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I oN

FrslEl ZETE QY
Context - Role - Command - Format

slide.tex > PDF Zu}jg!
pdflatex &= Overleaf

IDEA: CLAUDE CODE x BEAMER LATEX

® ®@® Terminal

# 1. Claude Code 4X|
npm install -g @anthropic-ai/claude-code

# 2. 29 20 MM = claude 2
mkdir Course && cd Course
claude

# 3. IxstEl ZEZE QH

Context: I need lecture notes & slides for {Course}.

Role: You are an instructor authoring materials
using Beamer LaTeX.
Command: 1) roadmap.md 2) topics/*.md
3) slides/Topicl/ Beamer (.tex)
Format: roadmap.md - topics/topicN.md
- slides/Topicl/slide.tex

# 4. LaTeX - PDF #Hut
pdflatex slides/Topicl/slide.tex
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"Beamer LaTeXZ Xt2E == WAt MEH &2 20o{EtL|Ct.

Command
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I

Format

ZAutzo| Wt A= (roadmap.md - topics/ - slides/)E YAIEHLICE.
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Recall: The Force Field Concept Example (Top-Down)
A force field (FF) has two components: Let us define a certain subset S of natural numbers (N) as follows:
@ Functional form — mathematical expression for E(ry,. .., ). Definition (5)
efinit;
@ Parameter set — numerical values for each atom type and interaction. —
A natural number n is in S if and only if
1. n=0,or
ErF = Epond + Eangle + Edihedral + Eimproper + Evaw + Eelec 2 n_3¢S.
-bonded
bonded ronbonee The definition is inductive, because the set is defined in terms of itself. What is the set
S?

DGIST Graduate School of Technology & Innovation Management

Probability with Mathematical Foundations

o How are force fields designed, classified, and parameterized?
3/209

Today'’s focus:
o What are the major families, and when should you use each?

o What goes wrong if you pick the wrong one?
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Harmonic {Class | — maost common)

1 2
Eung = 3 5 kalr = no)?
o

Morse (better for large deformations)

:
Buoe = Du[L = et 0

Bond ry (A)  ky (kealfmol/A?)  Period (is)

cC 18 ~300
€=C 134 ~500
C-H 109 ~340
O-H 0.96 ~500

0-H } C-H vibrations ara fastest = they limit the time step!
Constrain with SHAKE/LINGS = use Ar =2 fs

Coulomb interactions decay as 1/r — too slowly to truncate

Simple cutoff: produces severe artifacts (pressure jumps, incorrect solvation free energies

broken energy conservation)
Ewald summation: Split Coulamb sum inte:
Eiee= Brorrange +  Eongrange  +Euei
el e {eri)  recgrocat seace (FFT)

Particle Mesh Ewald (PME): Uses FFT for the reciprocal-space sum
o Cost: O log N) instead of O[N2)

s Standard in all modern MD codes (GROMACS, AMBER, NAMD, OpenhM).
& Parameters to set: real-space cutoff (~10 A), grid spacing (~1 A), interpolation order

(usually 4).

s

@ What is a Foree Field?

@ Force Field Classification

@ Bonded Terms in Detail

@ Mon-Bonded Terms in Detail

@ Major Force Field Families

Q Specialized and Reactive Force Fields
@ Force Field Parameterization

@ Choosing the Right Force Field

Q) Machine-Learning Force Fields

@ Summary

Angle bending (harmonic)
1
Eunge = 2 5 k(0 — o)

angles

Proper torsion (Fourier series).

Edinesnal

z%[l + cas(no
dinedials

& n=1,23 terms capture rotational barriers
+ Critical for conformational preferences: gauche vs. anti, cis vs. trans, &/
Ramachandran angles.

Improper torsion (harmonic out-of-plane).
1 2
Eimproper = 5 ko [w — wi
s = )

Enforces planarity at sp? centers (aromatic rings, amide bonds).

AMBER Force Fields

Assisted Model Building with Energy Refinement

Version Doma
TT145B / 11958 Proteins
OL3/0L15  RNA/DNA
Lipid17 Lipid bilayers
GLYCAMDE Carbohydrates

GAFF [ GAFF2  General small molecules

Key features:
5 RESP charges from HF/6-31G* electrostatic patential
@ Lorentz-Berthelot combining rules.
+ 1-4 scaling: L = 1/2, elec = 1/1.2
4 Compatible water models: TIP3P, OPC, SPC/E.
@ Runs in; AMBER, GROMACS, OpenMM, NAMD.

Field Conc

A force field (FF) has two components:
@ Functional form — mathematical expression for E(ry,._..ry)-

@ Parameter set — numerical values for each atom type and interaction.

Err = Epond + Eangle ¥ Edinedral + Eimproper + Evaw + Eclec
¥ = Eoord e + Ecinedral erop aw + Ec

banded nen-bonded

Today's focus:
o How are force fields designed, classified, and parameterized?
@ What are the major families, and when should you use each?
& What goes wrong if you pick the wrong cne?

Force fields do aot treat each atom individually. Instead, atoms with similar chemical
environments share an atom type

Atom Type Description FF Example
T <p* carbon AMBER
cAa Aramatic carbon AVIBER
< Carbonyl carbon (sp?)  AMBER
N Amide nitrogen AMBER
OH Hydroeyl axygen AMBER
HC H bonded to carbon  AMBER
HO H bonded to agygen  AMBER

Class Functional Form Examples

Class | Harmanic bonds/angles, AMBER, CHARMM, OPLS-AA,
Fourier torsions, ficed-charge GROMOS
Coulomb + LJ

Class Il Add  cross-coupling  terms CFF, COMPASS, MMFF94, PCFF
(stretch-bend,  bend-tersion,
etc);  higher-order bonded
terms

Class 1l Polarizable electrostatics (in- AMOEBA, Drude (CHARMM)
duced dipoles, Drude oscilla-  FQ
tors, fluctuating charges)

Trade-offs:

Key idea — transferal

y: Parameters for a C-C single bond shauld werk in ethane,

@ Class | fastest, most transferable, most validated
@ Class |1: better vibrational frequencies and conformational energies.

Terms (Class

Class 1 force fields add coupling terms:
o Stretch-bend: Bond length affects sptimal angle (and vice versa)
Eis = ko (r = ro)(6 — 6ia)

o Stretch-torsion: Bond length affects torsional barrier
+ Bend-bend: Adjacent angles are coupled.

Benefit: Better vibrational frequencies, more accurate geometries.
Cost: More parameters = harder to parameterize and transfer.

Examples: CFF, COMPASS (widely used in materials seience), MMFF04 (drug design).

M Force Fields

Chemistry at HARvard Macromolecular Mechanics

Version Domain

CHARMM36m  Proteins (with CMAP correction]
CHARMM36 Lipids, nucleic acids, carhohydrates
CGenFF General small malecules {ParamChem)
CHARMM-Drude  Polarizable version

Key features:
s CMAP: 2D dihedral correction map fer backbone ¢/
secondary structure
& Special 1-4 L parameters (no simple scaling factor).
@ Charges fitted to QM interaction energies with water.
+ Compatible water: TIP3P (modified), SPC/E.

— significantly improves protein

butane, cyclohexane, and a protein backbone.

Lennard-
Lennard-Jones 12-6 (standard):
S
am=a (2 (2]
Buckingham (exp-6) — mare physical repulsion
C
-
Eoualr) = Ae F1
Mie potential (generalized LJ):

= [ Q] w>m

& SAFT-5 Mie force field uses variable n, m for chemical engineering applications
+ Combining rules (L Berthelot, geometric, Wald
parameters o,

OPLS Force Fielc

Optimized Potentials for Liquid Simulations

Version  Notes.

OPLSAA Allatom; parameterized against liquid-state
properties

OPLS3e  Extended coverage of drug-like molecules
(Schradinger)

OPLS4  Latest generation; includes many heteracycles

Key features:

s Designed to reproduce liquid densities, heats of vaporization, and selvation free

energies.
14 scaling: both L) and elec = 1/2.

5 Geometric combining rules

s Particularly strong for small erganic molecules and drug design
o Compatible water: TIP3P, TIP4P.

gler) determine mixed

@ Class [11: captures polarization, important for ions, interfaces.

Fixed point charges (Class |)

%9
Euee =
e ;} Taegry

Charge assignment methods:

Method  Usedin  How

RESP AMBER  Fit to QM electrostatic potential with
restraints

AML-BCC  GAFF Semi-empirical + bond charge correc-
tion

CGenFF  CHARMM  Analogy + QM fitting via ParamChem
cMs Various  Hirshfeld charges + empirical map-
ping

Beyond fixed charges (Class I11):
o Induced dipoles: AMOEBA — each atom has a polarizability o
» Drude oscillatars: Auxiliary charged particle on a spring e

GROningen MOlecular Simulation

Key features:

Version Notes

54AT / 54AB  Standard biomolecular FFs

2016H66 Latest; impraved lipid and carhohydrate param
eters

ATE Automated Topology Builder for small molecules

o United-atom option: non-polar H merged into parent C

~3-5x faster than all-atom FFs

data

d against condensed-ph

SPC water model (standard)

o Strong in European computational chemistry community.

Resolution H atoms Speed Example.
All-atom (AA} Explicit 1 AMBER 1958
United-atom (UA)  Merged into heavy atoms ~ ~3-5x  GROMOS, TraPPE
Coarse-grained (CG)  ~4 atoms —+ 1bead  ~100-1000 Mrtini 3

CHz—, ~CH3) are absorbed into the parent carbon

s UA: Non-palar H atoms (eg
Reduces atom count by ~50%.

o CG: Sacrifices atomistic detail for access to ys—ms timescales (membranes, polymers,

self-assembly).
o Multiscale backmapping: CG —+ AA to recover detail.

1-4 Intera; s and Exclusio

Atoms connected by 1, 2, or 3 bonds: exclude non-bonded interactions (already handled by
bonded terms)

Force Field LI 1-4 scale Elec 1-4 scale
AMBER 1/2 1/12 (= 0.833)
CHARMM Special 1-4 L) params L0 (full)
OPLS-AA 1
GROMOS 1.0 {full, but excluded pairs differ) 10

Atoms separated by exactly 3 bonds (1-4 pairs): special treatment to avoid double-counting.

Mixing force fields with different 14 rules produces incorrect energies. Never mix AMBER
charges with OPLS LJ parameters!

on at a Glance

Feature. AMBER CHARMM OPLS  GROMOS
Class | 1 (+CMAR) | 1
Resslution AA AA An UA [ AA
Charges RESP QM 4+ water fit  CMIA/CMS  Empirical
LB L& (special 1-4) Geometric
Elec 14 seale 0833 10 10
Backbone correction — cmap —
Water model TIP3P, OPC mTIPZP SPC

Never mix parameters from different force field families! Charges, L) parameters, 1—4 rules,
and combining rules are co-optimized — mixing them breaks the balance.

Y
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Lecture 4 —

Recursive and Higher-Order Programming
CSE307: Programming Languages

Minseok Jeon

2028 Spring

Example: list length

‘Why Recursive and Higher-Order Programming?

Recursion and higher-order functions are essential in functional programming:
® Recursion is used instead of loops and provides a powerful problem-soiving method
* Higher-order functions provide a powerful means for abstractions {i.e. the
capability of combining simple ideas to form more complex ideas)

Exercise 1: append

@ If the list is empty. the length is 0.
* Otherwise,
L. The list can be split into its head and tail
Compute the length of the tail.
5. The cverall solution is the length of the tail plus ane

# length (1
- it =0
# lengen [1:2;3]5;
- cdnt =3

let rec lemgth 1 =
mateh 1 with
1a->e
| hd::el -> 1 + length t1

Exercise 6: insertion sort

Write a function that appends two lists:
# append [1; 2; 3] [4; 5; 6; 735
- :int list =
# append [2; 4; 8] [8; 10];
- : int list = [2; 4; 6; 8; 10]

let rec append 11 12 =

cf) Imperative vs. Functional Programming

Write a function that performs insertion sort:
let rec sort 1=

match 1 with

1o->0n

| nd::tl -> inzert ha (sort 1)
cf) Compare with “C-style” non-recursive version:

for {c=1; c<=n-1; c+) {

uhile (d > 0 2z arrayla] < array[a-1]) {
3 = array(d);
arrayld] = arrayla-1l;
arrayld-1]
i

« Imperative programming focuses on describing how to accomplish the given task.
int factorial (int m) {
int i; int r 13
0; 1 < m; i+s)
re=rad;

Imperative languages encourage to use statements and loops.

® Functional programming focuses on describing what the program must accomplish:
let rac factorsal m =
if n = 0 then 1 else n * factorial (n-1)

Functional languages encourage to use expressions and recursion.

The Power of Recursive Thinking

The Power of Recursive Thinking

Recursive Problem-Solving Strategy

Example: list length

Quiz) Describe an algorithm to draw the following pattern:

Exercise 2: reverse

Quiz) Describe an algorithm to draw the following pattern:

function sierpinski(x, y, size, depth):
if depth
draw_triangle(x, y, size)
else:
half = size / 2
sierpinski(x, y, half, depth - 1)
sierpinski(x + half, y, half, depth - 1)
sierpinski(x + half/2, y + halfsqrt(3)/2, half, depth - 1)

Exercise 3: nth-element

« If the problem is sufficiently small, directly solve the problem.

« Otherwise,

1. Decompase the problem to smaller ones with the same structure as original
2. Solve each of thase smaller prol
. Combine the results to get the overall solution

Exercise 4: remove-first

® If the list is empty, the length is 0.
* Otherwise,
1. The list can be split into its head and tail
Compute the length of the tail
4. The overall solutio

Exercise 5: insert

s the length of the tail plus or

Wirite a function that reverses a given list:

val reverse : ‘a list -> 'a list = cfun>
# reverse [1; 2; 3];;
- : int list = [3; 2;
# reverse ["C"; "Java"; "0Caml"l;;

- ¢ string list = ["0Caml"; "Java"; "C"]

let rec reverse 1 =

Is Recursion Expensive?

Write a function that computes mth element of a list:

#nth [ ) o
- it
#men [1;2:3) 1
- nt
# oth [ 1

- :ime
# nth [1;2;3) 3
Exception: Failure "list is too short®.

let rec nth 1 n =
match 1 with
| [ -> raize (Failure "list is toe short")
| hdiztl => (+ ..

Tail-Recursive Functions

Write a function that removes the first occurrence of an element from a list:

# remove_first 2 [1; 2; 3]
- :imt list = [1
# remove_first 2 [1
- :int list = [1
# remove first 4 [1
- :dmt list = [i; 2; 3)

# remove_firar [1; 2] [[1; 2; 3; [1; 21; [2; al1i;
- @ imt list list = [[1; 31, [2; 311

letv rec remove first a 1 =

[}
I Bdiztl => (s ... %)

cf) Transforming to Tail-Recursive Functions

Write a function that inserts an element to a sorted list

# insert 2 [1;3];;

- @ imt list ; 2; 3
insert 1 [2;3]
- ¢ me L= 15 2; 3
insert 3 [1;2]
¢ int list 5}
ineers & 035

- & imt list a1

-

*

-

let rec insert a 1=
match 1 with
10 -> [al
| Bdizel => (o ... %)

Higher-Order Functions

® In Cand Java, we are encouraged to aveid recursion because function calls
consume additional memory.

veid £00 { £0; } /+ stack overflou +/
« This is not true in functional languages. The same program in ML iterates forever
let rec £ () = £ ()

More precisely, tail-recursive functions are not expensive in ML. A recursive call is a tail

call if there is nothing to do after the function returns
+ let rec last 1=
match 1 with
| [a] ->a
| _rrtl => last €1
+ let rec factorial a =
if a=1 then 1
else a * factorial (a - 1)

Languages like ML, Scheme, Scala, and Haskell do tail-call optimization, so that
tail-recursive calls do not consume additional ameunt of memory.

Non-tail-recursive factorial

let rec facterial a =
if a =1 then 1
else a * factorial (a - 1)

Tail-recursive version:

let rec fact product counter maxcounter =
if counter > maxcounter then product
else fact (product + counter) (counter + 1) maxcounter

let factorial n = fact 1 im

 Higher-order functions are functions that manipulate procedures; they take other

functions or return functions as results.

* Higher-order functions provide a powerful tool for building abstractions and allow

code reuse.
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{Course Name} XI2|of| &x|

ontext - Role - Command - Format

=

g SOfBILICE

=]
o=

0| Iz 2ojgod

O
—

LIt

® ®® prompt

Context:
I am taking the {Course Name} course, and this
folder includes all the course materials.

Role:
You are the instructor of the course who will

answer my questions about the course.

Command:
Answer my questions in detail and step-by-step.

Format:

If I request, save the illustration as a .md file.

TUTOR PROMPT
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For lecl.pdf, explain each slide in detail. For lec3.pdf, implement programs I can run, with detailed comments on each line.
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On page 15 of lec5.pdf, I think a rule is missing (see page 8). Check it. Based on lecture 5, give me a quiz to verify my understanding.
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