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From Time Series Foundation Model 
to Reasoning and Agentic Systems

A Roadmap for Emergent Anomaly Detection Intelligence
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01 Anomaly Detection & Ops Intelligence

04 Ops Agent & Future Work

03 Axis: chat-TSFM for Semantic Explanation

02 TimeRCD: TSFM for Anomaly Detection



Ops Intelligence
AI for Cloud

source: www.xmatters.com/blog

- Data: metrics, log, trace
 

- Monitoring
proactive/reactive incident 
detection

- Engage
root cause analysis 

- Automation
code repairment
autoscaling
resource management



Ops Intelligence
AI for Healthcare

source: www.thetatechnolabs.in/blog-posts/

Monitor: 
time series anomaly 
detection
time series classification 

Diagnosis: 
root cause analysis
semantic explainability  

Automation: 
dynamic treatment 
recommendation



Time Series Anomaly Detection 

- Classic Models: iForest, LOF
- Deep Learning Models: 

OmniAnomaly, TranAD

Data Preprocessing Feature 
Engineering Data Collection

Model Selection
Task-specific 
EvaluationDeployment

One model per application !



- Detection models must be MORE GENERALIZABLE
- trained narrowly on domain-specific data, causing them to capture 

dataset-specific features rather than universal failure patterns .
- require expensive, exhaustive retraining for new environments or 

pattern shifts.

Build a Foundation Model, supporting zero-shot TSAD !

The Crisis of Traditional TSAD



- Detection systems must be MORE EXPLAINABLE
- Trust and Actionability: Semantic explainability is vital for precise 

Diagnosis (RCA) and building Trust with the end-user
- Cross-Modal Fusion & Accuracy: Utilizing text as a semantic fusion 

center enables the incorporation of other modal information (e.g., 
logs, traces), high detection accuracy .

Develop a chat-TSFM, providing semantic explanation 
(linguistic reasoning)!

The Crisis of Traditional TSAD



- Ops (Detection) systems must be MORE AUTONOMOUS 
- Closing the Ops loop: transition from providing alerts to enabling 

self-correction and automated intervention (resolution) within the 
ops system's closed-loop workflow.

- Build  an Ops Agent, enabling closed-loop analysis and 
reliable real-world intervention!

The Crisis of Traditional TSAD
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TimeRCD: A Foundation Models for 
Zero-Shot Time Series Anomaly 

Detection



- Pre-training Data:
- labeled anomalies are inherently scarce, providing the 

model with few examples to learn abnormal behavior.
- data often lacks diversity, covering only a subset of 

real-world patterns.

Challenges & Limitations 



Reconstruction-based loss with unsupervised learning suffer from Objective 
Mismatch

Challenges & Limitations 



Pretraining Data Recipe: 
1. Context-Template Generation
2. Joint-Context Fusion
3. Causal-contextual Anomaly 

Injection
4. Labels and Masks

TimeRCD



TimeRCD

Relative Context Discrepancy: formulate detection as comparing a set 
of time windows to extract extract discriminative relational patterns.



zs-TimeRCD ranks first in 41/64 and second in 6/64 in zero-shot comparisons! 

Experiments: zero-shot



zs-TimeRCD ranks first in 32/64 and second in 2/64 in full-shot comparisons! 

Experiments: full-shot



TimeRCD can learn the complex relationships between distant point

Contextual Understanding



Real Data or Synthetic Data
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AXIS: Explainable Time Series 
Anomaly Detection with Large 

Language Models



Motivation of Anomaly Explanation

Reasoning process is a black 
box. Experts remain in the 
dark.

Post-hoc attribution methods 
lack semantic intuitive. 



Limitations

Lack of Contextual Grounding: 

need to interpret local events in the 
context of the full series

Lack of Representation Alignment:

bridge the semantic gap between 
low-level numerical signals and the 
rich concepts from  human 
reasoning



Axis



Semantic Anomaly Benchmark

1. Pattern-Level Anomaly 
Vocabulary

2. Contextual and Comparative 
Reasoning

3. LLM-Powered Explanation 
Generation

4. Ensuring Benchmark Integrity

Multiple Choice, True/False, 
Open-Ended QA format.



Experiments
Evaluation Metric: LLM-as-a-judge approach     



Experiments
Performance on real data



Experiments
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Ops Agent



Ops Agent



Datadog AI Research: 
Observability Intelligence

Looking for Talent!


