显式水模型是由它的几何形状以及其他参数如原子电荷和伦纳德-琼斯参数来定义的。
显式水模型可以提供生物分子如何在生物环境中表现的真实图像:结构化的水分子，溶剂化，疏水效应，但除了生物分子之外，大量的水分子增加了显著的计算成本——水模拟的计算成本随着水模型中相互作用位置的数量而增加;当在分子动力学中使用刚性水模型时，有一个与保持结构约束相关的额外成本。水分子是一种具有电子极化的柔性分子，非极化模型已被证明不能同时预测某些物理性质，如熔化温度和最大密度温度。
通过将不含水的体积外的介质近似为具有与水匹配的静电、熵和粘性性质的连续介质，可以构建隐式溶剂模型
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不同的算法要求不同的初始条件。例如，Verlet方法需要两组坐标来启动计算： 
一组是零时刻的坐标，另一组是前进一个时间步长时的坐标，或者是一组零时 
刻的速度值。 
但是，一般来说系统的初始条件是不可能知道的。实际上，精确选择待求系 
统的初始条件是没有什么意义的，因为模拟时间足够长时，系统就会忘掉初始 
条件。但是初始条件的合理选择将可以加快系统趋于平衡。 
（1）初始位置在差分划分网格的格子上，初始速度则从玻尔兹曼分布随机抽样得到； 
（2）初始位置随机地偏离差分划分网格的格子，初始速度为零； 
（3）初始位置随机地偏离差分划分网格的格子，初始速度从玻尔兹曼分布随机抽样得到。

为了使系统达到平衡，模拟中需要一个趋衡过程。在这个过程中，我们增加或 
从系统中移出能量，直到系统具有所要求的能量。 
然后，再对运动方程中的时间向前积分若干步，使系统持续给出确定能量值。我 
们称这时系统已经达到平衡态。这段达到平衡所需的时间称为弛豫时间。 
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串行程序并行化的步骤 (Steps of Parallelization) 
• 从一个串行程序得到一个并行程序，由四个步骤构成： 
1、将计算的问题分解成任务； 
2、将任务分配给进程； 
3、在进程间组织必要的数据访问、通信和同步； 
4、将进程映射或绑定到处理器。
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ParametricPlot[{{fx,fy},{gx,gy}...},{t,tmin},{tmax}]二维参数作图
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Plot[{f1,f2...},{x,xmin,xmax}]
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作业：
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蒙特卡洛计算中减小方差的技巧：
1. 分层抽样2.重要抽样法V{f/g}，3、控制变量法f=[f-g]（方差小）+[g]（好算）4.对偶变量法
（1）舍选法（2）条件密度法
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The Simple Velocity Scaling Method

If the temperature at time t is T(t) and the velocities are multiplied
by a factor }, then the associated temperature change can be

calculated as follows.

182 m(doy)? 1982 maf?
AT = -s3 s
AT = (X -1)T(H)

A= VT /T(E)
Thus the simplest way to control the temperature is to multiply the

elocities at each time step by the factor A

D, (R ERBR BT, TR SUER MG I FH R
ARG RAGRRRE, ERGEMALHFESMELTE. —BFRA.
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The Berendsen T Coupling

The temperature is maintained by coupling the system to an external heat bath
that is fixed at the desired temperature. The velocities are scaled at each step,
such that the rate of change of temperature is proportional to the difference in
temperature between the bath and the system.

aT(t) 1

———% == (Tpatn — T(£

dt T( bath ))

s a coupling parameter whose magnitude determine how tightly the bath and
the system are coupled together. This method gives an exponential decay
towards the desired temperature. The change in temperature between successive
time step is:

AT =870 - T

T
Thus the sealing factor for the velocitiesis: 2 =1+ ( T"(;;‘ - 1)
T
If 7 is large, the coupling will be weak, otherwise the coupling will be strong.
When =, the algorithm is equivalent to the simple velocity scaling method.
The advantage of this approach is that it does permit the system to fluctuate
about the desired temperature. ™
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Nosé-Hoover T Coupling

The Berendsen weak coupling method is extremely efficient for relaxing a system
to the target temperature, but once the system has reached equilibrium it is
more important to probe a correct canonical ensemble. Nosé-Hoover method is
an extended-ensemble approach that enables canonical ensemble simulations.
The system Hamiltonian is extended by introducing a thermal reservoir and a
friction term in the equations of motion. Ny is the total number of DOF.

FU (1,72, N) + )Q+w,u(

The friction force is proportional to the product of cach particle’s velocity and a
friction parameter (‘heat bath® variable). The parameter is a fully dynamic
quantity with its own momentum and equation of motion. The time derivative is
calculated from the difference between the current kinetic energy and the
reference temperature.

dri _Fi_pedr dre
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The Stochastic Collisions Method

One or more than one particles are randomly chosen at intervals
and their velocities are reassigned by random selection from the
Maxwell-Boltzmann distribution. This is equivalent to the system
being in contact with a heat bath that randomly emits ‘thermal
particles’ which collide with the atoms in the system. Between cach
collision the system is simulated at constant energy and so the
overall effect is equivalent to a series of microcanonical simulations,
cach performed at a slightly different energy. The distribution of
the energies of these ‘mini microcanonical’ simulations will be a
Gaussian function. A drawback of the method is that, it does not
generate a smooth trajectory.
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Weak Coupling of Pressure

Many methods used for pressure control are analogous to those
used for temperature control, thus the pressure can be maintained
at a constant value by simply scaling the volume. An alternative is
to couple the system to a ‘pressure bath’, and the rate of change of
pressure is given by ®
dP(t) 1
= g([’b«m - P(t)
Tp is the coupling constant. The volume of the simulation box is
scaled by a factor A, which is equivalent to scaling the atomic
coordinates by a factor 113,

A=1-slt (P Ppath)
Tp

The new positions are thus given by: 1= /\”31’,
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Charge Groups

It may therefore be appropriate to define ‘charge groups’ that
contain smaller numbers of atoms that are in the chemically
obvious scheme.
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