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No, HTAP in the Cloud Is Not Solved – The Industry Traded 
Freshness for Scalability and Called It Innovation!

Daniel Ritter, SAP
HPTS 2026
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Despite Ongoing Controversial HTAP Discussions by Industry
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Position #1.1: Twenty Years of HTAP:
Operational Analytics Is Solved

(~2005/2008—2026)
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What is 2x2? And 17x24?
Truck icon Truck icon Truck icon

gate icon Highway icon

Trucks queuing at the gate while replicating numbers to [system 2] compute …

[system 1 ~ mat. view]
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Was born from a workload observation: the same business 

entity (e.g., payment, a stock movement) needs to be both

• written (OLTP: short writes, high concurrency, point access) 
and

• immediately read analytically (OLAP: large scans, aggregates, 
joins) in the same decision window. [CedarDB: “same 
system”]

Most of the processing is management of aggregates (~80%) ~ 
could not focus on enterprise / business logic

and strived to:

• Eliminate the replication copy entirely

• Avoid large amount of materialized views

• In-memory, column store, write-back atomicity in a single 
semantic domain

Recall | Original HTAP from 2008
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Required properties.

• [Read] One MVCC snapshot spans data, authorization, and 
referenced external state — no representation gap.

• [Decide] Policy / legal / business-rule predicate evaluates 
under the same TM as the read, against that snapshot.

• [Act] Write-back commits atomically with the decision in the 
same TX, against the primary's commit order.

• [Lifecycle / hooks] Attaches at a pre-write constraint, a mid-TX 
statement, or an atomic commit-time write-back.

• Across steps (the chain):

• Step 1 (TX1): business TX A reads, decides, writes X, 
commits.

• Step 2 (TX2): business TX B reads including X, decides, 
writes Y, commits.

• Step 3 (TX3): business TX C reads including Y, …

Other patterns: inline constraint enforcement.

HTAP Systems | Realtime Decisions for Enterprise Applications 

Operational Analytics are on the critical path ~ 
every millisecond counts!

6



7

7

• HANA In-memory columnar delta (write optimized) -> delta merge -
> main (read-optimized); main property: [real-time data freshness].

• Multi-model (MDS, graph, document, ML, vector, Sparql/triple store)

• Resource disaggregation (compute / storage separation, object 
storage, PMem / CXL memory enabled) [scale] + [cost]

• Scale-out via table partitioning + distributed execution + [isolation].

• NSE paged column store (disk-resident columns with buffer pool) ~ 
data tiering: HTAP does not need to fit into RAM (cf. Umbra) [cost].

• S/4HANA Virtual Data Model ~ HTAP as workload pattern; 
application-database co-design.

How does such a [System 1+2] for that Look Like?

BS

HANA / 
ECN

Mem

Scale

HANA 
(Coord.)

HTAP: Real-time 
data freshness

S4, Ariba 
/ BN, …

HC Spark / 
Data Tasks

Object storage

Data products / integration ~ cross-system analytics 
(analytics, warehousing, analytics + warehousing)

S4, Green Ledger, …

AI / Agents

AI Agents, 
(federated) learning

…

W
arehouse

Analytic Stories

Tiering

Lakehouse

OTF Parquet
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[Gartner] + [Cloud] Position #1.2: 6th Generation of 
Replication Architectures same as 4th Gen? + still Has a Ceiling

~”GoldenGate in 
Rust wrapper”?

8



9

9

HTAP independent of the cloud; what is different / new in the cloud?

• Economic storage; object stores make it cheap to keep a full second copy 
of all operational data.

• Resource elasticity; analytical compute scales to zero; inexpensive when 
idle.

• Separation of storage and compute; the two scale independently, which is 
the primitive that makes a replication boundary

Idea: keep OLTP on the primary, mirror everything to a Lakehouse by 
combining existing data mgmt. concepts + technology, run analytics there. 

Properties:

• The lakehouse as a deep mirror, a replica of data via open table formats 
(Iceberg, Delta, Hudi) + schema + snapshots + governance.

• Eventual consistency is tolerable for some sort of analytics that accept 
seconds-to-minutes lag.

• Isolation / independent workload scaling

“Gartner HTAP”-like Replication Architecture Basic Properties

Non-operational analytics use cases are not about 

real-time freshness (few secs++): business 

reports, dashboards, RCAs, ML training, etc.
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Claim: Isolation in HTAP ~ two structurally opposite things ~ get one and by 
construction give up the other.

• Workload non-interference, independent scaling and failure domains (e.g., 
analytical crash, OOM), independent storage format — row-store for TP writes, 
column-store (Parquet/Iceberg). BUT representation gap!

Give up operational analytics properties:

• Atomic write-back: a decision made on engine A cannot commit back to engine P 
in the same TX; the write is a separate TX against P's commit order.

• Read-your-own-writes across replication boundary: a write to P is visible on A only 
after the replication window W; within W, the chain cannot see its own prior step.

• Cross-engine transactional composition: no single BEGIN/COMMIT spans P and 
A; 2PC et al. at prohibitive cost C.

• Single-snapshot authorization: authz lives on an identity store with its own clock, 
not on P's WAL; even with W → 0 for data, the authz snapshot does not align.

Isolation | Two Sides of / Faces on the Same Coin
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The (d, W) plane — a structural map of replication 
architectures:

• Every replicated architecture is a point in the plane. W 
= replication window (how stale). d = RUM-distance 
(how differently the data is shaped).

• d ⊥ W. Lowering one does not lower the other: two 
architectures can share the same freshness and still sit 
far apart in representation (e.g. Kafka log vs. Iceberg 
table; same W, different d).

• Cats 1–5 are ceilings on freshness F, not preferences. 
Each cat is a region in (d, W), not a point.

• Cat 0 vs. the rest is categorical, not quantitative; one 
engine, no boundary, (d, W) = (0, 0). Everything else 
has a boundary.

Crossing categories = redesign, not engineering:

• Cat 1 → Cat 2 (classic mirror → streaming open-
format): swap the cost regime — batch ETL out, 
continuous CDC in.

• Cat 2 → Cat 5 (streaming transcoder → shared log): 
replatform storage; the log becomes the table (Kappa), 
rather than feeding one (Lambda).

Freshness Categorization | Replication Boundary
Design space map of replication architectures outside cat 0 having a replication 
boundary: Looking into Freshness (~ replication window) and with RUM L1-distance

e.g., “Format gap” between primary row-oriented format and analytic 
format (e.g., Postgres WAL -> Iceberg, Parquet)

Cheap format 
~ no slow 
replication

No sub ms
transcoding of 
complex 
formats
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Cost | S3 Strikes back

• HTAP / one system driven by always on compute (+ 
scaled up for consumption), with different cost floors 
depending on tiering {mem, ssd, s3}.

• Repl. with “initial load”, CDC overhead, main cost 
driver are variable costs during consumption.

• Always on components like (smaller) in-memory 
side-cars add to the CDC overhead, move closer to 
HTAP.
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An Enterprise Seldomly Sleeps | SAP Lakehouse Workload 2026
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Can we have it all?| Low Costs, High Freshness, and Full Isolation (CFI)

Cost

Freshness

Isolation

Intuition: 

• HTAP: isolation ↑ ~ cost ↑ (bigger instance for workload separation); 
freshness is high by construction

• Replication: freshness ↑ ~ cost ↑ (always-on middleware / sidecar); freshness 
↓ ~ cost ↓ (batch, scale-to-zero).

• Universal: cost ↓ costs you either freshness or isolation.

Examples:

• Move data to object storage ~ cost ↓, isolation ↑ (physical compute split), 
freshness ↓ (S3 latency).

• Collapse into one engine ~ freshness ↑, wb ↑, but isolation ↓, and cost ↑↓.
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Position #1.3: No, “[Gartner] HTAP” in the Cloud Is Not Solved
+ Gaps will become more severe for new Use Cases.
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Non-monotonic / conceptional challenges:

• Non-monotonicity != latency. Authz grant → revoke →
re-grant has no safe default; the replica must know the 
current value.

• WAL-bound: data values ship, view rules and role 
assignments don't. Structural ceiling, independent of lag.

• …

• R/3 déjà vu: aggregates cost 80% of ERP capacity; cloud 
replication reconstructs the same tax.

Non-trivial but solvable:

• Technical drift (Collation / Unicode 
normalization, NULL handling, decimal precision 
& rounding, type-system, timestamps et al.

• What would Codd say about OTFs? multi-table 
ACID, FK/CHECK, DDL propagation, cross-table 
referential integrity (Iceberg/Delta carry 
columns, not constraints).

• …

50 Shades of Semantic Drift
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• Cross-system analytics requires integration of heterogeneous sources (e.g., microservice / 
hexagon architectures).

• Pipelines / sidecars explode (e.g., multiple tenants, sources, vendors, consumer-scaling; legacy)

• 1:1 table replication != data product; much harder

• Schema evolution, customer extensions are important and always fun

Entropy is paid per pipeline x per schema change x per transformation step ~ closing the circle to 
the origins of HTAP.

Entropy Everywhere | The hidden tax of replication
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Claim: There won’t be read-only agents only ~ prepare for “insights to actions”.

Two parallel directions:

1) Make HTAP work for the agentic loop.

2) Not another replication layer ~ a compositional write-back contract for semantically correct reverse-ETL-
like patterns.

Requires primitives for (1) AI as actor, (2) AI write-back primitives and composition / replication gaps become 
more severe for AI.

[HTAP 2.0 in the Cloud Analogy] ~ [System 3] Enterprises are not 
solely Read-Only /Analytical
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Contact information:

Thank you.

Daniel Ritter
daniel.ritter@sap.com

Special Issue on 

Lakehouses

contributions until 

Feb’27.
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