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S1. Derivation Record for Candidate Mechanisms

This table restates the pattern-derivation process described narratively in the main
manuscript’s Research Methodology and Pattern Derivation section as an explicit
record: for each candidate mechanism, the literature supporting the failure mode it
addresses, the SME-suitability criterion applied to it, the resulting decision, and the
specific reason for that decision. This is a restructuring of candidates already discussed
narratively in the main manuscript, not the product of additional research beyond
what that discussion describes.
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Table S1: Derivation record for each candidate mechanism considered
during pattern development.

Candidate
mechanism

Sources SME suitabil-
ity

Decision Reason

Incremental
Change Capture
(watermark
+ atomic
checkpointing)

(Akidau
et al. 2015,
2018; Kreps
2013; Lam-
port 1978;
Chandy and
Lamport
1985)

App-level water-
mark column; no
managed CDC
service needed

Retained Addresses recurring
full-re-extraction
cost and staleness

Idempotent
Replay (keyed
upsert /
processing
ledger)

(Helland
2012; Gray
and Reuter
1993; Vogels
2009; Huang
and Garcia-
Molina
2001)

Keyed upsert; no
distributed trans-
action coordina-
tor needed

Retained Addresses dupli-
cate rows under
at-least-once deliv-
ery, the practical
norm absent exactly-
once messaging
infrastructure

Dead-Letter
Quarantine

(Hohpe and
Woolf 2003;
Killalea 2016;
Nygard 2018;
Newman
2015)

Single quaran-
tine table with
a retention pol-
icy; no dedicated
triage team
needed

Retained Addresses the
batch-halt-vs.-silent-
drop trade-off on
malformed records

Schema Drift
Adapter

(Santucci
1998; Curino
et al. 2013;
Stonebraker
and Ilyas
2018)

Static field-map
layer maintain-
able by one
developer; no
schema-registry
service needed

Retained Addresses upstream
schema changes
breaking rigid field
mappings

Backpressure-
Aware Batching
(AIMD)

(Jacobson
1988; Welsh
et al. 2001;
Reactive
Streams
Specification
2015; Bóner
et al. 2014)

In-process batch-
size controller;
no dedicated
load-balancing
infrastructure
needed

Retained Addresses destina-
tion overload under
a fixed batch size

Pipeline Health
Heartbeat

(Beyer et al.
2016; Truong
and Nguyen
2024)

One shared
heartbeat table
plus a lightweight
polling watch-
dog; no full APM
platform needed

Retained Addresses silent
stage stalls invisible
to a bare liveness
check
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(Table S1 continued)

Candidate
mechanism

Sources SME suitabil-
ity

Decision Reason

End-to-End
Reconciliation

(Redman
2001)

Scheduled aggre-
gate queries; no
dedicated audit
team needed

Retained Added specifically to
close the “alive but
wrong” gap the other
six, including Heart-
beat, cannot detect

Dedicated
Change-
Data-Capture
Cluster

(Kreps 2013;
Akidau et al.
2018)

Requires a man-
aged streaming
cluster

Rejected Disproportionate to
the SME-suitability
criterion; simpler
watermark mech-
anism retained
instead

Watermark
Tracking /
Delete Detec-
tion (drafted
separately)

(Akidau
et al. 2015)

Satisfies the
SME-suitability
criterion only
once combined

Merged
into Incre-
mental
Change
Capture

Forces and Solution
fields proved insepa-
rable in practice once
drafted concretely

S2. Extended Baseline Comparison Details

This section expands two baseline comparisons in the main manuscript’s Baseline
Comparisons subsection with the full numeric breakdown and derivation reasoning
that the main text states only as a headline result.

S2.1 Backpressure-Aware Batching (AIMD) vs. fixed batching

The main text reports a roughly 23× difference between fixed batching’s and AIMD’s
median per-batch latency during a simulated 8× destination slowdown (0.484 s ±
0.001 s vs. 0.021 s ± 0.001 s), and notes that a light-touch sweep across 2×, 4×, and
8× slowdown magnitudes confirms the direction of this trade-off holds throughout.
The full per-magnitude breakdown is:

• 2× slowdown: median latency 0.126 s (fixed) vs. 0.005 s (AIMD); throughput
1,254 vs. 1,030 records/s.

• 4× slowdown: median latency 0.246 s (fixed) vs. 0.010 s (AIMD); throughput 643
vs. 543 records/s.

• 8× slowdown: median latency 0.486 s (fixed) vs. 0.019 s (AIMD); throughput 324
vs. 279 records/s.

The latency ratio itself stays within a roughly 24–26× band across all three magni-
tudes. Because this behavior follows from the linear synthetic latency model, it should
not be interpreted as independent robustness evidence. In this simplified model, per-
record write latency is modeled as directly proportional to batch size (a strictly linear
function), so aggregate throughput over a fixed record count is close to invariant to
batch-size policy, and the median-latency ratio follows almost directly from the ratio
between the AIMD floor (5) and the fixed batch size (150) – 150/5 = 30, close to
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the observed 24–26× band, with the remaining difference attributable to the additive-
increase ramp-up period before AIMD reaches its floor. The practical difference AIMD
provides in this model is therefore a bounded worst-case blocking call after the first
reactive step, not raw throughput – fixed batching’s raw throughput is higher than
AIMD’s at every magnitude tested, because fixed batching’s larger batches amortize
the same total record count into fewer, larger write calls. Reading the 24–26× figure as
a demonstration that the control loop behaves as designed under this specific injected
model – rather than as an external validation of a real-world latency improvement –
is the correct interpretation the main text argues for; a nonlinear destination-latency
model (incorporating queue depth and record-level percentile latency rather than only
per-batch latency) is named as future work in the main manuscript’s Threats to Valid-
ity and Limitations section precisely because this linear-model result cannot, on its
own, distinguish a genuine resilience benefit from an artifact of the injected latency
function.

S2.2 Dead-Letter Quarantine vs. two naive alternatives

The main text reports that a competent (non-negative-control) baseline for Dead-
Letter Quarantine – validating each record independently, committing valid records
immediately, and discarding invalid ones with a logged reason but no retention or
replay path – committed all 450 valid records immediately in the malformed-record sce-
nario (unlike an all-or-nothing negative-control loader, which committed zero), while
still underperforming Dead-Letter Quarantine on recoverability (0% vs. 100% of the
50 malformed records ever recoverable).

This 0%-vs-100% gap is a direct, mechanical consequence of what each design
retains, not an incidental measurement: Dead-Letter Quarantine writes the full orig-
inal payload of a rejected record into a persistent quarantine table before discarding
it from the main processing path, so a later correction (in this scenario, a warehouse
supervisor supplying the missing quantity) can be applied to that retained payload
and replayed through the same idempotent-upsert destination write. The competent
baseline’s discard-and-log design keeps only the reason a record was rejected (in this
experiment, a string describing the missing required field), not the payload itself, so
there is nothing to correct and replay; recovering an equivalent record would require
re-extracting it from the original source system from scratch, which may or may not
still be possible depending on the source system’s own retention and change-tracking
behavior, a question this prototype’s synthetic, in-memory source system cannot
answer either way. Both designs are auditable in the sense that both log a machine-
readable reason for rejection, so “auditability” alone does not distinguish them; what
distinguishes them is specifically whether that log is attached to enough retained state
to act on. The prototype does not measure operator effort (the human time to review,
correct, and replay a batch of quarantined records) directly; the 0%-vs-100% recovery-
rate gap is offered as the mechanical precondition for any recovery effort to be possible
at all, not as a measurement of how much effort that recovery would take in practice.
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