SMARTSOLVE DESIGNER

Quick Start Tutorial

SmartSolve Designer is a specification-driven, multi-agent system for generating high-
performance linear solvers specialized to your problem at hand. Any application in which Ax =
b is a computational bottleneck is a potential target.

Welcome to SmartSolve Designer X
SmartSolve Designeris a specification-driven, multi-agent system for generating high-performance
linear solvers specialized to your problem at hand. Any application in which Ax=bis a
computational bottleneck is a potential target, including CFD, structural mechanics, circuit
simulation, network flow, and machine learning.

Part of MIT's SmartSolveAl.

KEY CAPABILITIES
= More than a prompt — a multi-agent software layer makes state-of-the-art Al models more
intelligent at generating solvers tailored to your problem class and hardware.
- Guided discovery — a step-by-step wizard takes you from problem specification to a working,
verified solver — no prompt engineering, no manual orchestration.
- Expertise built in—a curated, extensible library encodes linear algebra and HPC expertise as
reusable specializati jes: sparsity pattern exploitation, mixed precision, distributed
parallelism, and more.

« Human-curated verification — every candidate must pass an independent, expert-vetted
benchmark harness before acceptance, and every accepted result includes a novelty assessment
open to human audit.

« Autonomous iterative discovery — the agents generate, evaluate, and improve candidate
algorithms on their own — no marathon chat sessions coaxing an Al toward a working solver.

Get started

Click Generate Solver to begin. The ? button (top right) reopens the full guide any time.

The welcome guide summarizes the system and provides the entry point for a new solver-discovery run.

More information at https://smartsolveai.mit.edul.


https://smartsolveai.mit.edu/
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BEFORE YOU BEGIN

Install the tool and prepare the optional backends

SmartSolve Designer requires Claude Code and Julia 1.10 or newer. PETSc and report-generation tools are optional:
missing optional components reduce the available outputs but do not prevent a Julia run.

Component Required for

Claude Code All runs Install and sign in before launching SmartSolve Designer.

Julia 1.10 or newer Julia solver and verification harness Required even when the C/PETSc backend is also
selected.

PETSc + mpicc C/PETSc backend Optional. The Julia backend remains available without
PETSc.

pandoc + xelatex PDF run report Optional. Markdown and text outputs are still written when
unavailable.

Install SmartSolve Designer

git clone https://github.com/Smart-Solve-AI/SmartSolveDesigner
cd SmartSolveDesigner

./install.sh

Restart Claude Code after installation. Then press Shift+Tab to turn on auto-accept mode, and launch either the terminal
wizard or the graphical interface:

/smartsolve # terminal wizard

/smartsolvegui # local browser-based GUI

Important: enable auto-accept mode first

The Proposer-Reviewer loop performs many tool calls. Without Claude Code's auto-accept mode, the run repeatedly pauses for
approval and becomes difficult to operate unattended.

How the run is controlled

The wizard freezes a run specification before discovery begins. The Proposer creates solver candidates tailored to your
problem specification; the Reviewer runs a fixed, human-curated harness and returns diagnostics until a candidate is
accepted or the round budget is exhausted.
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STEP 0 - LAUNCH

Open the workspace and start a new run

After /smartsolvegui opens the local web page, the workspace presents a run-configuration panel on the left and the agent
collaboration stream on the right.

« Click Generate Solver in the left panel to open the eleven-step wizard.
* Use New Run to keep multiple experiments in separate tabs (risk of benchmark collision).
* The top-right status indicator reports whether the tool is waiting, preparing an environment, running, or complete.

HBY smartSolve Designer | Hulti-Agent AI for Autonated Discovery of Specialized Linear Solvers ® Waiting for inputs ?
CONFIGURATION AGENT COLLABORATION
Run Setup « Proposer and Reviewer — live status in the run panel

Run 1 x o + New Rut - Stop 1 Chat MD 4 Chat PDF

SmartSolve Designer is a specification-driven, multi-
agent system for generating high-performance linear
solvers specialized to your problem at hand. Any

application in which Ax = b is a computational
bottleneck is a potential target, including CFD,
structural mechanics, circuit simulation, network Flow,

and machine learning.

GENERATE SOLVER » n
i

The main workspace before inputs are supplied: configuration on the left, agent collaboration on the right.
First-run recommendation

Use one representative matrix and the recommended defaults. Establish a successful baseline run before enabling multiple
advanced strategies or both language backends.
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STEP 1A - MATRIX

Choose how to provide the representative matrix

The first wizard step identifies the matrix for which the tool should seek a faster solver. The matrix acts as the
representative problem used for structural analysis, baseline verification, and candidate benchmarking.

» Use example: fastest path for validating the installation.

» Generate one: creates a synthetic sparse SPD test matrix.

* Provide path: upload or point to a Matrix Market (.mtx) file.

 Describe my needs: ask the agent to help choose an appropriate matrix input.

SHARTSOLVE DESIGNER
Generate Solver

3

STEP 1 OF 10 - MATRIX
MATRIX - 1/ 10

Which matrix do you want a faster solver for?

O use example

Load examples/dg_2d_flux_2nd.mtx— a1452<1452 SPD DG Flux matrix bundled with SmartSolve.

O Generate one

Synthesise a new sparse SPD test matrix (2D finite-difference Laplacian) —no file needed.

@ Fprovide path

Browse or drag-and-drop your own Matrix Market (mtx) or Harwell-Boeing (hb) file.

O Describe my needs

Not sure which matrix ko use? Describe your problem and the agent will help you choose.

Matrix-source choices in the first wizard step.
Choose a representative matrix

Prefer a matrix whose sparsity pattern and entry-scale distribution reflect the production workload. A solver discovered from a
nonrepresentative matrix may not transfer to later systems.
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STEP 1B - MATRIX

Upload the matrix file or enter its path

When Provide path is selected, drag a file into the drop zone, browse to it, or type an accessible path directly. The interface
confirms the selected file before continuing.

* The GUI accepts sparse matrices in Matrix Market (.mtx) format.

« For large matrices, a direct local path avoids copying through the browser.

« Verify the filename before clicking Next; the run specification is fixed after confirmation.

SHARTSOLVE DESIGNER

Generate Solver
STEP 1 OF 10 - WATRIX

MATRIX © 1/ 16
Select your matrix file

r

Click to browse or drag & drop

Matrix Market (.mtx) Harwell-Boeing {.hb, .rb)

+ Ablation_Workshop_1_261K_DOF.mtx ready

OR TYPE A PATH DIRECTLY

/path/to/matrix.mtx

A Matrix Market file loaded and marked ready for the run.

Matrix values matter

SmartSolve Designer can exploit both structure and numerical properties. Preserve the real matrix values when available; a sparsity-
only surrogate may hide conditioning or value-dependent behavior.
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STEP 2 - RIGHT-HAND SIDE

Describe the right-hand-side vectors

At evaluation time, the harness generates held-out test vectors from a fresh per-run seed. This step controls their scale and
shares application-level knowledge without revealing the concrete vectors; the seed is logged for reproduction. On
experimental CUDA, the Reviewer supplies and records the fresh seed.

» Random is appropriate when no application-specific information about b is available.
« Describe b when entries have a known magnitude, structure, distribution, or physical interpretation.
» The candidate must remain general in b; it cannot hard-code a particular right-hand side.

SHARTSOLVE DESIGNER
Generate Solver

3 £

STEP 2 OF 10 - RIGHT-HAND SIDE

RIGHT-HAND SIDE - 2 / 10

What do the right-hand-side vectors b look like in your application?

@© Random
Fixed- ntries of unit scale. nothing is known about b. The default.

O Dpescribe b
Free text — sets the harness generator’s scale and is shared with the agents as problem knowledge.

The concrete test vectors stay hidden from the Proposer.

The default random, unit-scale right-hand-side option.

Be explicit about scale

If application right-hand sides are much larger or smaller than unit scale, describe that magnitude. Residual behavior and mixed-
precision choices can depend on the scale of b.

SmartSolveAl | 6



SmartSolve Designer | Quick Start Tutorial

STEP 3 - SOLVER CLASS
Select the baseline solver class

Choose the solver family from which the verified baseline will be constructed. For a first run, the automatic recommendation
lets SmartSolve analyze the matrix and select a suitable class.

* Recommend for me: analyze the matrix and freeze the recommended solver for the run.
 Browse solvers: choose from the available direct and Krylov methods.
 Describe my needs: provide convergence, robustness, or application constraints in free text.

SHARTSOLVE DESIGNER
Generate Solver

STEP 3 OF 10 - SOLVER CLASS

SOLVER CLASS - 3 / 10

What class of solver should the specialised algorithm be based on?

@© Recommend for me

Analyse the matrix and recommend the best solver — confirmed here and fixed for the entire run.

O Browse solvers

Explore astructured list of all available solvers— Krylov and Direct — and pick one.

O Describe my needs

Not sure which solver to use? Describe your problem and the agent will help you choose.

Solver-class selection with automatic recommendation enabled.

The baseline is part of the experiment

Speedups are measured relative to a verified same-language baseline, not against an arbitrary library default. A weak or
nonconvergent baseline should not be used to claim improvement.
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STEP 4 - PRECONDITIONER

Select the preconditioner group

For iterative methods, the preconditioner is selected separately from the solver. The recommendation can use matrix and
solver information together to propose a compatible baseline configuration.

« Recommend for me is the safest first-run choice.
 Browse preconditioners when the application already has a trusted baseline.
 Describe my needs to communicate constraints such as setup cost, fill level, decomposition, or available libraries.

SHARTSOLVE DESIGNER
Generate Solver

2 3 a

STEP 4 OF 10 - PRECONDITIONER

PRECONDITIONER - 4 / 16

Which preconditioner group should be used with the solver?

@© Recommend for me

Analyse the matrix and solver to suggest the best preconditioner automatically.

O Browse preconditioners

Explore astructured list of all available preconditioners and pick one.

O Describe my needs

Not sure which preconditioner to use? Describe your problem and the agent will help.

Preconditioner selection with automatic recommendation enabled.

Direct methods may not need a separate preconditioner

The interface still treats solver and preconditioner selection as explicit specification steps so the benchmark configuration is
reproducible and auditable.
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STEP 5 - BASELINE

Let SmartSolve verify baseline parameters

This step controls parameters such as restart length, overlap, fill level, subdomain count, or stopping tolerance. The
preflight check attempts the supplied configuration first, then verifies a convergent baseline before discovery begins.

* Recommend for me starts from sensible defaults and automatically verifies convergence.
* Provide parameters accepts free text because solver-preconditioner combinations expose different controls.
* The verified parameters are frozen and used for every candidate comparison in the run.

SMARTSOLVE DESIGNER

Generate Solver

STEP 5 OF 10 - BASELINE

BASELINE - 5 / 10
Do you want to set the baseline solver or should
them?

@© Recommend for me

St lve starts from sensible defaults for the chosen solver+preconditioner and verifies

 on your matrix before the run

O Provide parameters
State them in free text — they are attempted first and verified by the preflight convergence check.

No form can cover every solver+preconditioner combination, so anything goes here.

Baseline-parameter selection. Automatic recommendation is suitable for the first run.

Do not skip baseline validation

A solver that reports convergence may still have an unacceptable true residual. SmartSolve evaluates solutions against the original
system Ax = b and establishes the baseline before candidate timing begins.
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STEP 6 - STRATEGIES

Enable the specialization strategies

Strategies are reusable specifications that guide the Proposer toward particular classes of optimization. Select only
techniques that are permitted by the intended deployment environment.

« Sparsity / structure: explicit-zero removal, independent components, bandwidth reduction, block structure, and repeated work.
« Distributed parallelism (MPI): distribute genuinely independent work across ranks.
« Single-GPU or multi-GPU: offload or distribute the solve across accelerators.

» Mixed-precision iterative refinement: use lower precision for expensive stages and recover accuracy with higher-precision
residual correction.

SMARTSOLVE DESIGNER

Generate Solver

STEP 6 OF 10 — STRATEGIES

STRATEGIES - 6 / 10

Which specialisation strategies should the agent use?

Sparsity / structure ReCoMMENDED
Most of this matrix is empty space (zeros). SmartSolve finds where the real connections are, splits.
the problem into smaller independent or thin-banded pieces, and solves those directly instead of

wrestling with the whole thing.

Distributed parallelism (MPI) EXPERTHERTAL
Many machines in a cluster, each with its own memory, working together via MPI. Pick at most one

parallelism strategy.

[ Multi-GPU parallelism  ExpERIHENTAL
Spread the solve across several GPUS, For the largest problems, Pick at most one parallelism

strategy.

(] single-GPU offload (CUDA) EXPERTHENTAL

Offload the solve to one GPU. Pick at most one parallelism strategy.

Mixed-precision iterative refinement ExpeRIuENTAL

Do the heavy work fast i low precision, then cheaply polish the answer back to full accuracy.

Strategy selection. The screenshot illustrates several enabled strategies; a first run should usually begin with sparsity/structure only.

At most one parallelism strategy

MPI, single-GPU, and multi-GPU strategies are mutually exclusive. When none is selected, candidates target shared-memory CPU
execution.
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STEP 7 - ACCEPTANCE THRESHOLDS

Define what counts as an acceptable candidate

The Reviewer applies speed, accuracy, and memory requirements to the candidate relative to the verified baseline. These
thresholds define the run contract and should reflect the downstream application.

» Speedup: 1.5x is the default; 2x is a more demanding target; custom ratios are supported.
« Accuracy: the default allows the median candidate residual to be at most 10% larger than the baseline residual.
* Memory: no requirement is the default; stricter options can require parity or improvement.

SMARTSOLVE DESIGNER

Generate Solver

X

STEP 7 OF 10 - THRESHOLDS

THRESHOLDS - 7 / 10

Set the acceptance thresholds — speedup, accuracy, and memory.

How much faster must the specialised solver be? Speedup

O 15x

At least 50% Faster than the baseline. The default.

®

At least twice as fast as the baseline.

O other

Custom multiplier (.g. 3.0).

How accurate must the solver be, relative to the baseline? Accuracy

@ Within 10% of the baseline
The candidate’s residual may be at most 10% larger than the baseline’s in the median case
(threshold 1/1.1). The default.

O No worse than the baseline

Strict: the candidate’s median residual must not exceed the baseline's (threshold 1).
O other
Custom baseline-to-candidate residual-ratio threshold (e.g. 0.5 tolerates a 2x larger residual), or a

residual-dependent rule in words (e.g. “if the baseline residual is below 1e-12, allow 0.5%).

May the solver use more memory than the baseline? Memory

@® Norequirement

Afaster solver may use more memory; allocations are measured and reported. The default

O Nomore than the baseline

i

Acceptance-threshold panel with a 2x speed target, default accuracy tolerance, and no memory requirement.

Use realistic thresholds

An aggressive speedup target can consume the entire round budget without an accepted solver. Begin at 1.5x, then rerun with tighter
requirements after confirming the workflow and baseline.
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STEP 8 - USAGE PATTERN

Define what happens between solves

This step fixes what work may be reused by both the baseline and candidate. It is part of the run contract and can
materially change the honest speedup.

« Solve once: rebuild all setup every solve; caching-only speedups do not count.

* Reassemble A every step: reuse pattern-derived structure, but recompute value-dependent work and numeric factorization.
* One fixed A, many right-hand sides: both sides may reuse the numeric factorization.

« Other: describe the solve loop; SmartSolve must map it to an unambiguous symmetric contract before evaluation.

Apply reuse symmetrically
Any setup or factorization reuse allowed for the candidate must also be allowed and verified for the baseline. Choose Solve once
when unsure.
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STEP 9 - ROUNDS

Set the discovery budget

The round budget limits the number of Proposer-Reviewer iterations. Each rejected candidate produces structured
diagnostics that guide the next proposal.

* 4 rounds: quick exploratory run.

« 8 rounds: balanced default for most first experiments.

« 12 rounds: larger search budget with higher runtime and model usage.

« Other: enter a custom budget when the experiment has a fixed resource limit.

SMARTSOLVE DESIGNER

Generate Solver

3

STEP & OF 10 - ROUNDS

ROUNDS - 8 / 10

How many rounds should the agent team attempt before giving up?

@® 8rounds

Balanced: gives the agents enough attempts without running oo long.

O 4rounds

Faster session; fewer attempts to find a winning specialisation.

O 12 rounds

More attempts; higher chance of finding a larger speedup.

O other

Type a custom number of rounds;

The default eight-round discovery budget.

A round is not just another prompt

Each iteration may include code generation, compilation, benchmark execution, diagnostics, and revision. Use auto-accept mode and
avoid closing the Claude Code session while the run is active.

SmartSolveAl | 13



SmartSolve Designer | Quick Start Tutorial

STEP 10 - IMPLEMENTATION LANGUAGE

Choose the generated backend

SmartSolve Designer can generate a Julia implementation, a C implementation using PETSc, or both. Each backend is
evaluated only against a baseline in the same language.

« Julia: recommended first-run choice and available with the core requirements.
* PETSc (C): requires PETSc and an MPI C compiler such as mpicc.
* Both: produces independent Julia and C/PETSc candidates and reports.

SMARTSOLVE DESIGNER

Generate Solver

STEP 9 OF 10 - LANGUAGE
LANGUAGE - 9 / 10

Which implementation(s) should SmartSolve generate?

O Julia

Generate a specialised Julia solver, benchmarked by the Julia haress. The default

O PETSC (O
Generate a specialised C/PETSc solver, benchmarked by the C harness. Requires PETSc and an MPI C

compiler,

@ Both

Generate and benchmark both a Julia and a C/PETSc specialisation; each is judged against its own

same-language baseline.

Language selection with both Julia and C/PETSc enabled.

Do not compare backends as a language benchmark

Same-language baselines isolate algorithmic improvement from differences in compilers, runtime systems, libraries, or threading
models.
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STEP 11 - EXTRA CONTEXT

Add domain knowledge and launch the run

Use the final step to provide information that cannot be inferred reliably from the matrix alone. The text becomes part of the
fixed specification used by the agents.

 Useful context includes the physics, expected matrix sequence, known convergence issues, and hardware constraints.

» Record known failure modes, trusted parameter ranges, or application invariants the agents should verify.

« Specify the fastest objective only when engineering optimizations are acceptable; the default objective emphasizes strategy-
grounded specialization.

SHARTSOLVE DESTGNER

Generate Solver

2 3 a

STEP 10 OF 10 — EXTRA CONTEXT

EXTRA CONTEXT - 10 / 10
Is there anything you know about this problem that could help SmartSolve?

@ Nothing extra
Proceed with no additional context — SmartSolve will analyse the matrix and tune the baseline

from scratch.

O Yes—Ihave useful context
Share anything relevant: physics background, known convergence issues, hardware constraints,

matrix structure, domain knowledge, or any other hint for the agent.

GENERATE SOLVER -

The final wizard step. Click Generate Solver after reviewing all selections.
Keep context concise and testable

Prefer concrete facts such as "3D elasticity with three DOFs per node" or "must run on four MPI ranks" over broad requests such as
"make it very fast."
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STEP RUN - AGENT COLLABORATION

Monitor baseline verification and the discovery loop

After launch, the configuration is summarized in the left panel while the right panel records system analysis, baseline
preflight, Proposer activity, Reviewer decisions, and diagnostics.

» Confirm the loaded matrix dimensions, symmetry/definiteness checks, and any detected structural facts.
» Review the recommended solver and preconditioner before candidate generation begins.

» Watch for preflight warnings: the tool may replace a nonconvergent or misleading baseline configuration.
» Use Stop only when the run must be interrupted; stopping early may leave incomplete artifacts.

Eg SmartSolve Designer Multi-Agent AL for Automated Discovery of Specialized Linear Solvers ® Preparing Julia environment ?
AGENT COLLABORATION
Run summary -
Proposer and R —lvest anel
default Ablation .. x & + New Run + Chat M0 + Chat PDF
SvsTem
Matrix loaded: Ablation Workshop 1 261K DOF.mtx — 261,766x261,760, real, symmetric, 3,638,000 stored entries (1,819,000 structurally nonzero after dropping explicit zeros; the other
half are explicit-zero placeholders). All validations passed: square, nonsingular diagonal, and a shift-invert eigenvalue probe confirms positive definiteness (lambda max=3.064,
lambda min=1.40e-12, kappa=2.19e12). The matrix graph is reducible into two exactly-decoupled components of 130,880 rows each (even/odd row parity), with per-component kappa 6.22e6
and 1.52e3.
Solver recommendation: CG - the matrix is confirmed SPD, and CG is optimal for symmetric positive-definite systems
Preconditioner recommendation: ICC (Incomplete Cholesky) — matches the SPD/FEM-origin row of the recommendation table; lighter-weight than full GAMG and a natural fit for the per-
AR STATUS component block structure this matrix exposes.
Proposer | « | = Reviewer
svsTen
Preparing Julia environment.. (check) matrix findings posted
RUN CONFIGURATION sysTEN
HATRIX /tmp/smartsolvegui/default_Ablation_Works ALL inputs confirmed. Starting Proposer/Reviewer l00p.
hop_1_261K_DOF.mtx
Matrix: Ablation Workshop 1 261K DOF.mtx, 261760x26176@, SPD, 3638000 stored NNZ (1819000 structural)
L Random Solver: CG
p— Preconditioner: 1CC
Recommend for me Strategies: Sparsity / structure, Distributed parallelism (MPI), Mixed-precision iterative refinement
PRECOND Hetamiand fcive Speedup target: 2x
Memory target: no requirement
BASELINE Recommend for me Rounds: &
Compute: CPU + distributed (MPI)
STRATEGIES  Sparsity / structure - Distributed parallelism Inplementation: Julia + PETSC (C)
(MPI) - Mixed-precision iterative refinement Accuracy bar: relresid <= le-10
Usage pattern: single-solve
HRESHOLDS 2 Objective: most-novel
ACCURACY  Within 10% of the baseline
MEMORY No requirement Sveren
RoUNDS 8rounds
Baseline preflight (Julia, CG+ICC): the default accuracy tol of le-10 is not reachable by the generic baseline. Diagnosis: this matrix couples two exactly-decoupled fields with very
Julia + PETSc (C) different characteristic scales (per-component kappa 1.5e3 and 6.2e6; whole-system kappa 2.19e12 is an artifact of the scale gap between them, not either field being intrinsically
ill-conditioned) . Plain (G solves the systen as one coupled problem, so it inherits the full-systen conditioning; after -660-2200 iterations its recursively-updated residual
CoNTEXT Nothing extra satisfies rtol but the true residual plateaus around 1.6e-9 to 3e-9 regardless of tighter requested tolerance, stronger ICC fill (tried levels 8/1/2), RCM reordering, or diagonal

scaling -- a textbook CG round-off residual-gap floor (Greenbaum), not a tuning deficiency

Best configuration found: CG + block-Jacobi(ICC(2), RCM ordering) reaches true relresid 1.65e-9 in 650 iterations. Proceeding with accuracy tol relaxed to Se-9 (3x safety margin
above the neasured floor), applied identically to baseline and candidate. This floor is itself the scientific motivation for the Sparsity/structure strategy: it predicts that
exploiting the exact parity reducibility to solve the two components separately -- each individually well-conditioned -- should both go faster AND clear the accuracy bar with room to
spare, which the Reviewer will verify.

An active run after matrix analysis and baseline preflight. The run summary preserves the fixed specification.

Read the diagnostics, not only the final status

Rejected candidates provide useful evidence about compilation, residuals, convergence, runtime, allocations, and strategy
applicability. This evidence often explains why a later candidate succeeds.
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STEP COMPLETE - RESULTS

Review the verdict and download the artifacts

At completion, the interface presents the Reviewer verdict and links to the generated report, accepted source code,
pseudocode, metrics, and full agent transcript.

« report.pdf: consolidated narrative, benchmark evidence, algorithm description, and agent log.
 accepted_solver.jl / accepted_solver.c: deployable generated source for the selected backend.
« SUMMARY.md and backend report.txt files: concise and language-specific findings.
 pseudocode.md: language-agnostic algorithm description.

* metrics.json: machine-readable benchmark and verification results.

» agents_log.md: unedited Proposer-Reviewer transcript for audit and reproducibility.

foe] . . .
& smartSolve Designer Multi-Agent AT for Automated Discovery of Specialized Linear Solvers ® / Complete 2
AGENT COLLABORATION
Run summary < it %
Proposer and Reviewer — live status in the run panel
default Ablation . x «  + New Run i Chat | 1 Chat POF
Strategy coverage (3 enabled) all Exploited or justified inapplicable Sparsity/structure, Distributed MPI, Mixe d-precision IR — all Exploited PASS
ACCEPTED
SYSTEN
AUN STATES 7 [Julia] Accepted on round 1 of 8. Both legs accepted — writing final deliverables.
Proposer Reviewer
SYsTEN
® / Complete 7 Results written to results/ablation workshop 1 261k dof 20260721 110424/
report.pdf is the complete document; the rest are the solver code and the sources it is built from.
DN GURATION Both legs accepted (round 1 of 8). Headline finding: correct, distributed, and fully strategy-covered in both languages — but honestly slower than baseline at this laptop scale,
e with a cross-validated explanation (Mixed-precision IR pays a duplicate-factorisation cost that a plain parity-CG control avoids). See SUMMARY.md for the full profitability
MATRI /tmp/smartsolvegui/default_Ablation_Works p
inding.
hop_1_261K_DOF.mtx
REPORT - READ OR SHARE THIS
o Random
» report.pdf The complete report in one document — summary, benchmark chart, the new algorithm, why it is novel, the solver source, and the full agent log. Everything
LY : below is either a source it is built from or the raw code.
LVER Recommend for me
-~ SOLVER CODE ~ WHAT YOU DEPLOY
PRECOND Recommend for me
. , Jltavaccepted solver.jL | 1 Accepted Julia solver - the exact code, runs as-is on any matrix fron this family.
BASELINE  Recommend for me
— P — Accepted C/PETSc solver — the exact code, runs as-is on any matrix from this family.
Sparsity / structure - Distributed parallelism &

(MPI) - Mixed-precision iterative refinement
SOURCES & DATA — WHAT THE REPORT IS BUILT FROW

simiicns TN The report narrative as Markdown — the editable. greppable source the PDF renders.
¥ Within 10% of the baseline
iEn0Ry No requirement sonsziortee T Julia per-language benchmark and novelty detail.
ROUNDS 8roun
pUncs PryI— € per-language benchmark and novelty detail.

LANGUAGE Julia + PETSC (C)
+ pseudocode:mi [0 The generated algorithm as language-agnostic pseudocode.

CONTEX Nothing extra
+ natrics.ison N Machine-readable results (drives the PDF chart; for scripts or re-rendering).
p—— The full Proposer/Reviewer transcript — the same content as this chat, which you can also export from the toolbar

The completion view exposes the report, accepted solver code, structured metrics, pseudocode, and full transcript.
Validate in the full application before deployment

Harness acceptance is evidence that the candidate satisfies the run contract on the benchmark matrix and held-out right-hand sides.
Integrate the solver into the target application and confirm end-to-end accuracy, performance, and scaling.
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REFERENCE

Recommended settings for a first successful run

The following configuration minimizes optional dependencies and keeps the search focused while you verify the installation
and workflow.

Wizard input Recommended first run

Matrix Bundled example or a representative .mtx matrix

Right-hand sides Random, unit scale, unless the application scale is known

Solver | preconditioner | baseline parameters Recommend for me

Strategies Sparsity / structure only

Acceptance thresholds 1.5x speedup; within 10% of baseline residual; no memory requirement
Usage pattern Solve once (conservative default)

Rounds 8

Language Julia

Extra context Nothing extra, or concise domain information

Where the results are written

results/<matrix> <timestamp>/
report.pdf SUMMARY . md metrics.json
pseudocode.md agents log.md

Julia/accepted solver.jl Julia/report.txt
C/accepted solver.c C/report.txt

Quick troubleshooting

» The wizard pauses repeatedly: press Shift+Tab to enable auto-accept mode before launching SmartSolve.
* No C/PETSc output: verify PETSc discovery and that mpicc is available; run Julia only meanwhile.
* No PDF report: install pandoc and xelatex; use SUMMARY.md and text reports meanwhile.
» Baseline does not converge: provide known parameters or allow the preflight to recommend alternatives.
* No candidate reaches the target: lower the speed threshold, increase rounds, or narrow the enabled strategies.
« A generated solver does not scale in production: treat the discovered structure as guidance for an iterative preconditioner or a
different hardware strategy, then rerun with realistic context.
Reproducibility checklist

Keep the representative matrix, run configuration, metrics.json, accepted source, and agents_log.md together. Record the software
commit, hardware, and full-application validation separately from the discovery report.

Project resources: SmartSolve Designer repository | SmartSolveAl | Claude Code
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https://smartsolveai.mit.edu/
https://github.com/Smart-Solve-AI/SmartSolveDesigner

