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Modern Computer
For military purpose (1970 ~

g/saleal Ty

Text (command) oriented
monitor/console

Computer Prices, Computer Speed and CosUTIVHz
1970 1984 1997 2007

Cost 54,600,000 |54,000 $1.000 5550
Speed (MHz) 12.5 83 166 1600
Costper MHz | $368,000 |$482 6  $0.34

—

PC

>
main frame computer



[ Personal computer :8 bit , 16 bit, 32 bit ]
and 64 bit computers

Apple

16 bit ZAFE| A|X : IBM-XT
8086(1978, 4.7/MHz~10MHz) 80186, 80286
(1982, 6MHz~20MHz, 903 &= ZH7}X| AtE)

Of = O ZIEA|(1984): O A S RIE R
(X| X2 st T Al 2 71s)

32 bit computer : Intel 80386(1985), 80486 etc : S}t A|4H0]| 0| 8 715
64 bit computer : |2 pc |




[ Supercomputer and cluster computer ]

v ; 1 41 11 MPI Cluster
?‘T‘T STl

,
. E. rEh Master Acess Node

80~90'H [ 4-THZ FE{(cray)

5{X(2013.06) 7t% HWHE £ HAEH: HEXN 2| AEE(pc cluster)
== National University of Defense Technology (NUDT)
PC(server) cpu(core) 260,000 cpus x 12 core=3,120,000 7§ core HZ



Workstation

Main frame computer 2} personal computer?| &3 xEgol)
-37|= 7M218 AFH jHEOI'—f AMMSL2 Oy ZEE(main frame computer)
%

O OOTr

0|0, EFEst Ol 7S EQo AREEE CAD(computer aided design) 7t

Evans & Sutherland, Sun, HP, Compaq etc.

= 7Hel8 HAEE 2} Workstation?| #+&20| 9=
2ot SEERO(PO)Of| 2 BH M (OS)ZEA Windows & X|[SHH "8t PC”
Mac OS MX|SIH "0 = ™ HZEH”
2|52 (linux)§ 2X|olH “MH, 3 AHO|M,EHAH (LA RFEH)"
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[ Operation System (OS) : 2gHN| | ]

m Main frame computer (CHAEZAFE)
M| Z=AOICE CFE XHM| cpuE AFEOIER B5 CFE OSE S5 eL}
20| ALl Unix2 S

] Workstation: Unix

m 7§18 AEH
OEAH=E] ; Mac OS(X7|EE EL, OI2A AlL), Mac OS X
QiH} PC (IBM PC) : MS-DOS, Windows

m 2| =A(linux)e] % : Linus B. TorbaldsZ} 26A]| {2l 19914 386 PC
0f] 8510 7| 0| A|ZHEl open source 7|HE2] OS (linus Unix -> Linux)

IIX
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ol HEE SRS 1Y 2 ¥8S = 2N

Mo

S|
*A0FEE OS : ios(apple), android(google), MS windows mobile, Samsung bada &
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1990~ S¥ A F+H, Workstation 5% S 250 [I}Z A ttatstol| &

A AE-0|2 @3 oino| T3

1990 &t : PC 45 =7+ I Linux OS SEOZ 79l A4 420| 17 7|

B 7hs

A

kel
o[A
i’

fot




Structure-reactivity relationship :
determination of electronic structure of
L molecules

« Experimental methods
X-ray crystallography for solid state
other spectroscopic methods for gas phase and liquid state

* Theoretical method
Energy minimization for geometry optimization

st™M (Quantum Mechanics)

il

st ™ (E Yl Classical Mechanics)




[ Quantum mechanical treatment ]

1. Calculation of Energy of Molecule/Electronic Structure
@ Quantum Mechanics (QM): small molecules
@ Molecular Mechanics (MM): large molecules (classical treatment)

m] Differences between QM and MM
Energy quantization and uncertainty principle

Schrodinger Wave Equation (QM)

ﬁw:Ew
E : energy of system(molecule)
w : wave function, y° : probability density

Al2l oL x| 2t ot SetTh FH 1 A0 et Ho] 2= BES F + A
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efst vi2 A 20| C{st Potential
Energy Surface (PES) =X
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sextet state
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Transition Structure A

Minimum for
Product A

Second Order
Saddle Point

Minimum for Reactant

FHo| #ot dHHo2=HEO| o2 =1=t50 Ch

-l-

O
[

Second Order Saddle Point

Transition
Structure B

Minimum
0ft::r Product B

Valley-Ridge
Inflection Point

ol L4 X| A&k 715)
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[ stat, 3 44 L S A7
.Y

60.0
Li‘/ 1518
40.0 - /’ {
T$12(21.79)
~ 20,0 4 :
[}
= TS13(5.43) TS14(3.58) M -
£ Z| B2 XIo OFE M A
2 °° 1107100 E7:”|_| EE—' 2|'—|ﬁ o 7:”|_|-
= (0.0)
O
<1.20.0
-25.28
os INT6 ( ) INT7 (-29.61) (1417:;38) DANTA ADNTA TNTA

L uU® L U L U RDX HMX

Reaction Coordinate

AH; (s) —8.52° —8.52 21.14° 21.14 47.00° 63.73° 18.9¢ 18.0°
(kcal/mol)

Density 1.620° 1.796" 1.755° 1932 1.904° 2.010° 182 1.91
(g/em?)

Iy (s) 175.7 1757 231.7 2317 2570 2614 265 265

Vaer (km/s) 6.601 7.280 8.059 8.694 9.044 9.618 8.754 9.1
Pqy (GPa) 1494  20.13 26.01 3296 33.80 39.83 347 395
IS (cm) 297.9 201.9 17.4 28 32

TS17 TS18
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Nobel Prize in 1998

The Nobel Prize in
Chemistry 199

V.

§
‘ £
. =
' > B\ Al
v

www.gaussian.com
THE OFFICIAL GAUSSIAN WEBSITE

o
Walter Kohn John A. Pople

The Nobel Prize in Chemistry 1998 was divided equally between
Walter Kohn “for his development of the density-functional

theory”and John A. Pople "for his development of computational
methods in quantum chemistry".

Computational Chemist
U BBt/ YRS A HEE ZRIY S Y oI
Gaussian70 — GaussianQ9 (starting 1970): ab initio H| At
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[ Classical Mechanical Computation ]
(Molecular Mechanics)

Using Newton Mechanics : suitable for large molecules like protein
and DNA etc.

b a d p P
ETotaI _ z Eistr. n Z Eibend 4+ Z Eitors. i Z Evdw n Z Eelectro.
i i i ij ij

Covalent Non-covalent

Molecular Dynamics (MD)

d°’x.  ©OE
F=ma=m—F—=-—, X = f(t)
dt OX.
YAt A Ao HIBHA 7|2 f2l= 0 Thedtll 0fR 2 2XHE CHRE D A|ZH0
2t 2Xe] 22 Y IHEX HHe|2 FHSH| 20 LAl A4t A|ZH0] Bo] A8
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Mechanism of Enzymatic Action

The Lock and Key Theory of Enzymes and Substrates

Wh

Substrate= “Key” Enzyme= “Lock” Active Site= “Key hole”

“Active Site”
Subs( rate fits here

Enzyme completes reaction;
products are released

Enzyme-Substrate Complex

Enzyme and Substrate New products formed

Compound __ Productl Product2

Compound

Enzyme

15



Drug Design

Fitting drug into receptor (protein)

16



Nobel Prize in 2013

Martin Karplus - Facts

Martin Karplus

Born: 15 March 1930, Vienna,
Austria

Affiliation at the time of the
award: Université de Strasbourg,
Strasbourg, France, Harvard
University, Cambridge, MA, USA

Prize motivation: "for the
development of multiscale
models for complex chemical
systems"

© Harvard University

Computational Chemist
SRtCiSl/ SRS RS ZHEE T2 By U o7
CHARMM (Chemistry at HARvard Marcromolecular Mechanics) 1984
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Computer in the future?
Quantum Computer

quantum leap

I " |

ooling part ~20mK

18



Computer in Chemistry Lab.
(computer interfacing to experimental

\ eqmpment)

/J.I_J_I'E 29 : Computer Chemistry (1989~2003) \
CAI, CAL etc
Microcomputer-based laboratory (MBL) &<

/A, LABQUEST 2

Vernier LabQuest2 Just b I acC k bOX

Interface
HER Hojt ClaE2qo|
izw IE oz E Ans EIEBIPCR} QIE{HO0|A

nnnnnn




[ Remarks ]

"How to use computing resources efficiently\

in science research and learning

Basic knowledge of the computer language
(high level ) is essential

Other keywords in computer resources are
3D printing, Smart equipment including

L tablet and wearable computer Y
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