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Executive Summary

Enterprises are legally and strategically obliged to retain data for ever longer periods, yet every mainstream
archival medium is rated for decades at best. This paper evaluates the clay tablet as a write-once, read-
many (WORM) storage tier with a field-proven retention of more than 5,300 years. We benchmark clay
against LTO tape, Amazon S3 Glacier and M-DISC, and find that it outperforms all of them on observed
retention by two fo three orders of magnitude.

We further show that clay supports a clean separation between mutable drafts (unfired clay) and immutable
commits (fired clay), that ifs disaster recovery story is uniquely antifragile, and that it ships with a mature
customer support history dating back to 1750 BC. Interoperability is ensured through the Unicode cuneiform
blocks and freely licensed fonts. We conclude with a migration roadmap towards a tablet-first archival
strategy.
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Introduction

Data is the new oil, and like oil it tends o leak. Magnetic media lose their magnetization, optical dyes fade,
cloud providers sunset their storage classes, and file formats outlive the software that could read them. The
industry’s answer is the migration treadmill: copy everything to a new medium every few years, re-validate
checksums, and hope that the budget survives the next reorganization.

Last year we demonstrated that the Lindy effect—the expected remaining lifetime of a non-perishable thing
is proportional to its current age, orin Taleb’s words, “the robustness of an item is proportional to its life” [1, Ch.
20]—favours ancient scripts over corporate emoiji sets [2]. This paper extends the same reasoning from the
symbol layer to the storage layer. If the oldest surviving written records are on clay, then clay is, by the only
metric that cannot be gamed by a marketing department, the most durable storage medium humanity
has ever deployed.

Our thesis: clay tablets are the only archival medium whose retention SLA has been validated in production
for longer than the existence of the vendors offering the alternatives.

Background: The Clay Tablet Platform

Product History

The earliest unequivocal written documents are proto-cuneiform tablets from the Uruk IV period, ¢. 3300 BC;
roughly 5,000 such texts are known from archaic Uruk alone [3]. The platform remained in continuous use
for about three millennia, across several changes of language (Sumerian, Akkadian, Hittite, among others)
and of political management—a level of backward compatibility no modern vendor has attempted.

Reference Deployment: The Library of Ashurbanipal

The largest reference customer is the royal library of Ashurbanipal at Nineveh, with more than 30,000 tablets
and fragments recovered since its discovery by Austen Henry Layard in 1849, most of them now held by the
British Museum [4]. This deployment is discussed in detail in the section on hardening.

Terminology

Practitioners will find that the Sumerian vocabulary maps cleanly onto modern concepts:

e &= IM — clay, the raw storage substrate;
« M DUB — tablet, the unit of allocation;
« M €71 DUB.SAR — scribe, literally “tablet writer”, i.e. the I/O confroller.



Durability Benchmark

We compare clay against three archival media currently marketed for long-term retention. Rated retention
is the figure stated by the vendor; observed retention is the age of the oldest arfefact of the medium that is
still readable today, i.e. the only number that has actually been measured.

Table 1: Rated versus observed retention of archival media. Sources: [3], [5]. [6]. [7].

Observed
Medium Infroduced Rated retention retention  Vendor
Clay tablet c. 3300 BC noft specified > 5,300 years none (mud)
M-DISC 2009 1,000 years (claimed) 17 years  Millenniata
LTO Ultrium 2000 30 vyears (16-25 °C, 20-50 % RH) 26 years LTO consortium
Amazon S3 2012  99.999999999 % per year 14 years  Amazon

Glacier (design)

Three observations stand out:

1. Every competing medium has a rated retention that exceeds its observed retention. Their durability is,
in the strict sense, a forward-looking statement. Clay is the only medium for which the inequality is
reversed.

2. LTO’s rating is conditional on a climate-controlled storage environment. Clay has been stored in
Mesopotamian soil at ambient temperature, subject to floods, war and the occasional palace fire,
without any HVAC budget.

3. 83 Glacier’s eleven nines describe annual durability of objects while the service exists. The specifica-
tion is silent on the durability of the service itself.

Applying the Lindy effect to the observed column (fig. 1), the expected remaining lifetime of clay exceeds
that of the next-best medium by a factor of more than 200.
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Lindy-expected remaining lifetime (years, log scale)

Figure 1: Expected remaining lifetime under the Lindy effect, assuming each medium is expected fo last as
long again as it has already lasted.



Write-Once Semantics and Hardening

Draft and Commit

Clay offers a native two-phase storage model. Unfired clay is mutable: a tablet can be smoothed and
rewritten while it is still damp, which corresponds to a working copy. Firing converts the tablet into ceramic,
after which any modification is physically evident—an immutable commit with built-in famper detection.
Few modern WORM solutions provide integrity guarantees that are enforced by materials science rather
than by a licence key.

Case Study: Nineveh, 612 BC

Nineveh was destroyed in 612 BC by a codlition of Babylonians, Medes and Scythians; the fire that consumed
the palace partially baked the library’s tablets and thereby preserved them [4]. A recent archaeometric
study of a tablet-making facility in Nineveh found that none of the analysed tablets had been intentionally
fired in antiquity [8].

From an enterprise perspective, this means that the Assyrian state ran its most important archive on uncom-
mitted drafts in production, and that the commit was ultimately executed by a hostile third party. We believe
this to be the earliest documented case of a security incident that improved data durability—an instance
of antifragility that no current disaster-recovery plan can match. Taleb draws the distinction precisely: “The
resilient resists shocks and stays the same; the antifragile gets better” [1], prologue. Backups are resilient;
Nineveh was antifragile. We recommend that CISOs take note: in a clay-based architecture, the attacker
is part of the backup strategy.

Post-Hoc Migration by the Custodian

The British Museum later fired its unfired tablets as a conservation measure. Thickett et al. evaluated the
fiing schedule for a collection of over 130,000 tablets from 22 sites and recommended lowering the firing
temperature to avoid a damaging calcite decomposition reaction [9]. Jean et al. note that such museum
fiings were often carried out without documentation [8].

This is, in modern terms, an undocumented schema migration performed by the hosting provider. We note
approvingly that it was nonetheless backward compatible: every tablet remained readable.

Case Study: Customer Support Since 1750 BC

A storage platform is only as good as its support channel. Clay offers the longest continuously archived
support history of any medium. Tablet BM 131236, excavated at Ur by Sir Leonard Woolley and dated to
c. 1750 BC, records a complaint by a customer named Nanni to the copper merchant Ea-nasir about ingots



of substandard quality and the poor tfreatment of Nanni’s messenger [10], [11]. It is recognized as the oldest
written customer complaint. An excerpt with translation is given in the appendix.

We analysed the ticket against common service management practice:

¢ Channel: written, asynchronous, non-repudiable. Exemplary.

¢ Severity: high; the customer demands a full refund and announces that future shipments of insufficient
quality will be rejected.

¢ Escalation: clearly documented, including the freatment of the customer’s staff.

¢ Resolution: no response tablet has been recovered.

The ticket has therefore been open for approximately 3,775 years. Notably, the complaint survived; whether
the copper did is not recorded. We conclude that clay reliably preserves exactly the data that manage-
ment would prefer to forget, which makes it ideal for compliance and audit use cases.

Encoding and Interoperability

A storage medium that cannot be read is merely a heavy object. Clay mitigates format obsolescence in
two ways.

Mathematical interoperability. Plimpton 322, an Old Babylonian tablet held at Columbia University and
dated to around 1800 BC, records fiffeen rows of numbers in base 60 that relate o Pythagorean triples
[12]. The sexagesimal data format remains in active use for timekeeping and angular measurement today,
making it one of the most successful serialization formats ever designed.

Digital interoperability. The Unicode Standard [13] encodes cuneiform in four blocks: Cuneiform (U+12000-
U+123FF), Cuneiform Numbers and Punctuation (U+12400-U+1247F), Early Dynastic Cuneiform (U+12480-
U+1254F) and Archaic Cuneiform Numerals (U+12550-U+1268F). The freely licensed Noto Sans Cuneiform
typeface [14] covers the first three blocks and was used to typeset the signs in this paper. Tablets can thus
be ingested into any Unicode-compliant system, closing the loop between the analogue cold tier and the
digital hot tier.

Total Cost of Ownership

Media cost. Clay is abundant, regionally sourced and requires no rare earths. Its supply chain has no single
point of failure.

Write cost. Throughput is limited by scribe capacity. The DUB.SAR role requires several years of training, and
the current labour market for cuneiform scribes is, at best, tight. We classify this as a key-person risk and
recommend an apprenticeship programme.

Read cost. Reading requires trained Assyriologists. However, it requires no drive hardware, no firmware, no
licence server and no network connection.



Density. Storage density is admittedly modest: tablet BM 131236 measures 11.6 by 5.0 cm and stores a single
support ticket. We consider this a feature. In our experience, data that is expensive 1o write is rarely written
unnecessarily, which reduces downstream costs for storage, retrieval and legal review.

Migration Roadmap

We propose a phased adoption of a tablet-first archival strategy:

1. Phase 0 — Assessment. |dentify data with a retention requirement greater than the expected remain-
ing lifetime of the current medium (cf. fig. 1). For most enterprises, this is all of it.

2. Phase 1 — Pilot. Archive board resolutions and signed confracts on unfired tablets. Retain mutability
during the review window.

3. Phase 2 — Commit. Fire approved tablets at a controlled temperature following conservation guid-
ance [9]. Do not rely on adversaries to perform this step, even though historical precedent suggests
they will.

4. Phase 3 — Digital twin. Transcribe tablets into Unicode cuneiform for search and analytics.

5. Phase 4 — Decommission. Retire tape libraries. Retain a single LTO drive for sentimental reasons.

Conclusion

Clay tablets are:

¢ More durable: observed retention above 5,300 years, against decades for all alternatives.

o Truly immutable: commits are enforced by ceramic chemistry, not by software.

« Antifragile: a hostile fire improves rather than destroys the archive.

¢ Interoperable: encoded in Unicode, rendered by free fonts, and mathematically compatible with
every clock on Earth.

¢ Vendor-neutral: the substrate is literally dirt.

The question is not whether enterprises can afford to archive on clay, but whether they can afford to explain
to an auditor in the year 7300 why they did not.

Declaration of Generative Al Usage

In accordance with the submission guidelines, which require generative Al in order to prevent human error
from influencing valuable content, this paper was written by a large language model. Human contributions
were limited to the choice of topic and o proofreading, and are hereby declared as a potential source of
error. All factual claims were checked against the cited sources; the conclusions drawn from them are the
model’s own and should not be used for procurement decisions.



Appendix: Boring Details

The appendix is not mandatory reading for reviewers.

¢ Unicode 18.0 assigns 922 characters to the Cuneiform block, 128 to Cuneiform Numbers and Punc-
tuation, 196 to Early Dynastic Cuneiform and 311 to Archaic Cuneiform Numerals, for a fotal of 1,657

[13].

« The signs used in this paper are U+1214E ¢— IM, U+1207E 5l DUB and U+122AC 1 SAR.

¢ The observed retention of LTO, M-DISC and S3 Glacier is computed as of October 2026 from the year
of first availability given in the benchmark table.

e M-DISC's rating is based on accelerated ageing according to ISO/IEC 10995; a 2009 U.S. Navy test at
China Lake found no degradation under conditions that destroyed all dye-based discs [7].

Appendix: Ticket BM 131236 (Excerpt)

The complaint proper (obverse 1-15, reverse 19-25) of UET 5, 81, transliterated after the Cuneiform Digital
Library Initiative [15]. The translation is our own, made from the fransliteration and grouped by sense; for the
standard translation of the whole letter see Oppenheim [11].

Lines Transliteration Translation
o. 1-3 a-na é-a-na-si-ir Say to Ea-ndsir: thus says Nanni:
gi-bi-ma
um-ma na-an-ni-ma
0. 4-8 a-nu-U-ma ta-al-li-ku When you came, you said to me: "I will give good ingots to
ki-a-am ta-ag-bi-am Gimil-Sin.”
um-ma at-ta-a-ma
gu-ba-ri da-am-qu-tim
a-na gi-mil-9suen a-na-ad-di-in
0. 9-10 ta-al-li-ik-ma ta-ag-bi-a-am That is what you told me when you came, but you did not do
U-la te-pu-us it
o. 11-15 gu-ba-ri la da-am-qu-tim You put ingots that were not good before my messenger and
a-na ma-ar Si-ip-ri-ia said: “If you (pl.) want fo take them, take them; if you do noft,
ta-as-ku-un-ma um-ma at-ta-ma go away!”
Sum-ma fe-le-gé-a le-gé-a
Sum-ma [la] te-le-qé-a at-la-ka
[
r. 19-22 ki-si i-na ga-qa-ar na-ak-ri You have withheld my money bag in enemy territory; it is now
tu-uk-ti-il up to you to return my money to me in full.
ki-si a-na qa-ti-ia
Su-lu-ma-am e-li-ka i-su
r. 23-25 ki-ma an-ni-ki-a-am Take note: from now on | will not accept copper from you

we-ri-a-am la du-mu-ga-am
la a-ma-ha-ru-ka ta-la-ma-ad

here that is not of good quality.
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