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CBE 422
Molecular Modeling Methods

m Forces between molecules
m Molecular mechanics

m Classical molecular simulation methods:
Monte Carlo + Molecular Dynamics

= Quantum modeling: Hartree-Fock and density
functional theory methods

m Hands-on, computational assignments
m Final project on mutually agreed-upon topic
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Time and Length Scales
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Early History of Computers

m John von Neumann (1903-1957),
among first four faculty of IAS:
Princeton "stored program+data”
versus Harvard architecture

m ENIAC (1946) - U. Penn

m UNIVAC (1951) - U.S. Census J. Robert ppenheimer e;nd John von

BLII"@C(U Neumann in front of the Institute computer
(IAS Archives photo)

m IBM 650 (1954) - 1s* mass-produced
m DEC PDP 8 (1965) - 1st minicomputer

m CRAY I (1976) - vector
“supercomputer”

m Today: "commodity” clusters

www.computerhistory.org/timeline/
en.wikipedia.org/wiki/Harvard architecture
en.wikipedia.org/wiki/John von Neumann
This NY Times article

ENIAC - U. S. Army Photo


http://www.computerhistory.org/timeline/
http://en.wikipedia.org/wiki/Harvard_architecture
http://en.wikipedia.org/wiki/John_von_Neumann
Web%20Stuff%5CLow-Cost%20Supercomputer%20Made%20With%201,100%20PC's.htm
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PERFORMANCE DEVELOPMENT
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ARCHITECTURES CHIP TECHNOLOGY
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Princeton Research Computing

Nodes Cores

Large

Clusters

TigerGPU
Dell Linux Cluster

TigerCPU
HPE Linux Cluster

Della
Dell Linux Cluster

Perseus
Dell Linux Cluster

Processor
Speed

2.4 GHz Xeon
Broadwell
E5-2680 v4

1328 MHz P100
GPU

2.4 GHz Skylake.

2.5 GHz_lvybridge
2.6 GHz_Haswell
2.4 GHz_Broadwell
2.4 GHz_Skylake

2.4 GHz Xeon

80

408

32
48

320

per
Node

28

4
GPU/node

40

20
20
28
32

28

Memory
per Node

256 GB

16 GB/GPU

192 GB

(40 w/768
GB)

128 GB
128 GB
128 GB
192 GB

128 GB

Total

Cores

2240

320 GPUs

16320

5632

8960

Omnipath

Omnipath

QDR
Infiniband

FDR
Infiniband

Performance:

Theoretical

https://researc

86 TFLOPS hcomputing.pri
nceton.edu/sy
stems-and-

1504 TFLOPS services/availa
ble-systems

>1103 TFLOPS

267+ TFLOPS

344 TFLOPS
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Real Model

Systems Systems
Experimental Slmulatlon Theoretlcal
data results predlctlons

B

Adapted from Allen and Tildesley, Computer Simulation of Liquids, Oxford 1987
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Computer Software

m Operating System (Mac OS, Windows,
Unix/Linux)

m Applications (e.g. Matlab, Hyperchem)

m Open-source packages (e.g. Towhee,
_LAMMPS, Gromacs)

m User Code

Compiled programs (Fortran or C)
High-level scripting (e.g. Python)




Moth found trapped between . Photo # NH 96566-KN First Computer "Bug", 1945
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http://www.history.navy.mil/photos/pers-us/uspers-h/g-hoppr.htm



http://www.history.navy.mil/photos/pers-us/uspers-h/g-hoppr.htm

