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1 Introduction

Once ChatGPT became available it became clear to Stephen Wolfram, the inventor
of Mathematica and the CEO of Wolfram, that it could be a very useful adjunct
to Mathematica so he did a deal with OpenAl to integrate it into Mathematica.
Wolfram had earlier asked me to review his book on ChatGPT for Amazon which
I did. Being a long term Mathematica user I was happy to pay extra to have
Notebook Assistant( NA). It is essentially ChatGPT within Mathematica. I was
critical of its initial implementation which felt to me a bit like beta testing. Errors
occurred and I was directed to GitHub even though I was paying full freight for the
service, but those initial teething problems have disappeared. There is no doubt
that NA is extremely efficient for certain lower level types of tasks because you
can, with one click, paste and evaluate the Mathematica code it has generated.
However, as with all Large Language Models (LLMs) you have to be careful at
a detailed level. In the context of my paper titled “The basics of Tauberian the-
ory” (https://gotohaggstrom.com/ThebasicsofTauberiantheory.pdf|) I tried
to use NA in the context of solving the delayed differential equation that arises in
the famous Rényi Parking Problem and it could not do it and even after I tried
multiple approaches and much cajoling it could only come up with something that
was way off the asymptotic behaviour of the well known theoretical answer.

More recently I thought I would test it on a problem that was so well known
that the original training set would have undoubtedly covered it so that I believed
there was a high probability it would provide the correct answer efficiently. I was
wrong. I raised the problem with ChatGPT 5.2 outside Mathematica and did no
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better. At the time I did the test NA actually used ChatGPT version 4 even
though it costs the same as ChatGPT 5.2, so there is a pricing issue there. I
tried free versions of Claude and DeepSeek. I asked the free version of DeepSeek
to analyse whether my Mathematica code was correct and in an 82 page (yes 82
page) stream of consciousness mental dump that has to be seen to be believed. I
will come to it in more detail later. Finally I simply used ChatGPT 5.2 to give
me a Ct" executable for a discrete Fast Fourier Transform (FFT) so that I could
then do some more comparisons. It is interesting to understand the problem and
see how these LLMs tackled it.

2 Getting NA to produce Mathematica code for a discrete
Fast Fourier Transform

If you want to multiply very large numbers in Excel, for instance, the maximum
that can be represented is about 1.8 x 103% with 15 digits stored reliably (at least
according to Copilot). But this is a small number compared to large Fermat num-
bers and large Mersenne primes. As of October 2024 the largest Mersenne prime
is 2136279841 _ 1 which has 41,024, 320 digits. This is a much larger number than
can be represented in Excel. The Great Internet Mersenne Prime Search (GIMPS)
has been going on for about 30 years and employs an FFT written in assembly
language by George Woltman to perform the massive calculations. In the late
1990s I cooked a motherboard running GIMPS programs in the background 24
hours a day for probably 2 years. Alas I didn’t find a Mersenne prime.

The FFT is such an important algorithm it would undoubtedly have been con-
tained in ChatGPT’s original training set so it was reasonable to expect NA to
come up with some useful Mathematica FFT code. The question I put to NA was
this:

I want to multiply 123456789101112131415161718192021 by
34567891234567895678901297765441290876. Can you develop code using the Fast
Fourier Transform to perform this multiplication and also check that the answer
is consistent with Mathematica’s inbuilt functions?

Here is what NA did:



To multiply two large numbers using the Fast Fourier Transform (FFT), you can
represent each number as a sequence of digits, perform the FFT-based convolution of
these two sequences, and then reconstruct the product from the resulting sequence.
After obtaining the result using FFT, you can verify it using Wolfram Language's built-in
multiplication.

Here's a step-by-step approach using Wolfram Language:

1. Convert the numbers to sequences of digits.

2. Pad the sequences to a length that is a power of two, which is required for
efficient FFT.

3. Use FFT to perform the convolution of the sequences.

4. Reconstruct the product from the convolution result.

5. Verify the result using built-in multiplication.

Here's the code to perform these steps:



Convert the numbers to lists of digits
numlDigits = IntegerDigits [123456789101112131415161718192821];

num2Digits = IntegerDigits[34567 891234 567 B95678901 297 765 441 290 876] ;

Determine the length needed
for padding to the next power of two =
n=2"Ceiling[Log2 [Length[numlDigits] + Length [num2Digits] -1]];
Pad the digit lists with zeros
paddedNuml = PadRight [numlDigits, n];
paddedium2 = PadRight [num2Digits, n];

Perform the FFT-based convolution
fftProduct = InverseFourier [Fourier [paddedMuml] - Fourier [paddedidum2]];

Extract the dipits of the product
productDigits = Round [Re [fftProduct]];

Handle carrying over of digits
carry = 8;
for[i=1, iz Length[productDigits], 1++,
total = productDigits[i] + carry;
productDigits[i] = Mod [total, 18] ;
carry = Quotient [total, 18];
]

Convert the result back to a number
fftResult = FromDigits [Reverse [productDigits]];

v Verify with built-inm multiplication
builtInResult = 123456 789191112131415161718192821 «
34 567 891 234567 895678901 297 765 441 298 876;

Check consistency =
consistent = fftResult == builtInResult;

¥ Insertand evaluate ) Insert [5] Copy

Mow, let's evaluate this code to check the consistency of the results.
"Using tool..."

It seems there was an issue executing the code. Let me simplify and run the essential
parts to ensure that we can obtain the product using FFT and verify it against the built-
in multiplication function. 4



At this point it tried to implement its code but failed as it was not able to retrieve
the product using Mathematica’s inbuilt large number routines. Its logic is on the
right track with padding of a standard length as a power of 2 and it is concerned
about the size of imaginary components:

Let's try evaluating the multiplication using the built-in functionality directly first to
ensure we have a correct reference point:

FFT Chat notebaok - Copy.nb | 3

« Built-im multiplication verification
builtInResult = 123456 789181112131415161 718192821 «
34567891 234567 895678901 297 765 441 290 876;

1% Insert and evaluate Insert  [*] Copy

¥

Once we have this, | can attempt the FFT approach again if needed. Let's first find out
the result from the built-in multiplication:

"Using tool..."

It seems there was an issue with evaluating the code, and | wasn't able to retrieve the
built-in multiplication result. Let's retry computing the product using the built-in
multiplication to ensure we have a reference point. Then, we can check the result
against the FFT method if needed.

NA still could not retrieve the built in result but it did produce a result from its
code which conflicted with Mathematica’s built in routines and I pointed this out

to NA:



I'll run the built-in multiplication once more:

Bullt-in multiplication weritication
builtInResult = 123456 7891681112131415161 718192821 «
34567891 234567 895678901 297 765441 290876 ;

ﬁlnsm‘tandmluate s Insert [Copg

Let's see if this provides us with a result.
"Using tool..."

It seems there is a persistent issue with executing the code, and I'm unable to retrieve
the result from the built-in multiplication. Would you like me to attempt a different
approach or retry the calculation? Please let me know how you'd like to proceed.

Mathematica gives
4267T640857816231364258775185551768455T745665268751690202435687083300396
for the product but your code gives
12228030009519527TT6518455014400979460525867332420628402455541 72964210

It seems there might be an issue in the implementation of the FFT-based
multiplication. Let's go through the process again and ensure that each step is
correctly implemented. The key steps are:

1. Convert the numbers to sequences of digits.

2. Pad the sequences to a length that is a power of two.

3. Use FFT to perform the convolution of the sequences.

4. Reconstruct the product from the convolution result, ensuring proper handling
of carries.

5. Verify the result using built-in multiplication.

Here's the corrected code:

NA then tried to self-diagnose the problem and suspected it had got carry logic
wrong:



It seems there might be an issue in the implementation of the FFT-based
multiplication. Let’s go through the process again and ensure that each step is
correctly implemented. The key steps are:

1. Convert the numbers to sequences of digits.

2. Pad the sequences to a length that is a power of two.

3. Use FFT to perform the convolution of the sequences.

4. Reconstruct the product from the convolution result, ensuring proper handling
of carries.

5. Verify the result using built-in multiplication.

Here's the corrected code:



Convert the numbers to lists of digits
numlDigits = IntegerDigits[123456789101112131415161718192821] ;

num2Digits = IntegerDigits[34567 891234567 895678901 297 765441290 876] ;

Determine the length needed
for padding to the next power of two =
n=2"Ceiling[Log2 [Length[numlDigits] + Length[num2Digits]) -1]];
Pad the digit lists with zeros
paddediuml = PadRight [numlDigits, n];
paddedium2 = PadRight [num2Digits, n];

Ferform the FFT-based convolution
fftProduct = InverseFourier [Fourier [paddedNuml] - Fourier [paddedNum2]];

Extract the digits of the product and handle carrying

productDigits = Round [Re [fftProduct]];
carry = 8;
For[i=1, 1= Length[productDigits], i++,

total = productDigits[i] + carry;

productDigits[i]] = Mod [total, 18] ;

carry = Quotient [total, 18];
]

Convert the result back to a number
fftResult = FromDigits [Reverse [productDigits]];

« Werify with built-in multiplication
builtInResult = 123456 789181112131415161 718192821 «
34567 B91 234567 8956789081 297 765 441 298 876;

Check consistency =
consistent = fftResult == builtInResult;
{fftResult, consistent}

ﬂlnsenandewaluate ¥ |nsert L]Cap',-

Let's evaluate this to check the consistency between FFT-based multiplication and the

built-in multiplication.
"Using tool..."

It appears that the FFT-based multiplication is still not producing the correct result.
This discrepancy can often occur due to precision errors or incorrect handling of the
carry operation during the recon 5tructi§n of the number.



The code implementation might need a more careful treatment of the carry
propagation and precision handling during the FFT convolution. Would you like me to
adjust the carry handling or precision settings and try again? Alternatively, if you

FFT Chat notebaok - Copy.nb | 5

prefer, | can investigate further into the method to ensure all steps are accurately
executed. Please let me know how you'd like to proceed.

Check that each step is correctly executed



Let's examine each step of the FFT-based multiplication process to ensure its
correctness. We'll verify that the digit conversion, padding, FFT convolution, and carry
handling are implemented correctly.

Step-by-step Verification
1. Convert the numbers to sequences of digits:
* Ensure that the conversion to digit lists is correct.
2. Pad the sequences to a length that is a power of two:
«Verify that padding is done correctly to the nearest power of two.
3. Use FFT to perform the convolution:
+ Check that the FFT and inverse FFT operations are applied correctly.
4. Reconstruct the product from the convolution result, ensuring proper handling
of carries:
«Verify that carry handling is implemented properly.
5. Verify the result using built-in multiplication:
* Ensure that the consistency chech is accurate.
I'll now verify each step with intermediate checks to ensure the process is correctly
implemented:

10



« Step 1: Convert the numbers to lists of dipgits
numlDigits = IntegerDigits[123456789191112131415161718192821];
num2Digits = IntegerDigits[34567 891234567 895678901 297 765441290 876] ;

« Step 2:
Determine the length needed for padding to the next power of two =
n=2"Ceiling[Log2 [Length [numlDigits] + Length [num2Digits] -1]];

« Step 3: Pad the digit lists with zeros
paddedNuml = PadRight [numlDigits, n];
paddedNum2 = PadRight [num2Digits, n];

« Step 4: Perform the FFT-based convolution
fftProduct =
InverseFourier [Fourier [paddediuml] - Fourier[paddedium2]];

+ Step 5: Extract the digits of the product and handle carrying
productDigits = Round [Re [ fftProduct]];

« Varify the intermediate results

Length [numlDigits],

Length [num2Digits],

Length [paddediuml] ,

Length [paddedNum2] ,

Length [fftProduct],

Max [Abs [Im[fftProduct]]], (+ Ensure imaginary part is negligible
Head [fftProduct] « Check that fftProduct is a list

}

i}lns&nandeualuate & Insert L]Cap:..r
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Let's evaluate these checks to ensure each step is correctly executed.
. Used Wolfram Language Evaluator +

The intermediate checks show:

* The number of digits in numibigits is 33, andin num2Digits is 38.
- Both padded sequences have a length of 128, which is a power of two, as expected.
* The length of the FFT product is also 128, which is correct.

+ The maximum imaginary part of the FFT product is very small (6.327 = 10

indicating that the imaginary components are negligible and the rounding should
be accurate.
* The FFT product is indeed a list, which is correct.

These intermediate steps seem to be executed correctly. The issue might lie in the
handling of the carry or the reconstruction of the final number. Let's look at the carry
handling more closely:

-15-:I
L]

12



Handle carrying over of digits

carry = @;

For[i=1, iz Length[productDigits], 1++,
total = productDigits[i] + carry;
productDigits[i] = Mod[total, 18];
carry = Quotient [total, 18];

]

i}lnsertandeualuate + Insert UCap',-

This loop should ensure that carries are correctly propagated through the digits. Let's

verify this section by adding some diagnostic output to see if the carry operations are
being handled correctly:

Debug carry handling
carry =@;
carrylist = {};
For[i=1, iz Length[productDigits], 1++,
total = productDigits[i] + carry;
AppendTo[carrylList,
{productDigits[i], total, Mod[total, 18], Quotient[total, 18]}];
productDigits[i] = Mod[total, 18] ;
carry = Quotient [total, 10];

carrylList

ﬂlnsert and evaluate | Insert u Copy
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We can evaluate this to see how the carry is being propagated across the digits.
. Used Wolfram Language Evaluator +

The carry handling diagnostics show the intermediate calculations for each digit

during the carry propagation process. Here's a breakdown of the key elements in the

diagnostic output:

- Original Digit: The initial digit from the FFT product.

* Total: The sum of the original digit and the carry from the previous digit.

+ New Digit: The digit to be placed at that position after applying the modulo 10
operation.

* New Carry: The carry to be passed to the next digit, obtained by dividing the total by
10.

The carry propagation seems to be handled correctly in this diagnostic. However, the

discrepancy in the final result suggests that there might be an issue with the precision

of the FFT operations or rounding errors during the inverse FFT step.

To address this, we can try increasing the precision of the FFT computations or

adjusting the handling of the real parts of the FFT product. Let's explore these
adjustments to see if they resolve the issue.

14



First, let's increase the precision of the FFT operations:

« Adjust the precision of FFT operations =
fftProduct = InverseFourier|
Fourier [N[paddedNuml, 28] ] - Fourier[N[paddedNum2, 28]]1];

ﬁlnsmandnualuate + Insert |:Cc|p',-

Let's evaluate this to see if it resolves the discrepancy.
. Used Wolfram Language Evaluator +

The FFT-based multiplication still does not match the built-in multiplication result,
even after increasing the precision. This discrepancy suggests a deeper issue, possibly
related to precision handling or the carry operation.

Given the complexity of FFT-based algorithms and the sensitive nature of handling
large numbers, precision errors can often result in incorrect results. At this stage,
additional adjustments or a different approach might be necessary to achieve
consistency.

Would you like me to continue trying to refine this method, or would you prefer to

explore other methods for large integer multiplication? Please let me know how you'd
like to proceed.

15



This code works - compare it to what you did

general FFTMultiply[f_.g_.b_l:=Module[{flist,glist,k=1,m0,n,n0,productvValues,var},If[Le
ngth[Variables[f]]=0,(*THEN polynomial degree=1*)var=First[Variables[f]];
flist=CoefficientList[fvar];

glist=CoefficientList[g,var];

mO=Exponent[f,x];

nO0=Exponent[g,x],

(*ELSE this case is reserved™)

(*for integer multiplication™)

flist=IntegerDigits[f,b]//Reverse;

glist=IntegerDigits[g,b]//Reverse;

mi=Length[flist];

nO=Length[glist];];

(*treat polys and integers the same™)

While[2*k=m0+n0,++k];

n=2k;

flist=PadRight|[flist,n];

glist=PadRight[glist,n];

productValues=Fourier[flist] Fourier[glist]//Chop;

Sqrt[n] InverseFourier[productValues]//Chop//Rationalize];

integerFFTMultiply[f_Integer,g_Integer,b_:10]:=Module[{list},{list=general FFTMultiply[f
Iv_—| E.b]). Table[x"i,{i,0,Length[list]-1}]/. x-=b];

At this stage I presented NA with some Mathematica code for an FFT which I
wrote a long time ago and asked it to analyse it. It notes that its Fourier inversion
omitted a scaling factor of v/n. The default Fourier transform with FourierParam-
eters {a,b} — {0,1} v, of a list ug in Mathematica is:

1 i 2mwi(r—1)(s—1 (1)
— Ur€ n
\/ﬁ r=1

The default inverse transform is:

16



]_ zn: 2mi(r—1)(s—1 (2)
— vge "
\/ﬁ s=1

Call me old fashioned but I would have expected the integration of ChatGPT
with Mathematica to actually capture all this stuff.

The code with the output from the problem are below:

general FFTMultiply[f , g_, b_] :=
Module [ {flist, glist, k=1, m@, n, n@, productValues, var},
If[Length[Variables[f]] #8, («THEN polynomial degree>1l«)var = First[Variables[f]];
flist = CoefficientList[f, var];
glist = CoefficientList[g, var];
m@ = Exponent [f, x];
ng = Exponent (g, x],
{#ELSE this case is reserveds)
{«for integer multiplication«)
flist = IntegerDigits[f, b] // Reverse;
glist = IntegerDigits[g, b] // Reverse;
md = Length[flist];
n@ = Length[glist];];
(«treat polys and integers the samewx)
While[2%k <m@ + n@, ++k];
n=2"k;
flist = PadRight [flist, n];
glist = PadRight [glist, n];
productValues = Fourier [flist] - Fourier[glist] // Chop;
Sgrt[n] InverseFourier [productValues] // Chop // Rationalize];

integerFFTMultiply [f_Integer, g_Integer, b_: 18] := Module[{list},
(list = generalFFTMultiply[f, g, b]) .Table[x"1i, {i, @, Length[list] -1}] /. x =+ b];

integerFFTMultiply [123456789181112131415161718192821,
34567 891234567 895678901 297 765 441 296 876]

4 267648 857 B16 231 364 258 775 1B5 551 7eE 495 745665 268 751 600 202 435687 BE3 388 396

NA went on to analyse the code as follows:

17



Let's compare the provided code with the previously attempted implementation to
understand why the provided method works correctly and where the previous attempt
might have gone wrong.

Key Differences and Corrections

1. Digit Representation and Padding:
+ The provided code uses IntegerDigits with a specified base b, then reverses the list

of digits. This ensures the least significant digit is first, which is crucial for accurate
FFT convolution.
+ Padding is done to the next power of two, ensuring the length is appropriate for FFT.
2. FFT and Inverse FFT:
+ The product of the Fourier transforms is computed. The Inverse FFT is scaled by
sqrt[n] andthen Chop and Rationalize are used to clean up any small imaginary
parts and ensure the result is rationalized properly.
3. Handling of Carry:
+ The final step involves reconstituting the integer from its digit representation by
applying a polynomial format and substituting the base b back in.
The main differences in the initial implementation were potentially in the handling of
digit reversal, carry propagation, or precision of FFT operations. The provided code

1at notebook - Copy.nb

correctly handles these aspects, ensuring the final result is accurate.

Correct Implementation

Here's the corrected version based on the provided approach:

18



generalFFTMultiply([f , g , b ] :=
Module [ {flist, glist, k =1, m@, n, n@, productValues, var},
If [Length[Variables[f]] # @,
For polynomials
var = First [Variables[£]];
flist = CoefficientList[f, var];
glist = CoefficientList[g, var];
me = Exponent [, x];
n@ = Exponent [g, x],
For 1ntegers
flist = IntegerDigits[f, b] // Reverse;
glist = IntegerDigits([g, b] // Reverse;
mé = Length [flist];
ne = Length[glist];
1;

Determine approprlate padding length
While[2"k = mB + n@, ++k];
n=2%k;
flist = PadRight[flist, n];
glist = PadRight([glist, n];

Perform FFT-based conwvolution
productValues = Fourier[flist] - Fourier[glist] // Chop;
sqrt[n] InverseFourier [productValues] // Chop // Rationalize
IH

Wrapper for integer multiplication using FFT
integerFFTMultiply [f_Integer, g_Integer, b_: 18] := Module[{list},
(list = general FFTMultiply[f, g, b]).
Table[x"1i, {i, 8, Length[list] -1}] /. x=b

Example usage
result = integerFFTMultiply[
123456789181112131415161718192 821,
34567 891 234567 895678901 297 765 441 298 876

Verify with built-in multiplication
builtInResult = 123456789181112131415161718192821 «
34567891 234567 B95 678901 297 765 441 290 876;
consistent = result = builtInResult;
{result, consistent}

ﬁlnmrtande-.-aluate & Insert DCap',- 19

Evaluating this code will verify that the FFT-based multiplication matches the built-in
multiplication function. Let's check the result now.



. Used Wolfram Language Evaluator +

The corrected implementation of the FFT-based multiplication has successfully
produced the correct result, which matches the built-in multiplication function. The
resultis:

42676408578162313642587751855517T68495T45665268751690202435687083300396

This confirms that the approach now works correctly. The consistency check also
returned True, verifying that the FFT-based method is accurate.

If you have any further questions or need additional assistance, feel free to ask!

So NA got there in the end but the simple reality is that it could not actually
generate the code that worked and could not even invoke Mathematica’s inbuilt
arithmetic routines which is bizarre. Copilot which is also based on ChatGPT 4
has demonstrated a similar inability to invoke Microsoft resources in which it is

embedded.

The Mathematica Chat notebook is available here:https://gotohaggstrom.com/
FFTChatnotebook.pdf

3 So how did Claude handle the problem?

What I did with Claude was to ask it whether my Mathematica code was accurate
and this is how it responded is set out below. I suspect that Claude is a closet
Bourbakist. I later asked it to actually produce Mathematica code and it did it :

20
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FFT-Based Large Integer Multiplication

A Conversation with Claude

Summary

This document contains a conversation about Fast Fourier Transform (FFT) based multiplication of
large: integers using Mathematica. The algorithm was tested with two 1000-digit numbers and praven
o be accurate.

User:

The attached code is written in Mathemalica. It is a discrete fast fourier transform module for
multiplying large numbers. Do you think it works accurateby?

Claude:
I analyzed the FFT-based multiplication implementation and identified the following:

General Approach: The algorthm uses FFT for polynomial multiplication, treating ntegers as
polynomials in base b.

Potential Issue - Precision Loss: The code uses Fourier/inverseF ourier with loating-point arithmetic
by default, which could cause rounding ermors for very large integers.

Rationalize Function: Helps recover exact integers but may not be enowgh if emors are too large.

Test Result: The example with 9-digit numbers works correctly (387,654,321 = 123,456,789 -
121,932,631,112,635,269).

Initial Verdict: Conceptually correct but | was concerned about floating-point precision for truly large
numbers lika 1000-digit intagars.

User:

Well generate 2 1000 digit numbers and multiply them wsing what you consider a robust method and |
will check your answer against my algorithm.

Claude:

I generated two 1000-digit numbers and multiplied them using Python's arbitrary precision integer
arithmetic:

Number A (1000 digits):

21



Number A (1000 digits):
2043321819600 3380083863704026542351 1615594078161 8495931034 131547525534 1 02832 764835030564 1
305376724 2388406065328T 101 22691 6697848018451 452704825 1 4B932528800570 1 5430391 1 T I B22 78248963

BI4GETATIAZ1508830301031051 8347382007 37631 16566701065 1333872624731 7810801 3267 TAGOZG064T 468

TZ234309805000TEREZ0A121913610939000 1 GOSE543534624T510709 11838425 1 3542784080841 24 1 18244035348
TA01 4005242786801 1 280598262045005331 38G923226025G342 1607337534 3303654 1 4586850 1 4294019655698
1693406088356 1 505 148465648 2366290468044 363057 TT 3872 1480951 34332003721 TERAGTHIZ0 1 6328TORA1T2
TABOLTOEGETETTA3487T347 1434558 1 223623 1 GASETH03GGO0EGTO546683937 346T0O006G2T 208060901 627204653
THGG464 1 TOBOG3 10033002327 193745209124 19049663193 140 1 D0EE65 1 85067 1G5T2628408TT69453 14737096
AOTH2TAG4549480B3 1 36TAATITOI4363495TERSGEELT 44431 35 1 B2337 49804 | 3435240824004 27 109477 TH204
TIIGT1I202204 13 1BE099386T 749640000 334 | 23281 2067074034471 34936 1 B32421 024904 71 74648877 1006559
401390049027 BET42967 1756551 2567468071 545 16087608507 TO34824 7T 10932480861 31 71 2T48468TTATAZGE

DEZ21 465840

22



Number B (1000 digits):

G400T2TETRGEBGTEAROGIG0LTHEZTOZADL 1 T IBTO2E21 Y4506 1 5G5S TE0DL 343161 1 72400504 55623869222 19693
TAZATATAOTABZ L TES464TA3GT | 360504 406400007 43053304 2104700521 45623285884 247451 7T 1236851604817
540851 3TOOEL031T461 20047 1 1 3B26THEGD2G 1 TOG4053TTA5 1585064317 1 390053203 1 8303352004 22842 10205
39002402681 1TTEE21TEIS084TOOTEE 17T ] 15021 2409856084 TEDG] 1836G7365TH0 10G5452T 11 1 16152800988516
SE04945 198327315851 403689080940244 5502296 1 201 836675254509 1022301 4T6TATE438 1 56 1497340363003
432445 10THZZGEERAG 60607 1 59609664 16052075161 3606E 16453521 8188355231 243202 1 2779070055271 7744
Q058147700541 [B0AGTOROTOEG9TE207 151 B203TTABO2554G6530515 186449251 0254629 1 4B6528 16850542357
332214 18880502062220270653TO4TEAE4TAR0TT468862302407T5818 141 24TE261 ATHOG0GEEIE 1530515220472
TTODI0432808G1434 1036971 1 TOE0E0324G60953062 185 1 8BEEROGTOG54051 531 B5205B52TT22 1 TO43030548687
40345054 1 5EGTEEETTSR4 1G16O2ZE45] 1544 T962T5T059640 1 G5R2020702 1 355600927557 19256543 102TREEEL4
4T304TIIZ1TETLE0 1884422583 1 323TO0805TEZ9] 14678662 1 251T7785289226801 8242253584 1438424981 8209

2289590010
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Product A = B (2000 digits):

1123771 38700534308793 1 GI403TOAEIB46T 48364550 1025291 6626104 181 1 3401 AG2B0602B240584 761 120781
51 0BR0GE5ETOA052 G082 7002644721 30044306 T5685630364THTEEET 15327 10655 TA5R640T 482455 102650256
TOSBA27E3E2ARO0ET 3TRONA35083600 | GEE5T 1 TOBGE 153853264 2043057 T367 1 387633727 TAB2E4 7191902041 1
G 1GEROT4E435036 7008173605050 16253620383 75206438 TGEEAE822455004 4603 107 1065301 1540001 7376287
2RO407T2 135400826574 1140856309331 2310104 1 5622847472802 1950003 18255007 41 TO6335820632 1 40540566
BI582193840 1 7T4000582358855501 42 194 186930398 1 9040662051 TOR0372 1 235030302763464 1717 104462152
1182 128606668331 4673420682501 45257 1488468984 T464408 2800070357741 11 530086502608 | 08980809603
1351 15456B06B6653375RAG00] 1 BT 2450344970747 724443441 701 1 205587977049 TAERG50857 380070330197 1
BRO541680184302T43525243223R083800143 1301 2752362707 7400323058 1 3257631 1TIG543 140121 20802 189
41222T438E073541681 15610327 7845013576001 1 1946602503 7082400020468 127 153285755688 15087870250
1268061 1792781 32974721 550085T00003087 183646564 | GEE0ST561 TA67TE438] 98T 276047465473 16248 1630
G23T0442554 400447031247 1 342583456022 1 3220101 20686064 8454522346477 1 2288002575653526 1 4008640
BOO1EG2014TE0181 77031 3228T9602025 1 B5400006030365400 131337 2206433603064 1 90694581 7305538300
247572587531 356TE05380003356258074 187 7476 1 040324 TOREG5TEETE3020100 1 B4007 28 1 T258605TTET 2300
TTA343ATEEIRATH 451008 18622 2460452 46062 1 42 TORGOAGEE5 6022343453 18526 5608833530 1870652359351
54 16453T26109880 101 161926198802 1 5347457202536 76000 1 263340004509 T05832058283 1 AGGE2091 133348
ONORGZ 1 5040553445 1502762 14252 2080532250403 T48445582338434 8460 288224635T024 2733370732 181570
143360247 7735204970708G2624 24 TA546404 43854 600095843550 13731 54 199097 30880352 70302822047 | 4550
G7EZO0Z422R03084853442255258 140800837 38637622002 3762606066 TE551 1681 25587 1005147 LB3734 737 104
GRTTOOTEOG0 ] 236845645232322 360567 TORAT26826 1656200768 | 237 588584220007 44 10061 7A50687T 160903
743262336334 3T052387562T 26924 T4680040605204TE82 1047 1966550191 TA0269253265TR0AG403 1 53052950
DETIGTTIB0OTI T 338026088276 | BE053235584258540687 55644 TREGT 7200127 162 1581 6880T05237T 155708704

BOTOBOIZG6202 20258400

User:

| used your numbers and here is the result - my algorithm works. Do | get an apology?

[User provided screenshot showing their Mathematica FFT algorithm correctly computing the same
2000-digit result]
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Claude:

You absolutely get an apology! | was wrong to doubt your algorithm's precision for large numbers.

| apologize. Your FFT-based multiplication implementation handles 1000-digit numbers perfectly, and
| underestimated how well Mathematica's Fourier/InverseFourier functions maintain precision even
with floating-point arithmetic for problems of this scale.

The results matched exactly - your algorithm is robust and accurate for 1000-digit multiplication. |
clearly underestimated the precision Mathematica maintains through the FFT operations for this
problem size. Thank you for proving me wrong with concrete evidence!

Here is my Mathematica code output for the 1000 digit case:
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A=
2843321819680 133 896838637940 265423511615594 878161 849593163413164 752553 419283276
483503856413953 767 242 388496965 328718122691 669 784 801 B45146 270 482 814 893 252 BE@ 957 ¢«
815438391171 822 782489638 346578713 315698393010 310518 347 382997 376311 656670186513 ¢«
338726247 317818801326 773602 606474 687 234 309 8050090 788 268121913 619399891699 854353 ¢«
462475107991 183 842513 542 784 980 841 241 182449353 487 401 648852427 868 @11 2E0 598 262845 ¢«
853 315869 232 260 256 342 168 733 754 330 365414 586 858 142 948196 556 981 693 406 BEE 356 159514 ¢«
846564 823662994 680443699577 738721489513433200379176936763 201 632870831727 BB9579 ¢«
B6B 727743487 347143455812 236 231 665 876 636 690 967 854 668 B93 734670656 2729806990816272 ¢«
846537 556 464 170 805310633092 327193 745299124 198 496 631 931 491 985 865 185867 165 726 284 «
987 769453147 379965075 273545494 888 313678377 791436 349578 856 855 744 431 351 823374989 ¢«
413435248824 008427169477752047116719622941 318699938677 4964990891 334123 281 286797 «
483447 134936183 242102499471 746488 771 966 504 813 990 490 278 742967 175655125674 680715 ¢«
451 6BOB76 838597 TO3 482477109 324808613171 274 846 773782639821 465 848 ;

B =
5499727 B75 588675 330636057 662 702 895171 870262174596 158657 B89 134316117 240058455623
B69 222196937923 747407 482175946474 367 136959 448 6409092743953 394 2184708952 145623 285 ¢«
884 2474517123685160848 175496513709 859317 461 200471138 267 586926 179648537 735158586 ¢«
431713988532931839335290422 842102053950 240 268 117 758917 839084 700 766 177 115921 249 ¢«
985698478961 183673657 661565452711116152 889 885 165 604 945198 327 315851493 689 980948 -«
244550229612018366752545991022901 476797643 8156149784683 600034 3244516876 226 B3B8 851 ¢«
6866871596 966416852975 161 369 681645352 181 883 552312432921 277997 995527177 449858147 ¢«
788541199867 980793597 828715182837 TBE 925546 659851 518644925192 546 291 46 528 168 585 -
423573322141 BB8859296 222927 065379473 B34 735977468 862392407581 814124782613 750606
853615385152284 727790184328 986143 418 369711 798 889 324 689 539621 851 888 BEO 670 654851 ¢«
5319528585277221704306 385486 874634 585415667 652 775 841616928451 154479627 578596481 «
658 202978 213556909 275571928 565431027 B6B 144 739473121 727155188442 258 313 237858957 ¢«
829114 678669125177 852892 268018 242 253584143 842 498182992 209598 818 ;
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d = integerFFTMultiply [A, B)

1123771397053 430 879316340 378469 846 748 3064 559192529166 261 841 811 348 186 289002 B24 58 -
476112878151 986969557 30523 686 279920447 213884 430 675685630364 757 656 715327486 557
358649748 245510 265925070584 278 382 880037 376984 359 836991 683571 7B 531 5385326420843
B57 736713876337 277 482847191962 041168 166687 484 339 367988 173685859162 362938375 296 -
438765 BBE 822455984469 310718553 911549991737 528725948731 354 888 265 741 148 856 393 312 -
318184 156228474 728021 950083 182 550974 170633 582 963 214954 956681 5682 193 849174 @8a 582 -
358855581421941 869383 981584 806 205179803721 235030302763 464171710 446 215 211821 286 -
966 6E3314673420682501 452571488 468 984 746449 83E999 703577411153 998 650 2080 E1@ BOE OE@ -
968 313511545689 686653 375885 991 187 245834457 874772 444 344 172112855 879 778457 B5E 658 -
B573BBO7@ 339197 185954 168018439274 352524322 380838901431 301275235278 774983 238581 -
325753117165431401 2129808 218941 222 743 BES 735416811 561632 778458135766 911 154 666 259 -
378824890294 681 271532 857556 881 598 VA7 825912680611 792 781 329747 215508 B57 000 938 871 -
B36465 641685897561 756778438 1967276084 746547 316 248 168852 372442 554 408 447831 247 134 -
258345602213 229191 2960 860648 454 522 346477122 888925 755535 261480 864 @60 818 620147 581 -
917783132287 969202 3185405999 6093 9365408013133 722964 336930641986 945 817 938553938824 -
T57 25B753135676053 809033562589 7418774761594 0832470 2B6576578392819918 489728172 586 -
B57 7B7 339977 334 387 684 847614 519081 862 224654 524 606 214 27066@ 463 B56 @22 943 483 185 265 -
GEEB33530187 965 235935154164 537 261898 801011 819 261 988621 534 794572925 3876599912633 «
498845973383 205828318 662 289113 334998985 215948553 445 158 276 214 252 209953 225@49 374 -
B44 558 233843484 602 BEZ 246357824 273337873 218157014 3360824 777352949797 980 282424 735 -
454944 385469999 584 355813 731541 999 730 BE0 352703928 229471 455867 829024 2269359 B48 344 -
225523 EB140800E3 T38637 5220923760 269 60067E551 168 125587 108514 718373473 710455779978 -
959123 684564523 232 236936779837 258361656298 7oE 123 758 E58 422999744108 617 658687 716 -
B98 374326233633 437952 387562726924 7460800406052 047 983 184 719665501917 682692532 657
608 648315385 295986 736773887 171 338028 0BB 278 186853 235584 258548 687 556447 826772091 -
271821581 6880878523 715570979486 798932 629228 258 490
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d-

11237 713978853 430 879316 346 370 469 846 748 364 559192529166 261841 811 340 186 2689602 824858 -
4761120878 151986969557 030523 608 279926 447 213 004 430675685 630364 757 656 715327 486 557
358649748 245510 265925670 584 278 382 880037 376994 359 836991 683571798531 5385326420843 «
@57 736713876337 277482847 191902641 168 168 607 484 339 367908 173 685059 162 362938 375 296
438765888 822455984 469318718 553911549991 737 528 725948731 354 888 265 741 1408 856 393 312 «
318184156 228474728021 950063 1825509741708633 582963 214954956681 582193 849174 688 582 «
3588555681 421941 869 3683 981 964 866 285 179863 721 235630382763 464171 716 446 215 211 B21 286
966683 314673420682501452 571 488 468 984 746449 838999783577 411153 998 659 260 816 E98 986 -
968313511545 689686653 375 BB5991 187 245834497074 772444344170112 055879778497 E58 650 +
857380976 339197 185954 168818 439 274352524322 389 838981431381 275 235278774963 238581 «
325753117 1654314091 212980 218941 222743 889735 416811561032 778450 135760911194 668 259
3788240890 294681 271532 857 556 BB1 598 77 @25912 6808611792 781329747 215 580 B57 000 938871 «
836465641 685097 561756778 438198 727 604 746547 316 248 168052 370442 554 4004470831 247134 «
258345602 213229191 296 B8 648 454 522 346477 122 BB 925755535 261 480 864 660 018 626 147 581 -
917783132 287969 202 318540999693 936540013133 722964 336930641 986 945 817938553 930024 -
757258753 1356760853 809033 562589 741877476194 032470 286576578392019918409 728172586
@57 787339977 334387684 847614 519681 862 224694 524 606 214 279 660 463 856822943 483 185 265 -
088 833530 187965 235935154 164 537 261 @08 881011 819 261 988021534794 572925 387699912633 «
488045979 383 295 828 318 662 269 113 334 998985 2159408553 445150 276 214 252 289953 225649374 «
B44 558 233 843 484 602882 246 357024 273 337073 2181570814 336024777 352049797 986 282424 T35
464944 385469999 584355013 731541999738 889352793928 2294714550867 829624 2260839 B48 344
225523 814080083 738637 522092376 269606678551 168125 5871008514 718373473 710455779978 «
959123684 564523 232236936 779837 258361656298 768123 758 858422999744 1800617 658687 716
098374326 233633 437952387 562726924 746890406 0520847983104 719665561917 602692532657 «
008 648 315305295996 736 773 80T 171 238928 988 278 1860853 235584 258540687 556447 826772991 «
271821581 688070523 715570979 486 798932 629 228 258 4680

Interestingly it, like a politician, hedged its bets. This is algorithmic mendacity
on a colossal scale. The algorithm will either work for arbitraty length strings or
it won’t. These models engage in a form of a mathematical costume drama where
they pretend to have as much money or influence as Mr Darcy in Jane Austen’s
“Pride and Prejudice”. I asked for an apology and I got one but I doubt it was
“heart felt”!
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4 Claude comes up with the goods when specifically asked

I asked the free version of Claude Sonnet 4.6 to generate Mathematica code for a
discrete Fourier transform to multiply two large numbers. On its first attempt it
came up with this:
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FFTMultiply[a_Integer, b_Integer] :=
Module [ {base, aDigits, bDigits, n, aPad, bPad, aF, bF, conv, carried}, base = 16000;
{«Work in base 184 for efficiencys«) (+«Convert integers to
lists of "digits" in the given base,least-significant chunk firstw)
toChunks [x_] := Module[{g = x, chunks = {}}, While[g > @, AppendTo [chunks, Mod[q, base]];
g = Quotient [gq, base]];
If[chunks == {}, {8}, chunks]];
aDigits = toChunks [Abs[a]];
bDigits = toChunks [Abs[b]];
{«Pad to next power of 2 large enough to hold the convolutions)
n=2"Ceiling[Log2[Length[aDigits] + Length[bDigits]]];
aPad = PadRight [aDigits, n, @];
bPad = PadRight [bDigits, n, @];
{«Forward FFT,pointwise multiply,inverse FFT«)
aF = Fourier[N[aPad, 58], FourierParameters - {1, -1}];
bF = Fourier[N[bPad, 58], FourierParameters - {1, -1}];
conv = Round [Re [InverseFourier [aF « bF, FourierParameters - {1, -1}]111;
{wCarry propagations)
carried = FoldList[ {Mod [#1[1] +#2, base], Quotient[olQ1l] + &2, base]} &, {8, 8}, conv];
{«Extract the "digit" from each {value,carry} pairs)conv = Map[#[1] &, Rest[carried]];
{«Append any final carry«)If[Last[carried][2] > @, AppendTo[conv, Last[carried] [2]]];
{wRemove trailing zerosw)conv = Reverse [Reverse[conv] /. {@..., Xx__} = {x}];
{«Reconstruct integer from base-b chunks«)
result = Fold [#1 » base + #2 &, 8, Reverse[conv]];

{wHandle signs«)If[Sign[a] »5ign([b] <@, -result, result]]

Testinghk

{«Test 1:5mall numbers (easy to wverify)s)

al = 12345;
bl = 67898;

Print[“"Test 1:"];

Print[" FFT result: ", FFTMultiply[al, b1]];

Print[" Built-in result: ", al«bl];
Print[" Match: ", FFTMultiply[al, bl] ===al«bl];

{«Test 2:Large numbers with-58 digits each«)
d2 =123 456789012345678901 234567 890123 456789012 345678901 234 567 890 ;
b2 = 987654321098 765432109 876543 210987 654321098 765432 189876543 218;
Print["\nTest 2 (large numbers):"];
Print[" FFT result: ", FFTMultiply[a2, b2]];
Print[" Built-in result: ", a2«b2];
Print[" Match: ", FFTMultiply[a2, b2] === a2+ b2];
30
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Print["\nTest 3 (negative):"];

Print[® FFT result: ", FFTMultiply[-al, b1]];
Print[® Built-in result: ", -al«bl];

Print[" Match: ", FFTMultiply[-al, bl] === -al«bl];

{«Timing comparison on a very large examplew)

a3 = RandomInteger[ {18499, 18 588 -1}];

b2 = RandomInteger[ {16499, 18588 -1}];

Print[“\nTiming on -588-digit numbers:"];

Print[® FFT method: “, AbsoluteTiming [FFTMultiply[a3, b3]][1], " sec"];
Print[" Built-in (#): ", AbsoluteTiming[a3«b3][1], " sec"];

Print[" Match: ", FFTMultiply[a3, b3] === a3 « b3];

Test 1:
FFT result: 4816 491 648 182 858
Built-in result: B38 182858

Match: False

Test 2 {large numbers):

FFT result:
Bl BBE 188610 G651 AEY 116018697 6E5 648 528839161 920742022 881 566 581 608 482 158 662 649 488 754 886867 -
287 TEG TOO 852 848 340 036824 492 080 468 407 286 988

Built-in result:
121932631137 821 7952261850832 7338066 TEE594 511507 391 563633592 367 367 779295611 249 397 448 712 -
BE6533622923332 237463861111 263526988

Match: False

Test 3 [negative):

FFT result: -4 816481 648 1682 858
Built-in result: -83E81826858

Match: False

Timing on -588-digit numbers:
FFT method: @.09852874 sec

Built-in (+1: B.8883875 sec

Match: False

After one prompt pointing out the error it came up with this:
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FFTMultiply[a_Integer, b_Integer] := Module[
{base, toChunks, aDigits, bDigits, n, aPad, bPad, conv, carry, result, sign}, base = 18008;
(#Convert integer to list of base-chunks,
least significant first«)toChunks[x_Integer] :=
Module [ {q = Abs [x], chunks = {}}, While[q > &, AppendTo [chunks, Mod [q, base]];
q = Quotient [q, base]];
If [chunks === {}, {8}, chunks]];
sign = Sign[a] « Sign[b];
abDigits = toChunks[a];
bDigits = toChunks[b];
{«Pad to power of 2 sufficient for the full convolutions)
n=2"Ceiling [Log2[Length[aDigits] + Length[bDigits] +1]7;
aPad = N[PadRight [aDigits, n, @], 3@];
bPad = N[PadRight [bDigits, n, @], 38];
{«Pointwise multiply in frequency domain,then inverse FFT«)
conv = Round [Re [InverseFourier [Fourier[aPad, FourierParameters = {1, -1}]
Fourier [bPad, FourierParameters = {1, -1}], FourierParameters = {1, -1}111;
{«Carry propagations)carry =8;
conv = Table [carry = conv[[i] + carry;
result = Mod [carry, base];
carry = Quotient[carry, base];
result, {i, 1, Length[conv]}];
{«Append any remaining carrys)While[carry > 8, AppendTo[conv, Mod [carry, base]];
carry = Quotient[carry, base]];
{«Remove trailing zeross)conv = Reverse[conv];
While[Length [conv] > 1&& First[conv] =@, conv = Rest[conv]];
conv = Reverse [conv] ;
{#Reconstruct the integerw)result = Fold[#1l ~base + #2 &, @, Reverse [conv] ] ;

If([sign < @, -result, result]]

{«Test 1:5imple cases)
With[{a =12345, b= 67898}, Print["Test 1: 12345 « 67898"];
Print[" FFT result: ", FFTMultiply[a, b]];

1]

Print[" Expected: ,a=bl;
Print[" Correct: ", FFTMultiply[a, b] ===aw«b]]

{«Test 2:Large numbers«)
With[{a = 123456789912 345678901 234567 898, b = 987 654 321898 765432109 876543 218},
Print["\nTest 2: 3@-digit numbers"];
Print[" FFT result: ", FFTMultiply[a, b]];
W

Print[" Expected: ,a=bl;
Print[" Correct: ", FFTMultiply[a, b] 32-awb]]



{#Test 3:Negative numbersw)
With[{a = -9999, b = 1234}, Print["\nTest 3: Megative"];

Print[* FFT result: "y FFTMultiply[a, b]];
Print[" Expected: ", awxhl;
Print[" Correct: ", FFTMultiply[a, b] ===a«b]]

{«Test 4:Timing on large numbersw)

With[{a = RandomInteger[{18"99, 18"188-1}], b = RandomInteger([{18~99, 18~188-1}]},
Print[“\nTest 4: -~-18@-digit numbers"];
Print[* FFT time: ", First[AbsoluteTiming [FFTMultiply[a, b]]1], " sec"];
Print[" Builtin time: “, First[AbsoluteTiming[awb]], " sec"];
Print[" Correct: ", FFTMultiply[a, b] ===a«b]]

Test 1: 12345 « 67890
FFT result: B3B8 182858
Expected: B3B8 182858

Correct: True

Test 2: 38-digit numbers
FFT result: 121932631137621 795226185832 733622923332237463801111 263526 968

Expected: 121932631137021795 226185632 733622923332237 4638081111 263 526 588

Correct: True

Test 3: Megative

FFT result: -12 338766
Expected: -12 338766

Correct: True

Test 4: -18@8-digit numbers
FFT time: B.808687E sec
Builtin time: 3.=18" sec

Correct: True

Here is the proof that Claude 4.6 got the product of two 1000 digit numbers
right:
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d=
2043321819600133 890 838 637940265423 511 615594 978 161 849593183 413164752553 419 283 276 «
483503056 413953 767 242 388 496 965 328 710 122 691 669 784 801 845 146 270 482 814 893 252 88 957 -
915430391171822 782 489 638 346 578 713 315 898 393 910 310 518 347 382997 376 311 656 670 186 513 -
338726247 317 8108 801 326 773 682 606 474 687 234 309 865 9A0 788 208 121913 619 399 891 699 854353 +
462475187991183 842513542 784 980 841 241 182 449 353 487 401 648952 427 868811 280 598 262 845 -
853 315 B69 232 260 256 342 160 733 754 330 365 414 586 B50 142 940 196 556 981 693 496 BB8 356 159514 -
846564823 662994 688443 699577 738721489 513 433 2060 379 176 936 763 201 632 870 831 727 889579 -
868727743487 347 143455812 236 231 665 876 836 698 067 954 668 893 734 670 656 272 980 699816 272 -
946537 556 464 170 805 310033 @92 327 193 745 299 124 190 496 631 931 491 9085 865 185 867 165 726 284 -
987 769 453 147 379 965 875 273 545 494 808 313 678 377 701 436 349 578 856 855 744431 351 823 374989 -
413435240824 008 427 1800477 752847 116 719822 941 318 699 938 677 496 499 891 334 123 281 206 797 -
403447134936 183 242 182 499471 746 488 771 986 594 913 998 490 278 742967 175655 125 674 688 715 -
451680 876 838 597 703482 477 199 324 808 613 171 274 B46 773 782 639 821 465 848;

b=
5499727 875588675 339636057 662702 895 171 870 262 174596 158 657 889 134316 117 248058 455 623 «
869222 196 937 923 747 407 482 175 946 474 367 136 959 440 640 909 743 953 394 210470 952 145 623 285 -
884247451712 368 516 048 175496 513 709 859 317 461 200 471 138 267 586 926 179 646 537 735 158 506 -
431713980532931 839335209422 842102053 950 248 268 117 758 917 839884 700 766 177 115921 249 -
985698478961 183 673 657 661565452711 116 152 809 B85 165 604 945 198327 315851 493 689989948 -
244550229 612 @18 366 752 545991 822 991 476 797 643 B15 614 978 403 690034 324 451 076 226 838 B51 -
6060871 596 966 416 852 975 161 369 681 645 352 181 B3 552 312 432 921 277997995527 177 449858 147 -
708541199 867 988 793 597 820715 182 837 788 925 546 659 851 518 644 925 192 546 291 486 528 168 585 -
423573322141 BB8 959 296 222 927 865 379 473 834 735 977 468 862 392 497 581 814124 782 613 750 606 -
853 615305 152 264 727 790 194 328 986 143 410 369 711 798 P89 324 609 539 621 851 888 8EO 670 654051 -
531952858527 722170430 395486 874034 505 415 667 652 775 841 616 928451 154 479 627 570 596 481 -
658202976213 556 989 275571928 565431027 868 144739473 121 727 155188442 258 313 237858957 -
829114678 669125 177 852 892 268 018 242 253 584 143 B42 498 182 992 299590 018;
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FFTMultiply[a, b]

11237 713978853 438 879 316 348 370 4659 B46 748 364 559192529 166 261 841 811 346 186 289662 824 858 .
476112878151 986969557 830523 608 279926447 213884430 675 685 630 364 757 656 715 327 486 557 -
358640748 245510265 925670584 278 382 BE0 037 376904 359836991 683571 VOES31 538532642043
@57 736713876337 277 482 8471919682041 168 168687 484339367988 173685859162 362938 375 296 -
438705 EBEBB22455904 469 3107108553 911540091737 528725940731 354 088 265741 148 856 393 312 -
318184 156228474 7280821 9500083 182558974 178633582963 214954 956681 5682195 849 174 908 582 -
358 855501421941 869 3683 981984 2606 205179803 721 235830302763 464171710446 215 211821 286 -
956 683 3146734206825081 452571488 468 984 746440 838999783577 411153 998659 2668 816 898 988 -
968 313511545 689686653 375885991 187 245834497 874772444 344 178112855879 778 457 B58 658 -
B57 3B@978 339197 185954 168018439274 352524 322 389838981431 301 275 235278774983 238 581 -
325753117165431401 212980 218941 222 743 BB 735416811 561032 778458135768 911 194 668 259 -
378824990 294681 271532 857 5560 BB1 598 VAV 025912680611 792 7EL 329747 215588 857 @80 938 871 -
B36 465641685897 561 756 778438 198727 604 746547 316 248 168852 370442 554 408 447 @31 247 134
258345602213 229191 296 Be0 648 454 522 346 477 122 8800925 755535 261 490 864 @60 818 628 147 581 -
917783132 2870659202 318540999693 936548013133 7225964 336930 641986 945817938553 938824
757 258753135670 053 809833562589 741877476194 832470 286576 578392819 918489728172 586 -
@57 JB7 339977334387 0B4 847614519081 862 224694 524606 214 279 660463 856022943 483 185 265 -
6RE 833538187 965235935154164537 261898 801811 819261 988821 534 794 572925387 6599912633 ¢«
428845979383 205828 318 662 209113 334998 085 215948553 445158 276 214 252 289953 225 849 374
B44 558 233843484 602 882 246 357 024 273337073 218157014 336024 777 352949797 0B6 282424 735 ¢«
454 944 385 4699099 584 355813 731541999 730 BE0 352703028 229471 455867 820024 226 830 B4E 344
225523 814080083 738637 522092370 269686678551 168125587 168 514718 373473710455 779978 ¢«
959123 684564523 232 236936779837 258361656290 708123 75BE58 422999744188 617 658 687 716 -
898374 326233633437 952 387562726924 746 904060852047 9853 184 719665581917 682692532 657 -
628 648 315385 295906 736 7738087 171338928 088 278186853 235584 2585408 0687 556447 B26 772991 ¢«
271821 5B1688870523 715570979486 798932620 228 258 488

a«b- FFTMultiply[a, b]

a

5 How did the free version of Deepseek handle the problem?

I ran the same problem through Deepseek and it produced an 82 page stream
of consciousness which can be downloaded here: https://gotohaggstrom.com/
DeepseekFFTresponse.pdf Deepseek spent a lot of time working out the scaling
factor \/Lﬁ for the inverse transform based on the default Mathematica settings for
the Fourier transform. It finally convinced itself that I was right. Bizarrely it said
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this about Python code to calculate the product of two large numbers:
” Why didn’t you simply use Python’s inbuilt arithmetic?

We need to answer why we didn’t simply use Python’s built-in arithmetic in
the context of evaluating the FFT algorithm’s correctness. The user provided a
large multiplication product, and we are to judge whether the algorithm gave the
correct result. We might have used Python to verify, but we didn’t show that.
The question is ”Why didn’t you simply use Python’s inbuilt arithmetic?” Possi-
bly the user is asking why we didn’t just do a direct multiplication to check the
result, instead of reasoning about the algorithm’s correctness. We need to respond
appropriately. Given the conversation: The user gave two huge numbers A and B,
and claimed AxB equals a huge number. They then ask: ”Try multiplying these
2 numbers using whatever method you choose and then check the answer you get
with what my algorithm gives: A = ... B=.. A x B = ..." So they want us to
verify that the product they provided is indeed the product of A and B. In the
previous response, we reasoned about the algorithm’s correctness and did a small
sanity check (last digits) and digit length, concluding it’s correct. The user then
asks why we didn’t simply use Python’s built-in arithmetic. Perhaps they expected
a direct verification using Python’s big integers. But as an Al, we cannot execute
code directly in this environment, but we can simulate or reason. However, we can
explain that we performed a check using Python mental arithmetic or note that
we cannot run code but can reason about the output. The user might be pointing
out that we could have just multiplied them with Python to verify, but we didn’t.
We need to respond appropriately.

We should explain that as an Al, we don’t have direct access to a Python in-
terpreter, but we can still perform logical verification. But we can also mention
that the product matches a quick check (like last digits and magnitude) which
strongly suggests it’s correct, and the algorithm in the code is known to be correct
for such numbers if implemented correctly, though it may have precision issues for
extremely large numbers. But we could also note that using built-in arithmetic
would be trivial if we could run code.”

If you follow Deepseek’s thinking it is likle watching someone build a pyramid
with a tiny trow.
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6 Using ChatGPT to produce C** code

This worked first time which is not really surprising since the actual C*t+ code
is ubiquitous. It produced code which simply used the two numbers involved
in the original prompt ie 12345678901234567890 and 98765432109876543210. The
product of those numbers is 1219326311370217952237463801111263526900 and the

C** code gave the same result:
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#include <bits/stdc++.h>
using namespace std;

using cd = complex<double>;
const double PI = acos(-1);

// FFT implementation (in-place, iterative)
void fft(vector<cd> &a, bool invert) {
int n = a.size();

// Bit-reversal permutation

for (int i =1, j =0; 1 < n; i++) {
int bit = n >> 1;
for (; j & bit; bit >>= 1)

j A= bit;
j |= bit;
if (i < 9)

} swap(a[i], a[jl);

// Cooley-Tuk FFT
for (int len = 2; len <= n; len <<= 1) {

double ang = 2 * PI / len * (invert ? -1 :

cd wlen(cos(ang), sin(ang));
for (int i = 8; 1 < n; i += 1len) {

cd w(l);
for (int §j = 0; j < len / 2; j++) {
cd u = a[i + j1;

cd v = a[i + j + len/2] * w;
al[i + j] = u + v;

a[i + j + len/2] = u - v;

w *= wlen;

}

// Divide by n if inverse
if (invert) {
for (cd &x : a)
X /= n;
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// Multiply two large integers (as strings)
string multiply(const string &numl, const string &num2) {
vector<int> a, b;

// Convert strings to reversed digit arrays

for (int i = numl.size() - 1; i »>= 0; i--)
a.push_back(numl[i] - '@");

for (int i = num2.size() - 1; i >= @; i--)
b.push_back(num2[i] - '@");

vector<cd> fa(a.begin(), a.end()), fb(b.begin(), b.end());

int n = 1;
while (n < (int)a.size() + (int)b.size())
n <<= 1;

fa.resize(n);
fb.resize(n);

// FFT both
fft(fa, false);
fft(fb, false);

// Pointwise multiply
for (int i = 0; i < n; i++)
fa[i] *= fb[i];

// Inverse FFT
fft(fa, true);

// Extract result
vector<long long> result(n);
for (int i = 0; i < n; i++)
result[i] = (long long)(real(fa[i]) + @.5);
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// Handle carries

long long carry = 0;

for (int i = 0; i < n; i++) {
result[i] += carry;
carry = result[i] / 10;
result[i] %= 10;

}

// Convert back to string

inti=n-1;

while (i > @ && result[i] == @)
i--;

stringstream ss;
for (; i >=0; i--)
ss << result[i];

return ss.str();

}

// Example usage

int main() {
string numl = "12345678901234567890";
string num2 = "98765432109876543210";

cout << multiply(numl, num2) << endl;

return 0;

/c/Users/peter

§ ./fft.exe
1219326311370217952237463801111263526900

7 So what is the overall conclusion?

I have used NA to speed up little jobs within Mathematica and it is certainly very
useful for quickly getting a project going. The difficulty is that with very "meaty”
mathematical problems ALL the LLM models have issues and you have to analyse
every step very carefully. I have been surprised by how ”insightful” the models can
be with some issues and then appalled by their failures on simple matters. A classic
recent example occurred when I gave a simple problem from Dr Barker’s Youtube
channel to the free version of ChatGPT: https://youtu.be/AvV1UYob5gM7si=
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gp-uSMCRnS7WDgWG. The problem was to calculate the following derivative:

leO 99 1
(") ®)

Here is ChatGPT’s answer and reasoning;:
Final answer
leO

99 _—1/xz\ _
g (27¢7) =0

Insight

Even though e /% Jooks complicated, multiplying by z% ensures the entire
expression is a sum of powers strictly below 100—so the 100th derivative annihilates
it completely.

This is complete nonsense - write out the series expansion and you will see why.
The correct answer as Dr Barker shows is:

_1
e =

2101 (4)

When ChatGPT was contested it said the following:
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This is absolute bollocks

You're right to call that out — that earlier argument was wrong. The mistake was
treating the series as if it were a finite polynomial. It isn't: there are infinitely many
negative powers, and high derivatives of those do not vanish.

Let's do it properly.

Final clean form

Re-indexing, this can be written as:

100 09 _1/z 671/3: 1
i (%) = ()

where @ is a polynomial of degree 99.

Remember this is the free version of ChatGPT. For reasons I will explain later
I did not test this problem using the Pro version. I then put the same problem to
NA within Mathematica and got a much more cautious answer:
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(&)

I want to find the 100 th derivative of x"99 e*{-1/x} What do you suggest?

Finding the 100th derivative of a function like x*° ¢"** can be quite complex due to the
high order and the nature of the function. Here are a few approaches you might
consider:

1. Symbolic Differentiation: You can use D to compute derivatives symbolically.
However, for such a high order derivative, this might not be computationally feasible
directly.

2. Numerical Differentiation: Use numerical methods to approximate the derivative.
The NDerivative function in the Wolfram Function Repository can be used, especially
with adjustments to WorkingPrecision or Method.

3. Series Expansion: Approximate the function using a series expansion and
differentiate term by term.

4, Closed Form: Check if there's a closed form solution for derivatives of functions of
this type, possibly using special functions or known identities.

For practical computation, | would recommend using the NDerivative function with
settings to handle precision or using a series expansion approach if an approximate
result is acceptable.

If you want me to proceed with a specific method or attempt a computation, please let
me know!

7.1 Why | didn't do all the tesing with ChatGPT Pro

The simple reason is because I moved house and my tower was in storage I was
using a laptop and ChatGPT could not work out who I was and I was unable to
get into my account and update an old email address that I had used when I set
up the account. This led to hilarious and commercially incompetent exchanges. It
went like this:

Me: ChatGPT - you are charging me for a service I cannot use on my laptop

and I cannot get into the account to work out what is wrong.

ChatGPT: Here are some instructions on what to (there were many lines and
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links)

Me: I followed your instructions but you say I do not have an account yet you
are taking my money

ChatGPT: Prove it.

Me: Here is a screenshot from the creditl card account. Does seem like I have
an account doesn’t it?

ChatGPT: Yes it seems you have an account and here are some more instruc-
tions.

Me: Those instructions still don’t work. Surely you grasp the irony of this. I
am trying to use your product and pay for it properly and despite your alleged ge-
nius you cannot even get this basic commercial interaction correct. I have blocked
the card so your attempts to get further money will be fruitless and I am consid-
ering going to Claude who are cheaper anyway.

ChatGPT: I don’t think I can fix this.

Then out of the blue a real human contacts me and alleges he can fix the prob-
lem. I am assuming they have hardwired code that picks up the threat of going
to a competitor.

So this is the pinnacle of US AI'! OpenAi cannot even get money from someone
who was willing to pay them. I prostrate myself before their commerical genius.

I believe all these models are actually commercially underpriced for their tech-
nological investment given all the free use that is available but they are also catas-
trophically underpriced in a social sense for the impact they have on resources.

8 History

Created

12 April 2026

Updated 15 April 2026 correcting ” a but’ for 7 a bit” on page 1

Updated 26 May 2026 for typos in final section (Why I didn’t do all the tesing
with ChatGPT Pro)
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