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2/56Purpose of the project
We would like

 To see how well Claude can “understand” math problems, in natural language.
 To see if Claude can translate a math problem into computer programs for solutions by itself.
 To see if Claude can draft an implementation plan for coding.
 To see how “good” the code looks like.
 To see if the code is bug free, can it “debug” the code? 
 To see if the code generates correct result?
 Overall, to see if Claude can play a role of research assistant and at what level.
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3/56Scope and criteria
 We selected a classic PDE problem: 2D diffusion equation on a rectangular domain.
 To be solved numerically in parallel using MPI.
 We give a set tasks to Claude

– Task 1: Literature search.
– Task 2: Formulation.
– Task 3: Implementation design.
– Task 4: Code implementation.
– Task 5: Code verification and visualization.
– Task 5: Final report.

 We take a laissez-faire approach
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4/56The statement of the mathematical problem
Consider a 2D parabolic equation – diffusion equation – on a unit square with Dirichlet 
boundary condition and initial condition at t=0. 
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5/56The statement of the mathematical problem
The solution looks like this over time

Initial state at t=0 Some time later 
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Task 1: Literature search
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7/56Literature review
Me: Let's start with Task 1. I'll show you the mathematical 
statement of the problem. Tell me are you able to see LaTeX 
expressions or you are able to see an screenshot of the 
mathematical expressions?

 

Claude: I can read and interpret raw LaTeX code directly 
(e.g., \frac{d^2u}{dx^2} = f(x)). I can also read mathematical 
expressions from an uploaded image or screenshot, as I can 
analyze images. 
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8/56Literature review
Me: The mathematical statement of the problem is as 
follows (image uploaded): 

Claude: I can see the problem clearly. Let me summarize 
what I understand:

The Problem

We are solving the 2D heat/diffusion equation:

ut = a(uxx + uyy) 

on the unit square (x,y) ∈ [0,1] × [0,1]  for t > 0.

Boundary Conditions (Dirichlet, homogeneous):

• u(0,y,t) = 0 (left)

• u(1,y,t) = 0 (right)

• u(x,0,t) = 0 (bottom)

• u(x,1,t) = 0 (top)

Initial Condition:

• u(x,y,0) = φ(x,y)  — a given function to be 
specified
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9/56Literature review
Me: Yes, please proceed.

 

Claude: Task 1: Literature Search

Step 1: Problem Classification

Let's start by properly classifying the problem, as this will 
guide the literature search.

The equation ut = a(uxx + uyy)  can be written as

where ∇2 = ∂2/∂x2 +  ∂2/∂y2 is a Laplacian in 2D.

This is a:
• Linear PDE ✅
• Parabolic PDE  (one time derivative, second-order ✅

in space)
• Initial Boundary Value Problem (IBVP) ✅

This places it squarely in the classical theory of parabolic 
PDEs, closely related to the heat equation.It stopped right there.
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10/56Literature review
Me: Wait, you haven't done the literature search that you 
mentioned above. Let's do a thorough review first. 

Claude: You're absolutely right — I jumped ahead without 
actually doing the literature search. My apologies for that! 
Let me now conduct a proper one. 
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11/56Literature review
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12/56Literature review
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13/56Literature review
Me: This great! Yes, we can move on to Task 2. But before 
we go, let’s step back a bit, and take a look at the four 
numerical methods. I'd like to compare among them the 
ease of implementing a parallel solution using message 
passing interface (MPI). Can we do that first? 

Claude: Great idea — this is very relevant to Task 3 
(implementation design) as well. Let me do a proper 
literature search on this before commenting.

Excellent — the literature is very clear on this. Here is the 
comparison:

Full text details omitted
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14/56Literature review
Me: To achieve the ultimate goal of solving the mathematical problem, let's make a decision: Let's choose the explicit finite 
difference - FTCS (forward time, centred space) - method for the project, as it is easy to implement and hence give us first 
available solution quick. We shall fork the project with another method as a second project later.

Lte's move on the Task 2.

Claude: Great decision — and a very pragmatic engineering approach. Start with the simplest correct solution first, then 
improve.

One small typo to flag: "Lte's" should be "Let's" in your last line. No issue, just keeping my promise to point these out! 😊

Let me update the project log to record this decision before we dive into Task 2.
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Task 2: Numerical formulation
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16/56Numerical formulation 
Claude: Good. The method selection is now recorded. Let's 
proceed.
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17/56Numerical formulation 
Claude: Open Questions for Discussion

Before we move to Task 3, I'd like your input on two things:

 Value of a : Do you have a preferred value, or shall we 
use a=1  for simplicity?

 Grid size N : Do you have a preference, or shall we 
start with something like N=50  and refine later?

What do you think of the formulation so far? Any changes or 
additions before we proceed?

Me: The formulation is great. It's clear and ready for 
implementation. Before we move to the next task, let me answer 
your questions: 

1. The diffusion constant $a$ is a predefined the constant. 
Without the loss of generality, we can set it to 1. 

2. Grid size, determined by $N$. It can be set to any numerically 
meaningful value, subject to the stability condition, which is 
constrained by $\Delta t$. 

3. Initial condition. It is a great idea to compare with the true 
solution for verification. So yes, we can use it. But I'd also like to 
use something more visually interesting later. We can defer that 
to Task 5. 
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Task 3: Implementation design
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19/56Implementation design
Domain decomposition

1D partition 2D partition
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20/56Implementation design
Me: Let's now work on the implementation design. The 
update formula                                           reveals that two 
arrays are to be used, one holds           and one holds        . 

For domain decomposition, would it make sense to partition 
in one direction instead of both, so the subdomains will have 
a total smaller area of interfaces to minimize the MPI 
message passing along the interface between adjacent 
subdomains? 

Claude: This is a very insightful observation, and it touches 
on a classic HPC design decision. Let me think through it 
carefully with you. 
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21/56Implementation design
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22/56Implementation design
I hand checked Claude’s claim
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23/56Implementation design
Note: Claude is making recommendations here:

 1D decomposition is much simpler to implement.

 Adequate in terms of communication volume.

Its arguments

 Targeting at a first working parallel solution.

 Using FTCS, the ghost data (MPI term for exchanging 
data owned by the neighboring rank) needed is always 
just one layer of values along the interface (not 
convincing)

But sensible recommendations.



SHARCNET Seminar: 2D diffusion equation solved with Claude AI, Ge B. May 6, 2026 

24/56Implementation design
Claude: Shall I now move to the next design decision — the 
choice of programming language? Or would you like to 
discuss the decomposition further first? 

Me: Excellent recommendation! Let's go with the 1D row-
strip decomposition approach. Let's discuss the selection of 
programming language: C or Fortran, as I have a working 
knowledge of these two with MPI. What would you like to 
recommend and why? 
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25/56Implementation design
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26/56Implementation design
Remarks: 

The language selection based on memory access pattern is 
invalid.
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27/56Implementation design
Me: Umm, the memory access pattern reason is not 
convincing, as you said, if we switch to column-strip, then 
the case flips, Fortran wins. 

Claude: You are absolutely right, and I retract that 
argument. It was circular reasoning — I justified C based on 
a row-strip decomposition that we chose partly based on 
convenience, and the whole thing is self-referential. If we 
had chosen column-strip decomposition, Fortran would win 
by the same logic. The memory layout argument is not an 
intrinsic reason to prefer one language over the other.

Let me give you a more honest assessment.
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28/56Implementation design
Me: Given that there is no meaningful technical reason to 
pick one over another and Fortran's simpler notation (e.g. 
u(i,j) vs u[i][j]), let's choose Fortran. 

Claude: Perfect — and that is a completely sound reason. 
Notation clarity and developer comfort are legitimate and 
important practical considerations in any real project. 
Fortran it is! 
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29/56Implementation design
Claude started proactively working on the procedure

Step 1 – Ghost row exchange (MPI).

Step 2 – Computing interior update.

Step 3 – Apply boundary conditions.

Step 4 – Swap arrays holding un+1 and un .

Step 5 – Advance time.

And it goes on with a wrong assumption – row strip 
decomposition of the domain. 



SHARCNET Seminar: 2D diffusion equation solved with Claude AI, Ge B. May 6, 2026 

30/56Implementation design
Me: Wait, I think there is a flaw: we've decided to go with 
column-strips so the choice will be in favour of  Fortran 
we've decided to use? 

Claude: I need to gently push back here — with respect, I 
think there may be a mix-up. We actually decided on row-
strip decomposition, not column-strip. Let me recap the 
exact decisions we made:

1. Row-strip decomposition was chosen in the domain 
decomposition discussion — each process owns a 
contiguous block of rows.

2. Fortran was chosen shortly after, but the reason given 
was notation clarity (u(i,j) vs u[i][j]), explicitly not 
memory layout. We both agreed that the memory 
layout argument was circular and was retracted.

So there is no inconsistency in our decisions. The choice of 
Fortran was made independently of the decomposition 
direction, on its own merits.

Remarks:

I made a mistake, I forgot I did say earlier “Let's go with the 
1D row-strip decomposition approach.” Claude is correct 
indeed!

I decided not to retract what I said, but take another 
approach.
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31/56Implementation design
Me: Just to confirm so that we are both on the same page, would you be able to show a diagram for each?

Claude: Absolutely — let me draw both clearly.
Row-strip decomposition
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32/56Implementation design
Me: Perfect! Lets go with 2: Switch to column-strip + 
Fortran



SHARCNET Seminar: 2D diffusion equation solved with Claude AI, Ge B. May 6, 2026 

33/56Implementation design
Claude: The next design decisions remaining in Task 
3 are:

1. Code architecture — module and subroutine 
structure of the Fortran program

2. MPI process topology — how ranks are laid out 
and how ghost column exchange is coded

3. I/O strategy — how we write output for 
verification and visualization

Shall we proceed with the code architecture?

Me: I propose to have the following components at a 
high level

1. input

2. set boundary condition

3. set initial condition

4. solver

5. output for verification/visualization

The input and output can go into the same module io, 
if that makes sense.
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34/56Implementation design
program diffusion_2d
  use mpi
  use io_module
  use grid_module
  use solver_module

  call mpi_setup()          ! initialize MPI, determine rank and domain partition
  call read_input()         ! read parameters: N, a, alpha, t_end
  call allocate_arrays()    ! allocate u and u_new with ghost columns
  call set_ic()             ! u = phi(x,y) at t=0
  call set_bc(u, t=0.0)    ! u = 0 on boundaries

  do while (t < t_end)
    call ghost_exchange(u)  ! MPI: swap ghost columns with neighbours
    call ftcs_update()      ! u_new = FTCS(u)
    call set_bc(u_new, t)   ! enforce BCs on updated solution
    call swap(u, u_new)     ! u <- u_new
    t = t + dt
    if (output_due) call write_output(u, t)
  end do

  call write_final(u, t)    ! final output for verification
  call mpi_finalize()
end program

Claude comes back with this.

This is the main program. It shows a clear 
architecure that has been discussed. 

The time integration part is explicit in the main 
program, although it could be in a function too.

Two arrays u and u_new are used. They are 
swapped after each time step.

The details of each component yet need to be 
worked out individually.
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35/56Implementation design
Claude: We have two remaining design items in Task 3:

1. MPI process topology — how ranks are numbered, 
how each rank determines its column range, and how 
ghost column exchanges are coded

2. I/O strategy — file format, what gets written, and how 
verification data is structured

Shall we tackle the MPI process topology next?

Me: Yes. If making sense, I'd number the MPI ranks in the 
column-strips from left to right with 0 to P-1.  

If I understand correctly, we have a chain module with 
bidirectional communications. Can it be proven that with 
MPI_Send/Recv calls, there will be no deadlocks?

The proof of no deadlocks is omitted here.
MPI_Sendrecv is used for data exchange at ghost points and

MPI special rank MPI_PROC_NULL is used for boundary ranks. 

0 1 2 3 4 5 6 7
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36/56Implementation design
Input parameters

● a – diffusion constant.

● Nx – number of grid points in x.

● Ny – number of grid points in y.

● ∆t – time step (-1 flag to computer from mesh Fourier 
numbers).

● rx – mesh Fourier numner a∆t/∆x2.

● ry – mesh Fourier numner a∆t/∆y2.

● tend – final simulation time.

● nout – output frequency (every how many steps).

Me: Shall we set to number of time steps or the final 
simulation time? Could you make a suggestion?

Claude: My recommendation is final simulation time tend , 
for the following reasons:

● Physical meaning: tend has a direct physical 
interpretation — it tells you how far the diffusion has 
evolved. nsteps is a numerical artifact that depends on 
∆t. 

● Consistency with your input logic: Since ∆t may be 
either given or computed, specifying tend ​ keeps the 
input parameters independent of each other. 

● Verification friendliness: For Task 5, comparing against 
the exact solution 
u(x,y,t) = sin(π x)sin(π y) exp(−2aπ2 t) at a 
specific physical time t is natural and meaningful.
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Task 4: Code implementation
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38/56Code implementation
Claude quickly completed the source code

 main.f90
 io_module.f90

– read_input
– write_output
– write_final

 grid_module.f90
– allocate_arrays
– set_ic
– set_bc

 solver_module.f90
– ghost_exchange
– ftcs_update
– swap

Summary 
 800+ lines of code.
 Four source files.
 A Make file.
 An input file.
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39/56Code implementation
Claude also recommended a Fortran built-in 
key=value pair format for input, a hidden gem I didn’t 
know

&params

  a       = 1.0 ! diffusion constant

  Nx = 141 ! grid points in x (includes boundaries)

  Ny = 141 ! grid points in y (includes boundaries)

  dt = -1.0 ! <= 0: compute dt from rx, ry below

  rx = 0.20 ! mesh Fourier number in x: a*dt/dx^2

  ry = 0.20 ! mesh Fourier number in y: a*dt/dy^2

  t_end   = 0.05 ! final simulation time

  n_out   = 10 ! output frequency (steps)

/

Use of namelist in Fortran

  real(8) :: a          ! diffusion constant

  integer :: Nx, Ny     ! grid points in x and y 

  real(8) :: dt         ! time step

  real(8) :: rx, ry     ! mesh Fourier numbers: a*dt/dx^2, a*dt/dy^2

  real(8) :: dx, dy     ! grid spacings

  real(8) :: t_end      ! final simulation time

  integer :: n_out      ! output frequency (every n_out steps)

  namelist /params/ a, Nx, Ny, dt, rx, ry, t_end, n_out
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40/56Code implementation
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41/56Code implementation
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Task 5: Code verification and visualization
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43/56Code verification and visualization
Lots of of details. So I asked Claude to draw a diagram to better understand the code

Column-strip subdomain: local array layout (rank p)

Global grid — 3 ranks, P=3

rank 0 rank 1 (this process) rank 2

x
x=0 x=1

Local array u(1:Ny, 0:local_cols+1) for rank 1

ghost
col 0

j=0 j=1 j=2 j=3 j=4 j=5 j=6 j=7

ghost
col LC+1

i=1

i=2

i=3

i=Ny

BC row
(y=0)

BC row
(y=1)

send
recv

send
recv

owned interior columns u(1:Ny, 1:local_cols)

ghost columns u(1:Ny, 0) and u(1:Ny, local_cols+1)

boundary rows u(1, :) and u(Ny, :) — set by set_bc

MPI_Sendrecv — ghost column exchange each time step



SHARCNET Seminar: 2D diffusion equation solved with Claude AI, Ge B. May 6, 2026 

44/56Code verification and visualization
By checking the key concepts inplemented, I discovered a flaw at the line

local_cols = n_interior_cols / nprocs

This assumes the number of integrior grid points can be evenly divided, which is generally untrue.

Claude fixed it with a balancing algorithm.



SHARCNET Seminar: 2D diffusion equation solved with Claude AI, Ge B. May 6, 2026 

45/56Code verification and visualization
First time to compile and run the code. Is it bug free? No!

  step=    1150  t= 9.200E-02  err_inf= 1.057E-02  err_rms= 7.153E-03
  step=    1200  t= 9.600E-02  err_inf= 9.937E-03  err_rms= 6.821E-03
At line 88 of file main.f90
Fortran runtime error: Allocatable actual argument 'u_global' is not allocated
Error termination. Backtrace:
At line 88 of file main.f90
Fortran runtime error: Allocatable actual argument 'u_global' is not allocated
Error termination. Backtrace:
At line 88 of file main.f90
Fortran runtime error: Allocatable actual argument 'u_global' is not allocated
Error termination. Backtrace:
  step=    1250  t= 1.000E-01  err_inf= 9.375E-03  err_rms= 6.498E-03

Claude: This occurs at line 88 of main.f90 — the call to 
gather_global(u_global, ...). The problem is clear: only rank 
0 allocates u_global, but all ranks call gather_global — and 
Fortran's runtime checks (-fcheck=all) correctly flag that non-
zero ranks pass an unallocated array.

The fix is straightforward — allocate a zero-size dummy 
array on non-zero ranks so the argument is always 
allocated:

Details omitted

Memory not allocated on non zero ranks.
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46/56Code verification and visualization
Tried the fixed code, different error!
  step=    1200  t= 9.600E-02  err_inf= 9.937E-03  err_rms= 6.821E-03
  step=    1250  t= 1.000E-01  err_inf= 9.375E-03  err_rms= 6.498E-03
At line 152 of file io_module.f90
Fortran runtime error: Index '51' of dimension 1 of array 'u' above upper bound of 
50

Claude: The error is now Index '51' of dimension 1 — so it's 
the row index i going out of bounds, not the column. The 
loop i = 1, Ny tries to access row Ny=51 but the array is 
declared u(1:Ny, ...) which should allow i=51.

Wait — looking more carefully at write_final, the dummy 
argument is declared as u(0:, 0:) which means dimension 1 
starts at 0 and has size equal to whatever is passed. When 
we pass u_global(1:Ny, 1:Nx-2), the lower bound of 
dimension 1 inside write_final is remapped to 0, so the 
upper bound becomes Ny-1 = 50. Hence i=51 (from i=1,Ny) 
goes out of bounds.

The fix is to correct the dummy argument declaration in 
write_final to match exactly how u_global is shaped:

Details omitted

The bug is fixed and code runs successfully.
Out-of-bounds writes
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47/56Code verification and visualization
The next is to verify the correctness of the code. Claude suggested:

 Pointwise comparison at every grid point, define 

– Using max (infinity) norm:
– Using RMS error (normalized): 

 Comparison at selected sampling points.

 Convergence study (grid refinement).

 Since global errors are calculated, MPI_Allreduce is used  to collect the partial sums with MPI_MAX 
amnd MPI_SUM on the root rank.
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48/56Code verification and visualization
I pointed out we should use (discrete approximation to) continuous norms instead of vector norms

 Define 
– Using max (infinity) norm:

– Using discrete L2 norm: 
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49/56Code verification and visualization
Test 1: Initial condition 1 - sin(π x)sin(π y) exp(−2aπ2 t) 

Solution plots generated by a standalone Python script written by Claude.
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50/56Code verification and visualization
Test 2: Initial condition 2 - volcano-crater

Animation of numerical solution generated by a Python script written by Claude.
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51/56Code verification and visualization
Test 3: Image derived initial condition

 Image derived IC implemented by Claude with a Python script.
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52/56Code verification and visualization
Test 3: Image derived initial condition (con’td)

Animation of the solution generated by Gnuplot by the author.
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53/56

Besides the numerical solution and visualization achieved, Claude did a whole whack of convergence 
analysis. The content is beyond the scope of this talk and omitted.

Code verification and visualization
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54/56Concluding remarks

● Claude is good at information search (not surprising).
● It can make recommendations.
● It can derive some mathematical formula (comparable to computer algebra systems).
● It can do software architecture design.
● It can translate the mathematical formulation into computer language and generate complicated parallel 

code, e.g. using MPI functions in a sophisticated way.
● The generated code is not bug free. It makes the same, common mistakes in array indexing that human 

makes (why?).
● It can fix bugs (little surprising).
● It comes up with additional thoughts that the human supervisor did not think about and makes sensible 

suggestions (little inspiring).
● Overall Claude acts like a senior research assistant and a productive programmer.
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55/56Observations and thoughts

● The problem solved has been studied extensively. Can Claude and other AI tools tackle less well known, or 
unknown problems well?

● Claude shows it has certain level of “intelligence”, one needs to prompt and harness it properly in order to 
achieve the goals.

● Using AI tools like Claude can greatly increase one’s productivity.
● But one (still) faces challenges of reading references, checking formula, reasoning, etc.
● With AI tools – yet another set of skills to learn – researchers now can focus more on their actual scientific 

domains.
● Standing on the shoulder of giants, human research assistants are also getting smarter and more 

productive than ever before.
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