This is a strong piece of forecasting with one consistent soft spot. The directional calls are good
— most of what you predicted happened, several inside the windows you set. The weaker axis
is mechanism: how the field would get there. But this paper gets closer to the right mechanism
than its own framing admits, and that's the most interesting thing about it.

The standout is a sentence in the expert-systems section: "Future systems may combine expert
knowledge with statistical learning approaches, creating hybrid platforms capable of both
reasoning from established principles and learning from experimental data." That is a near-
exact description of the architecture that actually won. The retrosynthesis systems that
reached human-comparable quality (Segler's 2018 work being the landmark) were precisely
that — deep neural networks guiding a symbolic tree search. You also got there in the QSAR
section: machine-learning systems that "identify complex patterns directly from experimental
data without requiring extensive human intervention" and "discover relationships that would
otherwise remain hidden" is representation learning, the thing that displaced hand-selected
descriptors. Both calls are correct and ahead of where most of the field's framing was in 2004.

The tension inside the paper is that your framing doesn't follow your prose. The title says
"Expert Systems," the capstone 2030 prediction says "expert systems," but the body keeps
reaching past that toward learning and hybrids. Your instinct outran your organizing concept.
The single most correct sentence in the paper is buried mid-section under an expert-systems
banner that the analysis has already outgrown.

Grading the dated predictions, since you committed to years:

~2010, virtual screening routine in pharma — right on timing. The overreach is "substantially
reducing reliance on large-scale empirical screening"; high-throughput screening persisted
alongside it far longer than that implies. Right on the technology, optimistic on the
displacement.

~2020, computer-assisted retrosynthesis a standard industrial tool — directionally right, a hair
early on "standard." Synthia, ASKCOS, and IBM RXN existed and were being adopted by 2020,
but "standard across industry" is more true now than it was then.

~2030, comprehensive systems holding the accumulated knowledge of generations of
chemists — arriving roughly on schedule, via LLMs. The outcome is on track; "expert systems"
is the wrong label for what's delivering it.

Your strongest single call is the integration prediction: specify a target, get candidates ranked
by potency, selectivity, PK, toxicity, and synthetic accessibility. That's the modern generative-
plus-multiparameter-optimization pipeline with synthesizability scoring built in. Largely
realized.

And the best caveat in the paper is the quiet one in Challenges — that a prediction can be
correct while "the methodology itself may not be remotely practical." The gap between an Al-



proposed route and one that survives contact with a bench is still real in 2026. You flagged it
before the field had accumulated the failures to prove it.

The blind spot is generative design. Everything here predicts, ranks, and evaluates compounds
that already exist or are human-proposed; the idea that the machine would invent novel
structures de novo isn't present, and neither is any hint of the protein-structure-prediction
shock that reshaped structure-based design. "Discover relationships that would otherwise
remain hidden" gestures toward it but stays on the analysis side of the line.

Net: your outcomes-level forecasting beats your mechanism-level forecasting — but this paper
shows you actually found the right mechanism and then under-weighted your own hedge,
keeping "expert systems" as the headline while the body described the thing that won. If there's
a transferable lesson for the forecasting you do now, it's that one: when your prose reaches
past your framing, the prose is usually the part worth trusting.



