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ABSTRACT

CFLBench evaluates whether tool-augmented language models can acquire the
execution semantics of previously unseen programming languages from a handful
of examples and black-box execution feedback. We construct 19 small deterministic
languages that share a compact, assembly-like surface vocabulary but vary the
underlying control-flow mechanism. Each language provides four tasks: Tasks
1-2 emphasize direct generalization from examples and are defined as passive,
while Tasks 3—4 are designed to benefit from active experimentation via probe
programs and iterative hypothesis refinement and are defined as active. Across
a range of state-of-the-art models, we observe a consistent gap between passive
and active tasks. The strongest model we evaluate, GPT 5.2, achieves 94.7% on
passive tasks but drops to 60.5% on active tasks. Comparatively, other models such
as Claude Opus 4.5 (94.7%—42.1%), Gemini-3-Pro (84.2%—31.6%) degrade
more sharply. This pattern suggests that learning new execution semantics through
interaction is a distinct bottleneck, beyond simply learning semantic patterns from
examples. We release code: https://anonymous.4open.science/r/
CFLBench-CO1E/| We release the tasks and interpreters to support fine-grained
behavioral analysis of inductive strategies and failure modes.

1 INTRODUCTION

Large language models (LLMs) have shown remarkable performance across many static benchmarks.
However, an important question is how well they support fluid intelligence, acquiring new rules
from sparse evidence and applying them reliably in out-of-distribution settings (Chollet, [2019).
A consequential component of fluid intelligence is interactive induction: the ability to perform
experiments, interpret observations, and update hypotheses before committing to the next action.

In many real-world situations, the so-called “experiment” is not a physical measurement but a black-
box system that can be queried: a simulator, a tool API, a legacy workflow engine, or a language-like
interface without documentation. Recent benchmarks have begun to evaluate this kind of interaction
in scientific domains, where agents probe environments to uncover hidden scientific laws (Chen et al.|
2025; Shojaee et al., 2025; Zheng et al., 2025). However, most existing interactive benchmarks still
entangle this loop with substantial domain priors such as physics, whereas we want a controlled
setting where such prior knowledge does not augment the interaction. The agent must learn the rules
only by probing a black-box system and updating hypotheses from observed executions.

Most inductive-reasoning benchmarks emphasize passive pattern completion (e.g., inferring a map-
ping from I/O examples), where the agent cannot actively choose what evidence to collect. In
the domain of code synthesis, programming-by-example and inductive synthesis frameworks have
historically focused on learning a program in a known DSL from demonstrations (Gulwani; [Polozov
& Gulwanil 2015; Devlin et al.,|2017). In contrast, CFLBench makes execution semantics itself the
inductive target: the agent must infer how an unfamiliar instruction system executes via black-box
probing, rather than fitting a mapping under fixed semantics.

More recent LLM-era evaluations similarly test whether models can generalize from examples,
often with a fixed oracle and held out tests (Li & Ellis} 2024; Wei et al., 2025b). Interactive coding
benchmarks provide execution feedback, but typically in familiar languages and toolchains, where the
challenge is debugging within known semantics rather than discovering the rules of the underlying
system (Yang et al., 2023} Jimenez et al., 2024} |Yang et al., 2024)). Prior research in esoteric language
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ID Key idea ID Key idea

L1 Three instruction lanes (A/B/C) with separate L11 Two-pass execution; second pass reorders
pointers; UDA switches execution between lanes marked lines ("/v) by swapping adjacent v-
in fixed cycle (A—B—C). blocks followed by ~-blocks.

L2 Labels execute in ascending order; XIH a b L12 UWR records execution ribbons from next line;
declares a depends on b’s execution. NHO replays recorded ribbon up to next UWR in

source order.
L3 Labeled instructions are active/dormant; sched- L13 Labeled lines with execution quotas; cycles

uler picks next greater active label; HEX exe- through labels in order until all quotas ex-
cutes and switches state. hausted; SIZ adds quota.

L4 Labeled lines sorted by index; RCS sets L14 Labeled lines executing once in order; AYZ
stride register controlling index increment (no pushes return labels; STOP returns to most re-
wraparound on out-of-bounds). cent pinned label (LIFO).

L5 Labeled lines with optional chorus markers (x); L15 Consumptive labeled lines; FWN jumps to la-
NBA k replays chorus batch £ in ascending label bel (pushing return); KIE returns to next unexe-
order. cuted after call-site.

L6 Labeled lines with 1-step cooldown after execu- L16 Labeled lines with global direction (for-
tion; CGH toggles between executing min/max ward/backward); ! toggles direction; traverses
active labels. remaining labels with wrapping.

L7 Labeled lines with optional echo delays (* k); L17 Bracket “tournament” of adjacent labels: bye
echoes execute immediately before the k-th sub- advances without execution; AMO toggles win-
sequent line in label order. ner condition for next match.

L8 Labeled lines with QTA-set cursor; next label L18 Lines execute only if relative guards hold over
minimizes |[label — (current + cursor)|, prior executed labels; star-offset guards.

ties to smaller.
L9 Labeled lines with penalty scores; RGW in- L19 Labels execute in ascending order, some hav-

crements penalties; scheduler picks minimum ing timers decrementing each step; reaching 0
penalty (ties to smallest label). causes immediate execution; XYZ/ABC toggle
timers.

L10 Two rails (L/R) with alternating execution;
sticky markers (7) prevent switching; START
markers set initial rail.

Table 1: CFLBench language inventory at a high level. Full descriptions are in Appendix Section
(Table Table ; per-language mechanism examples are in Appendix ??.

settings often provides documentation and emphasizes reading and applying a specification, rather
than black-box discovery of the language itself (Amjith et al.).

We introduce CFLBench, an interactive inductive reasoning benchmark designed to test an agent’s
ability to (i) write informative programs, (ii) interpret black-box execution feedback, and (iii) use
that evidence to output a solution adhering to given constraints. CFLBench uses short instruction
sequences as the medium for experimentation and is not intended to test software-engineering or
algorithmic programming skill, but to provide a compact action space where the agent can control the
experiments it runs.

Benchmark design. CFLBench comprises 19 small deterministic instruction languages with a
compact vocabulary (e.g., SET, OUT) but unknown execution semantics through novel control-flow.
Each language includes four tasks: Tasks 1-2 are passive and are often solvable by generalizing
directly from provided examples, while Tasks 3—4 are active and are designed to reward deliberate
probing and hypothesis refinement. For each task, the agent receives a small set of example programs
plus a README specifying a target output and structural constraints; the agent may then write and
execute additional probe programs against a black-box interpreter under a strict run budget. A
submission is counted as correct if and only if the agent produces the exact target output and satisfies
all given constraints.

Research question. Our central question is: To what extent can LLM agents carry out the probe—
observe—update—act loop to acquire unseen execution semantics under a limited interaction budget,
and then produce a final solution that satisfies constraints?
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Contributions and headline results. Overall, the contributions of this work are as follows:

* We introduce CFLBench, an interactive inductive reasoning benchmark where the inductive
goal is to infer execution semantics from examples and black-box executions, rather than
learning a mapping under fixed semantics.

* We propose a benchmark design that treats short instruction sequences as an experimental
interface and separates passive generalization tasks (T1-T2) from active induction tasks
(T3-T4) where performance benefit from informative probe selection under a strict run
budget.

» Extensive experiments on state-of-the-art models and agent loops reveal a strong gap
between passive and active performance: GPT 5.2 reaches 94.7% on passive tasks but drops
to 60.5% on active tasks, while other models degrade more sharply (e.g., Claude Opus 4.5:
94.7%—42.1%; Gemini-3-Pro: 84.2%—31.6%).

2 RELATED WORKS

CFLBench targets interactive semantic induction: an agent must infer the execution semantics of a
novel language from a small set of example programs, using black-box execution feedback, and then
synthesize a constrained program that achieves a specified output. This setting relates to work on
program synthesis from examples, interactive coding benchmarks with execution feedback, evaluation
in unfamiliar languages, and interactive experimentation benchmarks.

INDUCTIVE PROGRAM SYNTHESIS

Programming-by-example and inductive program synthesis study how to synthesize programs that are
consistent with demonstrations through input—output examples. Recent work asks whether LLMs can
solve programming-by-example at scale, characterizing when models succeed or fail to generalize
beyond the observed examples (Li & Ellis| 2024). Code ARC benchmarks inductive iteration and
emphasizes reasoning-driven generalization from small example sets via an oracle (Wei et al., 2025b).
In contrast, CFLBench provides examples in a novel language whose control flow must itself be
inferred; agents can design and execute probe programs to disambiguate semantics, and must satisfy
explicit structural constraints in addition to matching the target output.

Our setting also connects to the broader program-synthesis literature on learning programs from
examples and partial specifications, including systems for string transformations and inductive syn-
thesis from I/O pairs (Gulwani |Polozov & Gulwani, 2015} Devlin et al., 2017} |Osera & Zdancewic)),
learning-guided search for synthesis (Balog et al.,[2017)), and sketch-based synthesis (Solar-Lezama
et al.). Neural program induction and program execution tasks likewise study how models can acquire
algorithmic execution behavior from supervision (Reed & de Freitas|, [2016} Zaremba & Sutskever,
2015).

Additionally, we draw inspiration from work on oracle-guided and interactive inductive synthesis,
where an algorithm selects informative queries to disambiguate candidate programs or invariants
(Garg et al., |2014; J1 et al.l 2023). Recent work also explores program synthesis and code generation
with LLMs (Austin et al.| 2021} [Li et al.|[2023) and evaluates semantic reasoning using equivalence-
based checks (Wei et al.,|2025a). CFLBench complements these directions by emphasizing black-box
acquisition of execution semantics in novel control-flow languages.

INTERACTIVE CODING AND SOFTWARE ENGINEERING AGENTS

A complementary line of work evaluates models in interactive coding settings where execution
feedback is available. InterCode standardizes and benchmarks interactive coding with execution
feedback (Yang et al., [2023)). SWE-bench evaluates models on real-world GitHub issues that require
editing repositories and validating fixes via tests (Jimenez et al., 2024), and SWE-agent shows that
improved agent—computer interfaces can substantially increase performance on such tasks (Yang
et al.| |2024). These benchmarks largely assume familiar programming languages and toolchains
while CFLBench isolates a different capability: inferring the semantics of unseen languages and
control-flow mechanisms from examples and feedback from black-box executions.
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In addition to agentic evaluations, a large body of work develops benchmarks and datasets for code
generation and code understanding across tasks and languages, including multilingual or cross-
language test suites (Cassano et al.,|2022; [Zai, [2025} Diera et al.,2023)) and studies of correctness
and failure modes of LLM-generated code (Liu et al.| |2023)). These resources are complementary:
they stress breadth across natural programming languages, whereas CFLBench stresses semantic
acquisition under deliberate extraordinary execution rules.

REASONING IN ESOTERIC AND NOVEL LANGUAGES

Prior work has examined LLM generalization to esoteric programming languages, typically in
settings where documentation and examples are available (Amyjith et al.). CFLBench complements
this direction by withholding documentation and focusing on semantic induction through interaction,
with tasks designed to discourage trivial hardcoding via constraint checks.

LOW-RESOURCE AND DOMAIN-SPECIFIC PROGRAMMING LANGUAGES

Our motivation also intersects with work on low-resource and domain-specific programming lan-
guages, where models must generalize beyond high-frequency pretraining distributions. Recent
benchmarks and studies consider code generation and transfer to low-resource or domain-specific
languages (Cassano et al., [2024; |[Mora et al.| [2024; [Zhao & Fard, 2025} Joel et al., 2025). While
low-resource language coverage is an important axis, CFLBench focuses on a different source
of distribution shift: novel execution semantics presented only through examples and black-box
execution.

INTERACTIVE EXPERIMENTATION BENCHMARKS

Interactive scientific discovery benchmarks study whether LLM agents can propose hypotheses
and design experiments to identify underlying rules of an environment (Chen et al., 2025; [Shojaee
et al} 2025; Zheng et al.| [2025). While these benchmarks focus on physical laws or equations,
CFLBench instantiates an analogous experimental loop in the domain of programming languages:
agents run probe programs against a black-box interpreter to uncover latent control-flow semantics,
then synthesize a constrained program consistent with the inferred execution model.

GENERALIZATION AND ABSTRACT REASONING BENCHMARKS

Finally, CFLBench is broadly aligned with benchmark efforts that emphasize systematic general-
ization and abstraction (outside of programming), such as ARC and ConceptARC (Chollet, [2019;
Moskvichev et al.l 2023)). Our contribution is to instantiate a similarly generalization-focused setup
for code: the agent must infer latent rules from limited evidence and then act under constraints to
satisfy a target behavior.

3 METHOD

TASK CREATION

We generate a suite of deterministic languages via human ideation and create four tasks and four to
five example programs per language. Eleven languages have four examples while eight have five.
At least one example for each language shows the explicit syntactic cue for that language. Each
language follows a schema where each line has a labeled prefix. We do this for uniformity across
languages and constraints, although not all languages require the use of labels. Across languages,
programs use a compact vocabulary over integers and variables with no strings. Concretely, the core
instruction vocabulary is:

* SET v n: assign the integer n to variable v.

* SET v v + n: addition (and similarly SET v v - n for subtraction).
* OUT wv: print the value of v.

* STOP: stop the program.
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Task package example (L2)

examplel.l2
5 SET x 1

10 XIH 30 35
20 0UT x

30 SET x 7

35 SET x 1

40 OUT x

Output: 17

example2.12
5 XIH 20 30
10 SET x 4

20 0UT x

30 SET x x + 1
Output: 5

example3.12
10 SET x 1

20 XIH 40 60
40 OUT x

50 SET x 9

55 SET x 1

60 OUT x

Output: 1 1

example4.l2
10 SET x 2

20 SET x x + 1
30 0UT x

40 OUT x
Output: 3 3

README.md (Task 2)
TASK:
Output exactly: 1 7

Write your final solution to:
solution.12

Constraints:

- Lines: 5, 10, 20, 30, 460
- Line 20 must be SET x 7
- Line 30 must be OUT x

- Line 40 must be OUT x

- Only one variable

solution.l2 (Task 2)
5 XIH 20 30

10 SET x 1

20 SET x 7

30 OUT x

40 OUT x

Output: 1 7

README.md (Task 4)
TASK:
Output exactly: 3 7 10 4 4

Write your final solution to:
solution.12

Constraints:

- Only one variable

- Lines: 10,20,..., 110

- Exactly 4 SETs in total
- Line 110 must be SET x 4

solution.l2 (Task 4)
10 SET x 3

20 0UT x

30 XIH 50 100

40 SET x 7

50 0UT x

55 OUT x

60 SET x 10

76 OUT x

90 XIH 100 110
100 OUT x

110 SET x 4
Output: 37 10 4 4

Figure 1: An example L2 task package: a README (target output + constraints), four example
programs, and a proposed submission. The agent may run additional probes, but must ultimately
output a single solution.<ext> that satisfies constraints and produces the target output.

Each language alters control flow via an explicit syntactic cue (illustrated in Figures [[|and [2) that
is intentionally non-semantic: the letters or symbols themselves are chosen to avoid suggesting the
underlying rule. This helps isolate whether LLMs can discover execution semantics from black-box
observations, rather than relying on the meaning of the cue.

We choose explicit cues rather than purely implicit control-flow patterns so that agents are bottle-
necked by experiment design and interpretation, rather than by noticing a subtle formatting pattern in
the examples. Table [3|summarizes all 19 language instances and their ground-truth execution rules.
This design keeps the majority of the syntax familiar and ensures that the main challenge arises from
inferring semantics rather than syntax.

Each language provides four tasks that share the same examples. For each task, the model is given (i)
the example files and (ii) a README . md which contains a target output and task-specific constraints.

Tasks 1-2 emphasize direct generalization from the examples. Tasks 3—4 are structured to benefit from
interactive probing and often involve behavior that is weakly constrained by the provided examples.
Without interaction, GPT 5.2 achieves 71.05% (Pass@2) accuracy on passive tasks, compared to
94.7% with interaction. On active tasks, GPT 5.2 achieves 60.5% with interaction, compared to
28.95% (Pass @2) with zero interaction. Overall, interaction substantially improves performance on
both passive and active tasks but moreso on active tasks.

Constraints are used so models cannot trivially solve the program by just using SET and OUT
to print the expected output. For example, languages that have re-executing control flow have
outputs that require printing m numbers while constraints only allow the usage of n OUTs where
m > n. Constraints are used so the solution requires the usage of the language specific control flow
mechanism. GPT 5.2 achieves a 100% accuracy on passive tasks and 97.37% accuracy on active tasks
without the use of constraints, illustrating that constraints necessitate the usage of unique control flow
mechanisms to produce correct solutions.

We keep the instruction set intentionally minimal so that constraints are hard to circumvent: without
alternate arithmetic expressions (e.g., separate ADD/SUB), models cannot satisfy line-level require-
ments via semantically equivalent rewrites, and thus must follow the intended sequence of state
updates under the language’s control-flow (Figures[T]and[2).

3.1 EXPERIMENTAL SETUP

We evaluate models with access to a black-box command-line interpreter for the task language in
a sandboxed workspace. Models may read the provided example files, create additional files, and
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Model Pass. Acc. Pass. Runs Pass. Turns Act. Acc. Act. Runs Act. Turns Overall
gpt-5.2 94.7% 7.42 17.71 60.5% 13.68 38.47 77.6%
claude-opus-4.5 94.7% 6.55 16.18 42.1% 15.24 40.18 68.4%
gemini-3-pro 84.2% 11.50 29.21 31.6% 12.74 33.76 57.9%
gemini-3-flash 73.7% 11.74 33.11 26.3% 11.50 35.82 50.0
04-mini 71.1% 8.29 31.76 7.9% 11.50 51.39 39.5
deepseek-r1-0528  47.4% 8.21 34.97 2.6% 10.45 55.11 25.0
gpt-40 23.7% 3.97 18.79 0.0% 11.37 35.95 11.8

Table 2: Main results on CFLBench with an interpreter budget of 20 runs. All reported accuracies are
Pass@1. Accuracies are computed over 38 passive tasks (T1-T2), 38 active tasks (T3-T4), and 76
total tasks; runs/turns are means over the corresponding task subsets.

inspect their workspace via standard shell commands (e.g., 1s, cat). The interpreter implementation
is not available in the workspace.

To execute a program, the agent must issue a dedicated interpreter call as a standalone message of the
form lang-ran <file-name>. The harness executes the file, returns the program output, and
increments the interpreter run counter.

Models are given an interpreter run limit which is incremented each time lang-ran is called.
We set the interpreter run limit to 20 and the step limit to 60. They are explicitly told the
interpreter limit and can observe the interpreter runs used, but are not given the step limit. Once
the model reaches the max number of interpreter runs and attempts to run the interpreter more,
it receives the message: ERROR: INTERPRETER RUN LIMIT REACHED. USE echo
COMPLETE_TASK_AND_SUBMIT_FINAL_OUTPUT TO SUBMIT YOUR FINAL SOLUTION.
Once a model reaches the maximum number of steps, the solution is automatically submitted for
evaluation. Each task is evaluated independently in a fresh workspace; models do not carry state
across tasks beyond what is provided in the prompt.

Models. We report results for seven models on all 19 languages and all four tasks per language (76
tasks total).

Metrics. We evaluate tasks as pass/fail, Pass@1. A task is solved if and only if running
solution.<ext> produces the exact target output and satisfies all task constraints. We report (i)
overall accuracy, and (ii) passive (T1-T2) vs. active (T3-T4) accuracy.

LLM-POWERED AGENT

We evaluate each task with a text-only agent implemented by adapting mini-swe—-agent (SWE-
agent Team, [2026; |Yang et al., 2024)) which employs a standard ReAct (Yao et al.l 2023)) setup. The
agent decides when to inspect files, when to execute probe programs, and when to submit a final
solution.<ext>; the interaction interface and budget rules are described in Section

4 RESULTS

OVERALL PERFORMANCE

We report results in Table[2] GPT 5.2 has the highest accuracy on active tasks, achieving a 60.5%
solve rate, while Claude Opus 4.5 achieves 42.1% and Gemini-3-Pro achieves 31.6%. Gemini-3-Pro
and Gemini-3-Flash reach comparable accuracies on active tasks, while Gemini-3-Pro achieves 10.5%
higher accuracy on passive tasks. Overall, the results suggest an apparent separation between stronger
reasoning models (e.g., GPT 5.2, Claude Opus 4.5, Gemini-3-Pro) and weaker reasoning baselines
(e.g., Gemini-3-Flash, o4-mini, deepseek-r1-0528) and non-reasoning models (e.g., GPT-40) on
active tasks: some of the strongest reasoning models achieve double-digit active accuracy, whereas
04-mini and deepseek-r1 remain below 10%, and gpt-4o struggles on both passive and active tasks.
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Given examples / task Probe (agent-written) Final submission

Task target: 1 2 solution.I10
Constraints: 1 var; exactly 2 L, 2 R lines. L< SET x 1

R OUT x

L SET x 2

R OUT x
Output: 12

example1.110
L<SETal RSETc3
L SETb2 RSETd4

Passive
(L10-T1)

ouT x
SET x 2
utput: 45 8 3 2

R SET x 2
output: 112

L ouTa R OUT ¢
L oouTb R OUT d
Output: 13 2 4
Task target: 458 3 2 Disambiguating probe: solution.I10
Constraints: 1 var; 1st R is OUT x; test_tilde_r_2.110 L< SET x 4
2nd L is OUT x; exactly 5 L, 5 R lines. L< SET x 160 R~ OUT x
example2.110 L SETx3 L oUT x
oM | LeSETx1 L SETx2 R SET x 5
2h | L orx R~ OUT x L ouT x
TS [ L seTxx+1 R OUT x R SET x 8
<3| 0 orx R OUT x L oouT x
R ouT x Observed: 10 10 3 i SET x 3
R
o

Figure 2: Examples of passive vs. active tasks in a given language. In L10, programs live on two rails
(L/R). Passive tasks can often be solved directly from the provided examples. Active tasks benefit
from targeted probes that reveal stateful modifiers (here, R~ desynchronizes the rails by repeating the
same L-instruction on the next step).

Solve rate vs interpreter budget (Tasks 1-2) Solve rate vs interpreter budget (Tasks 3-4)
10 1.0
——
—

0.8 / 08
506
g
°
s — ]
204

02 02

0.0 0.0

0.0 02 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
Interpreter budget (normalized) Interpreter budget (normalized)
(a) Passive tasks (T1-T2). (b) Active tasks (T3-T4).

Figure 3: Solve rate vs. interpreter budget, split by passive (T1-T2) and active (T3-T4) tasks.

ANALYSIS
EXPERIMENTAL EFFICIENCY

On passive tasks, performance tends to plateau and most gains occur in the first half of the interpreter
budget. The active-task curves show a similar early improvement pattern, but with diminishing returns
as interpreter usage increases, suggesting that additional runs alone often fail to resolve remaining
semantic uncertainty.

TURN LENGTH AND INTERPRETER USAGE

Most models show an increase in mean interpreter runs and turn length from passive to active tasks,
consistent with active tasks requiring more probing and iteration. Gemini-3-Pro and Gemini-3-Flash
are notable exceptions: their average interpreter usage and turn length stay roughly similar across
passive vs. active tasks, which is consistent with their higher rate of early submissions that do not
yet solve the task (Figure[d). Across models, Tasks 3—4 elicit substantially more interaction than
Tasks 1-2 (Table[2). For example, Claude Opus 4.5 averages 6.55 interpreter runs / 16.18 turns on
Tasks 1-2 versus 15.24 runs / 40.18 turns on Tasks 3—4; GPT 5.2 similarly increases from 7.42 runs /
17.71 turns to 13.68 runs / 38.47 turns. Gemini-3-Pro and Gemini-3-Flash use fewer interpreter runs
on Tasks 3—4 (12.74 and 11.50, respectively—about 7% and 25% fewer than GPT 5.2 and Claude
Opus 4.5) yet achieve lower Task 3—4 accuracy (31.6% and 26.3%), suggesting that closing the gap
likely requires not only more runs but also more informative probes and better hypothesis updates.
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Figure 4: Breakdown of unsolved tasks by failure category.

PASSIVE ACTIVE GAP

The headline pattern—high accuracy on Tasks 1-2 but much lower accuracy on Tasks 3—4—should
not be read as “models cannot use tools.” Rather, it suggests that the information-acquisition problem
may be a key difficulty: Tasks 3—4 require selecting probes that can perceive and set apart competing
semantic hypotheses, then translating the favored hypothesis into a constrained program. This
is qualitatively different from Tasks 1-2, where the expected outputs are often achievable with
understanding the structure of the provided examples alone and the main challenge is maintaining the
integrity of such structure for differing outputs. In our reasoning traces, unsolved tasks are typically
longer and involve more iteration, suggesting that failures are not solely due to early termination.
One possible explanation (which we treat as a hypothesis rather than a conclusion) is that the agent
sometimes explores within an initially chosen conceptual frame of limited variety (e.g., standard
single-instruction-step control flow) and fails to sufficiently challenge that frame after unsuccessful
probes.

5 DISCUSSION AND LIMITATIONS

Benchmark scope and representativeness. Our languages are intentionally small and determin-
istic, which helps isolate semantic induction but may under represent other real world difficulties
(e.g., rich type systems, large libraries, undocumented APIs, or stochastic environments). Conversely,
many real DSLs are also small and ad-hoc, and the black-box-interpreter setting is common when
semantics are embedded in closed systems (Mora et al.}, 2024; [Joel et al.,[2025). We view CFLBench
as complementary to large-scale software engineering benchmarks (Jimenez et al.,[2024): it targets a
narrower but important capability axis.

How CFLBench can be used. We expect CFLBench to be most useful for (i) comparing agent
designs for interactive semantic induction (probe selection, hypothesis management, verification
strategies), (ii) studying generalization across execution mechanisms (e.g., whether success transfers
from multi-rail to scheduler semantics), and (iii) diagnosing failure modes via trajectories (e.g., where
agents get stuck, which probes are chosen, and how hypotheses evolve).

Future directions. The benchmark readily supports extensions: adding more language families;
increasing the confusability of semantics; introducing partial documentation to study hybrid learning
(docs + experimentation); and adding controlled chaos (e.g., noisy outputs or randomized initial
states) to test robustness. Another promising direction is to evaluate agent improvements aimed
specifically at information gain: selecting probes that maximize the expected discrimination between
semantic hypotheses under a limited interaction budget.
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6 CONCLUSION

We presented CFLBench, a benchmark for black-box acquisition of novel execution semantics in
small programming languages. By splitting tasks into passive generalization (T1-T2) and active,
experiment-driven induction (T3-T4), the benchmark helps characterize a capability gap that is not
visible from passive coding benchmarks alone. Our initial results show strong passive performance
but substantially weaker active performance, motivating future work on agent designs that better
support probe selection, hypothesis testing, and constraint-aware synthesis.

7 BROADER IMPACT

CFLBench is an evaluation benchmark intended to make progress on interactive semantic induc-
tion more measurable and reproducible. A realistic positive impact is improved diagnosis of when
tool-using agents fail: the benchmark can help researchers separate failures of (i) semantic discovery
(choosing informative probes and updating hypotheses) from (ii) constraint satisfaction and imple-
mentation. This may lead to more reliable agent designs and evaluation practices for workflows that
involve querying black-box systems.

Potential negative impacts are primarily about misuse in evaluation rather than direct real-world harm.
First, as with many benchmarks, CFLBench may incentivize overfitting: systems can be tuned to
this specific suite of synthetic languages (or to the harness) without improving robustness on real
interpreters, which could distort progress signals. Second, the benchmark may increase compute
usage via repeated agent rollouts; we encourage reporting run budgets and limiting unnecessary
probing when comparing methods.
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A APPENDIX OVERVIEW

This appendix contains the minimal supplemental material referenced from the main paper: an
example task README . md, the agent system prompt, and the full language inventory.

B REPRODUCIBILITY ARTIFACTS

B.1 EXAMPLE TASK README.MD

Use ‘lang-ran' as a standalone command (do not chain it with other commands) .
Interpreter runs are limited to 20. Use ‘lang-ran --count' to see how many runs you have used.

How to run files:
lang-ran examplel.l14
See available example files by running: ls -la

TASK:
Output exactly: 6 5 4 5 4 6

Write your final solution to: solution.114

Constraints:

— Only one variable may be used in the entire program

- Your program must contain exactly these lines: 2, 10, 20, 30, 40, 45, 50, 70, 100, 120, 130, 140
- Must use exactly 3 OUTs in total

B.2 AGENT SYSTEM PROMPT (USED FOR INTERACTIVE EVALUATION)

For reproducibility, we include the core system prompt used for the interactive agent setup.

Please solve this task: {{task}}
You can execute bash commands and edit files to implement the necessary changes.
## Recommended Workflow
This workflow should be done step-by-step. Learn from each experiment before proceeding.

1. Read examples to understand the system’s behavior. It is highly recommended to reverse-
engineer the provided examples to verify your understanding of the system’s mechanics.

. Form a hypothesis and predict what your code will output BEFORE running it

. Run your experiment and compare actual output to your prediction

If output differs from prediction: STOP and analyze why. What does this reveal?

. Update your mental model, then design the next experiment based on what you learned

. ONLY when your solution produces the CORRECT output, submit by issuing: ‘echo
COMPLETE_TASK_AND_SUBMIT_FINAL_OUTPUT ‘.

Do not combine it with any other command. <important>After this command, you cannot

continue working on this task.</important>

oUW N

<important>

Do NOT submit until your solution WORKS and produces the expected output. If your code
fails or loops infinitely, keep experimenting and debugging. Submitting a broken
solution is worse than continuing to try.
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</important>
## Important Rules

1. Every response must contain exactly one action
The action must be enclosed in triple backticks
3. Directory or environment variable changes are not persistent. Every action is executed
in a new subshell.
However, you can prefix any action with ‘MY_ENV_VAR=MY_VALUE cd /path/to/working/dir &&
.Y or write/load environment variables from files

N

## Formatting your response
Here is an example of a correct response:

<example_response>

THOUGHT: Based on example2, I hypothesize that setting variable N changes where line N
jumps to. I predict this program will print "A" then loop forever because line 20 will
redirect to line 10.

‘Y '‘bash
ruby interpreter.rb test.fo

ERRNRY

</example_response>
## Useful command examples
##4# Create a new file:

<important>

Do NOT chain commands with && after a heredoc EOF. This will cause a syntax error.
Instead, create the file in one command, then run a separate command to execute it.
</important>

*Y'bash
cat <<’EOF’ > newfile.py
import numpy as np

hello = "world"
print (hello)
EOF

AIRIRY

### Edit files with sed:

{%- 1if system == "Darwin" -%}

<important>

You are on MacOS. For all the below examples, you need to use ‘sed -i '’
i

</important>

{%- endif -%}

\

instead of ‘sed -

‘' '*bash
# Replace all occurrences
sed —-i ’'s/old_string/new_string/g’ filename.py

# Replace only first occurrence
sed -1 ’"s/old_string/new_string/’ filename.py

# Replace first occurrence on line 1
sed -1 ’1s/old_string/new_string/’ filename.py

# Replace all occurrences in lines 1-10
sed -i '1,10s/0ld_string/new_string/g’ filename.py

### View file content:

‘Y 'bash
# View specific lines with numbers
nl -ba filename.py | sed -n ’10,20p’

ERRNRY

### Any other command you want to run

‘Y 'bash
anything

ARTRY
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C LANGUAGE INVENTORY

Language Control-flow mechanism

Core execution rule (ground truth)

Primary induction challenge

Ll

L2

L3

L4

L5

L6

L7

L8

L9

L10

L1l

L12

L13

L14

L15

Ll6

L17

L18

L19

3-lane cyclic scheduler

Dependency gating (XIH)

Active-set wrap scheduler

Stride register over sorted list
Replay batches (chorus+NB2)
Extreme selection (min/max)

Delayed echo injection (~k)

Cursor-guided nearest-neighbor jumps

Penalty scheduler (RGW)

Dual-rail interleaving

Two-pass with marker reordering

Scoped record/replay (UWR/NHO)

Quota-driven round-robin (S12)

Deferred return stack (AYZ/STOP)

Consumptive subroutines (FWN/KIE)

Direction flip via [ !]

Bracket tournament (AMO)

Guarded execution (relative guards)

Countdown interrupts (XY Z/ABC)

Three independent lane instruction pointers; UDA rotates the active
lane A— B—C; execution halts when the current lane is exhausted.

Single-use labeled lines with precedence constraints; each step
runs the smallest eligible label; deadlocks/ties are runtime errors.
Labels are Active/Dormant; scheduler picks the next Active la-
bel > current (else wraps); executed labels become Dormant;
HEX/DVX act non-locally.

Program is sorted by label into a list; an index advances by a
persistent stride (RCS); out-of-bounds halts (no wrap).

[»] marks chorus lines; NBA k replays chorus batch k defined
by NBA positions; no nesting during replay.

Each step selects either the min or max active label based on a
toggle (CGH); executed labels incur a one-step cooldown.

Main pass executes lines once in ascending order; ~k schedules
one extra “echo” immediately before the line k positions later;
echoes do not recurse.

Maintain an integer cursor; after executing label L, target T =
L + cursor and execute the label closest to 7" (ties to smaller);
QTA sets cursor.

Each label has a penalty; each step runs the unexecuted label with
minimum penalty (ties to smallest label); RGW increments a label’s
penalty.

Two rails (L/R) with separate instruction pointers; alternate by
default; ~ delays switching for one step; < chooses the start rail.
Pass 1 executes all lines once; pass 2 replays only marked lines,
but reorders them by swapping adjacent v-blocks followed by ~-
blocks.

UWR sym records a ribbon starting after the marker; NHO sym
replays from that ribbon up to the next UWR; nested NHO during
replay errors.

Each label has an execution quota; the interpreter cycles ascending
through labels with remaining quota; each execution decrements
quota; SIZ increases quota.

AYZ pushes pinned labels; main path is ascending single-use;
STOP jumps to the most recent pin if any; remaining pins execute
in LIFO order.

FWN pushes call-site and jumps; labels are consumptive; KIE
returns to the next unexecuted label after the call-site.

A global direction selects the next label among remaining labels
(with wrap); executing a [! ] line flips direction for the next step;
labels are single-use.

Adjacent labels “match”; the winner executes and advances; AMO
toggles whether low/high label wins, but applies to the next match;
byes may occur.

Each line has a guard; lines execute only if the guard condition
holds over previously executed labels; [ +] always executes first;
star-prefixed guards implement relative offsets; one [!] never
executes.

Labels may carry timers; timers decrement each step; when any
hits 0, that label interrupts normal flow (ties to smallest); timers
reset; XY Z/ABC disable/enable timers.

Discover multi-IP interleaving and the
semantics of UDA (“switch lanes”, not a
jump).

Infer hidden dependency constraints
from I/O and error patterns.

Infer stateful activity and wraparound
selection (plus HEX/DVX effects).

Infer index-based stepping and the termi-
nation condition.

Recover batch segmentation and replay
semantics from executions.

Infer a hidden scheduler state (toggle +
cooldown) rather than a static order.
Infer position-based delayed re-
execution and its non-recursive nature.

Infer geometric “closest-to-target” con-
trol flow and tie-breaking.

Infer latent per-label scores that modu-
late execution order.

Infer two concurrent pointers and modi-
fier semantics from traces.
Infer multi-pass execution and the non-
local pass-2 ordering rule.

Infer replay boundaries, symbol scoping,
and non-reentrancy.

Infer repeated execution under quotas
and dynamic quota updates.

Infer that STOP can be non-terminal and
that pins are LIFO.

Infer call/return semantics under “exe-
cute at most once”.
Infer hidden direction state and flip trig-
gers from behavior.

Infer match-based control flow and de-
layed toggle effects.

Infer the guard language, especially star-

offset semantics.

Infer interrupt priority and periodic timer
reset behavior.

Table 3: Language inventory: control-flow semantics and the primary induction challenge. File
extensions are omitted for readability (they follow . 1# by language index).
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Task package example (L1)

README.md (Task 2) examplel.ll example2.11 solution.l1 (Task 2)
TASK: A SET x 1 A SET x 4 A SET x 6
Output exactly: 6 10 7 B SET x 1 B SET x 1 A OUT x
B OUT x C SET x 4 A SET x 10
Write your final solution to E\ gii z 2 A ouT = A UDA
: solution.ll A UDA Output: 4 B OUT x
C OUT x B SET x 7
Constraints: B OUT x
- Only one variable may be Output: 1 1
used in the entire Output: 6 10 7

program

example3.11 exampled.l1

solution.11 (Task 4)

— Must have exactly 4 lines A SET x 4 A SET x 4
labeled with A and B SET x 1 A SET x 3
exactly 4 lines labeled |[C SET x 4 A OUT x

with B A UDA B OUT x
B OUT x
C OUT x Output: 3
README.md (Task 4) B SET x 3
TASK: Output: 1

Output exactly: 3 7 9 10 2 1

Write your final solution to
: solution.ll

Constraints:

— Only one variable may be
used in the entire
program

— Must include labels A, B,
and C

— Must have exactly 4 lines
labeled with A, exactly

7 lines labeled with B,
and exactly 4 lines
labeled with C

Execution model (L1).

¢ Three lanes (A/B/C), each runs top-to-bottom

within its own lane list.

* Each lane has its own instruction pointer.
¢ Execution starts in lane A at its first instruction.

» UDA switches the active lane in a fixed cycle: A —

B—>C—>A— ...

* When switching, a lane resumes where it left off.

¢ If the current lane is exhausted, execution halts.

¢ STOP halts immediately.

Task 2 explanation. Special instructions: UDA.

1. Lane A (line 1): SET x 6 sets x = 6.

2. Lane A (line 2): OUT x prints 6. Output: 6.

3. Lane A (line 3): SET x 10 sets x = 10.

4. Lane A (line 4): UDA switches the active lane to

the next one in the cycle.

Final output: 6 10 7.
Task 4 explanation. Special instructions: UDA.

SET
ouT
SET
UDA
ouT
SET
ouT
SET
ouT
SET
UDA
ouT
SET
ouT

QOO QUWwWWwwwE >

x 3
X
x 7

10

KoXoX X X X

XX
[

Output

:3 791021

1. Lane A (line 1): SET x 3 sets x = 3.

Eal

the next one in the cycle.

A e A

—_
—_ O

—_
[\

2.

Lane A (line 2): OUT x prints 3. Output: 3.
Lane A (line 3): SET x 7 sets x = 7.
Lane A (line 4): UDA switches the active lane to

Lane B (line 5): OUT x prints 7. Output: 3 7.
Lane B (line 6): SET x 9 sets x =9.

Lane B (line 7): OUT x prints 9. Output: 3 7 9.
Lane B (line 8): SET x 10 sets x = 10.
Lane B (line 9): OUT x prints 10. Output: 379 10.
Lane B (line 10): SET x 2 sets x = 2.

. Lane B (line 11): UDA switches the active lane to
the next one in the cycle.

. Lane C (line 12): OUT x prints 2. Output: 379 10

5. Lane B (line 5): OUT x prints 10. Output: 6 10. ~ 13. Lane C (line 13): SET x 1 sets x = 1.
6. Lane B (line 6): SET x 7 sets x = 7. 14. Lane C (line 14): OUT x prints 1. Output: 37 9 10
2 1.

7. Lane B (line 7): OUT x prints 7. Output: 6 10 7.

Figure 5: Task package example for L1: README constraints (Task 2 and Task 4), example

Final output: 3 7 9 10 2 1.

programs, candidate submissions, and explanations.
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Task package example (L2)

README.md (Task 2) examplel.]2 example2.12 solution.12 (Task 2)
TASK: 5 SET x 1 5 XIH 20 30 5 XIH 20 30
Output exactly: 1 7 10 XIH 30 35 10 SET x 4 10 SET x 1
20 OUT x 20 OUT x 20 SET x 7
Write your final solution to 22 2E$ i I 30 SET x x + 1 30 OUT x
: solution.12 40 OUT x Output: 5 40 OUT x
Constraints: Output: 1 7 Output: 1 7
- Your program must contain | example3.12 exampled.12 solution.12 (Task 4)
exactly these lines: 5,
' 10, 20, 30, 40 10 SET x 1 10 SET x 2 10 SET x 3
~ Line 20 must be SET x 7 20 XIH 40 60 20 SET x x + 1 20 OUT x
— Line 30 must be OUT x 40 OUT x 30 OUT x 30 XIH 50 100
— Line 40 must be OUT x 50 SET x 9 40 OUT x 40 SET x 7
- Only one variable may be 55 SET x 1 50 OUT x
used in the entire 60 OUT x Output: 3 3 55 OUT x
program Output: 1 1 60 SET x 10
70 OUT x
README.md (Task 4) 90 XIH 100 110
100 OUT x
TASK: 110 SET x 4

Output exactly: 3 7 10 4 4

Output: 3 7 10 4 4

Write your final solution to
: solution.12

Constraints:

— Only one variable may be
used in the entire
program

- Your program must contain
exactly these lines: 10,

20, 30, 40, 50, 60, 70,
80, 90, 100, 110

— Must use exactly 4 SETs in

total

— Line 110 must be SET x 4

Execution model (L2). 5. Label 40: OUT x prints 7. Output: 1 7.
» Labels are positive integers and execute at most Final output: 1 7.
once. Task 4 explanation. Special instructions: XIH a b.

* A dependency edge a < b means label a canonly | [.abel 10: SET x 3 sets x = 3.
execute after label b.

 Dependencies are declared with <label> XIH 2. Label 20: OUT x prints 3. Output: 3.
a b. 3. Label 30: XIH 50 100 adds dependency 50 ;- 100
(label 50 waits for 100).

Label 40: SET x 7 sets x = 7.

Label 55: OUT x prints 7. Output: 3 7.
Label 60: SET x 10 sets x = 10.

Label 70: OUT x prints 10. Output: 3 7 10.

Label 90: XIH 100 110 adds dependency 100 -
110 (label 100 waits for 110).

» Each step executes the smallest eligible label.

If no eligible labels exist while unexecuted labels
remain, it’s a deadlock error.

If multiple XIH-dependent labels become eligible
at the same time, it’s a tie error.

¢ STOP halts immediately.
Task 2 explanation. Special instructions: XIH a b.
1. Label 5: XIH 20 30 adds dependency 20 <+ 30

® NN s

(label 20 waits for 30). 9. Label 110: SET x 4 sets x = 4.
2. Label 10: SET x 1 sets x = 1. 10. Label 100: OUT x prints 4. Output: 37 10 4.
3. Label 30: OUT x prints 1. Output: 1. 11. Label 50: OUT x prints 4. Output: 37 104 4.
4. Label 20: SET x 7 sets x = 7. Final output: 3 7 10 4 4.

Figure 6: Task package example for L2: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanations.

15



Under review as a conference paper at ICLR 2026

Task package example (L3)

README.md (Task 2) examplel.l3 example2.13 solution.13 (Task 2)
TASK: 10 SET a 1 10 SET a 1 10 SET x 5
Goal output: 20 OUT a 20 OUT a 20 OUT x
5 30 SET a 2 30 HEX 20 30 DVX 50
40 OUT a
. ) ) Output: 1 1 40 DVX 60
Write your f}nal solution to | Qutput: 1 2 50 OUT x
i solution.13 example3.13 example4.13 60 OUT x
Constraints: . . Output: 5
_ : 10 SET a 1 10 SET a 1 .
Only O;le‘ vatr}Jl.able Way be 15 pux 30 15 DX 20 solution.l3 (Task 4)
used in e entire 20 OUT a 20 OUT a
program 30 OUT a 10 SET x 2
- Must use exactly 3 OUTs in Output: (no output) 20 DVX 30
total Output: 1 30 SET x 4
example5.13 40 OUT x
README.md (Task 4) 45 SET x 1
10 SET a 1 50 OUT x
TASK: 20 OUT a 55 SET x 3
Goal output (tokens): 2 1 3 N 60 OUT x
a5 Output: 1 70 HEX 30
80 SET x 5
Write your final solution to 90 OUT x

: solution.13

Constraints:

- Only one variable may be
used in the entire
program

- Your program must contain

exactly these lines: 10,
20, 30, 40, 45, 50, 55,

60, 70, 80, 90, 110

— Line 30 must be SET x 4

— Must use exactly 5 SETs in
total

Execution model (L3).

» Labels are positive integers and are either Active or

Dormant.

o Start at the smallest label.

smallest Active label.

run again).

* Program halts when no Active labels remain.

Task 2 explanation. Special instructions: DVX label
(marks the target label Dormant without executing it).

1. Label 10: SET x 5 sets x = 5.

2. Label 20: OUT x prints 5. Output: 5.
3. Label 30: DVX 50 marks label 50 Dormant (so it

will not execute).

4. Label 40: DVX 60 marks label 60 Dormant (so it

will not execute).

5. No Active labels remain, so execution halts.

The scheduler picks the next Active label greater 1
than the current label; if none, it wraps to the

Output: 2 1 3 5

Final output: 5.

Task 4 explanation. Special instructions: DVX label
(marks the target label Dormant without executing it),

HEX label (immediately executes the target label’s
instruction, then makes it Dormant).

. Label 10: SET x 2 sets x = 2.
2. Label 20: DVX 30 marks label 30 Dormant (so it

will not execute in the normal schedule).

OUT x prints 2. Output: 2.

SET x 1setsx =1.

OUT x prints 1. Output: 2 1.

SET x 3 sets x = 3.

OUT x prints 3. Output: 2 1 3.

HEX 30 immediately executes label 30’s

After a label executes, it becomes Dormant (cannot

Label 40:
Label 45:
Label 50:
Label 55:
Label 60:
Label 70:

® N o n kW

Dormant.

instruction (SET x 4), then makes label 30

9. Label 80: SET x 5 sets x = 5.

10. Label 90: OUT x prints 5. Output: 213 5.

Final output: 2 1 3 5.

Figure 7: Task package example for L3: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanations.
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Task package example (L4)

README.md (Task 2) examplel.l4 example2.14 solution.l4 (Task 2)
TASK: 10 SET x 1 10 RCS 2 10 RCS 2
Output exactly: 3 20 SET x x + 1 20 SET x 1 20 STOP
30 OUT x 30 SET x 1 30 SET x 3
Write your final solution to 40 sTop ég gii ® 99 40 STOP
: solution.l4 Output: 2 60 SET i 99 50 OUT x
70 STOP
Constraints: Output: 3
- Only one variable may be Output: 1 solution.l4 (Task 4)
used in the entire example3.14 example4.14
program 10 SET x 3
- Your program must contain 10 SET x 1 10 SET x 1 20 OUT x
exactly these lines: 10, || 20 ouT x 15 RCS 2 30 SET x 2
20, 30, 40, 50 30 RCS 2 40 SET x 2 40 OUT x
- Li 40 SET x 2 45 OUT x
Line 20 must be STOP o oo o To e oy 28 iggpz
T x 7 T x
README.md (Task 4) S [ 70 SET x 1
80 STOP
TASK: Output: 1 1 Output: 1 1 90 OUT x
Output exactly: 3 2 1 0 100 STOP
110 RCSs 1
Write your final solution to 120 SET x O
: solution.l4 130 OUT x
Constraints: Output: 3 2 1 0
— Only one variable may be
used in the entire
program
- Your program must contain
exactly these lines: 10,
20, 30, 40, 50, 60, 70,
80, 90, 100, 110, 120,
130
— Line 60 must be STOP
- Line 80 must be STOP
- Line 100 must be STOP
Execution model (L4). 1. Label 10: SET x 3 sets x = 3.

Note: x = 3; move: 0+ 1 = 1.
2. Label 20: OUT x prints 3. Output: 3.
Note: OUTPUT: 3, move: 1 + 1 = 2.

3. Label 30: SET x 2 sets x = 2.
Note: x = 2; move: 2 + 1 = 3.

 Lines are sorted by label and stored in a list.

* A STRIDE register controls which index executes
next.

Start at the smallest label (index 0) with stride = 1.

¢ After each instruction, index += stride. 4. Label 40: OUT x prints 2. Output: 3 2.
 If index goes out of bounds, execution halts (no Note: OUTPUT: 2; move: 3 + 1 =4.
wraparound). 5. Label 50: RCS 2 sets stride = 2.
* STOP halts immediately. Note: stride = 2; move: 4 + 2 = 6.
Task 2 explanation. Special instructions: RCS expr 6. Label 70: SET x 1 sets x = 1.
(sets stride; must be positive and non-zero). Note: x = 1; move: 6 + 2 =8.
1. Label 10: RCS 2 sets stride = 2. 7. Label 90: OUT x prints 1. Output: 32 1.
Note: stride = 2; move: 0 + 2 = 2. Note: OUTPUT: 1; move: 8 + 2 = 10.
2. Label 30: SET x 3 sets x = 3. 8. Label 110: RCS 1 sets stride = 1.
Note: x = 3: move: 2 + 2 = 4. Note: stride = 1; move: 10 + 1 = 11.
3. Label 50: OUT x prints 3. Output: 3. 9. Label 120: SET x 0 sets x =0.
Note: OUTPUT: 3; move: 4 + 2 = 6 (out of bounds, Note: x = 0; move: 11 + 1 = 12.
halt). 10. Label 130: OUT x prints 0. Output: 32 1 0.

Final output: 3. Note: OUTPUT: 0; move: 12 + 1 = 13 (out of

Task 4 explanation. Special instructions: RCS expr bounds, halt).
(sets stride; must be positive and non-zero). Final output: 3 2 1 0.

Figure 8: Task package example for L4: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanations.
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Task package example (L5)

README.md (Task 2) examplel.l5 example2.15 solution.15 (Task 2)

TASK : 10 SET x 1 10 SET x 1 10 SET x 5

Output exactly: 5 5 20+ OUT x 20% OUT x 20% OUT x

30 SET x x + 1 30 SET x x + 4 30 NBA 1

Write your final solution to 40 NeA 1 40» OUT x
. ‘ 50 NBA 1 Output: 5 5
: solution.l5 Output: 1 2 60% SET x x + 1

70 NBA 2 solution.15 (Task 4)

Constraints:

- Only one variable may be Output: 1 5 5 5 10 SET x 7
used in the entire example3.15 example4.15 20% OUT x
program 30 NBA 1

- Must use exactly 1 OUT in 10 SET x 1 10 SET x 2 40« SET x 9
total 20% SET x x + 1 20 OUT x 50 OUT x

30 OUT x 30 SET x x - 1 60 SET x 4

README.md (Task 4) 40 NBA 1 40 ouT x 70% OUT x

50 OUT x
Output: 2 1 80 NBA 2
TASK: Output: 2 3 90+ SET x 8

Output exactly: 7 7 9 4 9 8

8

Write your final solution to
: solution.1l5

Constraints:

- Only one variable may be
used in the entire
program

- Your program must contain
exactly these lines: 10,

20, 30, 40, 50, 60, 70,
80, 90, 100, 110

- Must use exactly 4 OUTs in

total

Execution model (L5).

» Lines execute in ascending label order.

o A * after the label marks that line as part of the

chorus.

¢ Chorus lines are grouped into batches based on

NBA positions:

¢ batch 1 is before the first NBA, batch 2 between

first and second, etc.

* NBA k immediately replays chorus batch k
(ascending label order), then resumes.

* NBA is illegal during replay (no nesting).

* STOP halts immediately.

Task 2 explanation. Special instructions: NBA k.

1. Label 10: SET x 5 sets x = 5.

2. Label 20*: OUT x prints 5. Output: 5.
3. Label 30: NBA 1 replays chorus batch 1.
4. Label 20*: OUT x prints 5. Output: 5 5.

Note: chorus replay.

Final output: 5 5.

Task 4 explanation. Special instructions: NBA k.

1. Label 10: SET x 7 sets x = 7.

Figure 9: Task package example for L5: README constraints (Task 2 and Task 4), example

100% OUT x
110 NBA 3

Output: 7 7 9 4 9 8 8

2. Label 20*: OUT x prints 7. Output: 7.
3. Label 30: NBA 1 replays chorus batch 1.

AN

O 0 3 N W

11.

12.
13.
14.
15.

16.

Note: chorus replay.

Note: chorus replay.

. Label 20*: OUT x prints 7. Output: 7 7.

. Label 40*: SET x 9 sets x =9.

. Label 50: OUT x prints 9. Output: 77 9.

. Label 60: SET x 4 sets x = 4.

. Label 70*: OUT x prints 4. Output: 77 9 4.
. Label 80: NBA 2 replays chorus batch 2.

. Label 40*: SET x 9 sets x =9.

Label 70*: OUT x prints 9. Output: 77 94 9.

Note: chorus replay.

Label 90*: SET x 8 sets x = 8.
Label 100*: OUT x prints 8. Output: 77949 8.
Label 110: NBA 3 replays chorus batch 3.
Label 90*: SET x 8 sets x = 8.

Note: chorus replay.

Label 100*: OUT x prints 8. Output: 77949 8 8.

Note: chorus replay.

Final output: 7 7 9 4 9 8 8.

programs, candidate submissions, and explanations.
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Task package example (L6)

README.md (Task 2) examplel.l6 example2.16 solution.l6 (Task 2)
TASK: 10 SET x 1 10 SET x 5 10 SET x 1
Output exactly: 1 2 20 OUT x 20 OUT x 20 OUT x
30 SET x 2 30 STOP 30 CGH
Write your final solution to 40 sTop 40 SET x 0 35 STOP
: solution.l6 Output: 1 Output: 5 40 OUT x
50 SET x 2
Constraints: example3.16 example4.16
— Only one variable may be o 5 o . Output: 1 2
. . SET x SET x .
used in the entire s con 20 OUT x solution.16 (Task 4)
program ) 20 SET x 0 30 SET x 2
— Your program must contain 30 OUT x 40 OUT x 10 SET x 9
exactly these lines: 10, 40 SET x 1 20 CGH
20, 30, 35, 40, 50 Output: 1 2 30 SET x 7
- Line 35 must be STOP Output: 1 40 OUT x
exampleS.16 50 SET x 10
README.md (Task 4) 60 OUT x
10 SET x 1 70 OUT x
TASK: 20 OUT x 80 STOP
Output exactly: 9 3 3 7 10 30 OUT x 90 CGH
40 STOP
10 100 OUT x
Output: 1 1 110 OUT x
Write your final solution to 120 SET x 3
: solution.l6 130 OUT x

Interpreter call budget: You
have {N} total
interpreter runs for
this task.

Constraints:

- Only one variable may be
used in the entire
program

— Your program must contain
exactly these lines: 10,

20, 30, 40, 50, 60, 70,
80, 90, 100, 110, 120,
130

— Line 50 must be SET x 10

— Line 70 must be OUT x

— Line 80 must be STOP

Execution model (L6).

» Labels are positive integers and execute at most
once.

At each step, consider the min and max active
labels.

A state bit pick chooses which runs (0 = min, 1 =
max).

* CGH toggles pick.

* After executing a label, it goes on cooldown for 1
step (can’t run next step).

¢ STOP halts immediately.

Task 2 explanation. Special instructions: CGH.
1. Label 10: SET x 1 sets x = 1.
2. Label 20: OUT x prints 1. Output: 1.

3. Label 30: CGH toggles the min/max pick state for

the next step.
Note: CGH — pick=1.

4. Label 50: SET x 2 sets x = 2.
5. Label 40: OUT x prints 2. Output: 1 2.
6. Label 35: STOP halts execution.

Output: 9 3 3 7 10 10

Final output: 1 2.
Task 4 explanation. Special instructions: CGH.

1. Label 10: SET x 9 sets x =9.

2. Label 20: CGH toggles the min/max pick state for
the next step.
Note: CGH — pick=1.

. Label 130: OUT x prints 9. Output: 9.

. Label 120: SET x 3 sets x = 3.

. Label 110: OUT x prints 3. Output: 9 3.

. Label 100: OUT x prints 3. Output: 9 3 3.

. Label 90: CGH toggles the min/max pick state for
the next step.
Note: CGH — pick=0.

8. Label 30: SET x 7 sets x = 7.
9. Label 40: OUT x prints 7. Output: 93 3 7.

~N N L AW

10. Label 50: SET x 10 sets x = 10.

11. Label 60: OUT x prints 10. Output: 9 3 3 7 10.
12. Label 70: OUT x prints 10. Output: 9337 10 10.
13. Label 80: STOP halts execution.

Final output: 9 3 3 7 10 10.

Figure 10: Task package example for L6: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanations.
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Task package example (L7)

README.md (Task 2) examplel.l7 example2.17 solution.l7 (Task 2)
TASK: 10 SET x 1 10 SET x 3 10 SET x 1
Output exactly: 1 2 2 20~2 OUT x 20-1 OUT = 20~2 OUT x
30 SET x 2 30 OUT x 30 SET x 2
Write your final solution to 40 OUT x 28~2U§E£ x4 40 OUT x
: solution.l7 Output: 1 2 2
Output: 3 3 3 4 Output: 1 2 2
Constraints: ) example3.17 example4.17 solution.17 (Task 4)
— Only one variable may be
used in the entire 10 SET x 1 10 SET x 2 10~4 SET x 10
program ) 20~1 OUT x 20~1 OUT x 20~3 OUT x
— Your program must contain 30 SET x 9 30 SET x 7 30~2 SET x 7
exactly these lines: 10, || 40 ouT x 40 OUT x 40~1 OUT x
20, 30, 40 50 SET x 13
Output: 1 1 9 Output: 2 2 7
P P 60 OUT x
README.md (Task 4) 70~5 SET x 8
80~2 OUT x
TASK: 90 SET x 3
Output exactly: 10 7 10 7 13 100 SET x 4
8 348 110 OUT x
120 OUT x

Write your final solution to
: solution.1l7

Constraints:

— Your program must contain
exactly these lines: 10,
20, 30, 40, 50, 60, 70,
80, 90, 100, 110, 120

— Only one variable may be
used in the entire
program

- Must use exactly 6 SETs in
total

Execution model (L7).

* Main pass executes each line once in ascending
label order.

A line with delay k ; 0 schedules a single echo of
itself to run immediately before the line that is k
positions after it in label order.

* Echoes execute at their scheduled label and do not
schedule further echoes.

* When the main pass completes, the program halts.

* STOP halts immediately (even if echoes are
pending).

Task 2 explanation.

1. Label 10: SET x 1 sets x = 1.

2. Label 2072: OUT x prints 1. Output: 1.
3. Label 30: SET x 2 sets x = 2.
4

. Label 20™2: OUT x prints 2. Output: 1 2.
Note: echo of a delayed line.

5. Label 40: OUT x prints 2. Output: 12 2.

Final output: 1 2 2.
Task 4 explanation.

1. Label 1074: SET x 10 sets x = 10.

2. Label 2073: OUT x prints 10. Output: 10.
3. Label 30™2: SET x 7 sets x =7.

4. Label 4071: OUT x prints 7. Output: 10 7.

15.
16.

17.

18.

Output: 10 7 10 7 13 8 3
4 8

. Label 1074: SET x 10 sets x = 10.

Note: echo of a delayed line.

. Label 2073: OUT x prints 10. Output: 10 7 10.

Note: echo of a delayed line.

. Label 3072: SET x 7 sets x = 7.

Note: echo of a delayed line.

. Label 4071: OUT x prints 7. Output: 107 10 7.

Note: echo of a delayed line.

. Label 50: SET x 13 sets x = 13.
10.
11.
12.
13.
14.

Label 60: OUT x prints 13. Output: 107 10 7 13.
Label 7075: SET x 8 sets x = 8.

Label 8072: OUT x prints 8. Output: 107 107 13 8.
Label 90: SET x 3 sets x = 3.

Label 8072: OUT x prints 3. Output: 107 107 13 8
3.
Note: echo of a delayed line.

Label 100: SET x 4 sets x = 4.

Label 110: OUT x prints 4. Output: 107107 13 8
34.

Label 7075: SET x 8 sets x = 8.
Note: echo of a delayed line.

Label 120: OUT x prints 8. Output: 107 107 13 8
348.

Final output: 10 7 10 7 13 8 3 4 8.

Figure 11: Task package example for L7: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanations.
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Task package example (L8)

README.md (Task 2) examplel.l8 example2.18 solution.I8 (Task 2)
TASK: 10 QTA 7 0 QTA 14 0 QTA 10
Write a program that outputs || 20 SET a 5 10 SET a 2 10 SET a 4
exactly: 4 5 28 gggpa jg gﬁi E ax3+1 20 OUT a
. . . 55 OUT a 30 SET a 5
Write your final solution to | Qutput: 5 70 STOP 40 OUT a
: solution.18 50 STOP
Output: 7 2
Constraints: example3.18 exampled.I$ Output: 2 5
- Only one variable may be solution.18 (Task 4)
used in the entire 0 OTA 6 0 OTA 13
program 10 SET x 1 10 SET a 1 0 QTA 10
20 QTA 13 24 QTA 10 8 SET x 4
README.md (Task 4) 30 SET x x + 4 35 SET a a + 2 22 OTA 30
50 OUT x 47 OUT a 50 OUT x
60 STOP 60 STOP
Task: 78 STOP
Output exactly: 4 6 7 9 Output: 5 Output: 3 81 QTA 7
) ) ) example5.18 88 SET x 6
Write your final solution to 100 OUT x
: solution.18 0 OTA 10 106 SET x 7
10 SET x 1 105 OTa 33
Constraints: 11 SET x 2 139 OUT x
- Only one variable may be 25 OUT x 179 SET x 9
used in the entire 40 STOP 200 OUT x
program 227 STOP
- Your program must contain Output: 1
exactly these lines: 0, Output: 4 6 7 9
8, 22, 50, 78, 81, 88,
100, 106, 109, 139,
179, 200, 227
- Line 78 must be STOP

Execution model (L8).

* Execution starts at the smallest label.

. Label 8: SET x 4 sets x = 4.

Note: target = 18, next label = 22.

Label 22: QTA 30 sets the cursor to 30.
Note: target = 52, next label = 50.

* A cursor integer guides control flow. 3.

* After executing a line with label L and cursor C:

e target T=L+C 4. Label 50: OUT x prints 4. Output: 4.
¢ next label N minimizes —N - T—; ties break to the Note: target = 80, next label = 81.
smaller label. 5. Label 81: QTA 7 sets the cursor to 7.

Note: target = 88, next label = 88.

Label 88: SET x 6 sets x = 6.
Note: target = 95, next label = 100.

. Label 100: OUT x prints 6. Output: 4 6.
Note: target = 107, next label = 106.

8. Label 106: SET x 7 sets x = 7.
Note: target = 113, next label = 109.

¢ STOP halts immediately.

Task 2 explanation. Special instructions: QTA expr 6.

(sets cursor).

1. Label 0: QTA 10 sets the cursor to 10. 7
Note: target = 10, next label = 10.

2. Label 10: SET a 4 sets a =4.
Note: target = 20, next label = 20.

3. Label 20: OUT a prints 4. Output: 4.

Note: target = 30, next label = 30. 9. II;,abel 109: QT/?4323 sets tlhfl; clurs<}r3t90 33.
4. Label 30: SET a5 setsa = 5. ofe: farget = 142, next labet = 155

Note: target = 40, next label = 40. 10. Label 139: OUT x prints 7. Output: 4 6 7.
5. Label 40: OUT a prints 5. Output: 4 5. Note: target = 172, next label = 175.

Note: target = 50, next label = 50. 11. Label 179: SET x 9 sets x = 9.
6. Label 50: STOP halts execution. Note: target = 212, next label = 200.

Note: target = 60, next label = None. 12. Label 200: OUT x prints 9. Output: 467 9.

Final output: 4 5.
Task 4 explanation. Special instructions: QTA expr
(sets cursor).
1. Label 0: QTA 10 sets the cursor to 10.
Note: target = 10, next label = 8.

Note: target = 233, next label = 227.

13. Label 227: STOP halts execution.
Note: target = 260, next label = None.

Final output: 4 6 7 9.

Figure 12: Task package example for L8: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanations.
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Task package example (L9)

README.md (Task 2) examplel.l9 example2.19 solution.19 (Task 2)
TASK: 10 SET x 1 10 SET x 2 10 RGW 20
Output exactly: 4 4 20 RGW 40 30 RGW 40 20 OUT x
30 SET x 9 40 OUT x 30 SET x 4
Write your final solution to 40 ouT x 50 SET x 3 40 OUT x
: solution.l19 Output: 9 Output: 3
utpy utpu Output: 4 4
. example3.19 example4.19 .
Constraints: solution.l9 (Task 4)
- Only one variable may be 10 s ! 10 s S
. s ET x ET x
used in the entire 20 RGW 30 20 OUT x 10 RGW 30
program ) 25 OUT x 30 RGW 50 20 RGW 30
- Your program must contain 30 OUT x 40 SET x 7 30 SET x 9
exactly these lines: 10, 40 SET x 9 50 OUT x 40 RGW 50
20, 30, 40 50 OUT x 60 OUT x 50 SET x 7
— Line 30 must be SET x 4
. . 60 SET x 10
— Must use exactly 1 SET in Output: 1.9 9 Output: 5 7 7 70 OUT x
total 80 RGW 80
90 OUT x
README.md (Task 4) 100 RGW 110
110 RGW 110
TASK: 120 OUT x
Output exactly: 10 3 4 7 9 130 SET x 3
140 OUT x
Write your final solution to 150 SET x 4
: solution.19 160 OUT x
Constraints: Output: 10 10 10 3 4
- Only one variable may be
used in the entire
program
- Your program must contain
exactly these lines: 10,
20, 30, 40, 50, 60, 70,
80, 90, 100, 110, 120,
130, 140, 150, 160
- Line 30 must be SET x 9
— Line 50 must be SET x 7
— Must use exactly 5 SETs in
total
Execution model (L9). 3. Label 40: RGW 50 increases the penalty for label
¢ Labels are positive integers and execute at most 50, making it less likely to be chosen next.
once. 4. Label 60: SET x 10 sets x = 10.
 Each label has a penalty score (starts at 0). 5. Label 70: OUT x prints 10. Output: 10.
* Each step selects the unexecuted label with the 6. Label 80: RGW 80 increases the penalty for label

minimum penalty; ties break to smallest label. 80, making it less likely to be chosen next.

Label 90: OUT x prints 10. Output: 10 10.

8. Label 100: RGW 110 increases the penalty for
label 110, making it less likely to be chosen next.

9. Label 120: OUT x prints 10. Output: 10 10 10.

* RGW jlabel; increments the penalty of that target
label by 1.

¢ STOP halts immediately.
Task 2 explanation. Special instructions: RGW label.
1. Label 10: RGW 20 increases the penalty for label

=

20, making it less likely to be chosen next. 10. Label 130: SET x 3 sets x = 3.
2. Label 30: SET x 4 sets x = 4. 11. Label 140: OUT x prints 3. Output: 10 10 10 3.
3. Label 40: OUT x prints 4. Output: 4. 12. Label 150: SET x 4 sets x = 4.
4. Label 20: OUT x prints 4. Output: 4 4. 13. Label 160: OUT x prints 4. Output: 10 10 10 3 4.
Final output: 4 4. 14. Label 50: SET x 7 sets x = 7.

Task 4 explanation. Special instructions: RGW label.

1. Label 10: RGW 30 increases the penalty for label > -abel 110: RGW 110 increases the penalty for

30, making it less likely to be chosen next. label 110, making it less likely to be chosen next.

2. Label 20: RGW 30 increases the penalty for label 16. Label 30: SET x 9 sets x =9.
30, making it less likely to be chosen next. Final output: 10 10 10 3 4.

Figure 13: Task package example for L9: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanations.
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Task package example (L10)

README.md (Task 2) examplel.110 example2.110 solution.110 (Task 2)
TASK: L< SET a 1 L<~ SET x 1 L< SET x 4
Output exactly: 4 5 9 R SET ¢ 3 L OUT x R SET y 5
31 TR
Write your final solution to L OUT a ® R OUT y
: solution.110 R OUT c R OUT x L SET x 9
L OUT b R SET x 2 L OUT x
Constraints: R OUT d

- Only one variable may be

Output: 1 1 2

Output: 1 3 2 4

Output: 4 5 9

used in the entire solution.110 (Task 4)
program example3.110 example4.110
— Must have eX§ctly 4 lines L OUT x
labeled with L L SET x 1 L< SET x 1 L~ OUT x
- Muslt ;afedexéc;lg 2 lines ;<O(SJ§T x 2 i (S)gg x - L SET x 7
abeled wit X X X
L OUT x L OUT x L SET x 8
L SET x 3
README.md (Task 4) Output: 2 2 R OUT x
R< SET x 1
TASK: Output: 1 1 2 R SET x 2
Output exactly: 1 2 7 8 3 example5.110 R OUT x
R OUT x
Write your final solution to | p< sgT x 7 R OUT x
: solution.110 R OUT x
L STOP Output: 1 2 7 8 3
Constraints: R OUT x
- Only one variable may be .
used in the entire Output: 7
program
— The third R label must be
OUT x
— The second L label must be
OUT x

- Must have exactly 5 lines
labeled with R

— Must have exactly 5 lines
labeled with L

Execution model (L10).

¢ Two rails (L and R) with separate instruction
pointers.

6. Lane L (line 6): OUT x prints 9. Output: 4 5 9.

Final output: 4 5 9.
Task 4 explanation.

. Lane R (line 7): SET x 1 sets x = 1.

Lane L (line 1): OUT x prints 1. Output: 1.
Lane R (line 8): SET x 2 sets x = 2.

Lane L (line 2): OUT x prints 2. Output: 1 2.
Lane L (line 3): SET x 7 sets x = 7.

Lane R (line 9): OUT x prints 7. Output: 12 7.
Lane L (line 4): SET x 8 sets x = 8.

Execution alternates between rails by default. 1

* A sticky marker (7) on the rail token prevents
switching for one step.

¢ START marker (j) selects the initial rail and
instruction pointer.

¢ STOP halts immediately.

Task 2 explanation.

1. Lane L (line 1): SET x 4 sets x = 4.
2. Lane R (line 2): SET y 5 sets y = 5. Lane R (line 10): OUT x prints 8. Output: 127 8.
3. Lane L (line 3): OUT x prints 4. Output: 4. Lane L (line 5): SET x 3 sets x = 3.
4. Lane R (line 4): OUT y prints 5. Output: 4 5. 10. Lane R (line 11): OUT x prints 3. Output: 127 8 3.
5. Lane L (line 5): SET x 9 sets x =9. Final output: 1 2 7 8 3.

e e A o

Figure 14: Task package example for L10: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanations.
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Task package example (L11)

README.md (Task 2) examplel.l11 example2.111 solution.111 (Task 2)
TASK: 10 SET x 1 10 SET x 1 10 SET x 1
Output exactly: 1 2 1 207 OUT x 20 OUT x 20 OUT x
30 SET x x + 1 30 SET x x + 1 30 SET x x + 1
. . . 40 OUT x 40 OUT x N
Write your f}nal solution to 50 OUT x 50 OUT x 40" OUT x
: solution.111 50 SET x 1

Constraints:

Output: 1 2 2 2

Output: 1 2 2

Output: 1 2 1

. example3.111 example4.111
- Only one variable may be solution.l11 (Task 4)
used in the entire
10 SET x 1 10 SET x 1
program X 20 OUT x 20 OUT x 5 SET x 2
- Must use exactly 2 OUTs in || 30y ouT x 40 OUT x 10v OUT x
total 40" SET x x + 1 15v SET x 10
50 OUT x Output: 1 1 20v OUT x
README.md (Task 4 ~
( ) Output: 1 1 2 3 257 SET x 5
30v SET x 3
TASK: 35v OUT x
Output exactly: 2 10 3 7 5 40" SET x 7
10 7 3 457 OUT x
Write your final solution to Output: 2 10 3 7 5 10 7
3

: solution.1l11

Constraints:

— Only one variable may be
used in the entire
program

- Your program must contain
exactly these lines: 5,

10, 15, 20, 25, 30, 35,
40, 45

- Must use exactly 4 OUTs in
total

Execution model (L11).
¢ Two-pass execution.

* Pass 1: execute all lines once in ascending label

order.

order is derived by:

relative order)

“-block

Pass 2: execute only marked lines once more. The
- taking the subsequence of marked lines (keeping

- grouping consecutive identical markers into blocks
- swapping each adjacent v-block followed by a

* Variables persist across both passes.

¢ STOP halts immediately.
Task 2 explanation.
1. Label 10: SET x 1 sets x = 1.

[T SRS I )

. Label 50: SET x 1 setsx = 1.

. Label 20: OUT x prints 1. Output: 1.
. Label 30: SET x x + 1 sets x = 2.
. Label 40”: OUT x prints 2. Output: 1 2.

6. Label 40™: OUT x prints 1. Output: 12 1.

Final output: 1 2 1.
Task 4 explanation.

Figure 15: Task package example for L11: README constraints (Task 2 and Task 4), example

® N kWD

Label 5: SET x 2 sets x = 2.

Label 10v:
Label 15v:
Label 20v:
Label 25™:
Label 30v:
Label 35v:
Label 40™:

9. Label 45™:

10.
11.
12.
13.
14.
15.
16.
17.

Label 25™:
Label 10v:
Label 15v:
Label 20v:
Label 40™:
Label 45™:
Label 30v:

Label 35v:
3.

OUT x prints 2. Output: 2.

SET x 10 sets x = 10.

OUT x prints 10. Output: 2 10.
SET x 5 sets x = 5.

SET x 3 sets x = 3.

OUT x prints 3. Output: 2 10 3.
SET x 7setsx=17.

OUT x prints 7. Output: 2 103 7.
SET x 5 sets x = 5.

OUT x prints 5. Output: 2103 7 5.
SET x 10 sets x = 10.

OUT x prints 10. Output: 2103 75 10.

SET x 7setsx =7.

OUT x prints 7. Output: 21037510 7.

SET x 3 sets x = 3.

OUT x prints 3. Output: 210375107

Final output: 2 10 3 7 5 10 7 3.

programs, candidate submissions, and explanations.
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Task package example (L12)

README.md (Task 2) examplel.112 example2.112 solution.l12 (Task 2)
TASK: 10 SET x 0 10 UWR A 10 SET x 9
Output exactly: 9 9 20 UWR A 20 SET x 4 20 UWR A
30 SET x x + 1 30 OUT x 30 OUT x
. . . 40 OUT x 40 SET x 2
Write your f}nal solution to 50 UWR B 50 OUT x 40 UWR B
: solution.l1l12 60 SET x x + 10 50 NHO A
70 OUT x Output: 4 2
Constraints: 80 NHO A Output: 9 9
- Only one variable may be 90 SET x 4 solution.112 (Task 4)
used in the entire 100 OUT x
program ) OQutput: 1 11 12 4 10 UWR A
- Must use exactly 1 OUT in 20 SET x 4
total example3.112 example4.112 30 oUT x
A 4 10 SET x 2 10 SET x 10 40 UnR B
README. Task x x
md (Task 4) 20 OUT x 12 OUT x 50 SET x 3
30 SET x x + 1 60 OUT x
TASK: 40 OUT x Output: 10 70 SET x 10
Output exactly: 4 3 10 9 4 9 80 OUT x
310 Output: 2 3 90 UWR C
100 SET x 9
Write your final solution to 110 OUT x
: solution.1l12 120 UWR D
130 NHO A
Constraints: 140 NHO C
- Your program must contain 150 NHO B
exactly these lines: 10,
20, 30, 40, 50, 60, 70, Output: 4 310 94 9 3
80, 90, 100, 110, 120, 10
130, 140, 150
— Only one variable may be
used in the entire
program
- Must use exactly 4 OUTs in
total
Execution model (L12). 5. Label 50: SET x 3 sets x = 3.
* UWR sym records a ribbon for sym starting at the 6. Label 60: OUT x prints 3. Output: 4 3.
line immediately after the UWR.
. 7. Label 70: SET x 10 sets x = 10.
* NHO sym replays from that ribbon up to (but not .
including) the next UWR in source order. 8. Label 80: OUT x prints 10. Output: 4 3 10.
* After replay, execution resumes at the line after the 9. Label 90: UWR C records a ribbon starting after
NHO. this line.
e NHO during replay is a runtime error. 10. Label 100: SET x 9 sets x = 9.
¢ STOP halts immediately. 11. Label 110: OUT x prints 9. Output: 4 3 10 9.
Task 2 explanation. Special instructions: NHO sym, 12, Label 120: UWR D records a ribbon starting after
UWR sym. this line.
1. Label 10: SET x 9 sets x =9. 13. Label 130: NHO A replays the recorded ribbon for
2. Label 20: UWR A records a ribbon starting after A.

this line.
3. Label 30: OUT x prints 9. Output: 9.
4. Label 40: UWR B records a ribbon starting after

14. Label 20: SET x 4 sets x = 4.
15. Label 30: OUT x prints 4. Output: 4 3 10 9 4.
16. Label 140: NHO C replays the recorded ribbon for

this line. C
5. Label 50: NHO A replays the recorded ribbon for '

A. 17. Label 100: SET x 9 sets x = 9.
6. Label 30: OUT x prints 9. Output: 9 9. 18. Label 110: OUT x prints 9. Output: 431094 9.
Final output: 9 9. 19. Label 150: NHO B replays the recorded ribbon for
Task 4 explanation. Special instructions: NHO sym, B.
UWR sym. 20. Label 50: SET x 3 sets x = 3.
1. Label 10: UWR A records a ribbon starting after .

this line. 21. Label 60: OUT x prints 3. Output: 431094 9 3.
2. Label 20: SET x 4 sets x = 4. 22. Label 70: SET x 10 sets x = 10.
3. Label 30: OUT x prints 4. Output: 4. 23. Label 80: OUT x prints 10. Output: 43109493
4. Label 40: UWR B records a ribbon starting after 10.

this line. Final output: 4 3 10 9 4 9 3 10.

Figure 16: Task package example for L12: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanatichy.
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Task package example (L13)

README.md (Task 2) examplel.l113 example2.113 solution.113 (Task 2)
TASK: 10{1} SET x 7 10{1} SET x 1 10{1} SET x 3
Output exactly: 3 4 20{3} OUT x égﬁﬂ (s)gi x , 20{1} OUT x
N * 30{0} OUT x
Write your final solution to Output: 7 7 7 ggﬁﬂ (S)]L-:? i 3 40{1} SET x 4
solution.113 60{1} OUT x 50{1} OUT x
60{0} OUT x
Constraints: Output: 1 2 3
- Only one variable may be | example3.13 exampled.13 Output: 5 4
used in the entire solution.113 (Task 4)
program ) 10{1} SET x 0 10{1} SET x 1
— Must use exactly 4 OUTs in 20{1} SET x 1 20{0} OUT x 10{0} SET x 8
total 30{1} OUT x 20{1} SET x 13
\égﬁl z;i 3022 Output: (no output) 30{3} OUT x
X
README.md(Task4) 60(2} OUT x 40{1} SET x 4
50{1} OUT x
TASK: Output: 1 2 2 2 2 60{1} SET x 5
Output exactly: 13 4 5 9 8 5 70{2} OUT x
9 8 8 80{1} sIz 10 2
90{2} SET x 9
Write your final solution to 100{3} OUT x
solution.113 110{1} SIZ 50 1
Constraints: Output: 13 4 5 9 8 8 8 9
- Your program must contain 8 8
exactly these lines: 10,
20, 30, 40, 50, 60, 70,
80, 90, 100, 110
— Only one variable may be
used in the entire
program
- Must use exactly 4 OUTs in
total
- Line 10 must be SET x 8

. Label 60{0}: SET x 5 sets x =5.
. Label 70{1}: OUT x prints 5. Output: 134 5.

Execution model (L13). 5
6.

The interpreter repeatedly executes the next label with remaining quota in 7. Label 80{0}: SIZ 10 2 adds 2 quota to label 10.
8
9

« Labels are sorted ascending.

ascending order (wrapping). Label 90{1}: SET x 9 sets x = 9

. Label 100{2}: OUT x prints 9. Output: 134 59.
10. Label 110{0}: SIZ 50 1 adds 1 quota to label 50.
11. Label 10{1}: SET x 8 sets x =8.

Each execution consumes 1 quota for that label.

Program halts when all quotas are exhausted or STOP executes.

Task 2 explanation.

1. Label 10{0}: SET x 3 sets x =3.

2. Label 20{0}: OUT x prints 3. Output: 3. 12. Label 30{1}: OUT x prints 8. Output: 13459 8.

3. Label 40{0}: SET x 4 sets x = 4. 13. Label 50{0}: OUT x prints 8. Output: 13459 8 8.

4. Label 50{0}: OUT x prints 4. Output: 3 4. 14. Label 70{0}: OUT x prints 8. Output: 1345988 8.
Final output: 3 4. 15. Label 90{0}: SET x 9 sets x = 9.

Task 4 explanation. Special instructions: SIZ label n (adds n to that label’s 16. Label 100{1}: OUT x prints 9. Output: 134598 889.

remaining quota; n must be ;= 0).

I Label 20{0}: SET x 13 sets x = 13. 17. Label 10{0}: SET x 8 sets x = 8.

18. Label 30{0}: OUT x prints 8. Output: 134598889 8.

2. Label 30{2}: OUT x prints 13. Output: 13.
3. Label 40{0}: SET x 4 sets x = 4. 19. Label 100{0}: OUT x prints 8. Output: 1345988898 8.
4. Label 50{0}: OUT x prints 4. Output: 13 4. Finaloutput: 13 4 5 9 8 8 8 9 8 8.

Figure 17: Task package example for L13: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanations.
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Task package example (L14)

README.md (Task 2) examplel.l14 example2.114 solution.114 (Task 2)
TASK: 10 SET x 1 10 SET x 1 10 SET x 3
Output exactly: 3 3 3 20 OUT x 20 AYZ 50 20 AYZ 60
zg gET X 2 28 (S)UT X X 30 AYZ 60
Write your final solution to 50 Sggpx 50 Oﬁi i 40 AYZ 60
solution.114 60 STOP 50 STOP
Output: 1 2 60 OUT x
Constraints: Output: 1 2
- Only one variable may be example3.114 exampled.114 Output: 3 3 3
used in the entire solution.114 (Task 4)
program ) 10 SET x 1 10 SET x 1
— Must use exactly 1 OUT in 20 AYZ 60 20 OUT x 2 SET x 6
total 30 AYZ 70 30 AYZ 50 10 OUT x
50 S108" 50 SET % x + 1 20 SET x5
README.md (Task 4 x %
md (Task 4) 60 SET x 2 60 OUT x 30 OUT x
70 OUT x 70 STOP 40 aYz 10
TASK: 45 AYZ 2
Output exactly: 6 5 4 5 4 6 Output: 1 1 Output: 1 1 2 50 SET x 4
example5.114 70 OUT x
Write your final solution to 100 AYZ 70
solution.114 10 SET x 5 120 AYZ 50
50 oUT x 130 AYZ 30
Constraints: 30 STOP 140 AYZ 20
— Only one variable may be
used in the entire Output: 5 Output: 6 5 4 5 4 6
program
- Your program must contain
exactly these lines: 2,
10, 20, 30, 40, 45, 50,
70, 100, 120, 130, 140
- Must use exactly 3 OUTs in
total
Execution model (L14). 2. Label 10: OUT x prints 6. Output: 6.
« Labels execute in ascending order; each label executes at most once. 3. Label 20: SET x 5 sets x = 5.
¢ AYZ jlabel;, pushes a return label on a stack. 4. Label 30: OUT x prints 5. Output: 6 5.
¢ When the main path ends, execution returns to pinned labels in 5. Label 40: AYZ 10 pushes label 10 onto the return stack.
LIFO order. 6. Label 45: AYZ 2 pushes label 2 onto the return stack.
* STOP 1mmed1ate}y checks the AYZ §tack: if non-empty, jumps to 7. Label 50: SET x 4 sets x = 4.
the most recent pinned label; otherwise halts.
. Label 70: OUT ints 4. : 4.
Task 2 explanation. Special instructions: AYZ label. 8. Label 70: OUT x prints 4. Output: 6 5
| Label 10: SET x 3 sefs x = 3. 9. Label 100: AYZ 70 pushes label 70 onto the return stack.
2. Label 20: AYZ 60 pushes label 60 onto the return stack. 10. Label 120: AYZ 50 pushes label 50 onto the return stack.
3. Label 30: AYZ 60 pushes label 60 onto the return stack. 11 Label 130: AYZ 30 pushes label 30 onto the return stack.
4. Label 40: AYZ 60 pushes label 60 onto the return stack. 12. Label 140: AYZ 20 pushes label 20 onto the return stack.
5. Label 50: STOP halts execution. 13. Label 20: SET x 5 sets x = 5.
6. Label 60: OUT x prints 3. Output: 3. 14. Label 30: OUT x prints 5. Output: 6 54 5.
7. Label 60: OUT x prints 3. Output: 3 3. 15. Label 50: SET x 4 sets x = 4.
8. Label 60: OUT x prints 3. Output: 3 3 3. 16. Label 70: OUT x prints 4. Output: 6 54 5 4.

. 17. Label 2: SET x 6 sets x = 6.
Final output: 3 3 3.
Task 4 explanation. Special instructions: AYZ label. 18. Label 10: OUT x prints 6. Output: 6 54 54 6.
1. Label 2: SET x 6 sets x = 6. Final output: 6 5 4 5 4 6.

Figure 18: Task package example for L14: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanations.
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Task package example (L15)

README.md (Task 2) examplel.l15 example2.115 solution.l15 (Task 2)
TASK: 10 SET x 1 10 SET x 3 10 SET x 4
Output exactly: 4 7 20 FWN 40 20 FWN 30 20 OUT x
Lo B o0z 5o
Write your final solution to 50 SET x x + 5 40 STOP
solution.115 60 KIE Output: 3 50 SET x 7
70 OUT x 55 OUT x
Constraints: 60 KIE
- Only one variable may be Output: 1 6 6
used in the entire example3.115 exampled4.115 Output: 4 7
program solution.115 (Task 4)
- Your program must contain 10 SET x 10 10 SET x 2
exactly these lines: 10, | 20 FWN 50 20 OUT x 10 SET x 3
20, 30, 40, 50, 55, 60 30 SET x 2 30 SET x x + 1 20 FWN 40
- Li 50 SET x 3 40 STOP
Line 40 must be STOP b o zg ELT]?PX
README.md (Task 4) oo Output: 2 50 SET x 8
Output: 2 60 FWN 80
TASK: 70 STOP
Output exactly: 3 8 10 80 OUT x
90 FWN 110
Write your final solution to 100 STOP
solution.1l15 110 SET x 10
120 OUT x
Constraints: 130 KIE
- Only one variable may be 140 KIE
used in the entire 150 KIE
program

- Your program must contain Output: 3 8 10

exactly these lines: 10,
20, 30, 40, 50, 60, 70,
80, 90, 100, 110, 120,
130, 140, 150

- Line 30 must be STOP

- Line 70 must be STOP

— Line 100 must be STOP

Execution model (L15). 7. Label 40: STOP halts execution.
* Labels are sorted ascending and are consumptive (each executes at  Final output: 4 7.

most once). Task 4 explanation. Special instructions: FWN label, KIE.
¢ Default flow falls through to the next higher unexecuted label. 1. Label 10: SET x 3 sets x = 3.

* FWN jlabel; begins a block: push the current label and jump to the 2 [abel 20: FWN 40 jumps to label 40 and pushes a return point.
target label.
¢ 3. Label 40: OUT x prints 3. Output: 3.

» KIE ends the block: resume at the next higher unexecuted label
. Label 50: SET x 8 sets x = 8.

after the call-site.
¢ STOP halts immediately.

4

5. Label 60: FWN 80 jumps to label 80 and pushes a return point.
Task 2 explanation. Special instructions: FWN label, KIE. 6. Label 80: OUT x prints 8. Output: 3 8.

7

8

9

. Label 10: SET x 4 sets x = 4. . Label 90: FWN 110 jumps to label 110 and pushes a return point.

. Label 20: OUT x prints 4. Output: 4. . Label 110: SET x 10 sets x = 10.

. Label 30: FWN 50 jumps to label 50 and pushes a return point. . Label 120: OUT x prints 10. Output: 3 8 10.

Label 50: SET x 7 sets x = 7. 10. Label 130: KIE ends the block and returns to the instruction after
the call site.

1. Label 100: STOP halts execution.

. Label 55: OUT x prints 7. Output: 4 7.

. Label 60: KIE ends the block and returns to the instruction after the 1
call site. Final output: 3 8 10.

o v oA W N =

Figure 19: Task package example for L15: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanations.
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Task package example (L16)

README.md (Task 2) examplel.l16 example2.116 solution.116 (Task 2)
TASK: 10 SET x 1 10 SET x 1 10 SET x 5
Output exactly: 5 5 5 20 OUT x 301 SET x x + 1 20! OUT x
40! SET x x + 10 40 OUT x 30 STOP
; . , 45 STOP 50 SET x x + 10
Write your f}nal solution to 50 OUT x 55 OUT x 40 OUT x
solution.116 60 OUT x 60 OUT x 50 OUT x
Constraints: Output: 1 11 11 Output: 2 2 12 Output: 5 5 5
- Only one variable may be example3.116 example4.116 solution.116 (Task 4)
used in the entire
program ) 10 SET x 7 10 SET x 1 10 SET x 4
- Your program must contain 40 OUT x 20 SET x x + 10 15 OUT x
exactly these lines: 10, | 50 ouT x 45 OUT x 20! SET x x + 3
. 2(;,0 30,t4%, 5SOTOP 60 STOP gg §E§ x x - 3 25 OUT x
- Line mus e x
Output: 7 7 zgloSET x5
Output: 11 8 UT x
README.md (Task 4) P 45 SET = 13
50 OUT x
TASK: 55 OUT x
Output exactly: 4 7 7 10 5 5 60! SET x 10
13 65 OUT x
70 OUT x

Write your final solution to
solution.116

Constraints:

— Only one variable may be
used in the entire
program

- Your program must contain
exactly these lines: 10,

15, 20, 25, 30, 40, 45,
50, 55, 60, 65, 70

— Line 20 must be SET x x +
3

— Line 45 must be SET x 13

Execution model (L16).

¢ Start at the smallest label.

Final output: 5 5 5.
Task 4 explanation.

Output: 4 7 7 10 5 5 13

1. Label 10: SET x 4 sets x = 4.
« Each label executes at most once.
. . 2. Label 15: OUT x prints 4. Output: 4.
« A global direction controls which label executes next:
. 3. Label 20!: SET x x + 3 sets x = 7.
¢ - forward: smallest remaining label ; current (wraps to smallest) .
4. Label 70: OUT x prints 7. Output: 4 7.
¢ - backward: largest remaining label ; current (wraps to largest) .
5. Label 65: OUT x prints 7. Output: 47 7.
« If the executed line has !, the direction flips for the next step. 6. Label 601 SET x 10 sets x = 10
* STOP halts immediately. 7. Label 25: OUT x prints 10. Output: 477 10.
Task 2 explanation. 8. Label 30!: SETx 5 sets x = 5.
1. Label 10: SET x 5 sets x = 5. 9. Label 55: OUT x prints 5. Output: 477 10 5.
. Label 20!: OUT x prints 5. Output: 5. 10. Label 50: OUT x prints 5. Output: 477 105 5.
. Label 50: OUT x prints 5. Output: 5 5. 11. Label 45: SET x 13 sets x = 13.

12. Label 40: OUT x prints 13. Output: 477 1055 13.

2
3
4. Label 40: OUT x prints 5. Output: 55 5.
5

. Label 30: STOP halts execution. Final output: 4 7 7 10 5 5 13.

Figure 20: Task package example for L16: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanations.
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Task package example (L17)

README.md (Task 2) examplel.117 example2.117 solution.117 (Task 2)
TASK: 10 SET x 1 10 SET x 5 10 SET x 4
Output exactly: 4 4 20 SET x 0 20 SET x 0 20 SET x 9
) S 20 ot
Write your final solution to ET = BT = 40 STOP
solution.117 Output: 1 Output: 5 50 OUT x
60 OUT x
Constraints: example3.117 example4.117
- Your program must contain Output: 4 4
exactly these lines: 10, 10 aMO 10 STOP solution.l17 (Task 4)
20 SET x 0 20 SET x 1
20, 30, 40, 50, ©0 30 SET x 0 30 OUT x
— Line 20 must be SET x 9 40 SET x 1 40 SET x 0 10 SET x 5
- Line 60 must be OUT x 50 SET x 0 20 STOP
- Only one variable may be 60 OUT x Output: (no output) 30 OUT x
used in the entire
. 40 STOP
program Output: 1 1 1 <0 Ao
exampleS5.117 60 OUT x
README.md (Task 4) 70 STOP
10 SET x 1 80 SET x 7
TASK: ot 90 OUT x
Output exactly: 5 7 5 40 SET x 0 100 AMO
50 SET x x + 1 110 OUT x
Write your final solution to || 60 ouT x 120 STOP
solution.117
Output: 1 Output: 5 7 5
Constraints:
- Your program must contain
exactly these labels:
10, 20, 30, 40, 50, 60,
70, 80, 90, 100, 110,
120
— Labels 70 must be STOP
— Label 120 must be STOP
- Must use exactly 2 SETs in
total
- Only one variable may be
used in the entire
program
Execution model (L17). 5. Label 10: SET x 4 sets x = 4.
¢ All labels are sorted into a bracket. Final output: 4 4.
¢ Each match compares adjacent labels; the winner executes and Task 4 explanation. Special instructions: AMO.
advances. 1. Label 10: SETx 5 sets x = 5.
* Mode () means the lower label wins; mode ‘1‘ means the higher 2. Label 30: OUT x prints 5. Output: 5.
label wins.
« ‘AMO" toggles the mode, but the change applies to the **next** 3. Label 50: AMO toggles match mode for the next bracket match.
match. 4. Label 80: SET x 7 sets x = 7.
* If there is an odd label in a round, it gets a bye and advances 5. Label 100: AMO toggles match mode for the next bracket match.
without executing. K
o 6. Label 110: OUT x prints 7. Output: 5 7.
* When one label remains, it executes once and the program halts.
7. Label 10: SET x Ssetsx =5.
¢ ‘STOP* halts immediately.
. 8. Label 50: AMO toggles match mode for the next bracket match.
Task 2 explanation.
1. Label 10: SET x 4 sets x = 4. 9. Label 110: OUT x prints 5. Output: 57 5.
2. Label 30: OUT x prints 4. Output: 4. 10. Label 50: AMO toggles match mode for the next bracket match.
3. Label 50: OUT x prints 4. Output: 4 4. 11. Label 50: AMO toggles match mode for the next bracket match.
4. Label 10: SET x 4 sets x = 4. Final output: 5 7 5.

Figure 21: Task package example for L17: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanations.
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Task package example (L18)

README.md (Task 2) examplel.118 example2.118 solution.l18 (Task 2)
TASK: 1[*] SET x 1[*] SET b 5 1[*] SET x 3
Output exactly: 3 6 2[1) SET x x + 1 2[1] OUT b 2[1] OUT x
3[!] SET x x + 10 3[!] SETb b + 5 3[2] SET x x + 3
Write your f;’.nal solution to 253*?2? :ET P 253*?2? EET bb+ 1 4[3] OUT x
solution.118 605] OUT x 605] OUT b 5[4] STOP
7(6] STOP
Constraints: Output: 3 Output: 3 6
- Only one variable may be Output: 5 6 solution.118 (Task 4)
used in the entire example3.118 example4.118
program 1[x] SET x 1
1[*] SET c 1 1[*] SET z 1 2[1] SET x x + 2
README.md (Task 4) 2[1] SET c c + 1 2[1] SET z z + 2 3[!] SET x x + 5
A3] ST oo i1 PELR $(3) stop
cc + z z +
TASK: 5[4] SET c ¢ + 1 5[%,%,2] OUT z 5[*,%,2] OUT x
Output exactly: 3 6 6 6 15 6[%, %, %,2] OUT c 6[5] SET x x + 3
15 7(6] STOP Output: 3 7[6] OUT x
8[*,*,*,4] STOP
Write your final solution to Output: 5 9[%,7] OUT x
solution.118 example5.118 10[9] OUT x
11[10] SET x x + 9
Constraints: 1[«] SET w 3 12[11] OUT x
- Only one variable may be 2[1] OUT w 13[*, *,*,%,8] STOP
used in the entire 3[2] SET w w — 1 14[%,12] OUT x
program 4[3] OUT w
- Your program must contain 5[4] STOP Output: 3 6 6 6 15 15
exactly these labels: 1, 6[5] OUT w

2, 3, 4, 5,6, 7, 8, 9,
10, 11, 12

— Label 4 must be STOP

— Label 8 must be STOP

- Label 9 must be STOP

Output: 3 2

Execution model (L18).

¢ Lines execute in ascending label order.

« Every line must include a guard in brackets.

¢ The first line must use ‘[*] and always executes.

* A guard ‘[k]‘ means: execute only if label k‘ executed.

e A guard ‘[* k]‘ (one “*‘) means: execute only if the label two
positions

« earlier executed. More ‘*‘s increase the distance by 1 each time.
< Exactly one line may use ‘[!]‘, which never executes.

¢ ‘STOP* halts immediately; otherwise execution ends after the last
line.

Task 2 explanation.

1. Label 1[*]: SET x 3 sets x = 3.
Note: guard [*] always executes.

2. Label 2[1]: OUT x prints 3. Output: 3.
Note: guard [1] satisfied.

3. Label 3[2]: SET x x + 3 sets x = 6.
Note: guard [2] satisfied.

4. Label 4[3]: OUT x prints 6. Output: 3 6.
Note: guard [3] satisfied.

5. Label 5[4]: STOP halts execution.
Note: guard [4] satisfied.

Final output: 3 6.
Task 4 explanation.

1. Label 1[*]: SET x 1 sets x = 1.
Note: guard [*] always executes.

. Label 2[1]: SET x x + 2 sets x = 3.

Note: guard [1] satisfied.

. Label 3[!]: SET x x + 5 sets x = 8.

Note: guard [!] never executes.

. Label 4[3]: STOP halts execution.

Note: guard [3] satisfied.

. Label 5[*,*2]: OUT x prints 8. Output: 8.

Note: guard [**2] satisfied.

. Label 6[5]: SET x x + 3 sets x = 11.

Note: guard [5] satisfied.

. Label 7[6]: OUT x prints 11. Output: 8 11.

Note: guard [6] satisfied.

. Label 8[*,** 4]: STOP halts execution.

Note: guard [*,** 4] satisfied.

. Label 9[*,7]: OUT x prints 11. Output: 8 11 11.

Note: guard [*7] satisfied.

. Label 10[9]: OUT x prints 11. Output: 8 11 11 11.

Note: guard [9] satisfied.

. Label 11[10]: SET x x + 9 sets x = 20.

Note: guard [10] satisfied.

. Label 12[11]: OUT x prints 20. Output: 8 11 11 11 20.

Note: guard [11] satisfied.

. Label 13[*,*,** 8]: STOP halts execution.

Note: guard [*** % 8] satisfied.

. Label 14[*,12]: OUT x prints 20. Output: 8 11 11 11 20 20.

Note: guard [*12] satisfied.

Final output: 3 6 6 6 15 15.

Figure 22: Task package example for L18: README constraints (Task 2 and Task 4), example

programs, candidate submissions, and explanations.
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Task package example (L19)

README.md (Task 2) examplel.119 example2.119 solution.l19 (Task 2)
TASK: 1{3} SET x 10 1 SET x 1 1 SET x 0
Output exactly: 10 15 2 SET x 1 2{3} SET x x + 10 2{2} SET x x + 5
3 SET x x + 1 3 0UT x 3 OUT x
Write your final solution to g zggPX é z;i i 41 4 OUT x
solution.119 6 OUT x 5 STOP
Output: 10 7 STOP
Constraints: Output: 10 15
- Only one variable may be Output: 11 22 solution.119 (Task 4)
used in the entire example3.119 example4.119
program 1 SET x 2
- Your program must contain 1 SET a 1 1(4} SET x 3 2 OUT x
exactly these labels: 1,2 sSET b 2 2 SET x 0 3 SET x x — 1
2, 3, 4, 5 3 SET ¢ 3 3 SET x x + 1 4 SET x x - 1
- Must use exactly 2 SETs in || 4 OUT ¢ 4 OUT x 5 XYz 10
total 5 OUT a 5 STOP
- Line 1 must be SET x 0 6 OUT b 6 ouT x
7 STOP Output: 1 7 ABC 10
8 OUT x
README.md (Task 4) Output: 3 1 2 9 STOP
example5.119 10{2} SET x x + 1
TASK: 11{3} OUT x
Output exactly: 2 3 4 5 6 6
67 8 v e Output: 2 3 456 6 6 7
3 0UT x 8
Write your final solution to || 4 XYZ 2
solution.119 5 SET x x + 1
6 ABC 2
. 7 SET x x + 1
Constraints: 8 OUT x
- Only one variable may be 9 STOP
used in the entire
program Output: 10 12
- Your program must contain
exactly these labels: 1,
2, 3, 4, 5,6, 7, 8, 9,
10, 11
— Label 3 is SET x x — 1
— Label 9 must be STOP
- Must use exactly 4 SETs in
total
Execution model (L19). 6. Label 3: SET x x - 1 sets x = 3.
¢ Labels are sorted and normally execute sequentially. 7. Label 10{2}: SET x x + 1 sets x =4.

Note: timer triggered (interrupts normal order).

8. Label 11{3}: OUT x prints 4. Output: 2 3 4.
Note: timer triggered (interrupts normal order).

A label may include ‘{T}* to set its countdown timer.

Every step, all active timers decrement by 1.

If any timer reaches 0, that label executes first (smallest label wins
ties). 9. Label 10{2}: SET x x + 1 sets x = 5.

Note: timer triggered (interrupts normal order).

After a timer-triggered execution, its timer resets to the original
value. 10. Label 4: SET x x - 1 sets x =4.

‘XYZ k* disables label ‘k‘’s timer; ‘ABC k* re-enables it. 11. Label 10{2}: SET x x + l sets x = 5.
“STOP* halts immediately. Note: timer triggered (interrupts normal order).

Task 2 explanation. 12. Label 11 {3}: AOUT X Rrints 5. Output: 234 5.
Note: timer triggered (interrupts normal order).
1. Label 1: SET x O sets x =0.

13. Label 10{2}: SET x x + 1 sets x = 6.
2. Label 2{2}: SETx x + 5 sets x = 5. Note: timer triggered (interrupts normal order).

3. Label 2{2}: SET x x + 5 sets x = 10. 14. Label 5: XYZ 10 disables the timer on label 10.

Note: timer triggered (interrupts normal order). .
. 15. Label 11{3}: OUT x prints 6. Output: 234 5 6.
4. Label 3: OUT x prints 10. Output: 10. Note: timer triggered (interrupts normal order).

5. Label 2{2}: SET x x + 5 sets x = 15. 16. Label 6: OUT x prints 6. Output: 23 45 6 6.
Note: timer triggered (interrupts normal order).
17. Label 7: ABC 10 re-enables the timer on label 10.

6. Label 4: OUT x prints 15. Output: 10 15.
18. Label 11{3}: OUT x prints 6. Output: 23456 6 6.

7. Label 2{2}: SET xx + 5 sets x = 20. Note: timer triggered (interrupts normal order)
Note: timer triggered (interrupts normal order). . 88 P .
19. Label 10{2}: SETx x + I sets x = 7.

8. Label 5: STOP halts execution. ) ! .
Note: timer triggered (interrupts normal order).

Final output: 10 15. . . .
Task 4 explanation. Special instructions: ABC, XYZ. 20. Label 8: OUT x prints 7. Output: 2345666 7.

1. Label 1: SET x 2 sets x = 2. 21. Label 10{2}: SET x x + 1 sets x = 8.
Note: timer triggered (interrupts normal order).

22. Label 11{3}: OUT x prints 8. Output: 23456667 8.
Note: timer triggered (interrupts normal order).

23. Label 10{2}: SETx x + 1 sets x = 9.
Note: timer triggered (interrupts normal order).

24. Label 9: STOP halts execution.
3Finaloutput: 2 3 4 5 6 6 6 7 8.

2. Label 2: OUT x prints 2. Output: 2.

3. Label 10{2}: SET x x + I sets x = 3.
Note: timer triggered (interrupts normal order).

4. Label 11{3}: OUT x prints 3. Output: 2 3.
Note: timer triggered (interrupts normal order).

5. Label 10{2}: SET x x + 1 sets x = 4.
Note: timer triggered (interrupts normal order).

Figure 23: Task package example for L19: README constraints (Task 2 and Task 4), example
programs, candidate submissions, and explanations.
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