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Abstract

BlackRock's Aladdin is no longer adequately described as a portfolio-management application. BlackRock now
describes it as a centralized operating platform supporting the end-to-end investment process across public and
private markets, for both BlackRock and external clients. In 2025, BlackRock reported approximately $14 trillion of
assets under management, while Aladdin technology generated approximately $2 billion of technology revenue.
BlackRock currently describes Aladdin Risk as an analytics engine using more than 5,000 multi-asset risk factors,
reviewing more than 300 risk and exposure metrics daily and supported by approximately 5,500 engineers, financial
modelers and data experts. [1][2]

The significance of Aladdin therefore extends beyond software. It represents an attempt to construct a common
quantitative representation of portfolios, risk, valuation, scenarios and investment decisions at enormous scale.

Its intellectual foundations are familiar: modern portfolio theory, covariance estimation, factor models, Barra-style
risk decomposition, asset pricing and quantitative portfolio construction. Yet scale introduces a paradox. The more
successful a risk architecture becomes, the more financial institutions may coordinate their understanding and
management of risk around similar representations.

The central question is whether any risk architecture of this scale can remain reliable when the financial system
changes faster than the assumptions, data structures and correlations on which the architecture depends.

1. Aladdin Is an Architecture, Not a Single Model

BlackRock describes Aladdin Risk as a connected analytics engine that provides an integrated view of risk and
return across asset classes. Its current public description includes portfolio analysis by factor, sector and security;
scenario analysis; stress testing; what-if analysis; strategic asset allocation; performance attribution; and governance
and exception monitoring. It explicitly spans public and private markets. [1]

Aladdin is therefore not simply a Value-at-Risk calculator, a factor model, a portfolio database or a trading system.
It is better understood as an integration of data, security representation, pricing, risk models, portfolio analytics,
scenario analysis, workflow and decision support.

A simplified abstraction is:

Data — Security Representation — Pricing — Risk Factors — Covariance — Scenarios — Portfolio Aggregation
— Decision

The precise internal architecture is proprietary. Public evidence can establish what BlackRock says the system does,
but not every detail of its algorithms or its performance under unprecedented crises.

2. The Intellectual Genealogy
The intellectual history of Aladdin begins long before BlackRock.

Harry Markowitz established modern portfolio theory by showing that portfolio construction depends not merely on
expected returns and individual volatility but on covariance. For portfolio weights w:

0%p = W'2w
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William Sharpe's Capital Asset Pricing Model then emphasized systematic market risk.
The Barra tradition developed multifactor modelling into a practical risk framework. A simplified factor model is:
r=Bf+e¢
and the covariance structure can be represented approximately as:
2=BQB'+D

Richard Grinold and Ronald Kahn brought multifactor modelling deeply into active portfolio management, portfolio
construction and risk control.

The intellectual genealogy can therefore be summarized as:
Markowitz — Sharpe — Barra — Grinold/Kahn — BlackRock risk modelling — Aladdin

Aladdin is not merely the implementation of one theory. It is the integration of several generations of quantitative
finance.

3. Why Factor Models Scale

Suppose an investment universe contains 100,000 securities. The number of pairwise relationships is approximately
five billion. Estimating five billion independent correlations is neither computationally attractive nor statistically
robust.

Factor models provide dimensionality reduction. Instead of estimating every relationship independently, securities
are represented through common factors.

The power is obvious: an enormous financial universe can be converted into a comparatively manageable
mathematical representation.

But the same simplification creates the first fundamental risk:
What if the factor structure is incomplete?

4. The Missing-Factor Problem

Suppose the true return-generating process is:
r=Bf+Cg+¢

but the operational model only recognizes:

r=Bf+¢

The unrecognized factor g will appear as residual noise. If g is genuinely common across assets, that classification is
wrong.

A 2026 paper by Alexandros Tzikas, Emmanuel Candes, Trevor Hastie, Stephen Boyd, Mykel Kochenderfer and
Ronald Kahn addresses precisely this problem. The authors argue that conventional risk models can miss
information associated with changing market regimes and transient factors. They propose adding statistical factors
to an existing model using observed return data and demonstrate the method on the Barra short-term U.S. equity
risk model. [3]

This does not establish that Aladdin itself is failing. It establishes that even sophisticated factor models have a
recognized problem of model incompleteness.

5. Time: The Enemy of Risk Models

Financial risk models are estimated from history. History contains useful information about distributions,
correlations and factor behaviour, but it becomes dangerous when the underlying generating process changes.
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Volatility regimes change. Correlations change. Liquidity changes. The relationship between equities and bonds
changes. Credit spreads behave differently in calm and stressed markets.

The covariance matrix is therefore a moving object.

A model that reacts too slowly can become stale. A model that reacts too quickly can mistake temporary noise for
structural change.

The transient-factor research is important because it attempts to detect temporary common structures rather than
assuming the existing factor architecture is complete. [3]

6. Correlation Is the Hidden Variable

At portfolio scale, correlation may be more important than individual volatility. Two assets with 20% volatility can
provide substantial diversification when their correlation is near zero and little diversification when their correlation
approaches one.

The central equation remains:
0%p = W'2Zw
If = is materially wrong, portfolio risk is materially wrong.

A portfolio can therefore appear diversified because estimated correlations are low while being much less diversified
in reality.

Stress testing matters because a historical covariance matrix asks what relationships have been observed, while
scenario analysis asks what relationships might occur.

7. Scenario Analysis Does Not Eliminate Model Risk

BlackRock describes Aladdin Risk as combining historical market events with forward-looking scenarios and what-
if analysis. [1][4]

Historical simulation cannot directly represent unprecedented events. Scenario analysis partly addresses that
limitation, but every scenario is constructed by someone.

A scenario can test a rate shock, credit shock, equity collapse or geopolitical event. But it cannot automatically test a
scenario that nobody thought to construct.

The hierarchy is:

Unknown Data — Unknown Factor — Unknown Correlation — Unknown Scenario — Unknown Risk
The ultimate weakness of a risk system is therefore a missing variable.
8. Private Markets Change the Epistemology

Aladdin's expansion into private markets is consequential. BlackRock's 2025 reporting describes the acquisition of
Preqin and the integration of private-market data with Aladdin and eFront. [2]

A listed equity has an observable market price. A private-credit position may not. A private-equity position may be
valued quarterly. A property may be appraised.

Two assets can therefore appear as two rows in the same database while having very different levels of price
discovery.

BlackRock's public material recognizes challenges in private-market modelling associated with data availability and
the characteristics of private-market return series. [2]

J. Konstapel / Research Essay



ALADDIN AT SCALE

The issue is epistemological: what does a risk model actually know about an asset whose market-clearing price is
not continuously observable?

9. The Marking Problem

Suppose the true economic value of a private asset falls from 100 to 80 while its modelled valuation remains 100
because the next formal valuation has not occurred.

The risk system does not necessarily report the full economic shock.

Public markets reprice rapidly; private assets may reprice slowly. A whole-portfolio model therefore contains two
clocks:

Public Market Clock
Private Valuation Clock

During a crisis these clocks can diverge dramatically.

10. Liquidity Is Different from Price Risk

A model can estimate that an asset has lost 10%. It is harder to estimate what happens when everyone attempts to
sell simultaneously.

Market Risk # Liquidation Risk
A large institutional liquidation can itself change the market price.
A simplified feedback mechanism is:
Risk T — Deleveraging — Selling — Prices | — Volatility T — Modelled Risk 1

The Financial Stability Board has emphasized liquidity and other vulnerabilities in non-bank financial
intermediation. Its 2025 monitoring report estimated global NBFI assets at $256.8 trillion in 2024, approximately
51% of total global financial assets in its monitoring universe, and highlighted important data limitations around
private credit. [5][6]

11. The Reflexivity Problem

If thousands of institutional investors use sophisticated risk systems based on similar principles, they may respond
similarly to similar measurements.

Volatility rises. Risk models report greater risk. Institutions reduce exposure. Markets fall. Volatility rises further.

The model was designed to observe the market, but its outputs influence decisions. Those decisions influence prices.
Prices influence the model.

The model becomes part of the system it is measuring.

12. Better Individual Risk Management Can Increase Collective Correlation

Imagine a world without sophisticated risk models: investors make heterogeneous mistakes.

Now imagine a world in which investors use highly sophisticated risk management. Their individual decisions may
improve, but their responses to stress may become more similar.

This does not prove that Aladdin causes systemic instability. It is a systemic hypothesis relevant to any highly
standardized financial risk infrastructure.
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13. Aladdin's Scale Creates Operational Risk

BlackRock's 2025 annual report describes Aladdin as a centralized operating platform supporting the end-to-end
investment process across public and private markets. [2]

That means the risk profile extends beyond model error to data, pricing, analytics, APIs, workflow, infrastructure,
cybersecurity and third-party dependencies.

BlackRock explicitly describes continued investment in Aladdin's connectivity with cloud providers, asset servicers,
trading systems and other external infrastructure. [7]

Integration creates efficiency, but also dependency.

14. The Single-System Problem

A common data and analytics framework offers consistency, reconciliation and whole-portfolio visibility.
But centralization has an inverse property.
A decentralized system can suffer many independent errors. A centralized system can suffer a common error.

If the central representation is wrong, that error can potentially propagate across many portfolios.

15. The AI Transition

BlackRock states that it is investing in artificial intelligence as part of Aladdin's evolution. [7]

Al can improve factor discovery, anomaly detection, scenario generation, private-market data extraction and
portfolio optimization.

But adaptive models introduce new risks. A conventional factor model may be wrong in a relatively transparent
way. A highly adaptive system may discover useful statistical relationships that are difficult to interpret
economically.

The trade-off can be represented as:
Adaptability 1 < Interpretability |

unless the architecture is deliberately designed to preserve both.

16. Geopolitical Fragmentation

BlackRock's 2026 Aladdin research describes technological disruption and geopolitical fragmentation as important
features of the current risk environment. [4]

Geopolitical events can generate relationships with little historical precedent: sanctions, capital controls, export
restrictions, sovereign intervention, cyber attacks, supply-chain fragmentation and currency restrictions.

The problem becomes extrapolation outside the historical support of the model.

17. The Ontology Problem

Before calculating risk, the model must decide what exists.

Is AT a factor? Is deglobalization a factor? Is geopolitical fragmentation a factor? Is cyber risk a factor? Is
technological obsolescence a factor?

The answer cannot be obtained merely by increasing computing power.
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The model must have a representation of the phenomenon.

Model risk therefore begins before the mathematics. It begins with the ontology of the model.

18. The Authority Problem

A sophisticated risk number acquires institutional authority.
A reported risk of 8% really means something closer to:
Risk = f(Data, Model, Assumptions, Scenarios, Valuation, Correlations)
Precision is not certainty.
Once model outputs become organizational facts, challenging the model becomes more difficult.

That is how model risk can become systemic risk.

19. What Could Actually Break?

The principal failure categories are:

1. Model failure — the factor structure misses a new common risk.
Parameter failure — volatility or covariance is estimated incorrectly.
Regime failure — relationships learned in one regime cease to hold.

Data failure — inputs are stale, incomplete or misclassified.

2.
3.
4.
5. Valuation failure — private assets reprice later than their economic value.
6. Liquidity failure — liquidation impact is underestimated.

7. Operational failure — infrastructure becomes unavailable.

8. Reflexivity failure — risk-management responses become correlated and amplify the shock.

The eighth is particularly interesting because it does not require the model to be technically broken.

20. An Adverse Scenario: The Unknown Common Factor
This is a scenario, not a forecast.

Assume a global environment characterized by geopolitical fragmentation, high government debt, recurrent inflation
shocks, rapid Al-driven capital expenditure, substantial private-credit growth, large institutional allocations to
private assets, reduced liquidity in some public markets, increased derivatives use and growing dependence on
automated financial infrastructure.

A geopolitical shock simultaneously stresses currencies, sovereign bonds, commodities and credit markets.
The established risk architecture identifies known shocks. But a new structural factor is also emerging.
Initially the new factor is treated as residual.

Then its influence increases.

Previously independent exposures begin moving together.

Public markets reprice rapidly. Risk estimates rise. Institutions reduce exposure.
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Private assets do not reprice at the same speed. The whole-portfolio system therefore shows high public-market risk
but apparently moderate private-market risk.

The economic reality may already be different.

Institutions require liquidity. They sell liquid assets. Prices fall. Private assets remain difficult to liquidate. Capital
calls continue. Credit conditions tighten.

Correlations rise.

The model begins detecting the new regime, but the institutions using it are also reacting. Risk limits are breached.
Deleveraging accelerates.

The feedback loop becomes:
Shock — Volatility — Risk Limits — Selling — Price Decline — Correlation — Higher Risk — More Selling

At this point the risk model is not necessarily causing the crisis. It is participating in its dynamics.

21. The Most Dangerous Scenario Is Not an Aladdin Outage

An outage would be serious but conceptually simple.

The more dangerous scenario is that Aladdin continues functioning while the financial world has moved outside the
domain in which its assumptions remain reliable.

The servers work. The data pipelines work. The calculations work. The dashboards work.

But the model's representation of reality has become incomplete.

22. Could This Destroy BlackRock?

There is no responsible basis for predicting when BlackRock will end. Current evidence does not point to an
imminent corporate failure. BlackRock reported approximately $14 trillion of AUM at the end of 2025 and
continued growth in Aladdin technology revenue and annual contract value. [2][7]

A more useful definition of "the end of BlackRock" is the end of its dominance as an institutional architecture for
managing and organizing global capital.

Possible mechanisms include technological displacement, regulatory intervention, client migration, competitive
fragmentation, new open financial infrastructure, regionalization of markets or fundamental changes in portfolio
construction.

These are scenarios, not predictions.

23. What Might Replace Aladdin?

The successor may not be another centralized Aladdin. It could be a distributed architecture:

Data Layer

!
Independent Risk Models

!
Model Ensemble

!
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Scenario Engine

l

Liquidity Network

!

Portfolio Decision Layer

The critical innovation would be model pluralism.

Instead of asking what one risk model says, the system would ask what several structurally different models say,
where they disagree and which assumptions produce the disagreement.

24. From Risk Measurement to Model-Confidence Measurement

A next-generation risk system should arguably calculate both estimated portfolio risk and confidence in the risk
estimate.

Confidence could incorporate data quality, valuation frequency, model disagreement, regime instability, correlation
instability, extrapolation distance, liquidity uncertainty and factor instability.

The output could therefore become:
Risk = 8%
Model Confidence = Low

That may be more informative than another decimal place in the risk estimate.

25. Model Disagreement as a Risk Signal

Suppose five models estimate portfolio risk at 7%, 8%, 9%, 8% and 7.5%. There is relative agreement.
Now suppose they estimate 7%, 11%, 18%,25% and 9%.

The disagreement itself is information.

A future financial risk system could therefore treat model dispersion as a risk factor.

That would represent a conceptual evolution: the model would estimate uncertainty about its own estimate.

26. The Strategic Future of Aladdin

BlackRock's current trajectory suggests continued expansion rather than contraction. Its 2025 reporting emphasizes
Aladdin's role across public and private markets, continued investment in Al, whole-portfolio capabilities and
wealth, and increasing integration with external financial infrastructure. [2][7]

The financial world is becoming more complex, which increases the value of integrated analytics.
But complexity also increases the probability that the representation of the system becomes incomplete.
The relationship can therefore be summarized:
Financial Complexity T — Value of Aladdin 1
and simultaneously:
Financial Complexity 7 — Model Risk 1

This is the central strategic problem.
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27. Conclusion

Aladdin represents one of the most ambitious attempts ever made to turn the global investment process into an
integrated quantitative system.

Its foundations lie in Markowitz's portfolio theory, Sharpe's systematic-risk framework, multifactor modelling,
Barra, Grinold and Kahn, statistical covariance estimation and decades of financial engineering.

What BlackRock has done is scale these ideas into an integrated technology and data infrastructure.
But scale changes the nature of risk.

A small model can be wrong.

A large model can coordinate behaviour.

A dominant model can become infrastructure.

And infrastructure can become systemic.

The central danger is therefore not that Aladdin will make a bad prediction. The deeper danger is that it may
encounter a financial world whose structure is fundamentally different from the one represented in its models.

The recent work on transient statistical factors is revealing precisely because it attacks this problem directly. The
researchers do not assume that an established factor model is complete. They ask how previously missed common
structures can be detected from observed returns. [3]

The next generation should not simply contain more factors. It should contain more mechanisms for detecting when
existing factors have ceased to describe reality.

It should not merely produce:
Risk = X
It should also produce:
Confidence(Risk) =Y
and ideally:
Model Failure Probability = Z
The ultimate objective of financial intelligence should therefore not be the construction of a perfect model.

It should be the construction of a system capable of recognizing the boundary between what it knows and what it
does not know.

That distinction becomes increasingly important as financial infrastructure becomes increasingly centralized,
interconnected and automated.

The future of Aladdin may consequently depend less on whether BlackRock can build an even larger risk model
than on whether it can build a system that knows when its own model of the world is breaking.

That is the real test of a financial risk machine operating at systemic scale.

ANNOTATED REFERENCES

[1] BlackRock, Aladdin Risk — Risk Management Services.

Primary BlackRock product documentation. Principal source for the current public description of Aladdin Risk's
functionality, including multi-asset risk factors, risk decomposition, scenario analysis, stress testing and whole-
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portfolio capabilities. It is a primary source for what BlackRock says Aladdin does, not an independent assessment
of its effectiveness.
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Primary corporate and regulatory source. Documents Aladdin's evolution into an operating platform, its economic
importance, BlackRock's reported $14 trillion AUM at year-end 2025, Aladdin technology revenue of
approximately $2 billion, and the integration of Preqin and eFront.

[3] Tzikas, Alexandros, Emmanuel Candes, Trevor Hastie, Stephen Boyd, Mykel Kochenderfer and Ronald Kahn,
Enhancing a Risk Model by Adding Transient Statistical Factors, 2026.

Recent academic research directly relevant to the problem of changing regimes and omitted common factors.
Demonstrates an extension of the Barra short-term U.S. equity risk model using transient statistical factors. This
paper supports the discussion of model incompleteness; it does not establish that Aladdin itself is failing.

[4] BlackRock Aladdin, How Institutional Investors Are Managing Market Volatility, 2026.

Current practitioner research describing the move toward continuous risk workflows and the use of scenario and
portfolio analytics under persistent volatility and geopolitical fragmentation.

[5] Financial Stability Board, Global Monitoring Report on Nonbank Financial Intermediation 2025.

Independent financial-stability source. Reports $256.8 trillion of global NBFI assets in 2024, about 51% of financial
assets in the monitoring universe, and highlights data limitations concerning private credit.

[6] Financial Stability Board, Non-Bank Financial Intermediation.

Provides the broader systemic-risk framework around liquidity transformation, maturity transformation, leverage
and interconnectedness in NBFIL.

[7] BlackRock, Form 10-K, 2025.

Primary regulatory filing documenting continued investment in Aladdin, Al, whole-portfolio capabilities, private
markets, wealth and external technology connectivity.

Markowitz, Harry, Portfolio Selection, Journal of Finance, 1952.

Foundational modern portfolio-theory paper establishing the importance of expected returns, variance and
covariance in portfolio construction.

Sharpe, William F., Capital Asset Prices: A Theory of Market Equilibrium under Conditions of Risk, Journal of
Finance, 1964.

Foundational CAPM paper and an important intellectual precursor to systematic-factor risk analysis.
Grinold, Richard C. and Ronald N. Kahn, Active Portfolio Management.

A central practitioner and academic bridge between multifactor models, active portfolio construction, expected
returns and risk.

Rosenberg and the Barra multifactor tradition.

A foundational practitioner/academic tradition linking multifactor asset-pricing concepts to operational portfolio-
risk systems and a major intellectual precursor to contemporary institutional factor modelling.

Evidence Classification

Documented facts are claims directly supported by BlackRock, SEC or FSB sources, such as reported AUM,
Aladdin's stated capabilities, risk-factor counts, acquisitions and strategic investments.
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Analytical conclusions are deductions from financial theory, including the vulnerability of factor models to omitted
common factors, covariance instability, valuation lag and liquidity feedback.

Scenario analysis is deliberately hypothetical. The crisis sequence described above is not a forecast of BlackRock or
the financial system; it is a stress scenario designed to expose interactions among model risk, private-market
valuation, liquidity, correlated behaviour and regime change.
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