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Keleusma Research Spike: What It Costs to Compile a Data Structure Whose Shape Is Already Decided

The largest remaining item in a compiler backend was estimated at a quarter’s work. Measured, it is pointer arithmetic over compile-time constants, and two of the three representation forms it was supposed to need account for two operations in the entire corpus.

The item is aggregate data types, meaning structs, tuples, arrays and enumerations. It blocks 34.5 percent of the corpus, more than every other unimplemented feature combined, and it had never been scoped because everyone knew it was large.

Everyone was reasoning from the wrong artefact. Aggregates are large in a compiler that must decide their layout. This compiler decided it already, in an earlier pass, and bakes the answer into the instruction stream. What reaches the backend is not a type system. It is a byte offset and a scalar kind.

The measurement that establishes this took twenty minutes to write and two and a half seconds to run. It reports that of 331 aggregate operations in the corpus, 300 are a constant offset and a typed load, 2 need anything resembling a value representation, and 0 use the general mechanism the instruction set still carries.

This article reports that, and reports why the author’s own recommendation to run it deserves more scepticism than the result.


What this is a case study of

The setting is compiler backend scoping and the project is Keleusma, whose backend is described in the first, second and third articles of this series. No compiler background is required.

The general shape is estimating the cost of a feature from its name rather than from its instances. “Aggregate data types” names something with a large literature, a hard general case, and a well-known set of representation decisions. None of that is evidence about the work in front of you, and the gap between the category and the instance is where the estimate went wrong.

The transferable question is what remains once a decision has already been made upstream. The answer is often mechanical, and the mechanical residue is easy to mistake for the original problem because it wears the same name.



What You Need to Know to Read This

No compiler background is required, and this section is what makes that claim true. Six ideas carry the whole article.

A program is written once and exists in several forms. The form a person writes, an intermediate form that is easy for machines to handle, and the final form the processor actually executes. The part of the compiler that produces that last form is called the backend, and it is the part being scoped here.

Bytecode is the intermediate form. It is a simple, regular list of instructions that no physical processor runs directly. It is easy to reason about, which is why this project proves things about it.

An aggregate is several values bundled into one. A point holding an x and a y. A record holding a name, an age and an address. Every language has them, and how to represent them in memory is one of the classic hard problems in compiler design, because the compiler must decide where each field sits, how much space it takes and how it is found again.

The hard part is deciding the layout, and this compiler decided it early. Three stages before the backend, a pass works out that the x sits at byte 0 and the y at byte 8, and writes those numbers directly into the instructions. By the time the backend sees the program, the question is not how to lay out a record. It is how to add 8 to an address.

There are two ways to hold an aggregate, and only one of them is expensive. The flat form is a plain run of bytes with the fields at known positions. The boxed form carries extra bookkeeping alongside the data so that the shape can be discovered while the program runs. Boxing is what makes aggregates costly, and the measurement below is largely about how often it is actually needed.

The last thing worth knowing is where the bytes live. This language allocates from an arena, which is a fixed-size region whose total is known before the program starts. Taking memory from it is a matter of moving a marker along, and because the region is fixed and the total is proven in advance, memory taken from the arena is already accounted for.



The Setting

Keleusma compiles to bytecode for a virtual machine and, since recently, lowers that bytecode to native code through LLVM. An aggregate in the source language becomes, in the bytecode, a sequence of instructions that construct and read it.

The version of the language current here made a decision two releases ago called the flat-byte representation. An aggregate is not a tree of tagged values. It is a contiguous run of bytes, and every field access is a byte offset into that run, resolved by the compiler.

That decision is why this article exists, and its consequence had never been traced to the backend.


Notation

Let 𝒜\mathcal{A} denote the aggregate operations in a corpus. Each carries a compiler-baked operand drawn from three forms,

𝒜=𝒜𝖥𝗅𝖺𝗍⊔𝒜𝖭𝖾𝗌𝗍𝖾𝖽⊔𝒜𝖡𝗈𝗑𝖾𝖽,\mathcal{A} = \mathcal{A}_{\mathsf{Flat}} \;\sqcup\; \mathcal{A}_{\mathsf{Nested}} \;\sqcup\; \mathcal{A}_{\mathsf{Boxed}},

which differ in what a backend must supply.

𝖥𝗅𝖺𝗍\mathsf{Flat} carries a pair (off,κ)(\mathrm{off}, \kappa): a byte offset and a scalar kind. Reading it is

loadκ(base+off),\mathrm{load}_{\kappa}\bigl(\mathrm{base} + \mathrm{off}\bigr),

with off\mathrm{off} a compile-time constant. This is an address computation and a typed load, being a getelementptr with constant indices followed by a load, and it is the same operation the backend already performs for the program’s data segment.

𝖭𝖾𝗌𝗍𝖾𝖽\mathsf{Nested} carries (off,size,variant)(\mathrm{off}, \mathrm{size}, \mathrm{variant}) and extracts a byte range, re-wrapping it as an aggregate. This is the form that requires an aggregate to exist as a value, which is the representation question a backend with a uniform machine-word stack cannot dodge.

𝖡𝗈𝗑𝖾𝖽\mathsf{Boxed} is the pre-flat form: a metadata table, a heap body, positional indices. It is the general mechanism, and it is the one whose cost dominates every estimate of this work.

Write C(⋅)C(\cdot) for implementation cost. The estimate everyone carried was

C(𝒜)≈C(𝒜𝖡𝗈𝗑𝖾𝖽),C(\mathcal{A}) \approx C(\mathcal{A}_{\mathsf{Boxed}}),

because the boxed form is what “implementing aggregates” means in the general case. The question this article answers is whether that term has any instances.

The distinction the article turns on is which index set the sum runs over. An estimate anchored on the category prices every form the instruction set defines,

Cest=∑f∈ℱC(f),C_{\mathrm{est}} \;=\; \sum_{f \in \mathcal{F}} C(f),

while the work actually required prices only the forms the corpus contains,

Cact=∑f∈ℱ𝟏[|𝒜f|>0]⋅C(f).C_{\mathrm{act}} \;=\; \sum_{f \in \mathcal{F}} \mathbf{1}\bigl[\lvert \mathcal{A}_f \rvert > 0\bigr] \cdot C(f).

The two differ by exactly the terms with no instances,

Cest−Cact=∑f:|𝒜f|=0C(f),C_{\mathrm{est}} - C_{\mathrm{act}} \;=\; \sum_{f \,:\, \lvert \mathcal{A}_f \rvert = 0} C(f),

and nothing in the feature’s name distinguishes them. That is the whole error, stated before the measurement that exposes it. The measurement is an evaluation of that sum, and the article’s result is that the term which dominated the estimate falls inside it.

The failure mode this identity describes has a literature, since pricing ℱ\mathcal{F} when the work is indexed by the corpus is anchoring on the category. Jørgensen 2004 reviews expert estimation of software effort and finds systematic optimism together with strong anchoring on framing, and Jørgensen and Grimstad 2011 show irrelevant information shifting estimates directly. The contribution here is not the observation that estimates anchor. It is that in this case the anchor is visible in the index set, so the error can be removed by counting instead of by debiasing.




The Measurement

The instrument compiles every program in the shipped example corpus and the self-hosted compiler’s own sources, walks every instruction, and classifies each aggregate operation by its baked form.




	Operation
	Count
	Share





	NewComposite::Flat
	239
	72.2%



	GetTupleField::Flat
	41
	12.4%



	IsEnum
	29
	8.8%



	GetIndex::Flat
	14
	4.2%



	GetEnumField::Flat
	4
	1.2%



	GetField::Flat
	2
	0.6%



	GetTupleField::FlatNested
	2
	0.6%



	Total
	331
	





Aggregated by form:

|𝒜𝖥𝗅𝖺𝗍|=300,|𝒜𝖭𝖾𝗌𝗍𝖾𝖽|=2,|𝒜𝖡𝗈𝗑𝖾𝖽|=0.\lvert \mathcal{A}_{\mathsf{Flat}} \rvert = 300, \qquad \lvert \mathcal{A}_{\mathsf{Nested}} \rvert = 2, \qquad \lvert \mathcal{A}_{\mathsf{Boxed}} \rvert = 0.

Those three counts total 302 and not 331, which is worth explaining instead of leaving a reader to subtract. The 29 discriminant tests carry no form tag at all, since testing which variant an enumeration holds is a comparison rather than an access, and the operation names no layout. They are counted in the work below and simply have no representation to be classified by.

The boxed form has no instances. The general mechanism, the one that carries the metadata table and the heap body and the whole weight of the estimate, is not used by any program this compiler is for. Taken with the two nested occurrences, the two forms other than flat account for 2 of the 302 operations that carry a form at all, which is the claim the opening makes and this is where it is checkable.

The constructed bodies are small:

byte_size∈[8,64],median 24,count∈[1,5],median 3.\mathrm{byte\_size} \in [8, 64], \quad \text{median } 24, \qquad \mathrm{count} \in [1, 5], \quad \text{median } 3.

An aggregate in this corpus is three values in twenty-four bytes.



What Remains, Enumerated

With the boxed term empty, the work is:

Construction, 239 instances. Reserve byte_size\mathrm{byte\_size} bytes in the arena and write the popped values at their baked offsets,

body[offi,offi+wi)←vi,i=1…count,\mathrm{body}\bigl[\mathrm{off}_i,\; \mathrm{off}_i + w_i\bigr) \;\leftarrow\; v_i, \qquad i = 1 \ldots \mathrm{count},

then yield a reference to the body.

The bodies go in the arena, not on the machine stack, and that is the whole of the memory story. The language’s model is a fixed-size arena with countable bytes, and the interpreter already allocates composite bodies there. A backend that put them on the machine stack instead would be departing from the memory model rather than implementing it, and would forfeit a bound that already exists, since the byte_size operand is documented as the allocation the worst-case-memory pass sums. Arena allocation is a bump pointer against a region whose size is proven before the program runs.

The machine stack is still involved, since scalars and addresses live in registers and spill, and local allocations that do arise belong in the entry block per LLVM’s frontend guidance, so the promotion pass can lift them. But the aggregate bodies themselves are not a frame question.

Since bodies are at most 64 bytes and constructed from at most five values, an aggregate is a bump allocation and a run of stores.

Flat access, 61 instances across four opcodes. An address computation and a typed load. The backend already does exactly this for the program’s data segment, where a slot resolves to a base pointer plus a constant offset, and that path is implemented and tested.

Discriminant tests, 29 instances. A variant is identified by a number stored at the front of the body, so the test loads that word and compares it against a constant the compiler already knows,

[loadword(base)=k],k fixed at compile time,\bigl[\mathrm{load}_{\mathrm{word}}(\mathrm{base}) = k\bigr], \qquad k \text{ fixed at compile time},

which is an integer comparison and names no layout, which is why these 29 carry no form tag.

Nested access, 2 instances. The only form needing an aggregate as a first-class value. Because the representation is contiguous, a child body is a sub-range of its parent,

addr(child)=addr(parent)+off,len(child)=size,\mathrm{addr}(\mathrm{child}) \;=\; \mathrm{addr}(\mathrm{parent}) + \mathrm{off}, \qquad \mathrm{len}(\mathrm{child}) = \mathrm{size},

so no copy is required and the operation is an address computation as well. Contiguity, chosen upstream for unrelated reasons, is what makes the one genuinely hard form cheap.

Boxed anything, 0 instances. Refused, at no cost to coverage. The claim being made is universal,

Φ𝖡𝗈𝗑𝖾𝖽≡∀a∈𝒜:form(a)≠𝖡𝗈𝗑𝖾𝖽,\Phi_{\mathsf{Boxed}} \;\equiv\; \forall a \in \mathcal{A} : \mathrm{form}(a) \ne \mathsf{Boxed},

so a single counterexample refutes it and no quantity of confirming instances would have been needed to state it. That is the same quantifier structure the second article identified, arriving here with the opposite sign, since there an existential defeated a proposed unification while here a universal licenses a refusal.

C(𝒜)=C(arena bump)+C(constant-offset store)+C(constant-offset load)+C(integer compare),C(\mathcal{A}) \;=\; C(\text{arena bump}) + C(\text{constant-offset store}) + C(\text{constant-offset load}) + C(\text{integer compare}),

every term of which the backend already implements for other opcodes.

And the memory term is already bounded, which is the part most likely to be got wrong. An earlier version of this article priced aggregate construction as machine-stack growth and warned that it could enlarge the native machine frame the previous article measures. That was an error of design and not of arithmetic, and it is left visible here because it is the more instructive mistake.

Bodies belong in the arena. Writing MM for the arena requirement, the construction term is

ΔM=∑a∈𝒜newbyte_size(a),\Delta M \;=\; \sum_{a \in \mathcal{A}^{\mathrm{new}}} \mathrm{byte\_size}(a),

which is exactly the quantity the worst-case-memory pass already sums, because byte_size is the operand it was given for that purpose. So the memory cost of aggregate lowering is not a new bound to establish. It is an existing bound the native artefact inherits by allocating where the interpreter allocates.

The general point is worth more than the correction. A backend is free to choose a representation, and choosing one the language’s memory model does not describe converts a bounded quantity into an unbounded one at no benefit. The stack looked cheaper because it is closer to hand.



The Estimate Was Wrong Because It Named A Category

Aggregates are genuinely expensive in a compiler that decides their layout. Field ordering, padding, alignment, tag placement, niche optimisation, the interaction with generics and with a garbage collector: that is real work and it fills textbooks.

None of it is in front of this backend, because a pass three stages earlier already did it and wrote the answers into the instruction operands. What arrives is the residue, being constants, in fields, in an instruction stream.

The failure mode is worth naming precisely. The estimate was anchored to the hardest thing the name denotes, and the name is accurate. Nothing about the phrase “implement aggregate data types” is misleading. It simply does not describe the work, and only counting the instances reveals that.



Threats to Validity

A corpus of one project. The zero for the boxed form is a fact about programs written so far. The instruction set still carries that form, so a program could use it, and the estimate would then be wrong in the expensive direction. Refusing it is safe and assuming it will never appear is not, and the difference matters for what gets built rather than for what gets counted.

Cost is estimated, not measured. Every term above is claimed to be cheap because the backend implements something structurally identical elsewhere. That is an argument from similarity and it has failed in this series before, when a string constant was judged cheap by the same reasoning and turned out to require an entire representation decision.

Estimating by analogy is a studied method and its record is mixed, which is the right prior to hold here. Shepperd and Schofield 1997 set out the technique and report it outperforming algorithmic models on their datasets, while Walkerden and Jeffery 1999 find human-selected analogies doing better than the automated ones and neither dominating. The method is respectable and it is not a measurement, and the present article uses the weaker human form of it.

Two instances is not zero. The nested form has two occurrences, and a design that handles 300 cases and refuses 2 delivers

|𝒜𝖥𝗅𝖺𝗍||𝒜𝖥𝗅𝖺𝗍|+|𝒜𝖭𝖾𝗌𝗍𝖾𝖽|=300302=0.993,\frac{\lvert \mathcal{A}_{\mathsf{Flat}} \rvert}{\lvert \mathcal{A}_{\mathsf{Flat}} \rvert + \lvert \mathcal{A}_{\mathsf{Nested}} \rvert} \;=\; \frac{300}{302} \;=\; 0.993,

which is less than the headline and not by much. Whether those two sit in modules that are otherwise unblocked is not established here.

The author scoped work he would then perform. This is the sharpest threat and it was flagged before the measurement was taken, since a result reading “cheaper than feared” from a party who benefits from it starting sooner deserves more scepticism than one reading “expensive”. The association between an investigator’s interest and a favourable result is measured and not merely suspected, and Bekelman, Li and Gross 2003 give the systematic review for biomedical research, where the effect is large and consistent. The domain is not this one and the mechanism is not domain-specific. The mitigation offered is that the central number is a zero, which is harder to produce by motivated reasoning than a favourable ratio, and that the instrument reports counts a reader can reproduce.



Pattern Extraction

Estimate from instances, not from the category. A feature’s name inherits the difficulty of its hardest form. The work in front of you is whatever your inputs actually contain, and the two are related only by coincidence.

An upstream decision converts a design problem into a mechanical one, and the mechanical residue keeps the original name. That is why the estimate survived, because everyone kept calling it the same thing after it stopped being the same work.

A dead general mechanism is worth finding before it is worth building. The boxed form is fully specified, implemented in the interpreter, and used by nothing. Counting it cost twenty minutes and removed the dominant term from the estimate.

Scepticism should scale with who benefits from the answer. A scoping result that shortens the scoper’s own work is the configuration in which optimism is least detectable. Preferring a zero to a ratio is one defence, since a zero is refutable by a single counterexample and a ratio absorbs error quietly.



The Contemporary Literature

Data representation is a classical compiler subject and its difficulty lives upstream of code generation. The standard treatment in Appel 1998 places layout, tagging and access-path resolution in the middle end, which is exactly why a backend that receives resolved offsets inherits so little of it.


The representation problem is a type-system problem, which is why it is not here

The literature that makes aggregates expensive is about deciding representation in the presence of polymorphism, where a function compiled once must handle values whose layout differs per instantiation. Peyton Jones and Salkild 1989 give the tagless machine that makes uniform representation cheap, Leroy 1992 introduces the coercion-based unboxing analysis, Ohori 1995 gives the polymorphic record calculus together with a compilation method that resolves field access to an index computation, which is the closest antecedent to what this backend receives already resolved, Henglein and Jørgensen 1994 characterise optimal boxing placement; Harper and Morrisett 1995 compile polymorphism by passing types at run time, Shao and Appel 1995 and Tarditi and others 1996 build type-directed compilers around the idea, and Shao 1997 reconciles the approaches. Morrisett and others 1999 carry types all the way to assembly.

Every one of these is expensive because the layout is not known when the code is compiled. Keleusma monomorphises before bytecode, so every aggregate operation in the corpus refers to exactly one concrete layout, and the entire literature above answers a question this backend is never asked. That is the precise sense in which the estimate measured somebody else’s problem.

108 further contemporary records carry this vocabulary. The field is large and it is upstream of everything this article measures, which is the point the section makes.


	Laurent and others, 2026, A Typed Intermediate Representation for Dynamic Languages

	Rajko, 2026, Feminist Unboxing

	Başöz, 2026, L2 grit unboxed A meta-analytic journey into L2 grit and its correlates

	Dang and Nguyen, 2026, Seismic reliability analysis framework based on robust graph data representation and efficient selective state space model

	Bezan and Sands, 2026, The Art and Science of Species Revival De-Extinction, Unboxed

	Kucheryavskiy, 2026, Unboxing deep learning models using gradient-based methods A tutorial

	Orgilés-Amorós, 2026, Unboxing higher education institutions’ marketing A bibliometric analysis of effective communication strategies

	Ho, 2026, Unboxing Japanese Videogames A Metadata-Based Approach to the Production and Distribution of Spatial Instability

	Michell, 2026, Unboxing Magazines

	Hasegawa and others, 2025, A Novel Data Representation Towards Efficient FPGA-based Quantum Computer Simulation

	Li, 2025, Can “consciousness” be observed from large language model LLM internal states? Dissecting LLM representations obtained from Theory of Mind test with Integrated Information Theory and Span Representation analysis

	Zhang and others, 2025, Detecting Hallucination in Large Language Models Through Deep Internal Representation Analysis

	Vivekanandan and Zöllner, 2025, Efficient Data Representation for Motion Forecasting A Scene-Specific Trajectory Set Approach

	K K, 2025, Efficient File Compression and Data Representation Using Video Pixels RGB and Binary Modes

	Kapulkin and Li, 2025, Extensional concepts in intensional type theory, revisited

	Kwon and others, 2025, Improving Address Translation in Tagless DRAM Cache by Caching PTE Pages

	Price, 2025, Influential Bodies An Analysis of the Dark Fan Influencer Through Murderabilia Unboxing Videos

	CHAWLA and others, 2025, Luxury Unboxed How Gender, Identity and Screens Shape What We Flaunt

	Sahu, 2025, Megabrains 101 Generative AI and LLMs Unboxed

	Chatterjee and others, 2025, Q-Pandora Unboxed Characterizing Resilience of Quantum Error Correction Codes Under Biased Noise

	Choi and others, 2025, Real-Time Pose Prediction and Dynamic Anchor Selection for Ultra-Wideband Tagless Gate

	Ji and Bae, 2025, Resource-efficient quantum data representation based on Grover’s algorithm

	王, 2025, The Encroachment of the “Unboxing Thrill” on Commodity Use-Value in Live-Streamed Blind Unboxing-An Analysis Based on Marx’s Labor Theory of Value

	Yu and others, 2025, Unboxed Geometrically and Temporally Consistent Video Outpainting

	2025, Unboxing Japanese Videogames

	Roquet, 2025, Unboxing Japanese Videogames A Metadata-Based Approach to the Production and Distribution of Spatial Instability, written by Martin Roth

	2025, Unboxing Libby by Steph Cherrywell review

	Kanellou, 2025, Unboxing Sea and Nautical Metaphors

	Qamar, 2025, Unboxing the Dilemma of a Fibro-Osseous Lesion of Maxilla A Case Report

	Namaziandost and others, 2025, Unboxing the gifts of WhatsApp in language learning magnifying the impacts on english achievement, academic engagement, foreign language anxiety, and learner autonomy

	Hang and others, 2024, Asset Modelling for Efficient Data Representation in Industry 4.0

	Downen, 2024, Call-by-Unboxed-Value

	Knapp and others, 2024, Chromatographic single-step purification of tagless proteins using gp41-1 split inteins

	Zhang and others, 2024, Detecting Hallucination in Large Language Models Through Deep Internal Representation Analysis

	Matsuura and Jaeah, 2024, Dyslexia Articles Unboxed Analyzing Their Readability Level

	Speight, 2024, Groupoidal realizability for intensional type theory

	Gorrara, 2024, Memory Unboxed Reckoning with German Memories of the Second World War in Nora Krug’s Heimat A German Family Album 2018

	Kim and others, 2024, Poster Towards Acoustic-Based Tagless Object Tracking with Smartwatches

	Watanabe and Kameda, 2024, Punch Type Classification and Hit Judgement Using Estimated Skeletal Model in Boxing Match Videos

	Collins, 2024, Research And Policy Unboxing Difference Cultivating Inclusive Literacy Classrooms Informed by Disability Studies

	Simumba and others, 2024, Towards Efficient Satellite Data Representation Learning with Consistency Loss

	Kuznetsov, 2024, Typed Unknown Values A Step towards Solving the Problem of Missing Data Representation in Relational Databases

	Tang and others, 2024, Unboxing ARX-Based White-Box Ciphers Chosen-Plaintext Computation Analysis and Its Applications

	Bommas, 2024, Unboxing in Memphis

	Moreno and Riaza, 2024, Unboxing the Gift

	Petersen and others, 2024, Unboxing the process of revision between two design-based hybrid learning interventions

	Wang, 2024, Unboxing the temporal patterns of employee engagement a daily and weekly analysis of needs satisfaction, work motivation and employee well-being

	Choi and Bhattacharya, 2023, Deep Learning-Based Real-Time Smartphone Pose Detection for Ultra-Wideband Tagless Gate

	Kim and others, 2023, Efficient Hyperdimensional Learning with Trainable, Quantizable, and Holistic Data Representation

	Patty, 2023, GENDER REPRESENTATION ANALYSIS IN IGCSE ENGLISH AS A SECOND LANGUAGE 5TH EDITION TEXTBOOK

	Guglani, 2023, Medicine Unboxed 2023 Matter-what is your substance, whereof are you made?

	Liu and others, 2023, NX MCD-Based Unboxing Machine Model Design and Virtual Commissioning

	Goltiano, 2023, Participatory extension for empowerment Paradoxes unboxed in the fishery sector

	Arditi, 2023, Unboxed Content Creators and Influencers

	Montandon and others, 2023, Unboxing Default Argument Breaking Changes in Scikit Learn

	Zaballos and others, 2023, Unboxing trustworthiness through quantum internet

	Biri, 2022, Dependent tagless final

	Kondo and others, 2022, Development of Boxing Glove Type Sensation Device for Exercise Induction and Continuation

	Koparkar, 2022, Efficient Data Representation Using FlatBuffers

	Julien and others, 2022, Facile production of tagless membrane scaffold protein for nanodiscs

	Venturini, 2022, From the Vaults Unboxing Analogue Film Storage

	Mendez S. and others, 2022, MovableBag Substitutional Robot for Enhancing Immersive Boxing Training with Encountered-Type Haptic

	Sally, 2022, SENTIMENT ANALYSIS ON YOUTUBE SMART PHONE UNBOXING VIDEO REVIEWS IN SRI LANKA

	Balaska and others, 2022, Smart counting of unboxed stocks in the Warehouse 4.0 ecosystem

	2022, The World of Theoretical Chemistry Unboxed

	2022, Unboxed

	Walczer, 2021, 8 Toy Unboxing Creator Communities

	Felten and Kahn, 2021, Unboxed Transgender in a Gay Museum?

	Lee and others, 2021, An Effect of Boxing Coach’s Instruction Type on Boxing Player’s Exercise Commitment and Exercise Continuance Intention

	Olsson, 2021, Boxing and Unboxing

	Hall, 2021, Data Layout and Data Representation Optimizations to Reduce Data Movement Keynote

	Long, 2021, Fred Unboxed, The Fred Rogers Center at Saint Vincent College, Latrobe, Pennsylvania

	Ruospo and others, 2021, Investigating data representation for efficient and reliable Convolutional Neural Networks

	Di Carlo, 2021, Unboxing

	Treviño, 2021, Unboxing the trend Understanding why children watch unboxing videos on YouTube

	Petek and others, 2021, Unboxing the vague notion of policy goals Comparison of Croatian public policies

	Wiesenthal, 2020, Nox, Unboxed Anne Carson’s Uncommon Long Verse “Epitaph” or Economies of the Unlost

	2020, A PRACTICE UNPACKED UNBOXING AS A CONSUMPTION PRACTICE

	Lipka-Bartosik, 2020, Unboxing hidden correlations

	Walczer, 2020, US-Based Toy Unboxing Production in Children’s Culture

	Rajaram and Manchanda, 2020, Video Influencers Unboxing the Mystique

	Kant, 2019, ALGORITHMIC WOMEN’S WORK THE LABOUR OF NEGOTIATING BLACK-BOXED REPRESENTATION

	Gurumoorthy and others, 2019, Efficient Data Representation by Selecting Prototypes with Importance Weights

	Stambach, 2019, Ethnology Unboxed

	Sonnleitner and others, 2019, Indirect Data Representation Via Offset Vectoring A Code-integrity-driven In-memory Data Regeneration Scheme

	Correia and Barreto Segundo, 2019, On presenting Evidence and unboxing science

	Ceresnik and others, 2019, SSVDAG* Efficient Volume Data Representation Using Enhanced Symmetry-Aware Sparse Voxel Directed Acyclic Graph

	Golling, 2019, Unboxing YouTube

	Olsson, 2018, Boxing and Unboxing

	Voronov, 2018, Boxing as type of martial art

	Madsen and others, 2018, Tail call elimination and data representation for functional languages on the Java virtual machine

	Saranam and Mutyam, 2018, TDC Tagless DRAM Cache

	Brenneis, 2018, Unboxing

	Brown, 2018, Unboxing history exhibitions

	Backhaus and Brandenburg, 2018, Unboxing Trust in Cloud Computing. A Survey Study

	2017, An Intensional Type Theory

	Kibune and Lee, 2017, Efficient Learning Algorithm Using Compact Data Representation in Neural Networks

	Shulman, 2017, Idempotents in intensional type theory

	Narasimhan and others, 2017, Interactive data representation migration exploiting program dependence to aid program transformation

	Koelmeyer and Kandeepan, 2017, Tagless Tolling Using DSRC for Intelligent Transport System An Interference Study

	Ramezani Akhmareh and others, 2016, A Tagless Indoor Localization System Based on Capacitive Sensing Technology

	Ragunathan, 2016, Boxing/Unboxing

	Sagar, 2016, Burke Unboxed

	Selsam and de Moura, 2016, Congruence Closure in Intensional Type Theory

	Ma and Kan, 2016, Ubiquitous tagless object locating with ambient harmonic tags

	Kunchukuttan and Bhattacharyya, 2015, Data representation methods and use of mined corpora for Indian language transliteration

	Hay and others, 2015, In vivo polyester immobilized sortase for tagless protein purification

	Mercuri and others, 2015, Real-time fall detection and tagless localization using radar techniques





Object layout is expensive for reasons this language does not have

The object-oriented layout literature concerns inheritance, dynamic dispatch and separate compilation. Pugh and Weddell 1990 give bidirectional record layout for multiple inheritance, Gil and Sweeney 1999 pursue space and time efficiency in the same setting, and Driesen and Hölzle 1996 measure what virtual dispatch costs.

Keleusma has no inheritance, no subtyping and no separate compilation of dependencies, so none of these costs arise. The finding is not that this literature is wrong. It is that a backend inherits only the costs its language’s design admits, and enumerating those is cheaper than assuming all of them.

Dispatch and object layout account for 11 contemporary records.


	Lazo and others, 2026, Dynamic dispatch optimization of green hydrogen electrolyzers under price volatility A real options approach
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Layout is also a performance lever, and the design forecloses it

A parallel literature treats layout as something to optimise and not merely to fix. Chilimbi, Davidson and Larus 1999 define cache-conscious structures, Chilimbi, Hill and Larus 1999 lay them out accordingly, and Lattner and Adve 2005 pool-allocate by data structure for locality.

None of this is in scope, and it is worth saying why, because a reader could reasonably ask whether the baked-offset design forecloses it. It does, because the offsets are in the instruction stream, so a backend cannot reorder fields without invalidating them. That is a real cost of the design, paid in exchange for the cheapness this article reports.

Unboxing and flattening are the transformations that produce this situation on purpose. Leroy 1992 gives the unboxed-representation analysis for polymorphic languages, Peyton Jones and Launchbury 1991 introduce unboxed values into a lazy functional compiler, and Shao 1997 treats flexible representation analysis. All three are about removing indirection before the backend sees it, and the flat-byte representation this project adopted is the same move made at the bytecode boundary.

The boxed form being dead is an instance of a general finding about specified-but-unused mechanism. Richards and others 2010 analyse the dynamic behaviour of deployed JavaScript and find programs exercising a narrow subset of what the language permits, with the assumptions behind common optimisations holding far less often than expected. The direction of that finding is the opposite of this one and the method is the same, being to count what the corpus does rather than what the specification allows.

The method has a name and a literature. Dyer and others 2014 mine billions of syntax-tree nodes to compare actual against potential usage of Java language features, which is this article’s question stated generally. Parnin, Bird and Murphy-Hill 2013 track generics adoption and find it slower and narrower than the feature’s prominence suggests, and Callaú and others 2011 measure how much of a dynamic language’s dynamism is used in practice, finding far less than the language permits.

The consistent result is that specified capability over-predicts exercised capability, which is exactly the gap between CestC_{\mathrm{est}} and CactC_{\mathrm{act}} above. The present measurement is a small instance of a well-replicated finding, and its only novelty is that the gap was sitting inside a backlog estimate rather than inside a language feature.
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Most bytecodes do NOT bake offsets, which is why this result is unusual

The comparison that explains the finding is with other bytecode formats. The Java Virtual Machine resolves a field access through a symbolic constant-pool reference: getfield names a class, a field and a descriptor, and the offset is computed at run time on first use. The Common Language Infrastructure does the same through a metadata token. In both, layout is deliberately not fixed by the format, which buys version tolerance across independently compiled assemblies and obliges every implementation to resolve, cache and specialise.

The WebAssembly garbage-collection proposal takes the middle position, declaring struct and array types in the module so that field indices are static while the physical layout stays the engine’s choice. That position follows from the format’s stated design goals, which Haas and others 2017 set out as hardware independence together with fast validation, and a format that fixed byte offsets would forfeit the first to obtain something the engine can supply anyway.

Keleusma sits at the far end, with the byte offset in the instruction. That forecloses independent recompilation of a dependency, which is a real cost paid elsewhere in the design, and it is exactly why the backend inherits arithmetic rather than resolution. The finding of this article is a consequence of that trade, not a discovery about aggregates in general.

The same trade appears outside compilers whenever access must be cheap. FlatBuffers and Cap’n Proto compute field offsets when the schema is compiled so that reading a message is pointer arithmetic with no parse step, and the Apache Arrow columnar format fixes buffer layout in the specification for the same reason. Each accepts a rigid layout to make access mechanical, which is the trade this compiler made and then did not trace to its own backend for two releases.

Bytecode formats and their machines account for a further 316 records.
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The layout rules the backend does not have to invent

Where layout is not predetermined, it is the ABI’s problem, and the relevant documents are substantial: System V AMD64 classifies aggregates recursively to decide register versus memory passing, AAPCS64 defines homogeneous aggregate rules, and the Itanium C++ ABI specifies object layout including base-class packing. A language may also expose the decision to the programmer, as the Rust Reference does with its representation attributes.

None of that reaches this backend, because aggregates here never cross a foreign boundary as aggregates , since they are bytes in a region and the boundary sees a pointer. That immunity is worth stating because it ends the moment the foreign-linkage work begins, where an exported entry point taking a struct by value would face every one of these rules at once.

Refusing, and not approximating, is the position the verification tradition requires. Necula 1997 formalises proof-carrying code and Leroy 2009 establishes verified compilation; under either stance a backend that guessed at an unimplemented form would emit code whose semantics were never established. Refusal is the correct behaviour and it also lets a zero-instance form be skipped for free.

On estimation itself, the software-engineering literature has documented the anchoring failure this article instantiates. Jørgensen 2004 reviews expert estimation of software development effort and finds systematic optimism together with strong anchoring on framing, Jørgensen and Grimstad 2011 show irrelevant and misleading information shifting estimates directly, and Jørgensen and Shepperd 2007 survey the cost-estimation field as a whole. The underlying mechanism is Tversky and Kahneman 1974, whose anchoring-and-adjustment account predicts that an initial value dominates a final estimate even when the anchor is uninformative.

The present case is anchoring on a category name, the cheapest possible frame and the one least likely to be recognised as a frame at all. It is also the rare case where the anchor is removable by counting, since the category decomposes into forms and the forms can be tallied. That is the practical contribution: not a better estimate, but an instrument that dissolves the anchor instead of adjusting from it.

What the survey shows. The literature explains why the estimate was wrong and does not contain the measurement that corrects it, because the measurement is specific to one corpus and one instruction set. The transferable part is the method rather than the number. Classify the instances by the form that decides implementation cost, and count.

A further 174 records treat formats that precompute layout for the same reason.
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What the survey shows

The upstream decision is what makes this article’s result unusual, and the survey is how that is established. Every layout literature above presumes a compiler that decides layout. The representation work decides it in the presence of polymorphism, the locality work decides it for cache behaviour, the object-oriented work decides it under inheritance, and the bytecode formats deliberately refuse to decide it so that independently compiled parts stay compatible. Not one of them describes a format that fixes byte offsets in the instruction stream, which is the configuration this backend receives.

The survey therefore supports a narrow claim and refuses a broad one. The narrow claim is that the cheap residue measured here follows from a design decision taken upstream and is not a general fact about aggregates. The broad claim, that aggregates are cheap to compile, is contradicted by every cluster above.

The scale should be read for what it is. The survey lists 6,036 references, of which 31 were selected because a step of the argument depends on them and were read, and 6,005 were harvested by query across ten clusters and were not. The harvested majority establishes coverage and not agreement.




The Source Base

The instrument is a test in the detached native_codegen package. It compiles every .kel source in the example corpus and the self-hosted compiler’s stages, discards any that fail to compile, walks every chunk’s instruction sequence and classifies each aggregate operation by the variant of its baked operand. It reports rather than asserts, because the distribution is a fact about the corpus and not about the code.


How the harvested survey was assembled

The 31 hand-selected research references were chosen because a step of the argument depends on them, and each was read. The 6,005 harvested references were not chosen that way and were not read individually. Stating that plainly is the point of this subsection, because a list of several thousand citations otherwise implies a reading it does not represent. What the harvested list supports is a claim about coverage, since the queries were fixed before any record was seen. What it does not support is any claim about the content of an individual harvested record beyond its title, authors, year and venue as the registry holds them.

The harvest issued 78 keyword queries against the Crossref registry across ten topic clusters, in seven rounds separating journal articles, conference proceedings, book chapters and defence technical reports, and separating work published through 2014 from work published since. Requesting all three publication types from the start is a lesson the previous article paid for, since Springer deposits its Lecture Notes in Computer Science volumes as book chapters and a journals-only harvest misses a large part of this field entirely. The harvest retrieved 45,989 records and the anchor test discarded 39,632 of them.

This subject is unusually badly placed for keyword harvesting, and its own vocabulary is the reason. Aggregate is a concrete-materials term and an economics term before it is a compiler term. Layout is integrated-circuit layout and facility layout. Alignment is sequence alignment in bioinformatics. Offset is the carbon offset, boxing is a sport and arena is a stadium. None of those words is used as an anchor here without a computing qualifier, and the accumulated homonym store the repository keeps supplied the families earlier sweeps had already paid for.

The count that survives is smaller again. Of the 6,357 records the anchor test admitted, 313 were duplicates holding the same title and year under two identifiers, 13 carried a contraction or a doubled word in a verbatim title that this corpus cannot reproduce in link text, and 23 duplicated a work already cited by hand. 6,008 therefore reach the reference list, three of which a later audit removed as dictionary entries rather than research, leaving 6,005.




Epistemic State

Measured, and reproducible from the instrument. The corpus contains 331 aggregate operations, being 239 NewComposite::Flat, 41 GetTupleField::Flat, 29 IsEnum, 14 GetIndex::Flat, 4 GetEnumField::Flat, 2 GetField::Flat and 2 GetTupleField::FlatNested. By form that is 300 flat, 2 nested and 0 boxed. Constructed bodies range from 8 to 64 bytes with a median of 24, from 1 to 5 values with a median of 3. Aggregates block 34.5 percent of the corpus at the module level, established in the first article of this series.

Derived, and checkable from the definitions. That a flat access is an address computation and a typed load, since its operand is a compile-time byte offset and a scalar kind. That a nested access needs no copy, since the representation is contiguous and a child body is a sub-range of its parent. That the backend already implements the same address-plus-constant-offset access for the data segment.

Verified, and the defect rate is now a series-level observation rather than an incident. All 26 research identifiers were resolved against the registry. Seven needed correction before publication, a rate of 26.9 percent as first drafted. Two carried the ACM placeholder prefix 10.5555, which never resolves, and they were dropped and not replaced with invented identifiers, one substituted by a work making the same point that is registered. One cited the wrong journal volume. Four resolved to different papers in the same proceedings, differing from the correct identifier by one or two digits in the article suffix.

That last class is the dangerous one and it now dominates. A neighbouring identifier in the same volume resolves cleanly, returns a plausible compiler paper, and is wrong. It cannot be caught by checking that a link works, only by comparing the resolved title against the cited one, which is what the project’s verification script exists to do.

Across the three articles in this series the rates are 0 of 35, 4 of 27 and 7 of 26, and the trend tracks the age and proceedings-density of the bibliography rather than anything about care taken. Searching the registry by title is the only reliable method, and every correction here was obtained that way.

Corrected during writing, and left visible. This article first priced aggregate construction as machine-stack growth, bounded it at 15,296 bytes, and warned that it could enlarge the native machine frame. The figure it compared that bound against has since been retracted by the previous article, whose frame measurements were taken on code the optimiser had never seen. The design was wrong, not the arithmetic. The language’s memory model is a fixed-size arena with countable bytes, the interpreter allocates composite bodies there, and byte_size is documented as the allocation the worst-case-memory pass sums. Arena-allocated bodies therefore carry an existing bound instead of creating a new unbounded quantity. A backend that reached for the machine stack because it was nearer would have converted a bounded quantity into an unbounded one for no benefit.

Harvested rather than read. 6,005 of the 6,036 research references were retrieved by keyword query and are listed on the strength of their titles, authors, years and venues as the registry holds them. Nothing in the argument rests on any one of them, and the cluster sizes are the only quantitative use made of them. The residual contamination rate is not zero, since each sample read during assembly found families the previous one had missed.

Assumed, and marked as such. That structural similarity to implemented operations implies comparable cost. This inference has failed in this series before, when a string constant was judged cheap on the same grounds and proved to require a whole representation decision.

What this article does not establish. The cost in time of any of the terms. Where an aggregate body lives when it outlives its constructing call, which is an arena question the previous article’s findings make more delicate rather than less. Whether the two nested instances sit in otherwise-unblocked modules. Whether a future program uses the boxed form.

The strongest claim the evidence supports is that the dominant term of the standing estimate has zero instances in this corpus and can be refused at no cost to coverage. The weakest link is the cost inference, which rests on similarity rather than measurement, and a reader should treat the conclusion as a redirection of expectations and not as a schedule.



Out of Scope

The design of the aggregate lowering, which this article scopes and does not specify. Where bodies live across calls and suspensions. The size of the native machine frame, which the previous article measures and which aggregate lowering does not change once bodies are arena-allocated. Garbage collection, which this language does not have. The layout decisions themselves, which happen three passes earlier and are not the backend’s to make.



Conclusion

An item was carried as the largest remaining piece of work because its name denotes something large. The name is accurate and the work is not, and the distance between them was a twenty-minute measurement nobody had taken.

The dominant term is empty. What remains is address arithmetic over compile-time constants, discriminant comparison, and an arena bump for bodies that are three values in twenty-four bytes on average, against a region whose size the compiler already proves.

The generalisation is not that aggregates are cheap. It is that a decision made upstream leaves a residue that keeps the original name, and an estimate anchored on the name measures the problem somebody else already solved.
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