%1 E >>2>

itHEAFENE

AR RS 4L,
— RS K FF,TEHE, L 1492 F

BE: AdEATEMFI AR THAFEMNLE L ERNERZAT ER 2T D
FLETUNESTILAME R LT, URE B R, HEAFEHT ZA
THETL UREZBELD GED > TFTHMEER A TR EEG YT EEBHHFE RN
B EAARAEAMBBFFEREDGHFE URLBREMT L FERZRN FH#
R, TEAFFRBRR LR, BALRMAZTEARENREFAL.

L1 ZafDONSAE At 2

TE A B v TR 18 A R T A 2 4 AR R S R O . AT T A I8 (B A
AT A2 B SROIED B B R 2 )R A e 22 S L S IR A AR AR A L TR
P AREHF VAR T ML B oT AL Y — S B . 3l T8 R B 5 39 ) S A AR
JLFH

Sy F IR AL . A3 F IR —— B K B A R TR A

Gy TR I A A R A . TS R SR AL S IR A I R L L B Of 3 2
JZ R e ) — A R 2

2 M T A H A v 7 B B R 7 20 2 AT AR 2 6 L R o 37 250 A B T 36 7]
T 45 Ak R B 4 T I 5 T S I 5 — R S P 0 7 P2 ) B 4 £ 550 T i
fAE 5 2 L3 A BT Bt e )

LT AN S AMRIRRE L IR G « X L0 AT LA e L B A0 R SR A R R A Y
NI TR 4

G 4045 W6 R A T . T R 4% T LA SE A T A I T R U Y 24 W R — b
ik,

) R A 400 B K T B A 4 T 0 R % 4 A B R e ey R PR .
005 ISR ) (0 38R B A A e 4% - R 45 4 R B S 4 TR T 0 B 55 . 7 bR
2 450088, T4 14 23 BF 58 100 24 17 L



E

HEHF—D FEEFNFERIERNASIE (FB3hR)

L2 WAL TR

FEWFIE b [ B, AT ST A Rk PR A 2. R EE T B 5 K3k,

(D) T FERIR) 53 F J12%% . o TR o 35 ) 7 2 7 — R Bk 7)1 48
B o AR FRAT A I H A P R R T 22 R A T A, AR A R g g T S Y R
FERE T 48 M ER RS B S A, BN 45 38 4 T RO RE . 0078 L] 44 0 1 300 4% 1) R IC B o
I FRATTRE % HEAT LA A BLA AL o RO 35553 10 JL AT 44 L

Oy F SR R AR P . — & 3% 38 A9 S AT ML AT DU L RR B P R A 15 2 EE
JHEBE(C,y Hyg O Z M S KA 5.

(2) BT HEE 1S BB (ab initio, BL T B L FF LG 7, BI“45 — R ™), T
S IR B AE I SR Ty B 2 — R T A i AT R A — S Ty . MK R
SRR A3 B RE VT R AT 4 2 T I RE R R SR B D RO — N B pR B T R
ML A (R FE RS b 368 T DL S 4 7 09 A AR T 15 20 . AR vl 20 A FRATT AT LA 1
o3 B S DL R GEAZ R B0E B R S B0GE T Ry . EXFFRAGZ T -1 (DO HE
FIAT AT 43 F B 8 VS O R G RE A oR A . R I A 30 LM T R0 0 A3k B 9k Y
KPR . TS AT KT an ], ISk B 05 iR AN S 3k F A BRI (i T 125 L A
ORP R SC R A — R T AR 1Y

NSk B F1 38 R AT A 0 . P e 11 T LART A 2R R 2 A1 63 (IR s %) 1] LLAE — & A A
B FE L350 22 N DA K S TH5 AR — AN 24 R 18 437 Can 25 B W) 1) JLART 44 20 £ 4k, FE & 3
M KPR RE DR LR R, T, A 4 GB EUE £ B LA BU A% 4% (random
access memory, RAM) fil 1000 GB 5T Z % £ 25 [0 9 > AN THEHLZE —FhEZMIHE T A,
2 TE 5 B KT Sk SR AR OG0 = BERAT 45 i BE S UNIX IFSEALSE 4. 850, AMTT3L7ER
IR T ARS8 25, e EE ) M K 2 15000 36T, EEETE £ 0T EIE R
B R s B AN NS AT LU 3 2 U5 R G AL RIS B ) ) G R sl A T L
Feak

(3) AT . BNKE —F, B TR . (AR, 7Rl e i 7 B, &
T B 22 13T R L FE Sk B I Hr e B R A AR B A 0 R A 2 2 86 3 R P SE PR O
KT MR G R FET T —F B B % B B 3 i 53 an JL AT+ R A R (A
PO 5 B SR 5 S0 (1 Y S KT RS (R 0 B AR LA SR A . X A S IR A A
Ber R F DA i T B E A B AR N S5 . BE SR A A MK kB R 2R
Jrik B TEE SR EH S (S K EIS) H (G R B RS LR T S8k, Y
SR AT A B 22 0 1 RE O 1 R B R T S EO I 2 1 4 0 R A 1 28 L T S S AR A it
CIEPIE SUR-E = E AP

AT B T 02508 AR KB IRAS £, 2P S50 15 i T 1 B[R] K 24 2
O3 F 1209 100 A5 10 I Sk 55T T B[R] R 29 02 2 22 56 0 F 51 100~1000 5. 76— &5 4 HLU ik
b T 1 2 20 56 TU ] g A A TT BB T B — Al

(4) %P1z R0 Gl H BN % 12 PR FE2 (density functional theory, DFT) ,iZ B &5
PRI SURH 56 B2 S A AR S BRI 2 B0 T — K B I Tl 1% O R (0 S A B AR T vk



BIE HEWFRL

ANTR] 8 7 PR RS I AN TS U5 R R TR AR AT L T A (R R RO

BB RS R A R LMK R H PR 2R 06 T AR B R R B A R R
sy b 92T B RE v ok FE TR A T LB W 21 20 42 80 AR AR, A Sk B 7 ik iy E
AL NIE GG T 20 4l 70 A0, R 21T LI A T 20 42 50 44K,

(5) Kpiz g WM T2 TR T e it 5. TSR T 7> 72 8U8 IR
sz gl P FRATT AT LA UL B A 5 IS W 45 5 B R I B 32 gl B0 B — RREK 2
THISEE A o THIE 3 X 1) AR YA S i BT SO T 0 A SR T AR TR 2y
THIED . TR — M A A Tk G SR XA 139 089 01 30 ) 2 1Ry A RERT
FE A B A W RRE B (A G XT L) ol i~ 22 56 DA Sk B8 B R U2 oK T IR T AR Y )
Y] L st o3 1 sh J1 s WS4 2 OB . B 20K o 1 B h s (s s 50 1 s O Tt
AL BD IR

1.3 e A X e —

i H YT I A AR T ORI 2 IO Al 7 ik G T REE S O R T 12207
W RIS KT AN B bR B ) 5 AE SR ). B AN SR SR T o e o
MKl 1 eR BE AT AT 5 . T O 20 T 54 R 2 00 05 i T A I S 80 L (AR e AT
TRLE 5 Z 4l b BT Fl 43 1 22 AR KB 23 710 B2 A AT SE 9 . %% B2 R G L MK B A 2
U8 T5 08T e B SRy FRAE AT RE A T H A 5 1 B

HE B DNA S5 R 71 B 2548 70 Al 0 2 2> 1 122k S8 il . X S8 A )R 7 119
LA S LI DR VS B i A = o 775 A i e o) A e o ) B N o e o) R B 1R s 4 D L TR 1 F2 S Pl
VAR 5353l g2 1 2 22 36 Sk SR a088 B2 s SR R AT IS . R T 1Y SR B 40 AN 1Y)
PR, AT DU 200 0 vk sl SR SR vk SR R 9 . Lo A, 288 [T 1 46 o 45 R /N 43 ] LA
2 U T AT WS AR R AT E] L AT DU K BT AT R . AR T
Jyzg sl DU T X SEE 5T B B R AR 0 1 2 IR RESR (A G B T A B 5 B R
5 R ER AT A G A 7 R AN BE B 1 ook i b

oy FHIRER AT LA 20 1 J1 5 R MG B al0 B ok BRI . TS Y I B AR AR
RFEE BT HARAY R, PEAR AR BE b IR T F 5 0 A1 B4 BN 3% 1 36 e 290 1
T35 05 1 (GRG0 Sk Bl Bz R 38D SR F 5T . 6% T L o e 2K P DA Sk SRl iz
PR BRI HEAT fe A] SR A THIAD L LI S o R 0 5 vk a) LLSRAS AT TR A5 2R L T — 28 31 g 24 AR )
PATF S AR 25 0 B9 20503 GE U R 2R3 D

B — A 73 2 R A3 R L AT AT DT S Y IO T R A SR ) — A B
TR o AT LA P SR s R R AT SR R LR W, IR I 2 o 22 26 O 80 B3 1R 3R Az
B ASXHERE bl . o T3 R ar 5, X I T AR 5 05 I 27 R 58 )i, VA R] LA i
— S 05 ORI TSR AR W) 00 1 R R Ry o X R X S 1 2 R AT A e AT
S 25 0 A0, 55 45 R T S S A A AN A R B 2 1

TER BRI AL AR BT TSRV BT AR A M (B, S0 R AR R R
HORJU A AT TOFSE . B i — D M 9 % 8 S — T A AT SR 1 R

2



O

HEHF—D FEEFNFERIERNASIE (FB3hR)

AL AR R S BRI A W A L SRR ST AR W e A B B L T
HASE WA, FEARTBADFEELT A ANEX TR W TR T BA LSRN E
fysct .

T A2 AR 2 T, 5 S R A L R AR A T LR BB e 4 OV IE T 4Rk L RPLI K
LR T I AU R AR AR AL B i e . (HE R AR S8, 92T
SR 1SR BB AN IR AP AR . AN L A% KR AR P R 2 B AERD Lt A E A SE IR
T L o B R R AT R AR S B AT R /N s S R A R B 7
BUT S R (375 e U o 75T RE A IR R R 7t L o R e iy T 8 70 A5 A kg T
LLZE T HOREEZ (R 2% FAE T A SE I 0 H 2 ATt S /L AT Rl — K A B e £
KRR LA R R TR RIS A S TR BB

1.4 AR

T 27— LA A T G4 R 1) o i 0 A Al 27 B bl B e Ay JE T 4 T
59 H9 32 B o L33 6 J5T 7 1 3 3 2 L 5 10 S AR o T AR LA o 8 g 2 g A A )
Y24 IR AT WAL 25 55 4 = 45 3 T i A E 3k i R S B P AR ) B R R 4 e R L
W0 75 5 T BB R A AT M B R R R < ekt

TEVF AL b FRATTIA g TR AT I 7 M5 400 20 52 9 B0 S A B0 AT g o JRUAS SR A B T
I 25 Ay S AT T L O A e S W B S S e B AN T AT

1.5 L&

PEFLALE BT B8 V540 00 JLAT R Y | B DR R SL AR . &R T BLF L
KT H.

SR A HET AT R R

WSS ok T VB AT AR L T4 5

R Ty ST E VST PR UL LA L AVOR SR AT LA (R S8

U BRI (DFT) Jr ok T 6 V8 B 0 A0 0L S8 FF T 0 I Sk 5 4 2 80 Uy
T2 00 T2 BRI A I PR RR

ST I BRICE BT 4T

AP DA Sk B30 R B bR A %5 58 32 o BRAE R DAAIE 98 B AT RS 1 1 A9 B 28 00 -, A RO o T
AT 50 TR KA. 4 280 7 K 10 IE L M Sk 575 8 16 2 o 80 D18 2 T LAAR 5
Sy WK JFC N T AR 2 K 43 - Cln B & 852 (Cy Hy O) FTEE R 9 43 ) L i 43 F 1 #6e JH T
PR 3K 0 4 T IV BRI BE ) 9 LA 4 00 Al L B 4 3 3 3 K 4R 16 ety
FHERR MR B FFSE L 02 T 25 £l DU 01 25 9 5 2 0 4 T 0
FIT 040 4 05305 25 90 5 0 5 Bl 5 08 3 R B S b QT T 5% T O
FOIHE



B By ]t

PEGR I ) VN

AL 7 AT LA (5] 2 W ) 7

PR AT B2 TR A THBRE G4 TRJLAIR .
— JBe oA WO d R ) 3 A S T A (TR Bl 2 fe i 1) 2

N At A A A Tl A

WAL ZE 0 R B 75 7 B AR LR T 47

FRATT AT A4S 2 8% G 1 7 RERG 0 A 1 43 T R 28 A A BR R 2

M SE = el

9. HRALAMX TRA A AR

10. Rt At B AL A BRI AL 2777

[ I T o < B S O

BN [R]

PHELL N WA IFBIEER I E5 8 .

J Y= o I N L 1 O SR S - X e =

R AR Bl )2 AT 2 OGS 2 R AR A IS AT LR — AR
k20t 9

3. BT o 1 O LA R R RE (5 A A AR HO RO . AT 4T
RVE AN AR 2 R R B PR B Bk R BRR . v X R X ZER AR

)

A —AGrF I LA #4780 B8 (5 H b S R A B Tk BR ORI S B ALY (3
J128) BEWERf Mo 15 ok X R S A A7

5. BN Ar T 12 0 T S R P T 2
55— JUER M Sk B30 1) T B0 2 A5 7 2 LU IR S ) S 6 0 (e 22 560 1) 1 5 AT B2
SRR AT RE LA A IR B R . B4 A A SR B AU E ALY
. BB T X S BRGSO R XX R E RN — R B

= X WA, EREMR 5 — ARy ($E7R . 4 F iR ZR A

9. AR A AR R g T I A B B SC AL B W, SR 5 6 L AT 2 I
M, 50 BT3B Ak A 52 4 1 Q0 4] 5 AR B A0 “ & BRI T O T 4 L L R S
254 07 B AR S A A

10, AR — 2 0] DUE o TR R 8 4 R A AR S AROR A 2

OOﬂCh



O

HEHF—D FEEFNFERIERNASIE (FB3hR)

%25 3Lk

1. For example, summary of a discussion on the Computational Chemistry List (CCL), at
www.chem.yorku.ca/profs/renef/whatiscc.html. Accessed 22 Sept 2014

2. Schaefer HF III (2001) The cost-effectiveness of PCs. Theochem 573:129

3. (a) Fox A (2011) Cloud computing-what’s in it for me as a scientist? Science 331:406;
(b) Mullin R (2009) Chem Eng News. May 25, 10

4. (a) Cerquera TFT et al (2015) J Chem Theory Comput 11:3955; (b) Jacoby M (2015) Chem
Eng News, December 30, 8

5. Fantacci S, Amat A (2010) Computational chemistry, art, and our cultural heritage. Acc
Chem Res 43:802

6. (a) McKenna P (2006) The waste at the heart of the web. New Sci 192(2582):24; (b) Keipert K,
Mitra G, Sunriyal V, Leang SS, Sosokina M (2015) Energy-Efficient Computational Chemis-
try: Comparison of run times and energy consumption for two kinds of computer architecture
(ARM-, i.e. RISC-based and x86) and three families of calculations. J Chem Theory Comput
11:5055

7. Environmental Industry News (2008) Old computer equipment can now be disposed in a way
that is safe to both human health and the environment thanks to a new initiative launched
today at a United Nations meeting on hazardous waste that wrapped up in Bali, Indonesia,
4 Nov 2008

8. E.g. Cheng G-J, Zhang X, Chung LW, Xu L, Wu Y-D (2015) J Am Chem Soc 137:1706

9. Peierls R (1960) Pauli’s words: the physicist Rudulf Peierls reported that Pauli used these
(the German equivalents) in reference to the work of a third party. Biograph Mem Fellows R
Soc 5:186; Plata RE, Singleton DA (2015) “Wolfgang Pauli, 1900-1958.” The critical paper
which invokes them. JACS 137:3811

10. The physical chemist Wilhelm Ostwald (Nobel Prize 1909) was a disciple of the philosopher
Ernst Mach. Like Mach, Ostwald attacked the notion of the reality of atoms and molecules
(“Nobel laureates in chemistry, 1901-1992”, James LK (ed) American Chemical Society and
the Chemical Heritage Foundation, Washington, DC, 1993) and it was only the work of Jean
Perrin, published in 1913, that finally convinced him, perhaps the last eminent holdout against
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chemical philosophy to theoretical chemistry. University of California Press; Russell CA
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(a) An assertion of the some adherents of the “postmodernist” school of social studies; see
Gross P, Levitt N (1994) The academic left and its quarrels with science. John Hopkins
University Press, Baltimore; (b) For an account of the exposure of the intellectual vacuity of
some members of this school by physicist Alan Sokal’s hoax see Gardner M (1996) Skeptical
Inquirer 1996, 20(6):14

(a) A trendy word popularized by the late Thomas Kuhn in his book— Kuhn TS (1970) The
structure of scientific revolutions. University of Chicago Press, Chicago. For a trenchant
comment on Kuhn, see ref. [12b]; (b) For a kinder perspective on Kuhn, see Weinberg S
(2001) Facing up. Harvard University Press, Cambridge, MA, chapter 17
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