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( Abstract)

The paper introduces related study situation of treating lung cancer with Traditional Chinese Medicine (TCM) , dilates on

the complex network algorithm and its related application in the TCM realm, analyzes related basic data of the complex network algorithm,

points out the existing problems and makes suggestions on the future study direction.

( Keywords )

1 5]

T

Traditional Chinese Medicine (TCM) ; lung cancer; complex network; system biology

SR, FEA ISR T RO A
TeHR: 24 2 v B R 97 A A B 1 25 07 0k
ABEGEE 18 ME B BRI A28 70 B 44 2 h R Y

W2 R R I RS B, R BN HRESIA L, S LIRIES S (R B
WESIA MR BNER R, W R RIETR 5o/ R E 258 i, 905 AR 2 1 £

(&= BH5)
(fEZEEN)
(E€WA)

2018 - 06 - 08
WIS, PR, AR IR WAL, HdR, MLARn.
2015 AR [E S FARBRARE G 1 1a] H BR f PROCHCHE 8 BUAR 44 2 v B 88 B MU R4 T2 4 SR S 05 622t
FE7 (WUH S5 : 81674099) 5 2015 4F[EZ8 [ AR AR GINH 5 THARE BEAY.Co R JERIIE &AL 12 W7 J7 12 i
27 (WHS S 81503499) 5 2017 AR [E R H R A THRIH AL PR o BR 2GR P05 = 5 ek O i
BoRBEFE™ (H S . 2017YFC1703501) 5 2017 4R {5 mi I ATH I E A R 0108 s B Uik S
S BT B PN RS (BH 445 . 2017YFC1703503 ) 5 2017 AR [ 5 H ri iF A iR H i L 100 R
AR RGBSR IR SRR (WH 45 . 2017YFC1703506) 5 2016 4RJLIRE “ 95 i TR BEh)
H RIS KRBT 5 IO e ssr R i TR .

© 63 -



EFERFRE 2018 FHE39 BE N H

il

JOURNAL OF MEDICAL INFORMATICS 2018, Vol. 39,No. 11

2 R AP R 23R YT IR B AR AL, A 0 PR A
PR ERANTT 5, LT & BRI B IE
WIRTF O RS . BEHE BUACEE 2R (PR
JB, FERIIEAE AR G0 A W s R 2K 1 A 5T A
Y, BRSE A Bk A W S IE AR B AP HE R i
o 7 RIRGURIY 2 W28 T7 vk, HAR AR &
GrEmr SRS R R R EY G did R M
BB IARGE YRS, BT B 25077 it
VEFIBL 48575 TR AE 1 Hh B i 98 167 1) 25 280 o
fiti, oM 25 255 Y s S LA A AR oy 22 1]
(O AHELAE FALA 4R LB SR o AR I BT PR
JRIHT ST, B 2RI TP AR R
HI e AH A fE

2 HEHGRTENTR
2.1 HEZRTMENERE

e BRI AP © R A i AR T A 32 22
JEB , RIARABET R TR ol T
WIASRBB YA, K 8FEFmER e s
AbT I, TR HRET S 25, RO R Al
W, TEAEZIRTT AR Z B DA R 32 0T ML) 7 B
ORI RN o 7 [ P v B vh 2 o H R B9
S FBL, JOIE R i rh R 2R T R S AR Y
BRiRYT, PR LA L 7 A A Ak, RS IRT
i T8 = P YR TR, AT RS T A B
TR, B AT R, AR R AR

2.2 HEXHAREBER

HR B HILBIE SRS i Xof IO Py o A 44 Pk i
R, WA A AR O ik, S e R AT 4
TETA T AT IR X5 IR AT BA KT RS 00 i i 88 S8
PEATIG RIS, 52 o BRIRYT B B T A A A7 ST
Wk AE SRR LA e 2 AT I B A L R AR
BEHCEZAE T R 25367 i I R SC B AR R | 9
K, BHMEREA IA “ U, DI 8 25 L2 i 988 J i
RIBMSEE, REORZRT . WA B H R AR
A RREA I OE S TT R, 20 B R R 2535 T il (9 AL
i, G T IS P BA S 3 490 A S 9 5 e B b

.64 -

B A0 i I A 25 3 W] LA ) AS49 i 4 1L, g
i i A g T

3 BEHRMETTE
3.1 ik

K%M 4% (Complex Network) JZH5 HA H 4
2L AMEL WEIT ., AMEF . JOhREE R el
PR AL o AR Ay — Rl g AR U
A — =P SR g e, R A 2R Mg &2
ANFHELAR A B Rl i LR AR AT ™ A, IX R
& A PRI BRI Z R IF AN ISR, Bl 7 i 26
R TR N FRAS A T Z R R AR R,
XA 5 AR R S ARAR )5 o BT LA X
PR 23ty i I8 ) A9F 5 Al A8 8 9 T 52 2% 2% 07 1%
Rl AR 5 2 A 5 5080 A e R 2436 o il 9 s RS =
S, MR R G A Wy e I 24 il fe PR B S8 A
B Me, iz ahey . e,
WAE AR, 0 HOCHE ROCHRSC &, AT )
B2 o1 228080 P R 2536 97 il i 4107 VR JH AL
i, B B 250 07 B 1 2 AR AR GE IR AR AE
P,

3.2 EZEMEKEZE

S 2R M8 SRR I JEAT XA (Community De-
tection) AHICIVEM 2 W T o B2 ] 24 ML A R
G BT, AR B 236 9T IR BT 5 Hh 32 B
TAZHE OO T7 o 4 DR I B A 5
(PR & R 2 A 25 T Newman 2 AR A9 48 4
BTN AR bR, & 2% W 284 X 3l 43 Fn & By AT
BN o AL R T LS Ayl B A AL X
FEME A X REP, HEA XAk 2T
— AR R 8 T2 REF XA,
At DA AT AN T BR 24 05 o0 i, R —Ff
H 2R AT AR THRIT AR R B B . BRAE A%
P24 XAGIM Bk A, FEAR 22050 Hh 5 242 40 1 4%
T 5 e R IE S BOCHEEE W 9 Top - K 9 88, A A
HRBEPLIEE (RWR) AR Prince 3%, Wl LAl
TZZE AL R B R 2 IR T S e R AR B



EFERFRE 2018 F5H39 HE11 H

Y

JOURNAL OF MEDICAL INFORMATICS 2018,Vol. 39 ,No. 1

IS

o

Ry, SR ML E AL, AR L.
*=1

SRMEHELEE
RS ISRINC R AN
JEEAF X, Newman P! oN gl | RO sl
FARAXA  Palla B BEERS | scp gl
Top - k B3k RWR Ff#LIEER P | Prince iy 1¢]

3.3 HEHHAEHRIBRIN A

AN it Z B B e W4 A, K a4
DrugCIPHER " | 137 FF 46 1 24 77 30 7N W i 3 5 245 3
i, RIS R A5 B, U FAE AL
Hl R AL A pn " o A A POk
2z o o . AR L AHEE (Absorption Distribu-
tion Metabolism and Excretion, ADME) & ¥ Il A1
W2 2 A o BT AR RS G, B e sl 2y e i v & F
e HOAT WAk 2 20 43 LR AR ) R H 5 A
BAIE TR 2228 Tk, b2z oy x4, RT
B2 2540 Iy —— R L0 7 B B A 2R 43 ALAE YR A
ZIRRR, HRALE R ZEBIE R . A
P BAAE 1 32 8 A2 0 43 1 45 R AIE R B0, XA TR] 43
TAYEFE BEAT LU X 5387, 4875 vh 2432 B T I
A2 Ki R

3.4 FEHRERMERTTHHIA

MEELGRC(L A A, B e, 7, @
TE2 5 R TR e 24 1 B 9 R R S B 95 RE A A
IR A A R D T AT Y . BRI
WFTE R A2 2 W 265 T T 24 2 vh R T 25 22 3 i T
TR IR M2 o B v B A R PR LA, 42 P s
e PR = S 0 o ) T 2 ML, na/r 28 AT B &2 2%
P 2% H 005 I 28 7 A2 40 PR B2 il 75 790 F 0 2
FCRAR AL o I BRI IS IR 2 I s 46 & A7 5y
BT b B 238 7 IR I R A A T 4248 o e
FM A i B2 2592 P BT T, 2 - AT S 2%
W28 7 3k 23 R AR B R 7 SR G R (1 25
R PNEBITRE A rh 2 07 30 46 45 K 0T 5
e E B R B ., (IR R 2 I R R
HHESE RNz

4 EZMETTiEREEMEE
4.1 REEYFEE

24 e 2 ) o B R PR e R, R I
P b A% 2 g 8 L R GREUE 2 (Gene Expres-
sion Omnibus, GEO) ) , HEBERKEWAEY 5,
UL EE B E N5 HrpEBRA KRR
HeH 4 (HVGO Gene Nomenclature Coumittee, HG-
NC) M aTi Ak a4 i EPRE S, % 2
BT R — AN B R 4 AR B S
T3 EAR LR 23 2 9 D E™ . UniProt J&: 7F
A R AR A R H Y, BEEE R AT
e B 0 R RS R, DA S B 42 4 R
FIBUFS, RIS i d B R o8 35 1 8
B2 AR FE StringDB! - A2 A= 4y 17 5 08
Ji, EEMEIEES4 KEGGP F1 Reactome! ™ |
KEGG i {5 5 il B% RG I REMR B, A& 95 |
FH MR F15 8o 1M Reactome $it4ig 12 BRI
BN E P SN &N Y2 X A K €7 LT
G, WAk 2,

R2 RELEMFHIR

RIS HEi&
GEO e ) R R RS B
HGNC e PR s ff 4% R IR PR T 8
UniProt ARk E
StringDB T 38 1 45 500
Kegg A=W 533 B R IR
Reactome A 5338 B R

4.2 HHRAMLFHIE

2T, Ye H A BA i SCAR 2 38 45 A
N TAZR B I L E A B2 — A2 iy - HE
RSO, R SORE ROk A 2R . P
EV H X WFST A 5L @57 Traditional Chinese medicine
@ Taiwan ¥4 ¢, Wk 352 BRep24Y 37 170 ik &
P 93— RHIT I A 57 TCMGeneDIT $ 4 4
Wosk EL 4G 2. R BRAE . o FT AR MR
B BN R A A A S TCMID %038 4, 408
Kb LA BAHDGSCHR ™ o A2 e, A BT AR A

.65 -



EFERFRE 2018 FHE39 BE N H

il

JOURNAL OF MEDICAL INFORMATICS 2018, Vol. 39,No. 11

BER A GEN DI BYB5 7T 3 28 22 i LA AR A 1A
L NSNS RA G & S B A R i TN Y i/ )
PUBF A )2 2 David Wishart { +-BF5Y4HIF & 24
W4T (DrugBank), X2 FR K, REEA L
PR RAR YR IR o AR PN TR Oy i
i 25 B B 57 B4 OF 98 B ( National Institutes of
Health, NIH) 171 3¢4i37 1) PubChem J& —Fffk 45
B B, B R & A HL/N g A MR

>, k3,
£3 FHREMUEHETLE
L A

BN PRI

Traditional Chinese

medicine@ Taiwan

TCMGeneDIT By LTI SN I /I g
by

TCMID A 2 b 5 I AR SRR B

HIT B2 S A SCRRE B IR

DrugBank 254 . RS SR

PubChem H LN FAG S B B

5 FEio#

Xt F R 25 1 AL AR A ok~ 1 B 2 1 24 v 12 24367
I7 v AT A Al ) BB AT, e R R AR
FERRERIAZ O N A, B T R IG5 7R AL
HR R A R 253697 e DDA — > i . H Al
SRS TR T rp BR G BF TS O, (RAE P R
2R IR ST S R AP L R . H e, &
A W25 75 05 1 ia ] 2 2R T e b 44 28 B EAMARAE
RS, BETHAAREAE, it 2 A M4 Rk
FEURA & R BRIR T IR B4 58 A SCRRBE , FS
2P SIRLC R, 2R R Rk, 4%
HY RS BB H E SO, — A BT ARt
SRR, MR R RN AT &
RO R S 2R PR R TORR BE 2%, A SE 19 2%
FIHE O M A JOARE AR, RIS
FINN R I A A8 LS A S e Ak AN TE . HORAE
2018 AEAWFFEE 70 1 000 Z R0 CHR R4 )5, A
BURAT 4% 1) 45 FEAT & R AL A0 REAE, AT
ERBOES A PGB E] 45% , IBFTER 2% R

- 66 -

ZRAT I — T Aok BT A [ A R A 0 A ML AR Bk
R B T AR G R R, R
Z A0 S ORI H IR RO DL b B 2367 o
A S B A e RS AR, i Sy ok SE K5 g ot i
W28 BB Y, oA L RE 23 A ML O st S K dls
BB DA bR, 2 A A R £ i TR Y )R, B
Qi dub P B R RS F) 5 2% ) 248 J5C i A O Bk T
il ) 73—~ EEPRA . KT RGP
R Ay e = 28 5 2% I 2% e A e O ik P ) 2 P 52
B, ML S BOGRART 1 JT . (AR
HREAY A RE, BHRREE K, (L SuingDB
PP [ 2 v 2 19 o 19 i B B i 10 7, FIIAE G4
2% 00 28 B 10 T v S SR AR Ak A e v 4 R Y A
TCTE LA AW HE K ) 2R G A W~ 280

6 WRAME
6.1 HARFRUBIEESHZE

XSRS TE RS 201, st EE 28R
it e PR L K 28 8 A W 2 i O O 12, R i s
o A FABHEAF AR F AU IS IO 25 5 P Y
TR AT LA S A, A R Al 0 o
XA 2R MR HERR PRS2 R . H A 8 SO
W02 73 A AR B BIEFE AR XS B8/, 5 AR ST I 246 2 O
AT RIS 52 2% I 28 S50 P A M R 52

6.2 HAREXAMEHEZZIT

FHE FH AT AR, T A B e A I A
BT ORI o TR ORISR B R B 1) 1 7
HE T, FHRE R IR = 5 a4 v i 2 ™
RFT AR, R AR T IR 2 90 24 B A 3 v
FERARIORE S . (1) MEBERR k. K g
R A3 BN AR S, (R R Y M B
RNk, AR R PR A 1) s B 175 00 A ST N [) 1)
AR HATA 3 R R AR RLE TR R 2R R A
BB . CoordinateMatrix . BlockMatrix, RowMa-
rix, (2) FEFEIFR TP RPEAE MR R ik B
553 7 PEEAT IS4k, W ARPACK /& Foriran77
g X A A 5T R Sk Y, % ARPACK 5



EFERFRE

2018 FFSE 39 HE 1 HR

JOURNAL OF MEDICAL INFORMATICS 2018,Vol. 39 ,No. 1

Spark £54, Xf—A> 17 770 171 480 189 %] Ay s i i
P T8 Sl o fia 5, ReRAR AR 4 s,
T HIAS PR R P e AR I PR R A B )
%, B ARPACK MEA TFOCS™ | L - BFGS'™' 4%
BN FE TR R, (3) R
. HHT Spark il Hadoop iz17F Java E4IHL, 7EiT
SR ARME B A TRECFGON AR BTSN, mT LA
FHATRI G FREIP P, I8 AN [ (R A2 ¢ ok e AR 45
PEAREGE S, EEHEER TR A OpenBLAS!™ Al
cuBLAS!™) | 43 BI%$ i CPU i1 GPU Jijik

6.3 WARFEHABTIMERRRIIFRE

ARG R, B ey - ok -
P W2, st S 2R M4k, 4G KEGG
I Reactome {551l V- 5 8HE , 12405 i 67 4%
OGRS 5 Sl i, IR R P R 2GR )T il
T (9 FAL AR 4R ARk 3R S F

7 £5iE

BAA R FHEDT SR R TR RGEY) 8
i, BRI AR 2l i A i B O IS 7
57K B 3 v B2 236 0 TR AR HIBLAR], %3
o P 2gn T VR AL AT 00 28 i, B — &
ARE R, (ERARAE A 42 =) A v I o A 245 1L
o Jnfar 345 42 4 A AR SR ) e B2 24 il 98 K o
fEr b B 2 e R U LR W it VIR AAR ik o
B 24367 il VR HIAL AR -4 4t phe SR S 2 1 iy ok
figp DR (R AT, 3 o o 52 % I 28 Bk 1 BBl e s

B RYFI A3 77 1k (0 2t vl DA DR GX — )R, A7 B
Bl B 2536 i A HIBIL] B o
SE 3k
U@t IR [M ], dbnt: JEatRHE I AL,
1995.

2 RN AURTT A T BRI (0 20 B A 5 s R
g% [D]. bt JbathBEZiK%, 2013,

3 F4ig. 2016 AR EEERE R ASET A [T]. I
PREEZGSCHlik 2%k, 2017, 4 (19) : 3604 —3604.

4 @Ay, Ak RIRMEBR H T2 IRYT I s 2 5

10

11

12

13

14

15

16

17

18

19

[J]. PEREEREEZ, 2013, 22 (5) . 145 - 146.
OO, JTHUET, ZEAET, AF. B 7S SR ATk
SRS A N R Y PR S e A [T]. IR ER
Zj, 2011, 51 (9): 96 -97.

XU, MG, TRk, A WBIAHAR R kA
I M IUT D AV Tl B B R R AT S [T, P R AR,
1995, 36 (3). 155 -158.

FREHE. FEEEGR “REUl e [T WIEhEE
2y R4, 2010, 30 (11); 6 -8.

I A B MBI RE B i 988 B4 11 PR 22 56 K%
s MR A IR S WFSE [ D], BEat: Mt R
2R, 2017.

BREE. JET HI P RRAE 594k 58 10 2% B iR 42 AT 5 [ D).
et JentsgiE R, 2014.

Newman M E J. The Structure and Function of Complex Net-
works [J]. Siam Review, 2003, 45 (2): 167 -256.
Newman M E J, Girvan M. Mixing Patterns and Community
Structure in Networks [ J]. Statistical Mechanics of Com-
plex Network, 2002, 625 (2). 66 —87.

Arenas A, Duch J, Fernandez A, et al. Size Reduction of
Complex Networks Preserving Modularity [J]. New Journal
of Physics, 2007, 9 (6) . 176.

Palla G, Derenyi I, Farkas I, et al. Uncovering the Over-
lapping Community Structure of Complex Networks in Nature
and Society [J]. Nature, 2005, 435 (7043) . 814 —818.
Kumpula J M, Kivel M, Kaski K, et al. Sequential Algo-
rithm for Fast Clique Percolation [ J]. Physical Review E,
2008, 78 (2): 026109.

Rosvall M, Bergstrom C T. Maps of Random Walks on Com-
plex Networks Reveal Community Structure [J]. Proceed-
ings of the National Academy of Sciences of the United States
of America, 2007, 105 (4). 1118 - 1123.

Vanunu O, Magger O, Ruppin E, et al. Associating Genes
and Protein Complexes with Disease via Network Propagation
[J]. PLoS Comput Biol, 2010, 6 (1): 1000641

Zhao S, Li S. Network — Based Relating Pharmacological
and Genomic Spaces for Drug Target Identification [ J].
Plos One, 2010, 5 (7). ell1764.

Liang X, Li H, Li S. A Novel Network Pharmacologyap-
proach to Analyse Traditional Herbal Formulae: the Liu -
Wei — Di — Huang pill as a case study [J]. Mol Biosyst,
2014, 10 (5): 1014 - 1022.

Xu H, Zhang Y, Lei Y, etal. A Systems Biology — Based
Approach to Uncovering the Molecular Mechanisms Underly-
ing the Effects of Dragon’s Blood Tablet in Colitis, Involving
the Integration of Chemical Analysis, ADME Prediction,

- 67 -



EFERFRT

2018 FFEE 39 B H

JOURNAL OF MEDICAL INFORMATICS 2018, Vol. 39,No. 11

20

21

22

23

24

25

26

27

28

29

30

31

32

33

and Network Pharmacology [ J].
(7). el01432.

HHTF, BobAh, RO, S MO T LM
AP (V] hR 2 5k R 25 B, 2012, 23
(1) 25-29.

KRBRHS, PRERAN, VPR, 2. BB H R RGBT
KPR Z m G B2 ars8 [J]. A 24k, 2011, 21
(1). 43 -47.

2R, 52, B, S ORGSR B SC R
W [J]. FEEZy, 2015, 46 (13): 2011 —2014.
PRI, Mkh, EERIE, % T E ML BT I
T RO [J]. BEiErhEZ4GE, 2016, 50
(11). 14 -20.

W, s, B, . T IEIR MR GG A Ay
BT o = 2536 97 s 0 A% O A 804 O B A BBIEE [T ]
HrE s 4R, 2015, 40 (22) . 4482 -4490.

KA, 254, JA2F. BE T A 4% 4% 0 bt [ B2 R A
BEATT R IR RG24 [J]. b S5 )
ek, 2016, 22 (9): 198 —202.

PNIE. FET 259 Ja 1 (4 v 245 5 5700 26 ) B 25 et 1A Ok SRF
¢ [D]. MR BAUKRSY:, 2013,

Barrett T, Troup D B, Wilhite S E, et al. NCBI GEO: ar-

PLoS One, 2014, 9

chive for functional genomics data sets—10 years on [J].
Nucleic Acids Research, 2011, 39 ( Database Issue ) :
1005 - 1010.

Gray K A, Yates B, Seal R L, et al. Genenames. org: the
HGNC resources in 2015 [J]. Nucleic Acids Research,
2015, 43 (Database Issue) : 1079 - 1085.

Consortium U P. UniProt; a hub for protein information
[J]. Nucleic Acids Research, 2015, 43 ( Database Is-
sue) ;: 204 —212.

Szklarczyk D, Morris J] H, Cook H, et al. The STRING Da-
tabase in 2017 ; quality — controlled protein - protein asso-
ciation networks, made broadly accessible [ J]. Nucleic
Acids Research, 2017, 45 ( Database Issue): D362 -
D368.

Kanehisa M, Sato Y, Kawashima M, et al. KEGG as A
Reference Resource for Gene and Protein Annotation [J].
Nucleic Acids Research, 2016, 44 ( Database Issue ) :
D457 - D462.

Fabregat A, Sidiropoulos K, Garapati P, et al. The Reac-
tome pathway Knowledgebase [ J]. Nucleic Acids Re-
search, 2014, 42 (Database Issue) ; 472 —477.

Ye H, Ye L, Kang H, et al. HIT: linking herbal active in-
gredients to targets [ J]. Nucleic Acids Research, 2011, 39

- 68 -

34

35

36

37

38

39

40

41

42

43

44

45

(Database Issue) : D1055.

Chen C Y. TCM Database@ Taiwan: the worlds largest tra-
ditional Chinese medicine database for drug screening in sili-
co [J]. Plos One, 2011, 6 (1): e15939.

Fang Y C, Huang H C, Chen H H, et al. TCMGeneDIT: a
database for associated traditional Chinese medicine, gene
and disease information using text mining [J]. Bmc Com-
plementary & Alternative Medicine, 2008, 8 (1) 58.
Xue R, Fang Z, Zhang M, et al. TCMID: traditional Chi-
nese medicine integrative database for herb molecular mecha-
nism analysis [ J]. Nucleic Acids Research, 2013, 41
(Database Issue) : D1089.

Wishart, David S. DrugBank 5.0: a major update to the
DrugBank database for 2018 [J]. Nusleic Acids Research,
2017, 46 ( Database Issue) : D1074 — D1082.

Kim S, Thiessen P A, Bolton E E, et al. PubChem Sub-
stance and Compound databases [ J]. Nucleic Acids Re-
search, 2016, 44 (Database Issue): D1202 - D1213.
Broido A D, Clauset A. Scale — free Networks are Rare
[EB/OL]. [ 2018 — 04 — 15]. https; //arxiv. org/abs/
1801. 03400.

Zadeh R B, Meng X, Ulanov A, et al. Matrix Computations
and Optimization in Apache Spark [ C]. San Francisco:
Acm Sigkdd International Conference on Knowledge Discov-
ery & Data Mining, 2016.

Lehoucq R B, Sorensen D C, Yang C. ARPACK Users Guide
—solution of large — scale eigenvalue problems with impiclity
restared Arnoldi Methodes [ M]. DBLP. SIAM, 1998.
Madamas S, Samaras N. A Review of the Hadoop Ecosystem
exploring the TFOCS Optimization Solver Utilizing the Data
Processing Engine of Apache Spark [ C]. Athens Interna-
tional Symposium & National Conference on Operational Re-
search, 2016.

Morales J, Luis, Nocedal J. Remark on “ Algorirhm 778
L - BFGS - B: Fortran subroutines for large — scale bound

constrained optimization” [J]. Acm Transactions on Math-

ematical Software, 2011, 38 (1) 1 -4.

Wang Q. AUGEM. automatically generate high perform-
ance dense linear algebra kernels on x86 CPUs [ C]. Den-
ver; High Performance Computing, Networking, Storage
and Analysis, 2013.

Farina R, Cuomo S, De Michele P. A CUBLAS - CUDA
Implementation of PCG Method of an Ocean Circulation Mod-
el [J]. AIP Conference Proceedings, 2011, 1389 (1).
1923 —1926.



