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Circuit Symbolic Expression Generation

Circuit Symbolic Expression Generation
ﬁ Ouestion: Based on the circuit i 3 R
Goal b | oot
to output Vout. ¥ T
o Given a circuit schematic image and a query. ~BL Question and Image

‘ % ; Executable Infermediafe Representation
5 : Vin 1 s0Vin # input voltage source with state control
VLM R1 12 R1 # resistor between node 1 and node 2

C1 2 0 Cl # capacitor connected to ground

El 3 0 opamp 2 0 # op-amp with positive input at node 2

o Generate the target symbolic expression.

R2 4 4 R # placeholder resistor (degenerate case)

Exam ple 0L Validated IR
]

| Step 1: Calculate the transfer function from V1 to capacitor Cl

s Input: circuit diagram and “Calculate H(s) = Vout / Vin” |, teol: ransier_fucton_sp

Step 2: Summarize and provide final answer
Solver | tool: null

o Qutput: symbolic transfer function. g [

Vi, +RC
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Introduction

Why Is It Challenging?

Visual-to-symbolic construction
o Circuit images do not directly provide device types, connectivity, or variables.

Multi-step symbolic derivation
o= Small errors in signs, nodes, or equations can lead to wrong final expressions.

End-to-end VLLMs are unreliable
o |[ntermediate reasoning is not explicitly verified.
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Challenge and Solution

Challenge
o How to build a correct circuit representation from visual input?
= How to ensure correct symbolic derivation?

Solution
o Executable Intermediate Representation.
o Verification-based feedback.
= Tool-augmented symbolic solver.

Do not ask the VLM to directly solve the circuit. Make it build a verifiable IR first.
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Circuit Symbolic
Reasoning Task

[ Textural Input |

AutoVSR Overview

.| Prompt
| Engineermng

Reasoning

Output

Question: 1. Visual-to-Textual Topology Generation B VLM 2. IR-Driven Symbolic Reasoning Solver
Calculate transfer] B VM k: SFCiNedlist i - oo T I EEUE R s
function A ol adnalysis O} T s | | ™ Max rempis=20 | Sk
H(s) = Vout'Vin:) £ | Task Router e Consr. [ Byild IR 0 LLM © Unfinis
- /3 > o i | Botiter Parse _ . | _ J. - 1 _
e g B — | Netlist Type Verification @ | Solution & Symbolic Tool : .
Vi Input 5 - . : ey
in DE;I tnpu =] i immﬂm M : | Enhanced Flow [[[5e [aetn Pl ' Excouion | ¥ Oservation ? H—
o e e SFG ' | e A - ki '
- e e [ e
_'E} 1 B VLM Retrieval Spec. Rules T Symbolic
) : Tools Library £
e Component Rules Netlist IR  "blocks": [ SFG IR |/ Nelist Tools: Symbolic Tools
R.ESJE']EH.'. Bname Np Nm R Pﬂ Vl 10 sVi]l # "l,i.l'u]mge source "name"- llGlnj L "lﬂf[ﬂ+l}" } F’Dﬂﬂg'ﬂ'_gﬂiﬂ.‘ s Vet
Capacitor: Cname Np Nm C R1 1210k # Resistor "name": "G2", "value": "s" }], Node_transfer: His) = Vrode/Vin
Inductor: Lname Np Nm L : C123 lu # Capacitor "connections": [ SFG Tools:
Voltage source: Vname Np Nm [dc/ac/s/step] value R2 2 3 100k # Resistor { "from™ "R", "to": "G1", "sign": "+" } Mason_gain_formula: T = Z(PleAk)/A
Current source: Iname Np Nm [dc/ac/s/step] value Eintl 3002 Ad 0 # VCVS | { "from™ "GI", "to": "G2", "sign": "-" }] | Forward paths:

|
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Executable IR Construction &
Verification-Enhanced Feedback

Task router

Component detection

Rule retrieval

Static checks & Dynamic checks

Feedback loop

F\ it el py—p\l\¢= 1. (SFG) JSON schema & field completeness verified.

I

(Q Question: Bascd on the circuit diagram, please | Image: ot
» calculate the transfer function from input Vin to : Sthemﬂt.lc Vi
output Fout. | Scenria 1!
| 0
[ Dual-check Mechanism
~ 5. Static Syntactic & Structural Consistency Check
Error

V' 2. (Netlist) Syntax parsable & component format valid™® Feedback

P_) Syntax Error: Invalid component definition "R1 R1" (missing nodes).
Sehema Violation: Missing required field "connections” in block "G1".
3 Suggestion: Please complete the JSON structure definitions for all blocks.

Unigue Name Violation: Duplicate component identifier "R1" found.
5 Suggestion: Please rename the second instance to "R2" or another unique ID.

Suggestion: Please ensure all components have node connections (e.g.. "R1 1 0 R1").

—— 6. Static 1/0 & Excitation Specification Check
V| (SFG) Input/Output nodes explicitly defined

Error

= _i ) f—
G =l checkirpy —>y= 2 (Netlist) Reference ground (0) & active source exist, ™™ Feedback

Missing Ground: No reference node "0" found in the Netlist.
Suggestion: Circuit analysis requires a ground. Please connect a node to "0".

p Zero Input: The input source "Vin" is set to 0V or DC 0.
>

No Excitation: No independent voltage/current source detected.
3 Suggestion: Please add at least one independent source to drive the circuit.

Suggestion: Please set a non-zero value or symbolic variable (e.g.. "Vin") for analysis.

~—— 7. Dynamic Structural Solvability Check

E _ solvetestpy _}5:} (SFG) Input-to-Output reachability verified.

Error

2. (Netlist) MNA matrix is non-singular (invertible). =¥ Feedback

p Singular Matrix: Floating node "n3" or voltage source loop detected.
= Suggestion: Please check for unconnected nodes or shorted voltage sources.

Graph Disconnected: No valid forward path from input to output.
= Suggestion: Please check edge connections to ensure signal propagation.

8. Dynamic Symbolic Quantity Evaluation Check

F‘ eyl _.&:i (SFG) Transfer function H(s) successfully derived. Error
Q. SOy V2. (Netlist) Voltage Gain (Av) successfully derived. = Feedback

(Q Evaluation Failed: Transfer Function H(s) is undefined.
G Suggestion: Verify if the forward path gains are non-zero algebraic expressions.

Execution Timeout: Voltage gain derivation exceeded time limit.
- Suggestion: The cireuit is too complex. Try decomposing it or simplifying models.

1. Analog Symbolic Reason Task

2. Task Router
F and Analysis
G 7]
Schematie 1"1r_type(#)":"netlist”,"analysis_obj(a)":"transfer_function”,
"constraints(e)":"I/0: Vin/Vout, Paras: R1..."} /

{"ic_type(k)":"sfg", "analysis_abj{a)":"transfer_function",

SYSIErm s raints(c)""IO: R/S, Paras: 10...

3. Component
F Detection 7
®

Schematic Detected: [voltage source, ‘'opamp', ‘capacitor’, ‘resistor’]

Syterm Detected: ['negative_feedback', 'gain_block', 'sum_junciion]

Component Libs
{"key": "Voltage Source®, "Rufe”
“Vn Np [state] Nm value®},
{"key™: "Resistor", "Rule™ "Rn Np
Nmvalue®}... ...

. A4ACircuitIR
E (Re-)Generation
® |

eoe Netlist IR eoe SFG IR
# Folta OUIrce ;
# formart: Va Np [siatc] Nm value
gen:Vin 1 = 0 Vin
# Resistor

|

|

|

|

|

|

# formart: Rn Np Nm value :
gen:R1 1 2 Rl |

# Capaciler |
|

I

|

|

|

|

|

|

|

# formart: Cn Np Nm value

ge:Cl1 2 0 CI s
# Opamp {"from": "G1", "to": "C", "sign";
# formart: En No 0 opamp NpNm (I "+"},

gen: E1 3 Oopamp 2 0 {"from": "C", "to"; "H1", "sign";
# Resistor

# formart: Rn Np Nm value o O NGLY,

gen:R2 4 4 R2
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IR-Driven Symbolic Solver

Planning
Execution

Tool library
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IR-Driven Symbolic Reasoning Solver (b)
i' " Max Attempts=20 ]9 Unfinished
| nfinishe
LIM

Symbolic Tool

Q - : 4 \ [ \
Solution & = Observation —Qb Summary

R&  Action Plan | Execution
Ques < &
fion In-context T LILM Finished LIM
Symbolic
Tools Library



Experiment

Performance on Symbolic Expression Generation

Type 1 Type 2 Type 3 Type 4 Type 5 Overall
Model Type Method

Acc. (%)Imp. TAcc. (%)Imp. TAcc. (%)Imp. TAcc. (%)Imp. TAcc. (%)Imp. TAcec. (%)Imp. T

Gemini-3-Flash 37.95 +46.99 35.67 +53.51 23.06 +51.29 11.93 +12.73 3.95 +83.77 23.40 +50.45
AutoVSR(Gemini-3-Flash) 84.94 89.18 74.35 84.66 87.72 82.85
GPT-5-mini 04 3 797 13. 16.2 10.54

2=l ol R T B Bl e T Bl )|
Closed AutoVSR(GPT-5-mini) 92.17 77.49 3147 53.98 31.14 53.05

Source 3.VL-PI 18.07 19, 133 19. 157 16.

Qwen e S gign PN s PP s U pim P e 17 i
AutoVSR(Qwen3-VL-Plus) 92.77 94.15 49.14 69.89 47.81 68.02
etk j 10.53 10. 0 7 67

Emds-t i Hor emae W20 i W98 aems P gesp R g Y e
AutoVSR(Claude-Haiku-4.5) 74.10 79.24 28.66 25.00 19.74 44.77
3-VL-32B-Instruct 15.06 13.74 711 11.93 17.98 12.14

Qwen nstrue +78.31 +75.73 +28.67 +58.52 +25.44 +49.63
AutoVSR(Qwen3-VL-32B-Instruct) 93.37 89.47 35.78 70.45 43.42 61.77
en  Llama-4-17B-128E 10.84 10.23 47 7. 13.16 16

¥ e g 8 7 w533 oY Lsss 7Y s 2231 1 3001
Source  AutoVSR(Llama-4-17B-128E) 53.61 55.56 25.00 35.80 35.53 39.17
LM-4.6V-Flash 61 a 6.2 8.52 10. 734

G oN-Els Ol g B ey OB g 300 g T cees TP s
AutoVSR(GLM-4.6V-Flash) 78.31 73.39 36.42 42.61 26.75 49.85
Base Model 14. 152 10. 11.77 11.84 12.7

By Y Bl Rl T wogs 5 popg 19T g
AutoVSR 81.32 7978 40.12 54.63 41.73 57.07




Experiment

Performance Comparison between AutoVSR and CircuitSense
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Practical Applicability and Efficiency Analysis
Method Model Acc. (%) Token Usage Runtime (s)
Gemini-3-Flash 89.3 4,563 17.0
AutoVSR w/
Lightweight Models Qwen3-VL-Plus 74.8 5,487 355
GLM-4.6V-Flash 56.3 8.490 50.6
Gemini-3-Pro 524 13412 118.0
E2E w/
Frontier Models GPT-5 456 7,152 148.4
Claude-Sonnet-4.5 26.2 7.033 89.5

Task Method Model Acc. (%) Imp.T
Gemini-3-Flash 40.89 -
CircuitSense  Qwen3-VL-Plus 16.18 -
Transfer GLM-4.6V-Flash 7.80 -
Function
Gemini-3-Flash 82.85 4196
AutoVSR Qwen3-VL-Plus 68.02 51.84
GLM-4.6V-Flash 4985 42.05
L Gemini-3-Flash 3.10 -
CircuitSense
Transient GLM—46V—FIRSh 1.02 -
Response -
ini-3-Flash : 2.74
AutoVSR Gemini as 85.84 8
GLM-4.6V-Flash 63.25 62.23




BEEgm,,

P ﬁ’;@
Conclusion
Lenny”

We propose AutoVSR for visual-to-symbolic circuit reasoning.

AutoVSR builds a verifiable Executable IR from circuit schematics.
AutoVSR uses symbolic tools to perform reliable multi-step derivation.

Experiments show higher accuracy, lower token usage, and faster inference.

AutoVSR turns circuit images into reliable symbolic expressions through verifiable IR
and tool-based reasoning.



Thanks for listening!

AutoVSR: Automatic Visual-to-Symbolic Reasoning for Symbolic
Expression Generation from Circuit Schematic



