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Vertical AI Meets 
Observability



AI has taken over the world

Frontpage news

Startup valuations

Big tech spending

AI research pace



AI has taken over the world?

Why?

Hype
Credit: 
GPT-4o

Impact

Search

Coding !=



Hypothesis 1: Just wait, it’s coming



Hypothesis 2: Specialization matters!

People specialize to become experts
● E.g., scientists and athletes
● E.g., the human brain itself

AI will need to specialize
● Accuracy
● Efficiency



It’s not either/or 

Vertical General



How good are today’s specialized FMs?

Toto: An Observability TSFM



2012 2018

Before: Train 
directly on 

supervised data

BERT Moment:
 Pre-train on 

massive corpora, 
then fine-tune

After: Nobody 
uses supervised 
learning alone

NLP Timeline



How good are today’s 
Specialized FMs?

[Gupta*-Xu*-Cheng-Shen-Shen-T-Khodak, ICLR25]

Genomics Satellite Imaging

Time Series









How good are today’s 
Specialized FMs?

[Gupta*-Xu*-Cheng-Shen-Shen-T-Khodak, ICLR25]

Genomics Satellite Imaging

Time Series

Don’t assume specialized FMs work!

Baselines & benchmarks are important



How good are today’s specialized FMs?

Toto: An Observability TSFM

Datadog AI Research
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What is
Observability?
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AI-generated Illustrations

Observing/monitoring: The Human Body
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Observing/monitoring: Computer Systems

AI-generated Illustrations
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1,000s of hosts, pods,
containers, etc.
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Trillions 
of data points/hour
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Types of Observability Data

Telemetry Data
● Metrics 
● Logs 
● Traces
● Network Flows
● Source Code
● Cloud Cost
● CI / CD Pipelines 
● Security Signals
● …

Human Interaction Data
● Monitors configuration
● Dashboards configuration
● Notebooks configuration
● Interactive usage during an investigation
● …



Forecasting & Anomaly Detection

Root Cause Analysis Production Code Repair

AI Opportunities



Can we just apply existing 
Time Series FMs (TSFMs)?

Promise:
● Several models in recent years 
● Zero shot capabilities

Forecasting & Anomaly Detection



Can we just apply existing 
Time Series FMs (TSFMs)?

Forecasting & Anomaly Detection

Issues:
● Don’t beat supervised baselines
● Not tailored to observability



Can we just apply existing 
Time Series FMs (TSFMs)?

Forecasting & Anomaly Detection

Our work: specialize eval, 
data & modeling for 

Observability!



BOOM 

New Observability Benchmark
Largest time series benchmark

Comprised of Real Data
Internal observability data from 

Datadog

Open Source
Apache 2.0

27K HF downloads



Captures challenge of real-world observability data
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TOTO 
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Time Series Foundation Model
150M param decoder-only architecture

Optimized for Observability
And also SOTA on general-purpose 

time series forecasting

Open Weights
Apache 2.0

~8M HF downloads

(Datadog internal data only)



Data Collection (Datadog internal data only)
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Dashboards

Notebooks

Monitors

User-generated
metric queries

Numeric
time series data

Collect each query over:
● Multiple time slices
● Different time 

intervals
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Proportional Attention: judiciously 
attend across covariatesHigh-cardinality 

multivariate data

Skewed, heavy 
tailed distributions

Student-T mixture & robust loss: for 
improved modeling and learning

Extreme dynamic 
range, 

nonstationarity

Patch-based causal scaling: address 
highly non-stationary TS



These modifications make a big difference



BOOM Results 



Specialized Observability 
FMs

[Cohen*-Khwaja*-et al.]

Datadog AI Research

TSFMs have achieved their 
“BERT moment”!

 
Specialization matters

***At time of release***



Ongoing Work
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Product Applications ScalingMultimodality



Ongoing Work
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Product Applications ScalingMultimodality



GPU Monitoring: how many GPUs will I need?

Important for budgeting/planning 

Mature production tool already exists

Natural application of Zero Shot Toto



How does Toto perform?

No clear winner between ZS Toto and mature production tool

ZS Toto preferred by humans in 71% of cases in blind evaluation

In production as of last month!



Forecasting Cloud Costs: how much $ will I spend? 

Important for budgeting/planning 

Also a seemingly natural application of Zero Shot Toto



Forecasting Cloud Costs: how much $ will I spend? 

Important for budgeting/planning 

Challenges:

● Large, irregular seasonality effects (e.g. day-of-month)
● Not much historical data available
● Product-specific eval differs from typical TSFM benchmarking
● Strong latency constraints



Zero shot Toto misses the spikes

Especially tricky b/c of uneven period lengths



Provide Toto with ‘exogenous 
variable’, e.g., day of month!





Exogenous variable fine-tuning
Training

● Mask loss for 
exogenous variable

Inference
● Inject known 

future exogenous 
values during 
decoding

Input preprocessing
● Use dummy variable for first of the 

month
● Shifted exogenous variables one 

patch into the future
● Stacked along variate dimension



CHALLENGES SOLUTIONS

Irregular seasonality effects Toto + FT + Exogenous variables

Product-imposed latency 
constraints

Product-specific evaluation

Toto inference meets latency 
requirements

Forecasting Cloud Costs

New benchmark & metrics



The end result…
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17% improvement over baseline 
41% over zero-shot

Satisfies latency reqs

Coming soon: Support for 
fine-tuning and exogenous variables

https://github.com/DataDog/toto

https://github.com/DataDog/toto


Toto applications, 
next steps

x Autoscaling – Forecast demand so services can right-size

4545

Predictive alerting – Forecast issues before they happen (and 
ideally fix them w/o needing to page an engineer)



Datadog AI Research: 
Vertical AI for observability

We are hiring!


