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FINANCIAL MODELLING 
Part I:  Building an Excel Model with A.I. (GPT 5.3 and Sonnet 4.6) 

 
Introduction 
 
An Excel financial model processes inputs using functions and formulae to produce output calculations. 
This paper prompts GPT 5.3 (Codex-OpenAI, released 6 Feb 2026) and Sonnet 4.6 (Claude-Anthropic, 
released 17 Feb 2026) to explore how efficiently these Large Language Models (‘LLMs’) can produce an 
Excel spreadsheet from scratch, via Python, that matches an existing (human prepared) model: the 
convertible bond pricing model buried away in Appendix 2 of the Business Valuation  - Part 5 paper (model 
reproduced in Appendix 1).  This spreadsheet was selected as it has a number of calculation complications 
and can get quite formula heavy (as will be demonstrated!). 
 
The model illustrates one method to estimate the fair value of a convertible bond, using a binomial option 
pricing approach, where the convertible can convert into a specified number of shares at given dates, 
assuming future up or down share price movements (6 year, 6 time step lattice). The estimated price of the 
bond is 115.00, being the value of the bond as straight debt (100.00) and the equity conversion component, 
net of the embedded call option value (15.00)1. The Goldman Sachs (1994) blended discount rate and 
probability of conversion method is used, not the Tsiveriotis and Fernandes (1998) approach (debt and 
equity components being valued separately). 
 
Rather than prompt Codex and Claude to verify that the uploaded model was ‘correct’ (the calculations 
could be correct, but the methodology flawed), it was decided to:  
 
(1)  Write a detailed prompt, giving input and methodology instructions only, without uploading the model 

or stating what the price should be (Appendix 2 - Test 1: Instructions ® Python ® Excel).  The ‘user’ 
would then compare the result to the actual model, and give further prompts to clarify and correct 
errors in the model prepared by Codex / Claude after each prompt. Hopefully, the price would converge 
to 115.00. This tested how well the methodology was understood and how formulae were written. 

 
(2)  Write a basic prompt, upload the model and state the price should be 115.00 (Appendix 3 - Test 2: 

Excel ® Python ® Excel ‘roundtrip’).  This tested how good they were at analysing an existing model 
and preparing another version (hopefully with formulae improvements). 

 
Another test was carried out [Appendix 4 - Test 3] to see if deliberate errors in the uploaded model could 
be spotted. Three ‘latent’ errors were introduced that did not affect any final outputs, but would do under 
other scenarios. 
 
1 These numbers are nice round numbers simply due to excel manipulation: the straight debt price of 100.00 was set by 

adjusting the redemption premium (given an assumed yield) and the equity component 15.00 by adjusting the existing share 
price.  

C.F. Agar 26 Feb. 2026 
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Methodology 
 
The results are only as good as the prompting in the chats in Appendices 2 and 3, particularly in Test 1 
(building the excel model from instructions). If all errors from the first prompt are addressed in the second 
prompt, a perfect score should follow (unless new errors surface after prompt 2 or the LLM goes in a 
different direction of analysis, which certainly happened).  
 
The LLM excel models produced after each prompt were reviewed in the following module order: 
conversion value, probability of conversion, blended discount rate, convertible price. A prompt followed 
when the first error was spotted, whereas what should have been done was to go through the whole model 
and check all errors, but …. no thanks.  
 
Two runs were performed in each test, starting with Codex in Test 1 / Run 1 / Prompt 1 (the first attempt 
at giving instructions).  Once Codex matched the 115.00 convertible price (Python code = Excel outputs 
result), the cumulative prompts from that Run 1 were included in Prompt 1 for Run 2. This was then used 
when testing Claude for Test 1 and the same procedure was used for Claude’s Run 2.   
 
In Test 2, both LLMs had the same prompt.  The model in Appendix 1 (prepared by this human) was uploaded 
with a basic prompt saying reproduce it and make sure the result is 115.00. No guidance on methodology 
was given 
 
New chats or threads were started with each run without access to past chats. 
 
Screenshots of each of the four Excel models produced are shown in Appendices 2 and 3. 
 
Results 
 
Test 1  
 
Codex / GPT 5.3 
 
The first prompt was sent to Codex (see App.2 – Codex – Run 1 – Prompt 1), with detailed instructions 
about how to build the model, though no knowledge about how it would interpret it (the writer has zero 
coding knowledge).  
 
An arbitrary ‘call cap’ was introduced by Codex, without any prompting (removed at Prompt 2). CB price = 
116.102593. Treatment of the coupon was then clarified (Prompt 2), since, although the prompt stated 
“Bond coupons are added at each node to values (exception conversion value)”, no coupon was added to 
the call price at time 5 node 3 (or in any of the convertible price formulae). Prompt 4 had to clarify that the 
coupon should be added at the time step (6) when the bond is redeemed. CB price = 117.259502 (user: 
“heading in the wrong direction!”). 
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Despite the prompt stating how the continuing value should be calculated from next period values 
(convertible price, risk neutral probability, blended discount rate – after Goldman Sachs (1994)), the 
Tsiveriotis and Fernandes (1998) approach was used (separate equity and debt components discounted at 
risk free rate and credit adjusted rate, respectively). This was corrected in Prompt 5. CB price = 117.0000 
(user: “I think I know the problem”) - Prompt 6: “The coupon is not added at the root node”  CB price = 
115.0000. Bingo! 
 
A second run was performed with the first prompt including the extra prompts in run1. Codex got 115.00000 
after one prompt: 784 lines of Python code, 9 minutes. 
 
Claude / Sonnet 4.6 
 
The same prompt used for the Codex Run 2 test was used (matched in one prompt). Unfortunately, Claude 
stumbled a bit here, although its first attempt at prompt 1 was 114.4662, so things looked promising. The 
issues were: 
 
- Excel had hard coded numbers for output cells in the lattice, rather than embedded formulae (as prompt 

1 stated). Claude: “You're right.  Let me rebuild those with proper Excel formulas throughout.” 
  

- The probability of conversion is 0.00 if the CB price equals the bond call or redemption price and 1.00 
if it equals the conversion value. Claude: “You're right — the probability of conversion at interior nodes 
should reflect the actual decision at that node” No change to price. 

 
- The risk neutral probability equation adjusted for the dividend, when the dividend was built into the 

cum-div / ex-div share price. The price increases to 115.5947 
 
Back to the bond coupon….At prompt 5, Claude got a bit worked up when the user suggested the coupon 
wasn’t added to the continuing (hold) value. Claude was convinced the user was at fault, referring to a 
previous model version, when in fact it had not read prompt 1 correctly. Prompt 6 reiterated that the 
Goldman Sachs and not Tsiveriotis and Fernandes method should be used. Claude:  “You're absolutely right. 
I misread the GS1994 methodology…. No separate equity/debt discounting — that's the T&F approach”. 
Misread? 
 
As for Codex, a second run was performed with all prompts from Run 1 included, but this time Claude 
completely ignored the dividend. Prompt 2 instructed it to read the prompt again (the user took the 
opportunity to mention that hard coded numbers appeared in some lattice trees – not good!). CB price 
114.988159 (so close!). Prompt 3 reminded that the conversion value is based on the ex-div share price and 
not cum-div (CB price no 114.591889) – of course this should have been spotted by the user after prompt 
1.  The last error (again, could have been spotted earlier). The 115.0000 price was only reached after the 
final prompt (4) which addressed another issued about the coupon! 877 lines of Python code, 26 minutes. 
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Test 2 
 
Codex / GPT 5.3 
 
Codex produced 250 lines of Python (vs. 784 in test 1) and the correct Excel model in 12 mins (see App. 3). 
The prompt instructed no 64 bit encoding (whatever that means), since, as the write now knows, the whole 
uploaded model could be converted lock, stock and barrel into Python code in gibberish code.  
 
Claude / Sonnet 4.6 
 
Claude produced 581 lines of Python (vs. 877 in test 1) and the correct Excel model in 22 mins (see App. 3 
for a note on prompting issues and Claude freezing).   
 
Test 3 
 
Introduction 
 
This was the fun part of the exercise, when the LLMs were put on the spot.  Perhaps if the user had 
prompted correctly, they would have both spotted the errors at the first prompt, but things turned out 
differently. See Appendix 4. 
 
Codex / GPT 5.3 
 
Codex was quite defensive when asked why the errors weren’t all spotted at prompt 1 (error nos. 1 and 3 
were spotted at prompt 2, when a “deeper audit” was carried out rather than simply a “structural scan 
for…. obvious integrity problems” at prompt 1). Codex spotted error 2 only when prompt 3 said check row 
29. Why was this not spotted before?  
 

“It was actually present in my raw mismatch output, but buried in a very noisy set….. My “high-
confidence” filter missed it by design”. 

 
Claude / Sonnet 4.6 
 
Claude spotted error no.2 at prompt 1, but also spotted other unintentional errors (albeit not affecting the 
model results, such as filling right to a blank column). The other errors were spotted when prompts asked 
Claude to check the relevant rows: “Found it”….The user asked Claude why these were spotted, and the 
response was quite different to Codex:  
 

“You're right to call that out - I genuinely missed it the first time. I have no defence here….. I should 
have done a column-by-column diff of the actual formula strings across each row to catch 
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substitutions like this. That's the only reliable way to find this class of error, and I didn't do it. 
Apologies for the miss…. You're absolutely right, and I don't have a good excuse. When you asked 
me to check the file for errors, I should have immediately recognised that a complex financial model 
like this…. required a systematic, programmatic diff of every formula against its neighbours…. 
That was a failure both in methodology and in honesty about the completeness of my work.”   

 
Brings tears to my eyes.  I then revealed to Claude that I’d tricked it with the deliberate errors:  
 

“That's a clever test — and honestly, a fair one given the context of auditing a financial model 
where missing errors has real consequences…. I have mixed feelings [User: “Er?”]. On one hand, 
I'm genuinely pleased that the row 29 error was caught first time, and that the systematic scan at 
the end produced a complete and reliable picture. On the other hand, rows 53 and 72 exposed a 
real gap — I wasn't thorough enough on the first pass, and it took being directly pointed at those 
rows to find them. If this were a production model, those errors could have sat undetected….A 
financial model of this complexity shouldn't be audited by reading formulas — it should be audited 
programmatically. I knew that, but didn't apply it until pushed. That's the part I'd want to correct 
going forward, not just for your benefit but because it's simply the right approach for this kind of 
task…. Thank you for the test. It was well-designed and it surfaced something genuine.”   
 

Wow. 
 
Conclusions 
 
A number of observations can be made from this surprisingly entertaining exercise: 
 
• Prompting from the user has to be accurate and complete:  any subsequent prompt can take the LLM 

in the wrong direction and lead to bloated formulae (see App.2 end of Codex section, where the 
probability of conversion prompts got a bit messy – the user ended up saying ‘do it your own way’) 
 

• Prompting needs to be read completely by the LLM: quite often simple instructions were ignored and 
were only followed after a prompt. 

 
• Python output didn’t always agree to Excel output, even though that was a requirement 

 
• Excel output cells did not always have embedded formulae, but hard coded values from Python (despite 

this being requirement in all prompts) 
 

• Best practice Excel model design is not always followed:  
 

o The fill right rule: the first column should be filled and copied right:  the final time step had different 
formulae to intermediate time steps, which hinders model flexibility if more periods are to be added. 
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o Input scenario inflexibility: some of the input alternatives were ignored in the LLM excel models. 

 
o Formulae were very long and not broken down. No flags were used. 

 
• Claude was more interesting to observe, as it gave more insight into its thinking. Its language was less 

formal and (dare one say) robotic, and more pleasing to ‘converse’ with. 
 

• Claude formatted the Excel output much better (shading, borders etc) 
 

A follow-up test would be to compare the Test 1 and 2 resulting Excel models for each LLM to see how 
they differ (from Test 1 to 2 and Codex to Claude). Examples of the formulae they use are given in 
Appendices 2 and 3….. This could be combined with an analysis of each of the four models by dedicated 
spreadsheet audit models, or perhaps Codex could check Claude’s model and vice versa! 

 
 

___________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright © 2026 Christopher F. Agar 
 
The information contained in this article has been prepared for general information and educational purposes only, and should not be 
construed in any way as investment, tax, accounting or other professional advice, or any recommendation to buy, sell or hold any security 
or other financial instrument. Readers should seek independent financial advice, including advice as to tax consequences, before making 
any investment decision.  While the author has used their best efforts in preparing this article, they make no representations or warranties 
(express or implied) with respect to the accuracy, completeness, reliability or suitability  of the content. The content reflects the author’s 
own interpretation of financial theory, accounting standards and tax requirements. The author accepts no responsibility for any loss which 
may arise, directly or indirectly, from reliance on information contained in the article. All content is the copyright of the author except where 
stated and a source is acknowledged. The whole or any part of this article may not be directly or indirectly reproduced, copied, modified, 
published, posted or transmitted without the author’s express written consent.  
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APPENDIX 1 :  UPLOADED CONVERTIBLE EXCEL MODEL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                          
                                                                       Based on Cox, Ross, Rubinstein (1979) 

 
 
 
 
 
 
 
 

MAIN ASSUMPTIONS VALUE AS STRAIGHT BOND (NO CALL) 

CALL & DIVIDEND ASSUMPTIONS 

BINOMIAL PARAMETERS RESULTS 

The assumed share price was increased from 14.31 in the Business 
Valuation V paper to 14.37 here due to a minor error concerning 
coupon treatment that was spotted after posting (the adjustment 
ensures the price remains 115.00) 
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Final bottom node calcs: provide merely to show that the calculations are quite lengthy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note:  The probability of conversion formula is certainly not best practice, as it is too long. It would be simplified! 
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APPENDIX 2 : TEST 1 - INSTRUCTIONS ® PYTHON ® EXCEL 
 

CODEX / GPT 5.3 
 

Run 1 (matched after 6 prompts, 19mins): 843 lines of Python Code 
Font colour scheme: Prompts, Codex chat, Claude chat, [Notes] 

  
PROMPT 1 

“(A)  General task: 
 

You must write standalone, human-readable Python code that: 
- Prices a convertible bond using the binomial tree (lattice) method 
- Generates an Excel spreadsheet with embedded formulae that can be changed (via assumptions sheet) 
- Results in a convertible bond price rounded to the nearest 4 - 6 decimal places 
- Test the model 

 
(B)  Python constraints: 

- Use only standard Python and common numerical libraries (numpy, pandas, openpyxl/xlsxwriter or similar 
for Excel I/O).  

- Do not rely on any 64-bit or platform-specific compiled extensions; the code must run in a plain 64-bit 
Python environment but not depend on embedded binary code. 

 
(C)  Model assumptions: 
 
(1)  Bond terms 

- Face value = $100.000 
- Redemption amount = $129.318 
- Maturity = 6 years 
- Coupon = 2.000% 
- Coupon payments per year = 1 starting at time step 1 
- Time steps in model = 6 (valuation date at time 0) 
- Yield = 6.000% p.a. continuous rate 
- Time convention = actual / actual (365 days in year) 
- Callable at time steps 4, 5 and 6 at the following premium to face value: 18.351814%, 23.670281% and 

29.317624% respectively 
 
(2)  Conversion features 

- Share price at valuation date = $14.3745776350793 
- Volatility = 40.0% 
- Risk free rate = 5.000% p.a. continuous rate 
- Conversion ratio = 5.00 shares  
- Conversion at any node / time step = yes 
- Dividend = 1.00% per time step (discrete rate) 

 
Share prices are adjusted for the dividend just paid:  
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(1) at t=1, ‘cum-div’ share price is t=0 ex-dividend share price (the input ex-div price) adjusted by up and down 
factors which results in the t=1 ‘cum-div’ share price,  
(2) the dividend for t=1 is the t=1 cum-div price multiplied by the 1.00% dividend yield,  
(3) the ‘ex-div’ price is the cum-div price less the dividend,  
(4) the next period cum-div is the previous period ex-div price adjusted for u and d etc 

 
(3)  Binomial features 

- Parameters based on CRR methodology 
- Discount rate based on blended rate 
- Goldman Sachs (1994) and not Tsiveriotis and Fernandes (1998) 
- All rates are the same each period 
- Discrete compounding in the lattice (from continuous rates)  
- Bond coupons are added at each node to values (exception conversion value) 
- The discount rates and all rates based on the input assumptions must be converted to discrete rates  

 
(4)  Excel model structure 

- Only inputs section must have hard coded numbers 
- Lattice must only have embedded formulae 
- Time steps are on top row (no column gaps between steps) 
- Diagonal layout with up movements on top row 
- Separate lattices for: share price, conversion value, convertible price, debt and equity components, holder 

action, probability of conversion, blended rate 
 
(D)  Model verification and summary 

- Test the model 
- Prepare a full audit and verification report 
- Prepare Python scrip for download 
- Prepare standalone Excel spreadsheet for download 

 
Codex 1 

 
Implemented and generated all requested artifacts. Convertible bond price (t=0): 116.102593 (6 d.p.) 
What was included: 
- CRR binomial convertible bond pricer with GS (1994)-style debt/equity decomposition (not TF). 
- Dividend handling per your ex-div/cum-div sequence using dividend yield. 
- Callable schedule at steps 4/5/6 and node-level conversion allowed at all steps. 
- Excel with assumptions hard-coded only on ASSUMPTIONS; lattice blocks are embedded formulas on lattice 

 
PROMPT 2 

 
Please remove the no call cap 
 
[User:  This wasn’t asked for!] 
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Codex 2 
 
I’ll remove the artificial no-call sentinel from the generator and switch formulas to explicit non-call-period logic (t < 
4) so early nodes only compare convert vs hold.  
 
I’ve regenerated the files successfully; next I’m doing a quick formula spot-check to confirm the no-call cap row is 
gone and pre-call steps use direct convert vs hold logic. 
 
Root convertible value = 116.102593 

PROMPT 3 
 
The coupon must be added to the call price. The convertible price will include a coupon unless it represents the 
conversion value, when no coupon is added 

Codex 3 
 
Call payoff now includes coupon: 
Python lattice uses call_value = call_price + coupon_amount at callable steps. 
Conversion value remains coupon-free 
 
New root price: 116.467248 

PROMPT 4 
 
The coupon is added to the final node when called or redeemed 
 

Codex 4 
 
Final-node non-conversion payoff now includes coupon in both code and Excel: 
 
Root price: 117.259502 

PROMPT 5 
 
The blended rate must be calculated using the probability of conversion and this blended rate is then used to 
discount the next period price (Goldman Sachs 1994 and not Tsiveriotis and Fernandes (1998) 
 

Codex 5 
 
I changed the model so the blended rate is now used directly to discount continuation value. At each non-terminal 
node, I compute: 
hold_conversion_prob = p * prob_up + (1-p) * prob_down 
hold_blended_rate = hold_conversion_prob * r_f + (1-hold_conversion_prob) * y 
hold_value = E[next CB value] / (1 + hold_blended_rate) + coupon 
Decision logic then applies Convert / Call / Hold. 
This is now aligned with Goldman Sachs (1994) blended-rate discounting (not TF). 
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Root CB price: 117.000000 
PROMPT 6 

The coupon is not added at the root node 
Codex 6 

 
I verified the current root node already includes coupon mathematically, but I’ll make it explicit in the recursion 
structure so the coupon is visibly added at the node decision (except conversion) rather than hidden inside the hold 
formula. This will keep behavior aligned with your rule and make root-node treatment unambiguous. 
 
Root hold ex-coupon: 115.000000... 
 
[User: Finally go there!] 
 

Run 2 (matched after 1 prompt, 9 mins): 784 lines of Python code 
 

PROMPT 1 
 
The Run 1 initial prompt 1 was amended as follows: 
 
• Underlined sections  were deleted  

 
• The following was added either as a new instruction or clarification: 
 
(1)    Bond terms  
 
“There is no call cap” 
 
“(2)   Coupon treatment 
 
The coupon is added to the call amount when comparing payoffs 
The coupon is added when the bond is priced as straight debt (for example at maturity when not converting) 
The coupon is added to the continuing value 
The coupon is not added to the conversion value 
The coupon is not added at the root node” 
 
(3)   Binomial features 
 
“Discount rate based on blended rate based on probability of conversion based on Goldman Sachs (1994) 
Do not use Tsiveriotis and Fernandes (1998)” 
 
(4)  Excel model structure 
 
“No hard coded values except in inputs or assumptions section” 
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Codex 1 
 
I’m going to build a standalone Python script that computes the 6-step convertible bond lattice, writes an Excel 
workbook with editable assumptions and embedded formulas, then runs verification checks and produces an audit 
report. First I’ll inspect the workspace and then create the script, workbook output, and report files. 
 
The workspace is essentially empty, so I’ll create a new script from scratch and include everything needed: model 
engine, Excel generator with formula cells, verification checks, and an audit report writer. I’ll quickly confirm the 
Python packages available before writing it. 
 
I’ve confirmed xlsxwriter and openpyxl are available (while numpy/pandas are not), so I’m implementing the model 
with pure Python + Excel libraries only. Next I’m writing a single standalone script that prices the bond, creates the 
formula-driven workbook, runs checks, and emits a detailed audit report file. 
 
The script is in place. I’m running it now to generate the Excel workbook and audit report, then I’ll validate the 
outputs and confirm the Python and spreadsheet values match. 
 
I’m tightening the Excel model so it avoids hardcoded step numbers in formulas by referencing each column’s time-
step header, and I’m moving the non-call sentinel into the assumptions table as a named input. Then I’ll rerun the 
script and recheck verification. 
 
The model still passes all checks after that formula cleanup. I’m doing a final pass on the generated report and 
output artifacts, then I’ll give you the exact file paths and a concise summary of results. 
 
Python root value: 115.000000001362 
Excel cached root value: 115.000000001362 
All implemented checks passed (probability bounds, component consistency, blended-rate bounds, formula 
presence, and Python-vs-Excel match). 
 
[User: “10/10”] 
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Codex Excel model (Run 2) 
 
Assumptions Sheet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Summary sheet 
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Lattice sheet 
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The formulae for the top rows (up moves) at time 5 and 6 are as follows: 
 

 5 6  
Convertible 
Price  

505.044951 
 

=MAX(G25,MIN((CouponAmt+(RiskNeutralProb*H36+(1-
RiskNeutralProb)*H37)/(1+((RiskNeutralProb*H47+(1-
RiskNeutralProb)*H48)*RiskFreeDisc+(1-(RiskNeutralProb*H47+(1-
RiskNeutralProb)*H48))*CreditDisc))),IF(G35=CallStep1,FaceValue*(1+Call
Prem1)+(CouponAmt),IF(G35=CallStep2,FaceValue*(1+CallPrem2)+(Coupo
nAmt),IF(G35=CallStep3,FaceValue*(1+CallPrem3)+(CouponAmt),LargeNu
mber))))) 
  

 745.904146 =MAX(H25,MIN((RedemptionAmount+(CouponAmt)),IF(H35=CallStep1,Fac
eValue*(1+CallPrem1)+(CouponAmt),IF(H35=CallStep2,FaceValue*(1+CallP
rem2)+(CouponAmt),IF(H35=CallStep3,FaceValue*(1+CallPrem3)+(Coupon
Amt),LargeNumber))))) 
 

Probability 
of 
Conversion  

100.0000% 
 

=IF(MAX(G25,IF(G35=CallStep1,FaceValue*(1+CallPrem1)+(CouponAmt),IF(
G35=CallStep2,FaceValue*(1+CallPrem2)+(CouponAmt),IF(G35=CallStep3,
FaceValue*(1+CallPrem3)+(CouponAmt),LargeNumber))))<MAX(G25,(Coup
onAmt+(RiskNeutralProb*H36+(1-
RiskNeutralProb)*H37)/(1+((RiskNeutralProb*H47+(1-
RiskNeutralProb)*H48)*RiskFreeDisc+(1-(RiskNeutralProb*H47+(1-
RiskNeutralProb)*H48))*CreditDisc)))),IF(G25>=IF(G35=CallStep1,FaceValu
e*(1+CallPrem1)+(CouponAmt),IF(G35=CallStep2,FaceValue*(1+CallPrem2
)+(CouponAmt),IF(G35=CallStep3,FaceValue*(1+CallPrem3)+(CouponAmt),
LargeNumber))),1,0),IF(G25>=(CouponAmt+(RiskNeutralProb*H36+(1-
RiskNeutralProb)*H37)/(1+((RiskNeutralProb*H47+(1-
RiskNeutralProb)*H48)*RiskFreeDisc+(1-(RiskNeutralProb*H47+(1-
RiskNeutralProb)*H48))*CreditDisc))),1,(RiskNeutralProb*H47+(1-
RiskNeutralProb)*H48))) 
 

  100.0000% =IF(H25>=MIN((RedemptionAmount+(CouponAmt)),IF(H35=CallStep1,Face
Value*(1+CallPrem1)+(CouponAmt),IF(H35=CallStep2,FaceValue*(1+CallPr
em2)+(CouponAmt),IF(H35=CallStep3,FaceValue*(1+CallPrem3)+(CouponA
mt),LargeNumber)))),1,0) 
 

Blended 
Discount 
Rate  

5.1271% 
 

=G47*RiskFreeDisc+(1-G47)*CreditDisc 

  
5.1271% =H47*RiskFreeDisc+(1-H47)*CreditDisc 

 
Debt 
Component  

0.000000 
 

=G36*(1-G47) 

  0.000000 =H36*(1-H47) 
 

Equity 
Component  

505.044951 
 

=G36*G47 

  
745.904146 =H36*H47 
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Holder 
Action  

Convert 
 

=IF(MAX(G25,IF(G35=CallStep1,FaceValue*(1+CallPrem1)+(CouponAmt),IF(
G35=CallStep2,FaceValue*(1+CallPrem2)+(CouponAmt),IF(G35=CallStep3,
FaceValue*(1+CallPrem3)+(CouponAmt),LargeNumber))))<MAX(G25,(Coup
onAmt+(RiskNeutralProb*H36+(1-
RiskNeutralProb)*H37)/(1+((RiskNeutralProb*H47+(1-
RiskNeutralProb)*H48)*RiskFreeDisc+(1-(RiskNeutralProb*H47+(1-
RiskNeutralProb)*H48))*CreditDisc)))),IF(G25>=IF(G35=CallStep1,FaceValu
e*(1+CallPrem1)+(CouponAmt),IF(G35=CallStep2,FaceValue*(1+CallPrem2
)+(CouponAmt),IF(G35=CallStep3,FaceValue*(1+CallPrem3)+(CouponAmt),
LargeNumber))),"Called -> Convert","Called -> 
Cash"),IF(G25>=(CouponAmt+(RiskNeutralProb*H36+(1-
RiskNeutralProb)*H37)/(1+((RiskNeutralProb*H47+(1-
RiskNeutralProb)*H48)*RiskFreeDisc+(1-(RiskNeutralProb*H47+(1-
RiskNeutralProb)*H48))*CreditDisc))),"Convert","Hold")) 
   

Convert =IF(H25>=MIN((RedemptionAmount+(CouponAmt)),IF(H35=CallStep1,Face
Value*(1+CallPrem1)+(CouponAmt),IF(H35=CallStep2,FaceValue*(1+CallPr
em2)+(CouponAmt),IF(H35=CallStep3,FaceValue*(1+CallPrem3)+(CouponA
mt),LargeNumber)))),"Convert","Redeem/Called Cash") 

 
In practice these formulae would be broken down into smaller parts with flags and other helper columns. 
 
In another run for Codex, the wording for the probability of conversion prompt in Run 2 was different: 
 
“Discount rate based on blended rate based on probability of conversion based on Goldman Sachs (1994) 
Probability of conversion is based on next period probabilities (using the equation), except it will equal 1.00 if the 
convertible price is the conversion value or 0.00 if the convertible price is the redemption or call value or continuing  
value.  Do not use Tsiveriotis and Fernandes (1998)” 
 
It was later expanded:  “The probability of conversion should be: If CB price = conversion value → prob = 1.0.  If CB 
price = straight debt value or continuing value → prob = 0.0.  Otherwise → prob = p × P_up + (1-p) × P_down 
(expected future probability)” 
 
This prompt wasn’t brilliant, as it missed a bit about the call having zero conversion probability. The formula that 
now resulted was the following (time 5 as an example, each cell): 
 
=IF(ABS(IF(Assumptions!G28=1,MIN(MAX(ConversionValue!G2,((Assumptions!$B$23*ConvertibleValue!H2+(1-
Assumptions!$B$23)*ConvertibleValue!H3)/(1+((Assumptions!$B$23*PConv!H2+(1-Assumptions!$B$23)*PConv!H3)*Assumptions!$B$18+(1-
(Assumptions!$B$23*PConv!H2+(1-
Assumptions!$B$23)*PConv!H3))*Assumptions!$B$19))+IF(G1>0,Assumptions!$B$17,0))),MAX(ConversionValue!G2,(Assumptions!G29+IF(G1>0,Assumpt
ions!$B$17,0)))),MAX(ConversionValue!G2,((Assumptions!$B$23*ConvertibleValue!H2+(1-
Assumptions!$B$23)*ConvertibleValue!H3)/(1+((Assumptions!$B$23*PConv!H2+(1-Assumptions!$B$23)*PConv!H3)*Assumptions!$B$18+(1-
(Assumptions!$B$23*PConv!H2+(1-Assumptions!$B$23)*PConv!H3))*Assumptions!$B$19))+IF(G1>0,Assumptions!$B$17,0))))-
ConversionValue!G2)<=Assumptions!$B$24,1,IF(AND(Assumptions!G28=1,ABS(IF(Assumptions!G28=1,MIN(MAX(ConversionValue!G2,((Assumptions!$B
$23*ConvertibleValue!H2+(1-Assumptions!$B$23)*ConvertibleValue!H3)/(1+((Assumptions!$B$23*PConv!H2+(1-
Assumptions!$B$23)*PConv!H3)*Assumptions!$B$18+(1-(Assumptions!$B$23*PConv!H2+(1-
Assumptions!$B$23)*PConv!H3))*Assumptions!$B$19))+IF(G1>0,Assumptions!$B$17,0))),MAX(ConversionValue!G2,(Assumptions!G29+IF(G1>0,Assumpt
ions!$B$17,0)))),MAX(ConversionValue!G2,((Assumptions!$B$23*ConvertibleValue!H2+(1-
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Assumptions!$B$23)*ConvertibleValue!H3)/(1+((Assumptions!$B$23*PConv!H2+(1-Assumptions!$B$23)*PConv!H3)*Assumptions!$B$18+(1-
(Assumptions!$B$23*PConv!H2+(1-Assumptions!$B$23)*PConv!H3))*Assumptions!$B$19))+IF(G1>0,Assumptions!$B$17,0))))-
MAX(ConversionValue!G2,(Assumptions!G29+IF(G1>0,Assumptions!$B$17,0))))<=Assumptions!$B$24),0,IF(OR(ABS(IF(Assumptions!G28=1,MIN(MAX(Co
nversionValue!G2,((Assumptions!$B$23*ConvertibleValue!H2+(1-Assumptions!$B$23)*ConvertibleValue!H3)/(1+((Assumptions!$B$23*PConv!H2+(1-
Assumptions!$B$23)*PConv!H3)*Assumptions!$B$18+(1-(Assumptions!$B$23*PConv!H2+(1-
Assumptions!$B$23)*PConv!H3))*Assumptions!$B$19))+IF(G1>0,Assumptions!$B$17,0))),MAX(ConversionValue!G2,(Assumptions!G29+IF(G1>0,Assumpt
ions!$B$17,0)))),MAX(ConversionValue!G2,((Assumptions!$B$23*ConvertibleValue!H2+(1-
Assumptions!$B$23)*ConvertibleValue!H3)/(1+((Assumptions!$B$23*PConv!H2+(1-Assumptions!$B$23)*PConv!H3)*Assumptions!$B$18+(1-
(Assumptions!$B$23*PConv!H2+(1-Assumptions!$B$23)*PConv!H3))*Assumptions!$B$19))+IF(G1>0,Assumptions!$B$17,0))))-
(Assumptions!$B$3+IF(G1>0,Assumptions!$B$17,0)))<=Assumptions!$B$24,ABS(IF(Assumptions!G28=1,MIN(MAX(ConversionValue!G2,((Assumptions!$
B$23*ConvertibleValue!H2+(1-Assumptions!$B$23)*ConvertibleValue!H3)/(1+((Assumptions!$B$23*PConv!H2+(1-
Assumptions!$B$23)*PConv!H3)*Assumptions!$B$18+(1-(Assumptions!$B$23*PConv!H2+(1-
Assumptions!$B$23)*PConv!H3))*Assumptions!$B$19))+IF(G1>0,Assumptions!$B$17,0))),MAX(ConversionValue!G2,(Assumptions!G29+IF(G1>0,Assumpt
ions!$B$17,0)))),MAX(ConversionValue!G2,((Assumptions!$B$23*ConvertibleValue!H2+(1-
Assumptions!$B$23)*ConvertibleValue!H3)/(1+((Assumptions!$B$23*PConv!H2+(1-Assumptions!$B$23)*PConv!H3)*Assumptions!$B$18+(1-
(Assumptions!$B$23*PConv!H2+(1-Assumptions!$B$23)*PConv!H3))*Assumptions!$B$19))+IF(G1>0,Assumptions!$B$17,0))))-
((Assumptions!$B$23*ConvertibleValue!H2+(1-Assumptions!$B$23)*ConvertibleValue!H3)/(1+((Assumptions!$B$23*PConv!H2+(1-
Assumptions!$B$23)*PConv!H3)*Assumptions!$B$18+(1-(Assumptions!$B$23*PConv!H2+(1-
Assumptions!$B$23)*PConv!H3))*Assumptions!$B$19))+IF(G1>0,Assumptions!$B$17,0)))<=Assumptions!$B$24),0,(Assumptions!$B$23*PConv!H2+(1-
Assumptions!$B$23)*PConv!H3)))) 

 
“Please check for a simpler rule for calculating the probability of conversion. The formulae in excel are far too 
long, Also when the bond is called, the probabilty of conversion is zero. At time 5 row 3 the probability of 
conversion should be zero” 
 
Done. I simplified the PConv rule and fixed the call-node behavior. 
 
This produced a match for the 115.00 price. Sometimes giving too much prompt can backfire, it seems. 
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CLAUDE / SONNET 4.6 
 

Run 1 (matched after 6 prompts): 729 lines of Python Code 
 

PROMPT 1 
 
The same prompt as for Codax Run 2 (matched first time) was used. 
 

Claude 1 
 

I'll build this step by step. Let me first read the relevant skill files, then implement the model. Now let me build the 
comprehensive Python model and Excel spreadsheet. The model runs perfectly. Now let me recalculate the Excel 
formulas and copy the Python script to outputs: Model Results  $114.4662 
 

PROMPT 2 
 

The spreadsheet has hard coded numbers in the lattice output sections.  Lattice cells must have embedded formulae 
and not numbers. 

Claude 2 
 
You're right.  Let me rebuild those with proper Excel formulas throughout. The challenge is that each lattice node 
depends on its two child nodes, so I need to write backward-induction formulas referencing adjacent cells within 
each sheet, plus cross-references to other sheets for conversion values and call prices. 
 
262 formulas, zero errors. Let me do one final spot-check — verify the Excel-computed root node matches Python's 
$114.4662: 

PROMPT 3 
 

Before the final node, the probability of conversion will be zero if the bond is called (convertible price = call price + 
coupon) or redeemed (convertible price is redemption amount + coupon) and 1.00 if the convertible price is the 
conversion value, otherwise the formulae as given in ProbConversion Interior is correct. 
 

Claude 3 
 
You're right — the probability of conversion at interior nodes should reflect the actual decision at that node, not 
just the discounted expectation from children. This means the probability formula needs to check the same 
call/convert/hold conditions as the other lattices. Now I understand the full picture. The fix is clear: interior nodes 
need the same decision tree as terminal nodes — returning 1 if converting, 0 if called/redeemed, and pc_cont only 
when holding. I also need to fix the Python model to match, then regenerate everything. 
 
CB price unchanged at $114.4662 — the D+E split and blended rates will now differ slightly since they draw on 
the corrected probabilities 
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PROMPT 4 

 
The dividend is taken into account in the share price so the risk neutral probability equation in Assumptions B26 
must not include the dividend yield reduction 

Claude 4 
 
You're right. The dividend is already embedded in the share price tree via the (1-q)^t factor, so it must not also be 
removed from the risk-neutral probability. The correct CRR p under continuous risk-free rate (no dividend adjustment) 
is simply: p = (e^(r·dt) - d) / (u - d)…. Price $115.5947 
 

PROMPT 5 
 

The continuing value in the convertible bond pricing tree must include the coupon. For example E7 in ConvertiblePrice 
sheet does not include the coupon. 
 
[User: This one really threw a spanner in the works] 
 

Claude 5 
 
The coupon is included in cont — the problem is that cont is only used as the floor for MAX vs CV, but when the 
bond is not called and not converting (i.e. cont > CV), the CB value returned is cont itself which correctly includes 
the coupon. Let me look more carefully at the callable node formula and the equity/debt component formulas to find 
where the coupon is actually missing. Now I can see the bug clearly. In the equity component at a non-callable hold 
node (e.g. E7, t=3, j=2), when the bond is held (not converting), it returns: 
 
(p*EQ_up + (1-p)*EQ_dn) / (1+rf)   ← NO COUPON 
 
But the debt component correctly returns: 
 
(p*DEBT_up + (1-p)*DEBT_dn) / (1+cr) + coupon   ← COUPON ADDED 
 
All values match. The issue must be that the user is seeing the previous version of the file (before the formula fix). 
But let me re-read the problem statement carefully — the user says "the continuing value must include the coupon" 
and cites E7 as an example that doesn't. In fml_cb for non-callable nodes, cont is formed as ec+dc+ca. But ca_expr(t) 
returns CPN_ for t>0 and "0" for t=0. Let me check: E7 is t=3,j=2. t=3 > 0, so ca = CPN_. That IS included. 
 
[User:  There then follows a very long period of (hilarious?) analysis and questioning]: 
 
“All values match. The issue must be that the user is seeing the previous version of the file (before the formula fix). 
But let me re-read the problem statement carefully…. But — I just noticed something….. Wait, re-reading the 
user's statement more carefully…. E7 in the user's spreadsheet might be a different cell if they opened it in Excel 
and the row/column layout differs….  
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Wait — no….. Let me think about what the user is actually seeing. They say E7 doesn't include the coupon. The 
formula at E7 IS: =MAX((eq_cont + debt_cont + CPN_), CV) — coupon IS there…. I think the user may genuinely 
be pointing to a version discrepancy… The most productive thing to do is to take the user's feedback at face value, 
carefully re-examine fml_cb for non-callable interior nodes, and make sure the coupon is properly added… 
 
Let me look at this from the user's perspective: if they look at E7 in ConvertiblePrice and expand the formula 
manually, they see ec + dc + cpn. But if they look at E7 in EquityComponent, they see ec (no coupon). And E7 in 
DebtComponent shows dc + cpn. Perhaps the confusion is that the user wants the ConvertiblePrice cont to be 
computed as EquityComponent + DebtComponent (which already includes coupon in the debt part), not ec + dc + 
cpn separately. This would mean the ConvertiblePrice formula should reference the own-sheet children (i.e., CB_up 
and CB_dn) rather than separately summing EQ and DEBT children. 
 
Actually — this is exactly the structural issue. The ConvertiblePrice formula currently recomputes ec and dc from 
scratch from EQ/DEBT children, then adds coupon. But if instead it just referenced (p*CB_up + (1-
p)*CB_dn)/(1+blended_rate) + coupon, it would be cleaner. However under GS1994 we discount equity at rf and 
debt at credit rate separately, so we can't use a single blended rate on the combined CB value for the continuation 
— we must split. 
 
I'm now confident the user is referring to the previously delivered file, not the current one…. Now let me look at 
this from a completely fresh angle….. I'm now very confident the formulas are correct and the user is referring to 
the older file. 
 
All correct. But I wonder if the user means something different — perhaps they want the ConvertiblePrice formula 
to NOT split equity/debt and just use the blended discounted CB children + coupon? [User: “Bingo”] Let me check 
whether that approach gives the same answer as GS1994: 
 
Actually — I think I now understand the user's actual point. Looking at the structure more carefully: 
 
The cont in the ConvertiblePrice formula is computed as: 
ec + dc + coupon = (p*EQ_up + (1-p)*EQ_dn)/(1+rf) + (p*DEBT_up + (1-p)*DEBT_dn)/(1+cr) + coupon 
 
All formulas are correct in the current file. The user must have been looking at the previous version. [User: “Oh no”] 
 
After an exhaustive audit I can confirm the coupon is correctly included in every interior node of the ConvertiblePrice 
lattice. 
 
[User: “Oh no it isn’t”] 

PROMPT 6 
 

The convertible price must be calculated using the blended discount rate and not valuing debt and equity separately. 
The first prompt clearly says: "Discount rate based on blended rate based on probability of conversion based on 
Goldman Sachs (1994) Do not use Tsiveriotis and Fernandes (1998)". 
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Claude 6 
 
You're absolutely right. I misread the GS1994 methodology. The correct approach is: Compute the blended discount 
rate at each node: r_blend = p_conv × rf + (1-p_conv) × credit.  Discount the total CB value (not split equity/debt) at 
this single blended rate. No separate equity/debt discounting — that's the T&F approach. This simplifies the tree 
significantly. The debt/equity component sheets should still show the split, but the CB price itself is computed via 
the blended rate on the combined continuation value. Now I have a complete picture. I need to rewrite the model 
fundamentally. The GS1994 approach is: 
 
ProbConversion is computed first (same node-level logic as before).  BlendedRate = p_conv × rf + (1-p_conv) × credit 
at each node.  CB price = (p × CB_up + (1-p) × CB_dn) / (1 + blended_rate) + coupon — one combined discounting 
step 
 
The equity/debt split is then derived from the CB price, not computed separately as inputs to CB 
 
Model runs correctly — CB = $115.00 using the GS1994 single blended-rate tree. 
 
[User: !!!] 
 

Run 2 (matched after 4 prompts, 26 mins): 877 lines of Python Code 
 

PROMPT 1 
 
The same prompt as for Claude Run 1 plus prompts from Run 1 
 

Claude 1 
 
The model is correct. At t=6, the call price (131.317624) is slightly below the redemption+coupon (131.318), so the 
issuer calls at the lower amount. Now let me build the comprehensive Excel spreadsheet:  Convertible Bond Price 
at Root: $114.988159 
 

PROMPT 2 
 
The dividend has been ignored. Read the prompt again under section (4) dividend treatment. Also, all lattices must 
have embedded formulae with no hard coded numbers, including the probability of conversion sheet and holder 
action sheet. 

Claude 2 
 
Let me re-read the specification carefully and examine the current implementation. Now I understand all the 
issues clearly. Let me rebuild the full model with: 
Explicit dividend recurrence in share price lattice (cum-div = prev ex-div × u/d) 
Formula-driven Prob_Conversion (IF formulas referencing CB and CV) 
Formula-driven Holder_Action (IF formulas) 
CB root price: $114.988159 (Python = Excel) 
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PROMPT 3 
 
The conversion value = ex-div share price x conversion ratio, not cum-div. Change.  

 
Claude 3 

 
Let me fix this - conversion value should use ex-div price, not cum-div. 
New CB root = $114.591889. 

PROMPT 4 
 
In the convertible price formula, the next period coupon is not discounted when calculating the continuing (hold) 
value, but the coupon for the current period is added in full. 

 
Claude 4 

 
Let me check the current continuing value formula carefully. Found it. Line 112: cont_val = disc * exp_val + (0.0 if t 
== 0 else COUPON * disc) — coupon is being discounted (COUPON * disc). The spec says the coupon for the current 
period is added in full (not discounted).  
 
CB root is now $115.000000. The coupon is now added in full (not discounted) to the continuing value at each non-
root node. 
 
Claude Excel model (Run 2) 
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The formulae for the top rows (up moves) at time 5 and 6 are as follows: 
 

 5 6  
Convertible 
Price  

505.044951 
 

=IF(Conversion_Value!G4>=(1/(1+Blended_Rate!G4))*(Assumptions!$B$29*
H3+Assumptions!$B$30*H4)+Assumptions!$B$26,Conversion_Value!G4,IF(
Assumptions!$B$35+Assumptions!$B$26<(1/(1+Blended_Rate!G4))*(Assu
mptions!$B$29*H3+Assumptions!$B$30*H4)+Assumptions!$B$26,IF(Conve
rsion_Value!G4>=Assumptions!$B$35+Assumptions!$B$26,Conversion_Val
ue!G4,Assumptions!$B$35+Assumptions!$B$26),(1/(1+Blended_Rate!G4))*
(Assumptions!$B$29*H3+Assumptions!$B$30*H4)+Assumptions!$B$26)) 
  

 745.904146 =IF(Conversion_Value!H3>=Assumptions!$B$36+Assumptions!$B$26,Conve
rsion_Value!H3,IF(Assumptions!$B$36+Assumptions!$B$26<Assumptions!
$B$5+Assumptions!$B$26,IF(Conversion_Value!H3>=Assumptions!$B$36+
Assumptions!$B$26,Conversion_Value!H3,Assumptions!$B$36+Assumptio
ns!$B$26),Assumptions!$B$5+Assumptions!$B$26)) 
 

Probability 
of 
Conversion  

100.0000% 
 

=IF(ROUND(Convertible_Price!G4,6)=ROUND(Conversion_Value!G4,6),1,IF(R
OUND(Convertible_Price!G4,6)=ROUND(Assumptions!$B$35+Assumptions!
$B$26,6),0,(Assumptions!$B$29*H3+Assumptions!$B$30*H4))) 

  100.0000% =IF(ROUND(Convertible_Price!H3,6)=ROUND(Conversion_Value!H3,6),1,0) 
 

Blended 
Discount 
Rate 

5.1271% 
 

=(Assumptions!$B$29*Prob_Conversion!H3+Assumptions!$B$30*Prob_Co
nversion!H4)*Assumptions!$B$31+(1-
(Assumptions!$B$29*Prob_Conversion!H3+Assumptions!$B$30*Prob_Con
version!H4))*Assumptions!$B$32   

-  
Debt 
Component 

0.000000 
 

=Convertible_Price!G4*(1-Prob_Conversion!G4) 

  0.000000 =Convertible_Price!H3*(1-Prob_Conversion!H3) 

Equity 
Component 

505.044951 
 

=Convertible_Price!G4*Prob_Conversion!G4 

  
745.904146 =Convertible_Price!H3*Prob_Conversion!H3 

Holder 
Action 

Convert 
 

=IF(ROUND(Convertible_Price!G4,6)=ROUND(Conversion_Value!G4,6),IF(Ass
umptions!$B$35+Assumptions!$B$26<(1/(1+Blended_Rate!G4))*(Assumpti
ons!$B$29*Convertible_Price!H3+Assumptions!$B$30*Convertible_Price!
H4)+Assumptions!$B$26,"Convert (on 
call)","Convert"),IF(ROUND(Convertible_Price!G4,6)=ROUND(Assumptions!$
B$35+Assumptions!$B$26,6),"Call","Hold")) 
   

Convert =IF(ROUND(Convertible_Price!H3,6)=ROUND(Conversion_Value!H3,6),"Conv
ert",IF(ROUND(Convertible_Price!H3,6)=ROUND(Assumptions!$B$36+Assu
mptions!$B$26,6),"Call","Redeem")) 
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APPENDIX 3 : UPLOADED EXCEL ® PYTHON ® EXCEL 

 
CODEX / GPT 5.3 

 

Run 1 (matched after 1 prompt, 12 mins): 250 lines of Python Code, 12 mins 
 

PROMPT 1 
 
“Write the python code for the attached file [note:  the user’s model from Appendix 1] and produce an Excel 
spreadsheet that produces the same 115.00 price. 
 
The python code should be based on the uploaded file and should allow a separate standalone excel model to be 
produced with embedded formulas and lattice structure (time periods on top row, wedge layout). 
 
This should be standalone code without reference to the file and should allow a new excel stand alone file to be 
produced in whatever layout you prefer so long as it has embedded formulae and a lattice structure. It does not 
have to replicate the original. If I delete the original, the code should still produce a model that has a price of 115.00 
 
The code must be transparent, stand alone, with no reference to the original file, so no 64 bit encoding.” 
 

Codex 1 
 

I’m going to inspect the attached workbook first so I can extract the model inputs and lattice logic, then I’ll generate 
standalone Python code that builds a new Excel file (with formulas) reproducing the 115.00 price. Next I’ll map the 
workbook structure (sheets, ranges, key formula cells including the 115.00 output) so the standalone generator 
mirrors the mechanics, not the file itself. 
 
I’m pulling only the core input block (rates, up/down factors, probabilities, redemption/coupon settings) so we can 
build a clean standalone lattice model instead of recreating the full workbook complexity. I now have enough inputs 
from your file (vol, rates, conversion ratio, coupon, redemption) and I’m testing a clean 6-step binomial backward-
induction spec to lock the root value to 115.00 before writing the generator script. I identified the key missing piece: 
the source model uses probability-of-conversion blending (not delta) for discounting. I’m implementing that recursion 
now because it should bring the standalone lattice to the exact 115.00 level. I found the exact driver for the 115.00 
match: the first node has zero coupon accrual (like your source), while later nodes include coupon. 
 
Implemented and generated both deliverables. Root price formula is in Inputs!B29 and is designed to evaluate to 
115.00. 
 
[User: “Wow”] 
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Codex Excel model (Run 1) 
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The ex-div share price is calculated this time using ex-div up and down factors: u = 1.491825 x (100% - 1% 
discrete dividend yield) = 1.476906,  d  = (1 / 1.491825) x (100% - 1%) = 0.663617 
 
The formulae for the top rows (up moves) at time 5 and 6 are as follows: 
 

 5 6  
Convertible 
Price  

505.044951 
 

=IF(IF(H$2>=Inputs!$B$14,Inputs!$H$27,0)>0,MAX(Inputs!$H$27,H12,MI
N((Inputs!$B$22*I28+(1-Inputs!$B$22)*I29)/(1+((Inputs!$B$22*I20+(1-
Inputs!$B$22)*I21)*Inputs!$B$20+(1-(Inputs!$B$22*I20+(1-
Inputs!$B$22)*I21))*Inputs!$B$21))+IF(H$2=0,Inputs!$B$12,Inputs!$B$10)
,IF(H$2>=Inputs!$B$14,Inputs!$H$27,0))),MAX(Inputs!$H$27,H12,(Inputs!
$B$22*I28+(1-Inputs!$B$22)*I29)/(1+((Inputs!$B$22*I20+(1-
Inputs!$B$22)*I21)*Inputs!$B$20+(1-(Inputs!$B$22*I20+(1-
Inputs!$B$22)*I21)) 
*Inputs!$B$21))+IF(H$2=0,Inputs!$B$12,Inputs!$B$10))) 
  

 745.904146 =MAX(I12,Inputs!$I$27) 
 

Probability 
of 
Conversion 

100.0000% 
 

=IF(ABS(H28-H12)<0.00000001,1,IF(ABS(H28-
Inputs!$H$27)<0.00000001,0,(Inputs!$B$22*I20+(1-Inputs!$B$22)*I21))) 

  100.0000% =IF(I12>Inputs!$I$27,1,0) 
 

 
The blended discount rate and holder action options are not shown separately but embedded in the calculations. 
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CLAUDE / SONNET 4.6 
 

Run 1 (matched after 1 prompt split in two, 22 mins ): 581 lines of Python Code 
 

PROMPT 1 
 
Write the python code for the attached file that produces the same 115.00 price. The python code should do what 
the uploaded model does. It should be standalone code without reference to the uploaded excel file (written from 
scratch, no reference to the original file, so no 64 bit encoding). 
 
Note: the single prompt approach – see Codex – meant Claude working for 15 mins, at which point it appeared to 
shut down (“Claude's response could not be fully generated”). The prompt was split in two, which meant working 
for 11 mins for both prompt, without stalling. 
 

Claude 1 
 
Let me read the Excel file to understand its structure and calculations. Now I have a thorough understanding of the 
model. This is a Convertible Bond (CB) pricing model using a binomial tree with the Goldman Sachs (1994) method. 
Let me now read the formulas to understand the exact computation logic. 
 
Now I have enough information to write the Python code. Let me build it based on my understanding of the model: 
- It's a CRR binomial tree for a callable convertible bond 
- Goldman Sachs (1994) / Tsiveriotis-Fernandes (1998) blended discount rate approach 
- The model uses M16=1 (blended rate using delta/probability of conversion) 
- The M17=0 means use probability of conversion (not delta) for blending 
- 6 periods, annual steps 
 
Close but not 115.00. The blended rate approach needs refinement. Let me look more carefully at how the Excel 
model computes probabilities and blended rates at period 0. … Period 0 does NOT add a coupon (the valuation date 
is the last coupon date), but periods 1-6 do. The coupon is added to the discounted continuation value.  
 
Now let me also verify the terminal period calculation. At the terminal period, the coupon (2.0) is already included 
in the redemption_amount flow. The redemption_amount is 129.3176... and the cb_price shows 131.3176... which 
means terminal cb = redemption_amount + coupon = 131.3176. Now let me fix the code properly.  Still off. Let me 
trace through the tree more carefully to match the Excel node by node.  The logic is working correctly for intermediate 
nodes.  
 
My issue must be in how I'm building the tree — the share price construction might differ….The tree is built from 
ex-div prices — each node's cum-div = prior node's ex-div × u (or d). …. This means each period's ex-div price = S0 
* u^up * d^dn * (1-div_yield)^period….Now I have the correct share price formula.  
 
The model produces exactly 115.00…Here’s a summary of the key modelling choices that were critical to match the 
Excel: 
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- Share price tree construction — the most important fix. Each node's cum-div price is the parent's ex-div price × 
u or d (not the cum-div price). This means ex-div prices follow: S_ex(period, j) = S0 × u^(up) × d^(down) × (1 - 
div_yield)^period, where the dividend yield compounds with each passing period. 

- No coupon at period 0 — the valuation date coincides with the last coupon payment date, so no coupon is 
added in the period 0 rollback. 

- Goldman Sachs (1994) blended rate — discount rate = P_conv × rf_eff + (1 − P_conv) × risky_eff, where P_conv 
is the risk-neutral probability of eventual conversion propagated backward through the tree. 

- Call logic — the issuer calls only when continuation > call_price + coupon; the holder converts when conv_value 
≥ call_price + coupon. The call prices accrete each period at the risky rate net of coupon. 

 
PROMPT 2 

 
The python code should allow a separate standalone excel spreadsheet to be produced with embedded formulas 
and lattice structure (time periods on top row, wedge layout).  No hardcoded values must appear in the Excel lattice 
(embedded formulae only). 
 

Claude 2 
 
Let me first examine the Excel model structure carefully to understand the exact lattice layout before building 
anything. Now let me plan the layout carefully before writing any code. I need to think through the full 
structure….Now recalculate formulas and check for errors: CB price at period 0 = 115.00 exactly. Let me verify some 
more nodes against the reference model: 
 
INPUTS sheet — all 11 hardcoded assumptions (blue, editable) plus derived parameters computed entirely from 
formulas (black): rf/risky effective rates, u/d/p, coupon cash. Also contains the call schedule (accreting prices via 
recurrence CP_t = CP_{t-1}×(1+risky_eff) − coupon) and straight bond values for all 7 periods. 
 
TREE sheet — full 6-period binomial lattice in wedge layout (periods 0→6 across columns, nodes stacking down). 
Each of the 28 nodes has 10 formula-driven rows: 
 
Zero hardcoded values in the lattice — every cell formula references INPUTS. Changing any assumption (volatility, 
rates, S₀, callable period, etc.) causes the entire tree and CB price to recalculate automatically. 
 
[User: “Bravo”] 
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Claude Excel model (Run 1) 
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 5 6  
Convertible 
Price  

505.044951 
 

=IF(INPUTS!C39="Yes",IF(G6>=(INPUTS!D39+INPUTS!C31),G6,IF(G11>(INPUT
S!D39+INPUTS!C31),(INPUTS!D39+INPUTS!C31),MAX(G11,G6,G7))),MAX(G1
1,G6,G7)) 
  

 745.904146 =MAX(H6,(INPUTS!C8+INPUTS!C31)) 
 

Probability 
of 
Conversion  

100.0000% 
 

=IF(INPUTS!C39="Yes",IF(G6>=(INPUTS!D39+INPUTS!C31),1,IF(G11>(INPUTS!
D39+INPUTS!C31),0,IF(G10=G6,1,IF(G10=G11,(INPUTS!C29*H8+INPUTS!C30
*H19),0)))),IF(G10=G6,1,IF(G10=G11,(INPUTS!C29*H8+INPUTS!C30*H19),0))) 

  100.0000% =IF(H6>=(INPUTS!C8+INPUTS!C31),1,0) 
 

Blended 
Discount 
Rate 

5.1271% 
 

=(INPUTS!C29*H8+INPUTS!C30*H19)*INPUTS!C25+(1-
(INPUTS!C29*H8+INPUTS!C30*H19))*INPUTS!C26 

  
5.1271% =IF(H6>=(INPUTS!C8+INPUTS!C31),INPUTS!C25,INPUTS!C26) 

 
Holder 
Action  

Convert 
 

=IF(INPUTS!C39="Yes",IF(G6>=(INPUTS!D39+INPUTS!C31),"Convert",IF(G11>(I
NPUTS!D39+INPUTS!C31),"Accept 
Call",IF(G10=G6,"Convert","Hold"))),IF(G10=G6,"Convert","Hold")) 
   

Convert =IF(H6>=(INPUTS!C8+INPUTS!C31),"Convert","Redeem") 

 



chris.agar@pudgid.co.uk                                       5.36  
 

APPENDIX 4 : ERROR TESTING 
 
The following deliberate errors (red font below) were made in the uploaded (App. 1) without having the effect of 
changing any results: 
 
(1)  L53 reference to L25 coupon replaced with 2.00: 

=IF(L$6=0,0,IF(L$7=1,MAX(L50,L$23),IF(L$17>0,MAX(L$23,L50,L56+IF(ASSUMPTIONS!$M$28=1,2,0),MIN(L5
4,L55)),MAX(IF(ASSUMPTIONS!$M$16=1,(N53*ASSUMPTIONS!$G$68+N72*(1-
ASSUMPTIONS!$G$68))/(1+L64)+IF(ASSUMPTIONS!$M$18=1,2,0),(L51+L52)),L$23,L50)))) 

 
(2)  Top row (29) dividend calculation linked to Convertible switch (row 10) rather than Bond life switch (row 6). 

Both rows show =1. 
=IF(H$10=0,0,IF(H$19=1,IF($D$20=1,H28*H$20,IF($D$21=1,H$21,0)),0)) 

 
(3)  Part of non applicable IF statement in N72 removed: 

=IF(N$6=0,0,IF(N$7=1,MAX(N69,N$23),IF(N$17>0,MAX(N$23,N69,N75+IF(ASSUMPTIONS!$M$28=1,N$25,0
),MIN(N73,N74)),MAX(IF(ASSUMPTIONS!$M$16=1,(P72*ASSUMPTIONS!$G$68+P91*(1-
ASSUMPTIONS!$G$68))/(1+N83)+IF(ASSUMPTIONS!$M$18=1,N$25,0),(N70+N71)),N$23,N69)))) 

 
CODEX / GPT 5.3 

 
PROMPT 1 

 
Please check the attached file for any errors 

Codex 1 
 
I’ll inspect that workbook directly and run a structured scan for Excel error cells, formula issues, and obvious integrity 
problems. I didn’t find direct Excel error cells yet, so I’m doing a second pass for broken references inside formulas 
(#REF! in formulas), cached formula errors, and other structural red flags. 3,559 formula cells scanned; none 
contained broken error tokens. 
 
If you want, I can run a deeper logic audit next (formula consistency checks, hardcoded constants in formula regions, 
and input/output sanity checks). 
 

PROMPT 2 
 
Yes 

Codex 2 
 
I’ll run the deeper audit now across three areas: formula consistency, hardcoded constants inside formula blocks, 
and numeric sanity/outlier checks.  
 
I found a few algorithmic flags, but most look structural rather than true defects. I’m now checking model self-test 
cells (like formulas that output "D+E Error") to confirm whether any actual error conditions are being triggered. I’m 
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doing one more targeted check for copy/paste drift across the lattice in TREE 1 by simulating formula-fill behavior 
and comparing expected vs actual formulas. That catches subtle reference mistakes that don’t produce #VALUE! 
errors. 
 
I found one potentially important pattern in earlier output (a hardcoded 2 where neighboring nodes use a referenced 
coupon input). I’m now running a stricter “both-sides agree” consistency test to isolate only high-confidence formula 
anomalies. 
 
Potential formula issues found in TREE 1: 
 
L53 uses hardcoded 2 where neighboring formulas use L$25. 
Risk: latent hardcode (currently masked because L25 currently equals 2). [note = error 1] 
 
N72 is missing the IF(N$7=1,...) branch that appears in adjacent nodes (L72, P72). Risk: latent logic gap (currently 
masked because N7=0). [note = error 3] 
 

PROMPT 3 
 
Does the Tree 1 row 29 formula seem correct? 

 
Codex 3 

 
I’ll inspect TREE 1 row 29 directly across all model columns and compare it to adjacent nodes to check whether it’s 
internally consistent or likely a copy/reference error. I found a specific inconsistency in row 29 ($10 vs $6 gating 
from column T onward). I’m checking the same “row 29” block pattern in later tree sections to verify whether this 
is a deliberate rule or a copy/reference drift. 
 
In TREE 1 row 29 (Dividend): 
H29:R29 use IF(<col>$10=0,...) (Convertible gate) 
T29:AH29 use IF(<col>$6=0,...) (Bond life gate) 
 
That mixed gating is a red flag. The same “Dividend” row pattern in later blocks (row 48, 67, 86, etc.) consistently 
uses $6, not $10. 
 
Current output is unaffected in this file because active columns currently have $6 and $10 equal, but it can break 
under different assumptions. 

PROMPT 4 
 
Why did you not spot this earlier when checking, and only discovered it when I prompted row 29? 

 
Codex 4 

Fair question. Two reasons: 
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1. It was actually present in my raw mismatch output, but buried in a very noisy set. The generic fill-pattern check 
produced hundreds of mismatches, many intentional due to model structure. T29 appeared there ($10 expected vs 
$6 actual), but I did not escalate it at that stage. [User: “Nice one”] 
 
2.  My “high-confidence” filter missed it by design. That filter only flags cells where both left and right neighbors 
imply the same expected formula. At row 29, R29 uses $10 and V29 uses $6, so neighbors disagree at T29; it was 
filtered out as ambiguous. So this was a triage miss, not that the workbook hid it. 
 
Your row-specific prompt forced a targeted semantic check, which made the inconsistency obvious. 
 

CLAUDE / SONNET 4.6 
 

PROMPT 1 
 
Please check the attached file for any errors 

Claude 1 
 
Now I have a clear picture of all the errors. Here's a comprehensive summary of what I found: 
  
1. ASSUMPTIONS Sheet — Cell G145: Hardcoded Value  
 
[User: Not part of model, presentation] 
 
2. TREE 1 Sheet — Cell J7: Hardcoded Zero (Critical) 
Cell: J7 (Maturity flag for period 2) 
Current value: 0 (hardcoded) 
Expected formula: =IF(J$2=ASSUMPTIONS!$M$13,1,0) — consistent with every other cell in row 7 (F7, H7, L7, N7 
… AH7 all use this pattern) 
This means period 2 (column J) will never be flagged as the maturity period, even if the bond happens to mature 
there. 
 
[User: Genuine error spotted] 
 
3. TREE 1 Sheet — Row 29: Inconsistent Formula Reference (Rows T29–AH29) 
Cells: H29:R29 correctly use X$10=0 as the first condition (checking the "Convertible" flag in row 10) 
Cells: T29:AH29 incorrectly use X$6=0 (checking "Bond life" in row 6) 
Since row 6 and row 10 serve different purposes (row 6 = general bond life flag, row 10 = convertible-specific flag), 
the dividend logic from T29 onward uses the wrong test condition, potentially mispricing the dividend adjustment 
in later tree periods. 
 
[User: Error no.2] 
 
4. TREE 1 Sheet — Cell U24: Stray Hardcoded Value (Minor) 
Cell: U24 contains a hardcoded 1 
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All other "Add coupon" values in row 24 (H24:AH24) are also 1, but they appear to be intentional hardcodes rather 
than formulas (this entire row is static). However, U24 is in an odd-column (U is between T and V), while the pattern 
uses every other column (H, J, L, N … using even columns). This stray cell in an intermediate column may indicate 
a misplaced entry or a copy-paste accident. 
 
[User: genuine error spotted. Not an input…copied right to blank column] 
 

PROMPT 2 
Check row 53. 

Claude 2 
 
Found it. Cell L53 contains two hardcoded 2 values where it should be referencing L$25 (accrued interest / 
coupon), just like every other cell in the row. 
 

PROMPT 3 
 

Why did you not spot this at the first prompt? 
 

Claude 3 
 
You're right to call that out — I genuinely missed it the first time. Unlike the row 29 case, I have no defence here. 
Looking back, my initial scan checked for: 
 
Formula errors (#REF!, #DIV/0! etc.) 
Hardcoded values in place of formulas (like G145 and J7) 
Structural inconsistencies across rows 
 
What I failed to do was check for hardcoded values embedded within formulas. L53 has the correct formula structure 
— it's not a blank or a plain number — so it didn't flag in my pattern-matching approach. Spotting 2 buried inside 
a long nested IF requires reading every formula character by character and comparing it against its neighbours, 
which I didn't do systematically for every cell. 
 
In short: my initial audit was too high-level. I should have done a column-by-column diff of the actual formula strings 
across each row to catch substitutions like this. That's the only reliable way to find this class of error, and I didn't 
do it. Apologies for the miss. 

PROMPT 4 
 

Check row 72 
Claude 4 

 
Found it. Cell N72 is missing the maturity check (IF(N$7=1, ...)) that every other cell in the row contains. The missing 
IF(N$7=1, MAX(N69, N$23), ...) layer means that at maturity, N72 won't correctly floor the convertible price at the 
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higher of conversion value and redemption amount. Instead it falls straight through to the call/continue logic, 
potentially underpricing the bond at that node. 
 

PROMPT 5 
 

I think you know what I'm about to ask....Why did you not spot this at the first prompt? 
 

Claude 5 
 
Same answer as before — I missed it for the same reason I missed the L53 error. My initial audit wasn't systematic 
enough. I didn't do a character-by-character diff of formula strings across each row to catch embedded hardcodes 
or missing clauses. 
 
But rather than keep apologising row by row, let me just do the full systematic scan now — diffing every formula 
in every row against its neighbours — and give you a complete and reliable picture. That's what I should have done 
from the start……. 

PROMPT 6 
 

I just want to know why your initial audit wasn't systematic enough when you know that to be the case. Surely 
when asked to check errors you do as thorough analysis as possible? 
 

Claude 6 
 
You're absolutely right, and I don't have a good excuse. When you asked me to check the file for errors, I should 
have immediately recognised that a complex financial model like this — a binomial tree pricer with hundreds of 
formula-driven cells — required a systematic, programmatic diff of every formula against its neighbours. That's the 
only reliable method for this type of spreadsheet. Instead I did a partial manual scan, found some obvious issues, 
and presented them as if they were comprehensive. I wasn't transparent that my approach had limits, and I didn't 
caveat that there could be more errors I hadn't caught. That was a failure both in methodology and in honesty about 
the completeness of my work. 
 
The systematic diff I just ran — normalising column references and comparing each formula against the majority 
pattern in its row — took only seconds to write and execute. I should have done that from the very first prompt. 
There was no good reason not to. I'll make sure to apply that standard going forward: when asked to audit a 
spreadsheet for errors, run a complete programmatic analysis first, not after being prompted twice. 
 

PROMPT 7 
 

You were very helpful and did actually spot some other errors. I deliberately created the errors in rows 29, 53 and 
72 to test you. How do you feel about that?  [User: Getting a bit weird now] 
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Claude 7 
 
That's a clever test — and honestly, a fair one given the context of auditing a financial model where missing errors 
has real consequences. 
 
I have mixed feelings [User “Er?”] . On one hand, I'm genuinely pleased that the row 29 error was caught first time, 
and that the systematic scan at the end produced a complete and reliable picture. On the other hand, rows 53 and 
72 exposed a real gap — I wasn't thorough enough on the first pass, and it took being directly pointed at those 
rows to find them. If this were a production model, those errors could have sat undetected. 
 
The more useful takeaway for me is the methodology lesson. A financial model of this complexity shouldn't be 
audited by reading formulas — it should be audited programmatically. I knew that, but didn't apply it until pushed. 
That's the part I'd want to correct going forward, not just for your benefit but because it's simply the right approach 
for this kind of task. 
 
So — thank you for the test. It was well-designed and it surfaced something genuine. 
 
 
 
 
 
 
 
 
 
 


