FT=GDS;

AREA L=13 D=14
10 60.5

30 -

-80.2

10 -;
DEFAULT L=33 D=44 F=3 W=2.5 PRE=LB PT=0;

path 0 0 10 20;

text "Tool Corp." 10.3 10.8 H=20;
text meguro-ku20 30.1 PRE=LT;

text tokyo20 40.5;

UNIT 1e-09 0.001;
CELL BLK3 ;

INSTEXT CPUCELL 50 60 FILE="/disk1/gds/aa.gds" FT=GDS;

AREA L=13 D=14
10 60.5

30 -

-80.2

10 -;
DEFAULT L=33 D=44 F=3 W=2.5 PRE=LB PT=0;

path 0 0 10 20;

text "Tool Corp." 10.3 10.8 H=20;
text meguro-ku20 30.1 PRE=LT;

text tokyo20 40.5;

DEFAULT L=22 PRE=CC;
text "03-5723-8123" 50 60.5;

ENDCELL;

ENDPIL;

A pin name and the coordinate are
described in a text record

DEFAULT L=22 PRE=CC;
text "03-5723-8123" 50 60.5;

ENDCELL;

ENDPIL;

A pin name and the coordinate are
described in a text record

4.5GDSII ASCII

Fig4.5An example of GDSII data in ASCII format.



4.2.5

(1) ,

(4.2.3) (4.2.4)

4.2.4 (1)

2 ixf

4.6

ixf

4.6 ixf A

4 , ixf (100,400)

3

4.7

ixf

4.7 A ixf (100,400)

EPx

EPx

4.6 4.7 SP EP

StartPoint EndPoint

34



Parallel Connection
SP

Instance A

Instance A

Instance A

ep1

ep2

ep3

Equipotential net

Instance A

ep4

Instance A (100, 400)

Instance A (100, 300)
Instance A (100, 200)
Instance A (100, 100)

ixf

4.6

Fig4.6 Instance and the net of parallel connection.

35



Serial ConnectionSerial Connection

EPx

SP

Instance A

EPx

SP

Instance A

EP

Equipotentialnet

Instance A

Instance A (100, 400)

Instance A (100, 300)

EP

Equipotentialnet

Instance A

Instance A (100, 400)

Instance A (100, 300)

Instance A (100, 200)

Instance A (100, 100)

Instance A (100, 200)

Instance A (100, 100)

ixfixf

4.7

Fig 4.7 Instanceand the net of serial connection.

36



(2)

4.8 P (X,Y

P

P

P

P P X

[42][43]

X P

Y

P

4.9

ixf

4.2.4

37

4.8 , P

Fig 4.8 The inside or outside judgment of an arbitrary point in the polygon figure



non-count non-count count count

P

P

count count count

4.9

Fig 4.9 How to count crossings when an additional line and edge were overlapped.

4.2.6

4.6 ixf

4.2.5 (1) 2

4.6 ep1 ep4 ep4

ep1-ep4 ixf

-

4.6 4

InstanceA ep1 ep1-ep2 ep1-ep3

ep1-ep4 ixf -1 .

4.6 ep1-ep4 1 ixf

2

38



4.3

4.4

3.1 1.7GB GDSII

ixf 10

nxf 4 4.2.1

M 1 M 1

M 1

GDSII 20

20 2

27

DRC

LVS VLSI

LVS

39



5 DRC

5.1

LSI DRC

[44]

DRC DRC

EDA DRC

GDSII

DRC DRC

DRC

EDA DRC

DRC

TOP

EDA

FIT

FIT

40



5.1 FIT

Fig5.1 Display (left) of error figure overlaid on the FIT display, one figure displayed in enlarged state (top

right), display after appropriate grouping (bottom right).

5.1

FIT

1

GROUP-SIZE

GROUP-SIZE

41

( 3)



(edge)

DRC TOP

LOCAL

Intellectual Property IP)

TOP

TOP

TOP

DRC

LSI

5.2 5.3

5.4 5.5

5.6

5.7

DRC [39] TOOL

LAVIS-plus[19] Calibre ASCII

GDSII lverrdb2gds[45]

LAVIS-plus API Python [22]

5.2

42

Configuration file

5.2.1

5.2.2

5.2



5.2

Fig5.2 A System general flow.

5.3

Fig5.3 Format of the configuration file.

(1)TARGET-FILE /home/xxx/data.gds

(2)ERROR-DB-FILE /home/xxx/drc.db

(3)CELL-LIST-FILE /home/xxx/cellist.txt

(4)ERROR-LIST-FILE /home/xxx/errorlist.txt

(5)WINDOW-MARGIN 10

(6)ERRORFLG-COLOR Red

(7)ERRORFLG-WIDTH 1

(8)OUTPUTFILE-FORMAT PNG

(9)GROUP-SIZE 20

(10)IMAGE-SIZE 500x500

(11)OUTPUTDIR /home/xxx/output

(12)ALGORITHM HIERARCHICAL

43



PNG JPEG BMP 5.3

(1) TARGET-FILE GDSII

(2) ERROR-DB-FILE DRC DRC ASCII

5.4 . ASCII

GDSII 5.3.1

(3) CELL-LIST-FILE 5.5 1 2 1

1

FIT 2

TOP TOP FIT

5.3.1

44

TEST6 1000
R1.5
4 4 3 Nov 2 16:42:07 2014
Rule File Pathname: drc.rul
Nwellenclosure of Ndiff< 0.5um
(Substrate/Well contact Active to Nwelledge)(Substrate/Well contact Active to Nwelledge)
e 1 2
CN TEST6 c
641000 328000 641500 328000
641000 328000 641000 328500

R6.1
1 1 2 Mar 2 16:42:07 2014
Rule File Pathname: drc.rul
Poly Width for defining Gate length < 4.00um
e 1 2
CN XDFF1 c
44000 46000 44000 98000
46000 46000 46000 101464

5.4 ASCII Database

Fig5.4 Format of the ASCII Error-DB file.



TOP

XDFF TOP

XTFF

BUFF10 TOP

R1.5 RED

R2.1

R2.6 BLUE

R4.1BUFF10 TOP

PAD2

R4.1

R6.1 RED

R6.2 YELLOW

R6.4 CYAN

R6.6 WHITE

R9.8 YELLOW

5.5

Fig5.5 Format of the cell list file(left).Format of the error list file(right).

(4) ERROR-LIST-FILE 5.5

(5) WINDOW-MARGIN

(6) ERRORFLG-COLOR

(7) ERRORFLG-WIDTH 1 5 5

(8) OUTPUTFILE-FORMAT PNG JPEG BMP

(9) GROUP-SIZE 5.4.2

(10) IMAGE-SIZE

(11) OUTPUTDIR

(12) ALGORITHM

5.6
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5.3

5.3.1

Linux LAVIS-plus

LAVIS-plus

lverrdb2gds DRC ASCII DB

GDSII GDSII 5.6

GDSII

5.4 GDSII TEXT[17]

LOCAL 1 TOP 2
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5.6 DRC GDSII)

Fig5.6 Output error figures from DRC.
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Fig5.7 Cell tree and display area.
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WINDOW-MARGIN
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DRC

LAVIS[18][46] EDA

TOP

5.4.
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5.8 LOCAL

Fig5.8Overlay of error figures and layout data (specified LOCAL cell).



5.9 TOP

Fig5.9Overlay of error figures and layout data (specified TOP cell).
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5.4

5.4.1

[47]

5.3.1 GDSII

5.6

DRC 5.10 edge polygon

[39] edge polygon

5.10 ()

5.11 6 =({1,2, ,6},)

50

5.10 DRC

Fig5.10 Error figure types that are output from DRC tool.
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Fig5.11 Hierarchical clustering method.

5.12

Fig5.12 Obtained dendrogram.

cut
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5.12

[48]

e ()

5.12

5.2.2(9) GROUP-SIZE

GROUP-SIZE GROUP-SIZE

1

5.13 5.14 Ci Cj

5.10 2

polygon

5.13 Ci, Cj, Ck

Ci-Cj Ci-Ck Cj-Ck

Ci Cj 5.14 Ci Cj

Ci Cj
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1

[47][48]
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5.13

Fig5.13Before mergingthe clusters.

5.14.

Fig5.14Aftermergingthe clusters
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300 600 900 1200 1500
0
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40

60

80

100

120

140

160

300 600 900 1200 1500

No GROUP-SIZE 2.562 12.813 36.734 83.552 162.787

GROUP-SIZE=20um 0.843 4.128 12.778 30.763 75.005

second clustering time (hierachical clustering)

the number of error figuresthe number of error figures

5.15

Fig5.15 Processing time by hierarchical clustering method.

5.1

Table5.1Experimental layout data.

5.4.2

GDSII

1.78(MB)

1e-9(m)

33

1280(um) x 1290(um)

5.4.1

5.1 {@ Poly overhang of Active < 3.0
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5.1 {@ Poly overhang of Active < 3.0

ENC ACTIVE POLY < 3.0 ABUT < 90 SINGULAR} [39] DRC

Poly 3um



Ascii DB
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5.4.4 2 1500

5.4.1
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GROUP-SIZE

1 GROUP-SIZE 20um

20um

| |

| |-1

| |= (-1)/2 ,

| | = ,

( 3) [49]

( 2 log ) [50] LSI DRC
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5.4.3 GROUP-SIZE

GROUP-SIZE

GROUP-SIZE

DRC GROUP-SIZE
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GROUP-SIZE

GROUP-SIZE

( ) 5.4.1 5.10
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(Step.1) X

(Step.2)

(Step.3) GROUP-SIZE 2 BOX

(Step.4) Step.1 BOX X

Y

(Step.5) Step.4 Step.3

Step.2

5.16 6 (Step.1) (Step.5)
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3

(1)Sort the vertex by x-coordinate

3

(2) Create a box with the center at No.1.

2and6are included the box.

(same group)
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6GROUP-SIZE

GROUP-1:{1,2,6}X: 1 < 2 < 6 < 3 < 5 < 4
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4

5

6

(3)Create a box with the center at No.2.

There is no vertex in the box

except for 1 already grouped.

GROUP-1:{1,2,6}

(4)Create a box with the center at No.6.

There is no vertex in the box

except for 1 already grouped

The group {1,2,6} is determined at this time.

.
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(6)Create a box with the center

at No.4.

5 is included the box.

(5)Create a box with the center at

No.3. as a new base.

4is included the box.
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3

4
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(same group)

2

3

4
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(same group)

6

GROUP-2:{3,4,5}

GROUP-1:{1,2,6}
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(7)Create a box with the center at No.5.

There is no vertex in the box except

for 4 already grouped.

The group {3,4,5} is determined at this time.

(8)Terminates the process because

all of the vertices belong to one of

the groups.

Finalized the two groups {1,2,6} and

{3,4,5}.
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4
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6
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Fig5.16 single link extension method
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5.4.4

GROUP-SIZE

GROUP-SIZE

DRC 2

5.17 5.3.1 ASCII DB

GDSII
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5.17 2

Fig5.17 Example that represents the error in two figures of pair.



5.4.5

5.18 5.19

GROUP-SIZE {1,2} {3,4,5}

5.18 . d < GROUP_SIZE < 2d

5.19

GROUP-SIZE

FIT GROUP-SIZE

5.3(12)

ALGORITHM
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5.18 GROUP-SIZE

Fig5.18 Clustering process of regular interval figures by hierarchical clustering method without

GROUP-SIZE.
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Fig5.19 Clustering process of regular interval figures by single link extension method with

GROUP-SIZE.
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5.5

5.4.2 5.20

5.15

1,200

30 GROUP-SIZE 1.3

5.21

5.22 5.4.5

GROUP-SIZE

.

5.4.3

GROUP-SIZE (Step.4) 5.23

GROUP-SIZE BOX

5.24 GROUP-SIZE

1280um 1290um GROUP-SIZE 1300um BOX

GROUP-SIZE 1um
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second

clustering time (single link extension method)

GROUP-SIZE=20um

700

The number of output image (GROUP-SIZE=20um)

300 600 900 1200 1500

the traditional method 147 287 414 540 654

the proposed method 136 248 344 418 472

0

100

200

300

400

500

600

5.20

Fig5.20 Processing timeof total clustering and calculating the midpoint of each error figure by single

link extensionmethod.

5.21

Fig5.21 The number of output image (the traditional method : Hierarchical Clustering ,the proposed

method: Single link extension).
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180

200

average area of an output image

(GROUP-SIZE=20um)
um2

300 600 900 1200 1500

the traditional method 16.086 18.435 22.384 22.751 25.978

the proposed method 32.713 61.996 93.568 127.38 171.56
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Fig5.22 averagearea of an output image.(the traditional method : Hierarchical Clustering ,the proposed

method: Single link extension)

5.23 Step.4

Fig5.23 The amount of calculation (Step.4 in single link extension method).
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Fig5.24 The computation time (Step.4 in single link extension method).
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6.1

Table 6.1Theresults summary of this stydy

(1) 90

( 3.3)

1

( 3.3)

(2) ( 1.5 3.3 ) ( 1.5 3.3 )

(3)LVS 1

1 ~2 30

(4)-(b)DRC

TOP

TOP

( 5.8) ( 5.9)

(4)-(c)DRC

( 5.1 ) ( 5.1 )

LSI

LAVIS LAIVS-plus

IC

(1)

DRC 2
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(2) 2
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(4)DRC GROUP-SIZE

DRC GROUP-SIZE

GROUP-SIZE

GROUP-SIZE [55][56][57]
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5 DRC

DRC DRC
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LAVIS-plus DRC
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