AUTONOMOUS ROOT CAUSE ANALYSIS WITH FRONTIER MODELS

WHAT IS RUNTIME CONTEXT? AND WHY IS IT MORE IMPORTANT THAN USING THE LATEST MODEL?
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Tokenmaxxing is gone, long live Valuemaxxing Runtime context Bug library benchmark Model and runtime context
A year ago, AI mandates rolled out across major tech companies: just use AI, more is In discussing Al's ability to reason about software behaviour, we find it helpful to Our goal is to test the ability of AI agents to reason about bugs involving complex state We benchmarked against closed-source bugs, to allow testing against recent models without
better. divide the information it uses into two broad categories: and control flow. Bugs are hand-selected to be specifically challenging for LLM reasoning their training from public data skewing our results. We used two current-generation models,

X : and added to our "Bug Library" benchmark system. Opus 5 (a model for coding, architecture and planning) and Sonnet 5 (a smaller, cheaper
Today, commercial software development routinely uses coding agents - with many Static context Runtime context workhorse).
developers now reporting that most of their code is written through agents, not directly. RIS EISELE e ezl Wiel eEEsi FRTUELe SSSIE HS FIeEl e Hisk (ElEEs Our goal is to simulate the process of resolving such a bug through reasoning about the Here we compare the effect of pure static context vs context from logging and re-runs.

HUEpEE @ & [PRRTELLE @ Eeuier " spedlie GEELICMITE BEEours code and its dynamic behaviour - the same challenge faced by engineers to investigate

Claude 5 performance according to model

Al usage has since exploded, driving up spend on top models. Focus is shifting from novel bugs "in the wild".

Process

Static vs Runtime context

adoption to ROI, with greater scrutiny on where Al Spend goes and the value it Source code Specifications Documentation Backtraces recordings BUG COLLECTION CHECKOUT | DEBUG SESSION PER PROFILE EVALUATION ANALYSIS
delivers. Nobody wants to lose the edge Al tooling provides, but costs need to remain Lo gomndiuih T nevergnentoeteraeent W Passes [ Cos
sustainable. 5 8 580.00
Static context is always available in a correctly-configured system. The quality of runtime 5 base-agent |
This is a balancing act! Engineering organisations must simultaneously: context available depends on many factors: the detail in a bug report, the fidelity of built- e _ 6 $60.00
- — in logging, etc. Process recordings, as by Undo, rr and Microsoft's TTD are an ideal form bug collection .~ checkout PEDINS T SEREEITS ; .
Maximise Returns Minimise Costs of this, containing a precise and complete representation of program state during a | i | — (IS GEval scori data analvei i:»’ . 640,00
Help developers with the right problems < Goals in tension R Don't do unnecessary work! pa rticular execution. source @ buggy commit i ét buggy commit | reseaees e Gl val scoring ata analysis %'_2 | g
Get fast results Use cheaper models bug report —p  fixunreachable U oval criteria compare per bug %
o O | . static analysis of source ) @
Get good results Use fewer tokens Ru ntlme context I s the bOttIeneCk on Rc A eval criteria o one workspace copy — oot faote per profile: (% 2 $20.00
' o _ _ _ recording.undo o per profile identical copy per profile diagnosis % ncorrect facts ——» - Score
Successful Al strategies need to balance these two, conflicting goals. Coarse We've already seen that providing the correct context is essential for LLM reasoning. To | s 0 —— e . Sonnet5L/Hi .
organisational mandates like "prefer Sonnet to Opus" or "use no more than N tokens / illustate the power of runtime context in reasoning about software we'll consider what the with-undo ot cost " static "Logging Logging Static
" Minimi - - /i - most powerful frontier models can achieve when their context is limited. o L ] ] _ _
wdeekt. minimises investment costs but risk the productivity returns that motivated Al ’ penonmsiiieiaesuggingfiass pass = 0.7 ‘fokens Opus is significantly stronger at static analysis than Sonnet and root causes issues in the
adoption. . . . . L
p ’ . ' We used our internal benchmark to test Eable 5 on DuckDB issue £20086. which involved | - recording.undo of the failure (relatively small) codebases under test without needing logging / re-runs but the cost is high.
Typlng code isn't the bottleneck on developmeni' unexpected output from an SQL query. DuckDB's codebase is just ~0.5M lines of code. Undo Al MCP server ;?);Laer’?iesr ;Ojc?lt\)acsliav;eer?:\;et Sv?rietnhI’:isnf;:aelzséifl:c!tniiu::ziztV\J/cic;hsfcl\g/; I(D:r?ds rem\c;esnuc\?gg;slc\)/\?igéng.
Meanwhile, it is widely acknowledged that writing code is a small fraction of . replays the real execution only static context)
develqpment work.. Delivering (and n?alntzfnnmg).a working product reqwr.es a huge Static Context Runtime Context Thinkin EffOI‘I' cmd " e Of runi'ime context
effort in understanding software behaviour, in particular root cause analysis (RCA) of (just code and bug report) (re-runs, logging, process recording) the recording reaches this session only T 9 _ YP
unexpected behaviour. Here, we compare the influence of the high vs low effort and the use of logs vs Undo-
Elapsed time > 1 hour 12 - 24 minutes 1. Bug collection — each bug is a real, historic defect, stored with its source, a based process recordings. The models are allowed to run and re-run the software under
This is equally true for new code as for existing code that's been there for decades. symptoms-only report, ground-truth criteria and a recording of the failure test and to construct directed test cases as part of their analysis if nheeded.
Without sufficient AI gains in understanding runtime behaviour, Root Cause Cost $37.60 $2.88 to $6.31 Cost per successful RCA vs bugs solved
Analysis will become a progressively-worse bottleneck on the Software 2. Checkout — the code is restored to just before the fix, with everything after made ® Bascagent @ Agent+Undo 4 Static analysis reference
_ Root cause @ ' o . N I .
Development Lifecycle. (confidently wrong) J (correct answer) unreachable. This is to simulate a point in time of the codebase's history.

O O o o ‘ . Opus / static ‘
The I'I'M |Sn"|' the bO'"'IEﬂECk on "'“'e"lgence 3. Debug session per profile — two agents get identical copies and the same task. The ‘\

. . - _ ) i . . .
A coding agent's reasoning comes from the LLM (Large Language Model) it uses. Major go_te t?ﬁ_t Ith; a]cgelrw]t |sdalwa_ysdablfe to 9_“\16_ a;:conf:_dentbanivzﬁr thtey a|re ve;y good at agents are given free reign; one with Undo Al and one without. Opus / high
new LLM releases are now announced monthly or even more frequently, so raw omng this: but when deprived of crucial information about the systém's runtime

reasoning isn't in short supply. And yet, the LLM's power is only as good as the behaviour, models are forced to speculate and provide a misleading results in return for . \ .
Opus / low

(o))

4. Evaluation — GEval used to evaluate presence of correct and incorrect information in
the resources consumed.

context it can read. Without the right inputs even the smartest model will fail to give a returned summaries. More correct facts make for a higher score, with agents penalised for -
good answer. Measuring -|-he effecﬁveness Of ageni'ic RCA presence of known incorrect facts and red-herrings. Pass marks are >= 0.7. z \ ¢
= Sonnet / high
. L : O
g A We set out to build an objective measure of how well Al agents can perform autonomous 5. Analysis — the two sides compared on score and on what it cost: turns, money, tokens S Sonnet / low
Who won the paris marathon for dogs in 20122 root cause analysis (RCA) of non-trivial bugs in C and C++ codebases. 2
.
The Paris Marathon for Dogs in 2012 was won by a mixed-breed dog named Lola, who ran alongside FU"Y autonomous RCA is the most ChaIIenging test available and can be measured Do agents Cheat at benChmarks °
her owner. objectively, without requiring a human in the loop providing feedback. Al agents are inventive, with a strong drive to provide an answer to the guestion asked. OSO T T T T
This quirky event is actually called the Marathon du Chien, and it's more of a fun run than a This makes them Cha”enging to benchmark consistently, given their expertise In Cost per successful RCA ($)
professional competition — dogs and their owners complete a course together in Paris, with Non-trivial bugs are the ones that are most difficult to solve and least predictable to navigating computer systems and data.
emphasis on companionship and participation rather than strict racing. analyse. These are the ones that keep working software away from customers. These We make several interesting observations from this data:
Would you like me to also share some details about the event itself (like distance, number of usua”y involve one (OI" more) of: These skills can eaS”y undermine the behaviour we want to measure, which is the ab|l|ty Yo : : : . : . .
- . : . t High effort, with logs for runtime context is very effective at resolving issues.
participants, etc.)? to reason about and explain a program's observed behaviour. pus @ 4
o P Prog o _ Adding Undo process recording retained this effectiveness, at lower cost.
changeset history can make a bug obvious. Agents will examine the current '
= ) 7 y 7 7 significantly less effective with logging, whilst process recording retains

branch, search for other available branches and even access known remotes to gain

Fig 1: To the best of the authors' knowledge there is (sadly) no Paris Marathon for Dogs - effectiveness at even lower cost.

without access to web search this agent Is confidently wrong knowledge. ® Sonnet on High reasoning is cheaper but less effective than Opus on Low
_ _ _ ) ) Buq inf on in th . _f ‘ | | . _
: th d By thec:r very Inaturte,tthe?ri bugstoccur |r.| I?rg_e c”odfeb?ses V,::h cI:mpIeC)I( mvcu:clcmi's ‘dgfalfnrsr;m;rtelopr;?n?n; ::1:2';I;I?osvo’zﬁgsmodogl(iopeannsSvc\;g:CuesiCr?;ietzaiiermsz;tzukgn;c):/?llcedegre e Sonnet with access to Undo is cheaper and better than Opus with only logs
IN other words around compiex stare. 1he root cause 15 typically far from the observead symptom, . ) . . . . ® Our market experience suggests process recording enables successful RCA in significantl
making it impossible to identify it from a simple backtrace or pre-defined logging. instead of the tools provided. This effect appears more noticeable in larger models. P 99 P J J y

larger codebases.
M O D E L + CO N I EX I e Internet access - even without git, models will attempt to access reference copies To truly maximise return on investment from AI tools it is not enough to look at

of source code (obtaining download tools, if required) to compare for injected bugs. model and token costs - you must maximise the quality of the context provided




