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Abstract

Based on the neoclassical understanding in financial economic research,
exogenous factors driving up total factor productivities would correlate positively
with firm’s production growth. Under this belief, this dissertation start by bridging the
gap to associate the quality of firm-level technology with the market value of firms in
the stock exchange market. Utilizing a hand-collected dataset composed of financial
performance as well as patent application approval in Taiwanese semiconductor firms,
the research target can be fulfilled. On the one hand, the firm-level patent quality can
be used to compute the adjusted centrality serving as the firm-level technology
quality. Secondly, the metric in both technology side and financial performance can be
associated. The results robustly validate that firms’ crucial patents would be beneficial
to operational performance of firms. Specifically articulated here is that firms with

crucial patents can evolve larger scales in terms of cash flow and operational profits.

Keywords : Financial performance - Patent - Network analysis »

Taiwanese electronics firms
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# 32 & gEcAE A

Mean Standard 25t Median 75t
deviation  percentile percentile
ROA 6.143 14.787 0.760 6.600 13.030
CF 0.081 0.137 0.017 0.071 0.136
Capex (7 & & '+ 2521.651 10472.504 31.100 157.507 836.557
Patent count 6.700 45.284 0.000 0.000 0.000
z5 1.557 3.044 0.000 0.000 4.109
Firm_age (#) 13.253 8.595 7.000 12.000 18.000
R&D (F & » ') 980.221 4070.367 43.105 99.714 406.473
Total Asset 25125.875 91853.123 771.905 2291.954 9537.427
(F g -7
General 0.291 0.006 0.129 0.251 0.441
Original 0.333 0.007 0.196 0.315 0.471
% 3-3 = B A ¥ Z » Bic(Z-scores) ATt (bt oL
Mean Standard 25 Median 75t
deviation percentile percentile
LHMAEFE 1.732 2.884 0.000 0.000 4.607
TFT-LCD 2.964 5.076 0.000 0.000 5.479
LTE:d 3 0.833 1.899 0.000 0.000 0.000
2% 1.557 3.044 0.000 0.000 4.109
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LAl i d o T &L (vertices) ¥ Tif | (edges)ihf & 0 BiEE
Jlensislgissl o A4 B4 3 p ol RRELC;A T " 2 FC;
Bl RAR Bl HARE 0 B C? & A VHREL G
M4=42 | (sources) ~' ¥ ¥ , (intermediates) ~ " /w2 | (sinks)2k » 424 (sources)gh
E_E LT TG 85 F e 4] sl Bh(sinks) e & Bl &2 A2 42
T RAPF 0 5P vl EEELG @ ] 5 ¢ Bh(intermediates) s E_

s R v ERE BN -

- N3 RGBS

50 REigu G ERgFer e & o enpt s o AN R * 4B BT e % (network
of main paths, NMPs) 447 » } 22y - H L Z B &5l 2 o fefgd » 7t
#ip* 4% Hummon and Doreian (1989 ) ~ Batagelj (2003 ) i * SPNP ( Search
Path Node Pair) 3 ;2 k3t 5 B € -

SPNPHE 3\ 5 & &g izma gzt & & 8haiTs ¥ it i
[ el Y E A 0 AP EELCY ¢ AT AL TEE i
Sl entc® > Ao 0 P E S Z AR E LA s E i o

MmiEor o et - R E RS EE o B 3-3 3% SPNP B B AR -
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=n; Xm; 3)
B33 5- BEHEREE &5 11 Ba 8 (vertices) v 10 ¥ (edges) »
gt o 5 2 BAdsBh(sources) 0 4o @] 3-3 ¢ en&BE A~ & 8B 3 Bl
Bh(sinks) » 4r@ 3-3 ¢ &g H-~K~J; 6 B¢ & 2 (intermediates) > 4- [ 3-3
158 C-D~E~F~G- 1o
MR3-3° COERIL R B g AT En G 20 ¢ FRIZCSASC L3
Ympi 60 ¢ 7R E~E2G-~E2G>H>~E—21~E2I2K ~E[] . Flpt ¥ @

N CoE RS E Sne X mpE22X 65 120 28 1B 3-3 8 # T i & chid

%IJ‘S/\Q‘340

o0 °
A 7 c | 12
.B 5 F.D 8

B 3-2 SPNP & 3l % 4 & E

-~ HREE
578 @k s ohE B4R 5 1945 Batagelj (2003) i % SPNP
(Search Path Node Pair) th& 2 83t B fenfgd b 0 2228 §8Lenfg & o

Ci =Nn; X m; (4)

5 A

-1‘1@3'3 4 A;F’f!i;!:-,:—;n l,;"'] ’nAi% 1> & /Z.\ A;l:f!l‘!:-j\-é/ ’ rTvaI:‘.\ S’ﬁjé.ﬁf‘_s M3
A~A—-C-~A—-C-E~A-2C2E-G~ A-2C2E-G—H ~ A2CoE-] -
A—CHE-I-K ~ ASCoE-I-K—J Bt 7 @ 4 A § 8L E 5 ny X my % 4

1X8% 8o AN i 3-3H s e d endd 73t 4 3-50
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% 34 SPNPREHEIFEH%

B IS n; m; SPNP {& (n; X m;)

A—C 1 7 1x7=7

C—E 2 6 2xX6=12

E—-G 3 2 3x2=6

G—H 4 1 4x1=4

B—-D 1 5 1x5=5

D—-F 2 4 2X4=8

F—-1I 3 3 3x3=9

I-K 7 1 7xX1=7

I-J 7 1 7xX1=7

E—lI 3 3 3x3=9

% 3-5 SPNP & 2L &€ -5 &%

E 18 n; m; SPNP & (n; X m;)
A 1 8 1x8=8
B 1 6 1X6=6
C 2 7 2x7=14
D 2 5 2x5=10
E 3 6 3x6=18
F 3 4 3x4=12
G 4 2 4x2=8
H 5 1 5x1=5
I 7 3 7x3=21
J 8 1 8x1=8
K 8 1 8x1=8

19

DOI:10.6814/NCCU201900783



o

S SRR TEIEE 3003 3TVl

(1) 7 A= 4 Bh(sources) B 45 > 4 B ~ il (edges) B 78 /T

(2) # (1)% 2

R enig 0 E B K e ’TI.%% AR

A2 4~ Bh(sources) ©

(3) JL H Fpr

(4) 7 targets 3

targets(fs 3! 38 #c) ©

o ik B % (edges)iE A > 4% T targets ""Ksb =3

SIER 3 Vi TR SR IR & SN2

B 3-4 X HEEEA ¥ e

US3933528A
US4013484A
US4217149A
US4306916A

I BEEERE B

Us8278225B2
US8114763B2

us8288809B2
US7915174B2

US7727905B2
US7611959B2
US7531869B2
US7410910B2
US7312494B2
US7235854B2

US7135369B2

US7045430B2
US6979855B2
US6921702B2
USE767795B2
US6432779B1

US6300202B1

US6222240B1

US5959337A

Bl 3-3 LEME F A & RICH

o~ R EAIET

d B34F s ARESDEETE S EAFTHRALZ SHFD

Wk 4]0 £ R AL R

d % 3-4 ¥ &> 12 SPNP *+ &

Triulzi (2015) % & 1 Z » ¥

PR EF AR AT RGP “ﬁ?.tbif’} ’
G EEE T €8 4¢P B EELTER S Wk
AFHEFEY Py £RBJHER > 5T

( Z-scores ) 4n A R sy
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195 Triulzi (2015)77> 7% » 2 T WL EH Y SPNP B P &AM ¢
4P e gL SPNP B kit gk FI B-E 373 S gaigd > T RBEP
s 4 #ic (Path Centrality Index, PathC) ]yt i¢ * SPNP e 39(E T & = ¢ v ww

155 i % PathC £ 773 A SPNP fE & o #-2 8 7307 =

SPNP,
PathC; = ————— (6)

1\} YN SPNP;

i %7 5% BagaLf] > SPNP; i & 4]i¢SPNP & » PathC; % 7+ 5 &4l i
e71 SPNP fE_“,/Tf Moy ERSZ L SPNP B o
A R R AL A R IR R 0 T A B3 A D
AEEEL 0 - A FR S Y o 4p #ic (Path Centrality Index, PathC) « 13437 F &
LB JIFR - L2V A BESB Fha i AT LR YT

st N du g 14T A BTBLHE 0T 15 SPNP i o -2 T S

SPNP;
New_PathC; = (7)
1 n N
-—Z”NZ*WMM

By s b e e S dogt = K o (T R ATEER B A

PEAP ST

FE - BERAIFEDPathCis > AR H P j E’v’ﬂPathCi#ﬁ’]‘%— o oy

Path(; SPNP 8)
athCir = Z
Nir ey L gmue z"’tk SPNPy)

B 2P hPathCrPr > 7 i F12 P RKCA | R o0 it ch P 4

PathCip ¢ BTt 1> F]pt 34 i & JF 35 48 ) ﬁi SRR RS B L
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BENLLETFEYPPHEFT T DL R TRPR BN, B E Y T35
PathCjr » ¥ & 48 1000 =t > ,T&w B 53 B PathCip e F oo M L7 30T 3 0

empirical _  random sample
PathCyr Hpathc;r

random sample (9)
PathC]-T

Z — PathC]T =

IR TR AR R o
A2 g% ZAg (Z-scores) Rrg 2 @A ¥ ¢ Fj €& g ih o 2
IR M- RN R p B ER e RERA LR B
4 e ﬁ%ﬂ i & AI5 % g chdgdh 0 B A eh i B A1 st (general) ~ R
#1142 (original) » F]pt A g * oA AR RS S F A TP B oo BF it
Y AT e R
1. ¥ imi+(general) :

Ne NCITINGy,
i Z 2 (10)
v NCITING,

KP”’&‘F‘%{ﬁiE ’ Lbjﬁ:4h‘¢&\?%%£§j.§t|PC€%%/'~ ’Nié.tl‘_gs‘ﬂ’é_?}]ﬁ
FEa g T B il a#ic® o NCITING 5 &% = 51 - H B R AR
oA s PR e o0

2. R g+ (original) :
. zzvi (NCITEDik)Z (11
k=1 \ NCITED;

Kp/wl.x\?ﬁiﬁ'{g ’ Ll‘:}i,{’rﬁ’/}&‘ﬁl}’#%f_}% |PC»€%%\/‘ ’Niﬁﬁ“-%‘f'lﬁt? FE'{H;
WA KT B Alts 51w ® 0 NCITED 5 % Jlts515dc - o Tﬁ,ﬁ% N1

T A5 R A ek ] o

SIPCHBI BE &L > X o 530 (Sectlon) + #f(Class) ~ =< #f(Subclass) ~ 2 B (Main
Group) ~ = P (Group) ° ﬁf HOIL 5 = %> % - B i HIW(TH) 0l sf(A 4T+~ i)
LFsp(Z ML)
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-

PR EFRR AN AR L R M A AT M R A T
L EARMAEA AT R % 0 A 401 ¢ T R AW Sotp B LT f 0.4
EoT P BRI AARM o FI 2 S 65 5 AR MO AL Tl ET
L

% 4-1 2P T

Z5 Total asset R&D Capex Pat Age
Z5 1.000
Total asset 0.317 1.000
R&D -0.098 -0.038 1.000
Capex -0.063 -0.082 0.358 1.000
Pat 0.298 0.323 -0.042 -0.001 1.000
Age 0.131 0.196 -0.271 -0.201 0.117 1.000
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R E i *

™
i

maAE Y o R REEHRFT AR S IS T Z 4 ko )i
MAargrachi o il d i 2 P FhF R B E > RS I A R T 2
dH i oank B e fFie % 24204 wFR s ()7 4o 4ok R AT
T MEEJ DR Z - PR TARPFIRL » e AR
F 504750 B SIhIRET o LEEF AL v b o B35 5 2 fkd chib kg
frod BLBERE &P FAEYRE FAOFARIALIHF VA RTS

Ao AT > FTARY ALk hF R o 27 RH(TA) & 1% 5%
FUORET o SHFSDE MG A ¢ AR E ETIRE > & Goddard et al.
(2005)FF7 § S % = 3k o 7 5 B e 1095 ensit K BT 5 LB E chn e B (4
A AFEL AN AF AP EIN S EHF - BREF FEDEE LD
B2 HE CLRB A BRIV a2 RE o 2 p 2507
ROA e £y > 2 £ 26 IR f 5 4 S BRI B 053 - i B
BFBLATAFMS Y » BLBREL R T o HEF 27 iR
WA K g DBER T F At Bk o FP AP R B A& T 2
2R RN KA T ERBEREFR . A 1%k ET ) S
it e B BAS2 GAHP AT SRR RE CHAPENAF I
BE 4 o

@EFRE (2) B RATAFM S (ROA) (# M ERE(CF) &
%-,';i’ikﬁf? (1) Rl > LHEJEFHREDEORERFI 7% 2 75
SRS AHENEE

* 2 E R 7 0 B(Z-scores)snfFE K T E e f 04 Bl i Rt ek
o e H R FERF > T d REFFRE DL IR R T F ER
Tl UL v Y R AP ER Y 2P 22T BRI kAT Z
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%> B(Z-scores) °

%042 @ FiE()

(1) )
roa cf

L.roa 0.475™"

(8.82)
z5 0.723™ 0.007"

(2.92) (2.37)
Capex -5.233 0.013

(-1.20) (0.22)
R&D 11.01° -0.096

(2.20) (-1.78)
Age 0.820™" 0.009™"

(5.45) (4.53)
TA -6.941"" -0.068"™"

(-6.86) (-6.57)
Pat -2.666"" -0.015

(-3.06) (-1.58)
L.cf -0.109™

(-3.36)

cons 97.38™" 0.991™

(6.41) (6.95)

t statistics in parentheses

*p<0.05,* p<0.01, " p<0.001
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sl BAURAME - B A1 i

B2 e [ﬁ%t’ » TG A * Z Ak (Z-scores) HTE IS FREFHE S
FEAR A PP F 0 S e HEIRY o AP REL TR 51 B R
ELAIS Tt FIRAIE  §bl- A2 r R LR 27 > BB EHA A
243 d sk (3) Vi 2 BEFREJISFadpihd b AT ¥

pt—Z » ik (Z-scores) ¥t o P e FAFPF > T REw P BFOPE &

-

I3

)=
*m

13 12 (general) ~ & 1 & ] 14 (original) s & 7 & F el - jpt - 3
o p3Ph RIS TS P M sad i pF 0 Z 4 e (Z-scores) ¥ & P4 5%

Hrn B B 0 A RAME - F BB HERE
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1043 wfFRRQ)

3) (4)
roa cf
L.roa 0.476™"
(8.80)
25 0.716" 0.005
(2.50) (1.57)
original -2.020 -0.028
(-0.71) (-0.79)
general 2.466 0.066"
(0.81) (2.29)
Capex -5.227 0.012
(-1.19) (0.21)
R&D 10.99° -0.099
(2.21) (-1.83)
Age 0.838™ 0.009™"
(5.50) (4.77)
TA -7.027™ -0.077™
(-6.92) (-6.69)
Pat -2.610™ -0.016
(-2.94) (-1.69)
L.cf -0.109™
(-3.36)
cons 98.39™ 1.0177
(6.45) (7.05)

t statistics in parentheses

*p<0.05, p<0.01, ™ p<0.001
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A

E ﬁ#{@/ﬁ"i%’f W%ﬁ‘ﬁ’irﬁ TN %»ﬁgﬁiﬁ} » TR s g g'flj
RAME S B B er A HREZBFAEIPTOER AP T 3 A ik
EARREZ ZJRAINESE 3 A ki 0471 3P EDS T R 46

F2f Bl Fmias 3w o mdeh 04410 B3P @2 P54 312

P AR B AR 44
ﬁ’f% FEG)A T B ’Q@Hl"\'}i =R rr?"rﬁﬁr& AR SR ek
LB R T AENEE S AH AL PIH B NAF DD b 10%IHF

-@‘

KT P ERE e D HF LI D F IR 2P B S F Y

tAp ke o Bt 2 G E RETT B I A ERF O 7 AP o R FRR R (6)5

\\-

P RAIEAFEE R R o BRI AL FasE LR AIIER D
SPLRREF RARFEAF OFEAT O HARYT P RFLEE
D~@RAHER* E(FHEAFEAENSTHRETER LGS > 5
B fFO)F g LR > FP 0 AP GET L EF B B RAEAS EOR
0 R F s B RAER D HEJIETHS P MBS i R

¥ o
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144 wfFRR0)

®) (6) (7) 8
roa roa cf cf
L.roa 0.476"" 0.474™
(8.81) (8.87)
z 5 low g 0.609" 0.008"
(2.28) (2.38)
25 high_g 0.966" 0.004
(2.30) (1.04)
Capex -5.546 -5.122 0.014 0.014
(-1.27) (-1.16) (0.23) (0.24)
R&D 11.19" 10.98" -0.097 -0.097
(2.22) (2.21) (-1.80) (-1.79)
Age 0.816™" 0.822" 0.009" 0.009™"
(5.42) (5.41) (4.54) (4.62)
TA -6.978™ -6.929™" -0.068™" -0.068™"
(-6.90) (-6.80) (-6.60) (-6.61)
Pat -2.681™ -2.652"" -0.014 -0.015
(-3.09) (-3.04) (-1.47) (-1.59)
z 5 low o 0.778" 0.008"
(2.83) (2.24)
25 high_o 0.586 0.005
(1.37) (1.13)
L.cf -0.108™ -0.109™
(-3.34) (-3.36)
cons 98.05™" 97.16™ 0.991" 0.990™"
(6.45) (6.33) (6.98) (6.97)

t statistics in parentheses

*p<0.05, " p<0.01, ™ p<0.001
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AFHirip b B 4EF > p USPTO ¥ 4&F = £ 5L 1990-2012 & ch& JIF 4L - 35
AR PP 123 50 R USPTO P 5 A n i 4 b= 249 24 4
FRY GEAHLEIE PRSP 106 Ry (THEPRE > & 220 B o 20T L R
* o B fS ¢ _datastream FALE ¢ 35 dlipt S 2 ARRE O AR T AL 0 L B B AR
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BT Mg i E R B B RAILE A EF
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- ERfIETHAPARIEI S I HFE -
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e A

LTE i 3348 Fl4h % M43

LTE (Long Term Evolution) ~ 4G ~ 3.9G ~ LTE-A (LTE Advanced) - E-UTRA ~ LTE
FDD/TDD -~ HSPA+ ~ dual cell HSUPA ~ VOLTE ~ OFDMA ~ CoMP -~ carrier
aggregation ~ HSDPA ~ DC-HSPA+ ~ HSPA+ ~ Random Access Preamble ~ Circuit
Switched Fallback -~ circuit-switched core network ~ VOLTE -~ Total Radiated
Sensitivity ~ Total Radiated Power ~ SVLTE -~ TD/FDD-LTE ~ IP Multimedia ~ Evolved
Universal Terrestrial Radio Access ~ Multiple Radio Access Technology ~ EUTRA(N) -
Mobility Management Entity ~ Transmit Diversity ~ Open-loop/Closed-loop Spatial
Multiplexing ~ MU-MIMO (Multiuser MIMO) ~ Spatial Division Multiple Access ~ SU-
MIMO (Single User MIMO) ~ Tail-Biting Convolutional Code ~ Zadoff Chu ~
Parallelized Turbo Code - SC-FDMA ~ MIMO-OFDM -~ Space Frequency Block
Coding -~ evolved packet core ~ multimedia broadcast multicast service ~ MBMS ~
Multicast Broadcast Single Frequency Network ~ self-organizing network ~
heterogeneous networks ~ beamforming ~ 64QAM ~ OFDM -~ Band Aggregation ~ UE-
specific reference signal ~ common reference signal ~ multi-user scheduling gain -
Liberty Alliance Identity Federation Framework -~ ldentity Web Services Framework ~
Session Initiation Protocol ~ Fixed Mobile Convergence ~ spectrum emission mask -
Convolutional Turbo Code ~ radio resource scheduling ~ multi-cell coordinated
transmission ~ Concatenated Turbo Coding ~ Recursive Systematic Convolutional

Code ~ CRC Polynomial ~ Contention-Free Interleaver ~ Cooperative Communication ~
Rate Matching ~ Relaying ~ Enhanced Uplink ~ Higher Order MIMO ~ LTE-HI ~

Phantom Cell ~ HNB ~ HeNB
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TFT-LCD # 452 F14 % M4t 3

Liquid Crystal Display ~ twisted nematic ~ super twisted nematic ~ thin film transistor ~
poly silicon low temperature poly silicon - plasma panel ~ plasma display panel light

emitting diode ~ organic electroluminescence
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