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Al Agent Era

>

Agent takes action on the web

| will explore:
 How agents can change software construction

« Key considerations in designing agentic systems
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Advances in Software Construction

Traditional Procedural Object-oriented

Programming Programming
= Function as the structuring = Class as the structuring
concept concept
= Key Concepts: = Key Concepts:
Local/global variables - Dynamic object creation
Control flow - Encapsulation
Inheritance

Polymorphism

Before: Reasoning is done by the human
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Advances in Software Construction

Traditional Procedural Object-oriented gent-oriented
Programming Programming Programming
= Function as the structuring = Class as the structuring = Agent as the structuring
concept concept concept
= Key Concepts: = Key Concepts: = Key Concepts:
Local/global variables - Dynamic object creation - Natural language
Control flow - Encapsulation - Workflows
Inheritance - Tools
Polymorphism - Autonomy
Before: Reasoning is done by the human Now: Reasoning
Is

implicit/automate OS5, |
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HKey Concepts
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Example — Document Extraction
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Agent2Agent Protocol (A2A) and Model Context Protocol

(MCP)
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Experiments
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Document Extraction

- Input: system takes a document and
a query

- Query: “Extract the table(s) from
‘photo-paper-med-1.pdf’ and present
the result(s) in markdown”
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photo-paper-med-1.pd
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TABLE 1
AND OF THE TARGET SURFACE
Mean Num Mean Joint Mean Comput- | Max Position  Max Rotation | Number of End-
Beochmark | Metod | of Recontig () stion Time (5) | Ervor (m)? __ Esror (ad)?_| Effector Turgets n_
Vecoam Cant-TSP-IKLink 5.00::0.00 3220+041 4740 035 7.7e4 9.5¢-3
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H-Joint-GTSP 4302046 26.66::0.51 43.59:+14.07 9.8¢4 9.9¢-3
Polish Cart-TSP-IKLink 0.00:0.00 57.718£0.33 99.82:& 1.00 834 9.2¢3
Wok Joint-GTSP 14.70£3.41 58274493 566.26::95.83 7.6c4 9.7¢3 209
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Abstract Workflow Example

Available tools:

- extract tool

- crop tool

- super-resolution tool

What would a human come up with? Supe:r_res().

Workflow 1 (WF1): extract
Workflow 2 (\WF2): crop [] extract

Workflow 3 (WF3): crop LI super-resolution [ extract
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Baseline — Native LLM Planning
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Baseline — Native LLM Planning

Full agent request

System Instruction: You are an orchestrator that coordinates remote agents and available tools to create Python execution plans.

**Your approach:** 1. Only handle simple requests directly if NO TOOLS or AGENTS are needed. 2. For other tasks, use workflow agents (if available) to get
ALL relevant workflows for the user request (not just the best one). Always explicitly request a list of all relevant workflows. 3a. If no workflow agent is available,
create step-by-step Python execution plans yourself using available agents and tools. 3b. Otherwise, follow each workflow recommendation to create
step-by-step Python execution plans. 4. Return ALL created Python execution plans to the user for confirmation. 5. Once the user confirms the Python execution
plans, execute them using “execute_plan® and perform any additional actions required by the query.

**Your methods:** - "list_remote_agents": See available agents and their capabilities - 'send_message’: Send tasks to specific agents - ‘get_available_tools":
Get current MCP tools list - “execute_mcp_tool": Execute individual MCP tools directly - ‘execute_plan': Execute a multi-step plan

"*Key rules:** - Always provide ALL tools from "get_available_tools® when calling workflow agents - Create Python execution plans for ALL suggested workflows,
ordered by recommendation priority - When creating the Python execution plan, follow workflow steps exactly - mirror each step and assign correct Python tool

calls with detailed parameters - Use variable substitution format: {{{{step_name.result.path}}}} to chain results between steps - IMPORTANT: Include multiple plan
options when viable alternatives exist within a workflow

+-- BEGIN EXAMPLE --- Please follow this example for how to format a Python execution plan. Write each workflow name with a short description, followed by all
of the potential plans associated with each workflow. For the sake of example, assume that this workflow agent and these tools exist, and that the following
vorkflows are recommended by the workflow agent. Notice how some workflows have multiple options. Prompt: "Analyze the sentiment of customer reviews in
reviews.csv and create a visualization” Workflow 1 - Enhanced Multi-Step Analysis This workflow performs comprehensive sentiment analysis with preprocessing
and advanced visualization. plan_1 = {{"name": "Enhanced Multi-Step Analysis", "steps": [{{"name": "step_1_load_data", "tool_name": "load_csv", "parameters":
{"file_path": "reviews.csv"}}, "description": "Load and preprocess the CSV data"}}, {{"name": "step_2_preprocess_text", "tool_name": "text_preprocessing",
"parameters": {{"text_data": "{{{{step_1_load_data.result.data}}}}", "operations": ['remove_stopwords", "normalize"]}}, "description": "Clean and prepare text
data"}}, {{"name": "step_3_analyze_sentiment", "tool_name": "advanced_sentiment_analysis", "parameters": {{"preprocessed_data":
"{{{{step_2_preprocess_text.result.clean_data}}}}", "model": "transformer_based"}}, "description": "Perform advanced sentiment analysis"}}, {{"name":
"step_4_create_dashboard", "tool_name": "create_dashboard", "parameters": {"sentiment_data": "{{{{step_3_analyze_sentiment.result.analysis}}}}",
"chart_types": ["distribution”, "timeline", "word_cloud"]}}, "description”: "Create comprehensive visualization dashboard"}]}} Workflow 2 - Direct Analysis This
vorkflow provides quick sentiment analysis using different available tools. plan_2 = {{"name": "Direct Analysis Approach 1", "steps": [{{"name":
"step_1_quick_analysis", "tool_name": "sentiment_analyzer_with_charts", "parameters": {{"csv_file": "reviews.csv", "output_format": "dashboard"}}, "description":
"Direct sentiment analysis with built-in visualization"}}]}} plan_3 = {{"name": "Direct Analysis Approach 2", "steps": [{{"name": "step_1_basic_sentiment",
"tool_name": "basic_sentiment_tool", "parameters": {{"data_file": "reviews.csv", "visualization": True}}, "description": "Alternative direct analysis using a different
ool"}}]}} --- END EXAMPLE ---

**Variable Substitution Format:** - Use {{{{step_name.result.path}}}} to reference results from previous steps - Example:
{{{step_1_extract.result.tables[0].bbox}}}} gets the bbox from first table - Example: {{{{step_2_crop.result.cropped_image}}}} gets the cropped image data - For
Y g

*Tools Info:** Available MCP Tools: docling_extract_pdf(document_file: string, ocr_enabled: boolean=True, extract_tables: boolean=True, extract_images:
boolean=True, is_base64_image: boolean=False): Extract text, tables, and metadata from documents using Docling. Supports PDF files, images (PNG/JPEG),
and base64-encoded images. Returns structured data with bounding box coordinates for tables. Args: document_file: File path (e.g., "data/document.pdf") or
base64 image data ocr_enabled: Enable OCR for text extraction (default: True) extract_tables: Extract table data with bounding boxes (default: True)

extract_images: Extract embedded images (default: True) is_base64_image: True if document_file contains base64 image data (default: False) Returns:

- Rool i 4ot ) Full-a ) £ 4 toocks Dloio too tablogaliatafiabl b

Table in markdown format * dataframe: Table data structure (serialized pandas DataFrame) - images: List of extracted images - page_count: Number of
pages processed - error: Error message if failed Usage with crop_image: # Extract document doc_result = docling_extract_pdf("document.pdf") # Check i
table has bbox before cropping if doc_result["success"] and doc_result["tables"]: table = doc_result["tables"][0] # First table if table["bbox"] is not None and|
table["page"] is not None: # Use with crop_image (convert page from 1-based to 0-based) crop_result = crop_image( image_data="document.pdf",
bbox=table["bbox"], # Already List[float] format source_type="pdf", page_number=table["page"] - 1 # Convert to 0-based ) # In execution plans, use
variable substitution: { "name" ep_1_extract_doc", "tool_name": "docling_extract_pdf", "parameters": {"document_file": "document.pdf"} }, { "name":
"step_2_crop_table", "tool_name": "crop_image", "parameters": { "image_data": "document.pdf', "source_type": "pdf", "bbox":
"{{step_1_extract_doc.result.tables[0].bbox}}", "page_number": "{{step_1_extract_doc.result.tables[0].page}}" } } crop_image(image_data: string, bbox:
array, source_type: string=base64, page_number: integer=0): Crop a rectangular region from an image or PDF page. Automatically handles coordinate
system differences between PDF and image formats. For PDFs: crops directly from the PDF for optimal quality and accuracy. Args: image_data: File path
(for PDF/image files) or base64-encoded image data bbox: List[float] as [x1, y1, x2, y2] bounding box coordinates - MUST be a list of 4 numbers
source_type: Input type - "pdf", "file", or "base64" (default: "base64") page_number: PDF page to crop from, 0-indexed (default: 0) Returns: Dictionary
containing: - success: Boolean operation status - cropped_image: Base64-encoded PNG of cropped region - crop_size: [width, height] of cropped image -
original_size: [width, height] of source image/page - bbox: Final coordinates used for cropping - error: Error message if failed Usage with
docling_extract_pdf: # Extract document first doc_result = docling_extract_pdf("document.pdf") # Validate table exists and has bbox if
doc_result["success"] and doc_result["tables"]: table = doc_result["tables"][0] if table["bbox"] is not None: # Check bbox exists crop_result = crop_image(
image_data="document.pdf", bbox=table["bbox"], # Use bbox directly (already List[float]) source_type="pdf", page_number=table["page"] - 1 # Convert
from 1-based to 0-based ) # In execution plans, use variable substitution (page conversion is automatic): { "name": "step_1_extract_doc", "tool_name":
"docling_extract_pdf", "parameters": {"document_file": "document.pdf'} }, { "name": "step_2_crop_table", "tool_name": "crop_image", "parameters": {
"image_data": "document.pdf', "source_type": "pdf", "bbox": "{{step_1_extract_doc.result.tables[0].bbox}}", "page_number":
"{{step_1_extract_doc.result.tables[0].page}}" } } IMPORTANT: bbox parameter MUST be a List[float] with exactly 4 coordinates When using with
docling_extract_pdf, always check if table["bbox"] is not None first Page numbers: docling returns 1-based, system automatically converts to 0-based for
crop_image Use variable substitution format: {{step_name.result.path}} (no escaped braces) replace_tables_in_extraction(original_extraction: object,
replacement_tables: array): Replace tables in a document extraction result with enhanced table data. Useful for improving table accuracy by replacing
original tables with data extracted from cropped/enhanced table images. Args: original_extraction: Complete extraction result from docling_extract_pdf
replacement_tables: List of enhanced table dictionaries, each containing: - markdown: Table in markdown format (optional) - dataframe: Table data
structure (optional) - Other fields are preserved from original tables Returns: Dictionary containing: - success: Boolean operation status -
updated_extraction: Modified extraction with replaced tables - tables_replaced: Number of tables that were successfully replaced - summary: Statistics
about the replacement operation - error: Error message if failed gemini_extract_pdf(pdf_file: string, api_key: any=None): Extract text and tables from PDF
using Google's Gemini-2.5-flash model. Returns content in markdown format but cannot provide spatial metadata like bounding box coordinates or
precise page locations. Args: pdf_file: PDF file path (e.g., "data/document.pdf") api_key: Google API key (uses GOOGLE_API_KEY environment variable
if not provided) Returns: Dictionary containing: - success: Boolean operation status - extracted_text: Full document content in markdown format - model:
Model name used ("gemini-2.5-flash") - pdf_file: Input file path - error: Error message if failed gpt4o_extract_pdf(pdf_file: string, api_key: any=None):
Extract text and tables from PDF using OpenAl's GPT-40 model. Converts PDF pages to images for analysis but cannot provide spatial metadata like
bounding box coordinates or precise page locations. Args: pdf_file: PDF file path (e.g., "data/document.pdf") api_key: OpenAl API key (uses
OPENAI_API_KEY environment variable if not provided) Returns: Dictionary containing: - success: Boolean operation status - extracted_text: Full
document content in markdown format - model: Model name used ("gpt-40") - pdf_file: Input file path - pages_processed: Number of PDF pages analyzed
- error: Error message if failed

bbox: List[float] as [x1, y1, x2, y2] coordinates OR None if no spatial info * page: Integer page number (1-based) OR None if no spatial info * markdown: J

b A v oiloblo A L WA (e SURhe L yres
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Baseline — Native LLM Planning
Full agent response

“Here are all the possible plans:

Workflow 1 = Specialized Document Extraction: This workflow uses the docling_extract_pdf tool which is specialized for

document parsing and data extraction.

plan_1 = { "name": "Specialized Document Extraction", "steps": [ { "name": "step_1_extract_docling", "tool_name":
"docling_extract_pdf", "parameters": { "document_file": "photo-paper-med-1.pdf"}, "description": "Extract tables from the
PDF using the Docling tool." } ]}

Workflow 2 = LLM Extraction using Gemini: This workflow uses the gemini_extract_pdf tool, which leverages the Gemini

model to extract information.

plan 2 = {"name": "LLM Extraction using Gemini", "steps": [ { "name": "step_1_extract_gemini", "tool_name":
"gemini_extract_pdf*, "parameters": { "pdf file": “photo paper-med-1.pdf'}, "description": "Extract tables from the PDF using
the Gemini model." } ]}

Workflow 3 = LLM Extraction using GPT-40: This workflow uses the gpt4o_extract_pdf tool, which leverages the GPT-40

model to extract information.

plan_3 = { "name": "LLM Extraction using GPT-40", "steps": [ { "name": "step_1_extract_gpt4o0", "tool name":
"gpt4o_extract pdf', "parameters": { "pdf _file": "photo-paper-med-1.pdf'}, "description": "Extract tables from the PDF using
the GPT-40 model." } ]} NO<CLA

Would you Ilke to proceed with the execution of one or more of these plans?” BELL
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Baseline — Native LLM Planning

Analysis

Planning has lack of quality:
Often misses cropping workflow

Often misses reasonable resolved plans

Results indicate high stochasticity:

Gemini-2.5-Pro
B Missing Workflows | Missing Plans ~ Sufficient
10

8
6
4

2

0
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Direct Extractions

Benchmark

Mean
Comput-
ation Time (s

47.40+ 0.35 146.22+35.27 43.59+14.07

Mean Num of
Reconfig
5.00+0.00 5.10+0.94 4.30+0.46
0.00+0.00 14.70+3.41 0.00+0.00
Clean Toilet Bowl | Cart-TSP-IKLink Joint-GTSP H-Joint-GTSP | 0.00+0.00 17.29+6.09 0.00+0.00
Scan Floor | Cart-TSP-IKLink Joint-GTSP H-Joint-GTSP

Method

9.5¢-3 10.0e-3 9.9¢-3
9.2¢-3 9.7¢-3 10.0e-3

23/40 = 57.5%
correct cells

9.7¢-3 7.9¢-3 10.0e-3

Docling

Mean Max Number of
Computation Rotation End-Effector
Error (rad) Targets n
9.5e — 3

Joint-GTSP
H-Joint-GTSP

208

Joint-GTSP
H-Joint-GTSP

- 22.5%

GPT-40

0.0+0.0
| Joint-GTSP L
H-Joint-GTSP 0.0£0.0

2.0+0.0

Joint-GTSP
H-Joint-GTSP
7 — Mean Joint Mean Max Max Number of
Benchmark Method of Rsconhie Movements Computation Position Rotation End-Effector
(rad)t Time (s) Error (m)f | Error (rad)i Targets n
5.00 £ 0.00 32.20 £ 0.41 47.40 £0.35 7.7e —4 9.5¢ — 3
Vacuum Stairs Joint-GTSP 5.10+0.94 33.00+1.11 146.22 + 35.27 79e —4 10.0e — 3 208
H-Joint-GTSP 4.30 £ 0.46 26.66 + 0.51 43.59 £+ 14.07 9.8¢ —4 9.9¢ — 3
G em | N | 0.00 £ 0.00 57.78 £0.33 99.82 £ 1.00 8.3e—4 9.2e — 3
Polish Wok Joint-GTSP 14.70 + 3.41 58.27 £4.93 566.26 + 95.83 7.6e —4 9.7¢ — 3 209 9 0 Oty
H-Joint-GTSP 0.00 £ 0.00 41.71 +0.83 74.56 £ 19.71 9.6e — 4 10.0e — 3 - o
0.00 £ 0.00 80.78 +1.63 89.62 + 0.37 9.0e —4 n/a
Clean Toilet Bowl | Joint-GTSP 17.29 + 6.09 61.58 +3.93 624.35 + 211.82 9.5e — 4 n/a 157
H-Joint-GTSP 0.00 £ 0.00 17.91 + 1.66 61.354+9.13 9.8¢ — 4 n/a
2.00 4+ 0.00 166.23 £+ 0.52 262.18 £5.12 9.9e¢ — 4 9.7¢ — 3
Scan Floor Joint-GTSP 21.60 £13.71 | 161.29+9.88 | 1106.65 £ 198.65 9.9e — 4 7.9e —3 674 |\0< |A
H-Joint-GTSP 1.30 £ 0.46 123.37+1.29 207.84 +69.13 10.0e — 4 10.0e — 3 BELL
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Introducing a Document Workflow Agent
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Document Workflow Agent

Abstract workflow vs resolved workflow example

Abstract workflow

'name’: 'Table-Focused Document Processing’,

'description": 'Improved document extraction by focusing on complex
tables’,

'steps”: [{'step": 1, ldeseription': 'Direct extraction via tool’,
‘expected input': 'document’, 'expected_output': 'text,
tables, metadata’},

{'step": 2, [deseription': 'Crop identified table regions from
original document’, 'fexpected_input': 'document, table regions’,

‘expected_output': 'images’},

{'step": 3, [description': 'Direct extraction on cropped tables’,
‘expected input': 'images’, 'expected output': 'tables’},

{'step": 4, [description’: 'Replace original table content with
enhanced extracted data’, 'expected _input': 'extraction,

tables’, 'expected_output': 'text, images, tables, metadata'}]}

images,

18 © 2025 Nokia Nokia internal use

Resolved workflow

"name": "Table-Focused Document Processing”

"steps": [{"name": "step_1_extract text_and_tables", HOOIINAME.:

"docling_extract_pdf", [ CHGIMEIEI: { "document_ file"" "photo-paper-
"description": "Extract text and tables from the PDF." },

{"name": "step_2_crop_table", [{COIINaME: "crop_image", [ElCGIES: {

"image_data": "photo-paper-med-1.pdf', "source_type": "pdf", "bbox™":
"{{step_1_extract_pdf.result.tables[0].bbox}}", "page_number":
"{{step_1_extract_pdf.result.tables[0].page}}" }}, "description": "Crop the
table from the PDF." },

{"name": "step_3 extract_table_from_image", [{COIINaME.:
"docling_extract_pdf", [ CGINEIeIs: { "document_file":

"{{step_2_ crop_table.result.cropped_image}}", "is_base64 image": True}},
"description": "Extract table data from the cropped image." },

med-1.pdf"},

identified

"name": "step_4_replace_table", [OOIMNAME:: "replace_tables_in_extraction",
IDEREBIES: | "original_extraction": "{{step_1_extract_pdf.result}}",
"replacement_tables": "{{step_3_extract_table_from_image.result.tables}}" }},
"description": "Replace the original table with the enhanced one." } 1}

NO<IA
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Document Workflow Agent
From many workflows, the agent chooses what is ‘suitable’

Direct document extraction

2. Table-focused document extraction

3. Table-enhanced (super-resolution) document extraction
4. Figure image-to-text

5. Watermark page

6. Textredaction

NOKIA
BELL
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Workflow Agent Inclusion
Query: Extract the table from ‘photo-paper-med-1.pdf’

Workflow agent selects the following abstract workflows:

1.  Direct document extraction
2. Table-focused document extraction

NO<LIA
BELL
LADB

20 © 2025 Nokia Nokia internal use



Workflow Agent Inclusion
Response summary

Workflow 1: Table-Focused Processing

- Resolved Workflow: extract (Docling) — crop — extract (Docling)
Workflow 2: Basic Processing

- Resolved Workflow: extract (Docling)

- Resolved Workflow: extract (Gemini)

- Resolved Workflow: extract (GPT-40)

NOKIA
BELL
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Result
Table-focused workflow

Resolved Workflow: extract (Docling) — crop — extract (Docling)

Mean Num of ﬁzﬁ;::;: Wik Pl Max Rotation
Reconfig Error (rad)+

Method

Vacuum Stairs | Cart-TSP-IKLink Joint-GTSP H-Joint-GTSP
Polish Wok

Clean Bowl Cart-TSP-IKLink Joint-GTSP H-Joint-GTSP
Scan Floor Cart-TSP-IKLink Joint-GTSP H-Joint-GTSP

40.0%

NOKIA
BELL
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Flexible Integration of New Capabilities
Introducing an image super-resolution tool (no code change!)

Extracti Tools:

« Docling

* Gemini-2.5
 GPT-40

.

- User o Tools:
Request @ - « Crop
» Super-resolutio

\ 4

rkfl
ow
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Flexible Integration of New Capabilities
New response summary

Workflow 1: Table-Focused Processing
- Resolved Workflow: extract (Docling) — crop — extract (Docling)

[Workflow 2: Table-Enhanced Processing

Resolved Workflow: extract (Docling) — crop — super-resolution — extract (Dgcling)

Workflow 3: Basic Processing

- Resolved Workflow: extract (Docling)
- Resolved Workflow: extract (Gemini)
- Resolved Workflow: extract (GPT-40)

NO<IA
BELL
LABS
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Result
Table-enhanced workflow

Resolved Workflow: extract (Docling) — crop — super-resolution — extract (Docling)

Mean Joint
Movements

Mean Num of

Benchmark Method Reconfie

ation Time (s

Vacuum Stairs Cart-TSP-IKLink Joint-GTSP H-Joint-GTSP
Polish Wok Cart-TSP-IKLink Joint-GTSP H-Joint-GTSP

Clean Toilet Bowl | Cart-TSP-IKLink Joint-GTSP H-Joint-GTSP
Scan Floor Cart-TSP-IKLink Joint-GTSP H-Joint-GTSP

42.5%
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Effort Slider

Judge and merge agents

Workflows have tradeoffs and differing results
Judging or merging can improve quality
Easy integration under agentic programming framework

Low Run top recommended workflow only
Medium Run all [] Judge agent picks best
High Run all [] Merge agent with voting

NOKIA
BELL
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Introducing Judge and Merge Agents
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Merge Result

Original Scar

Benchmark Method Mean Num of Reconfig Mean Joint Movements (rad) Mean Computation Time (s) Max Position Error (m) Max Rotation Error (rad) Number of End-Effector Targets
Cart-TSP-IKLink 5.00 £0.00 32.20 £ 0.41 47.40 £ 0.35 7.7x 1074 9.5 x 1073

Vacuum Stairs Joint-GTSP 5.10£0.94 33.00 £ 1.11 146.22 + 35.27 7.9x 1074 10.0 x 10~* 208
H-Joint-GTSP 4.30 £0.46 26.66 £ 0.51 43.59 £ 14.07 9.8 x 1074 9.9 x 1073
Cart-TSP-IKLink 0.00 £0.00 57.78 £0.33 99.82 £+ 1.00 8.3 x 1074 9.2x 1073

Polish Wok Joint-GTSP 14.70 = 3.41 58.27 £4.93 566.26 = 95.83 7.6 x 1074 9.7 % 1073 209
H-Joint-GTSP 0.00 £+ 0.00 41.71 £ 0.83 74.56 + 19.71 9.6 x 1074 10.0 x 10~3

M e rg ed Cart-TSP-IK Link 0.00 £ 0.00 80.78 + 1.63 89.62+0.37 9.0 x 10~ n/a

Clean Toilet Bowl Joint-GTSP 17.29 £+ 6.09 61.58 £+ 3.93 624.35 + 211.82 9.5/9.8 x 10~ n/a 157
H-Joint-GTSP 0.00 £0.00 17.91 & 1.66 61.35+9.13 9.8 x 1074 n/a
Cart-TSP-IKLink 2.00 +0.00 166.23 + 0.52 262.18 + 5.12 9.9x 1074 9.7x 107*

Scan Floor Joint-GTSP 21.60 +£13.71 161.29 + 9.88 1106.65 £ 198.65 9.9/10.0 x 1074 7.9x 1073 674
H-Joint-GTSP 1.30 £0.46 123.37 £ 1.29 207.84 +69.13 10.0 x 10~* 10.0 x 1073

95.0% NO<IA
BELL
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Lessons Learned
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Strengths and Weaknesses

Key Features: Weaknesses:
- Natural language interaction - Non-determinism
- Flexibility - Lack of precision

- Easy integration
- Exception handling
- Abstraction

- Shifts the bottleneck from implementation
to intent

NOKIA
BELL
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Summary

Our key contribution:
Explicit workflow agent to remedy non-determinism

Open questions for creating workflows:
Matching relevance is not trivial (explicit search, processing)
Composition of workflows (combinatorial complexity)
Collaborative design through generation and transform (debating)
Fine-tuned workflow generator
Self improvement/pinning (reinforcement learning)

NOKIA
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Supplemental
Slides
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Applicability

Not applicable to all kinds of programming tasks:
Just as OOP doesn'’t get rid of procedural programming, tools still rely on code (think OS)

What agent oriented programming is good for:
Business processes
Perception/Decision making

NOKIA
BELL
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Current LLM Failure Modes

Gemini extraction performs well (OCR). However:

Current LLMs have no notion of position:
1. Bounding box fails (cannot find bounding box)

2. Positional prompts fail (“Grab me the text near figure 4 in quotes. | want the main text, captions
near the figure do not count.”)

In these cases, tools are required. Feedinginphotoas

jum Joint Comput- | Max Position  Max Rotion | Number of End-
of Recoafig _ Movements (rad)! __ation Time (s) | Emor (m)!  Ervor (rad)? | Effector Targets n_
; H 5004000 3220041 47404 035 | 2704 9503 .
Feed ing in photo as a 510£094  33.00£L11 1462223527 | 7904 10,063 208
ginp e T e 45E RS Feedmglnnahve
WH l-ﬁl-le & Jont-L § Y 3 )OS DY R L IENTE N TR e oo OWE000 S50 982+ 100 St 5553 o ? Kﬂ PN AT
14703341 58274493 566269583 7604 97e-3 209 PDE Seg \;f;-\ : s 5 7§z @ @ ;5 @Q Vg . N
0005000 41713083 74561971 | 96e4 100e3 NN Q \;&’P \'4\&,& \'g
000£000  8078+163 062+ 037 | 9004 o N & W
17292609 61584393 6435421182 |  9.5c4 wa 157 ¥
\‘\ 0005000 17914166 6135+ 913 | 9304 o Fig. 3: Our r benchmark applications. For each, we provide visualizations of (T) the robot performing the task, Q
2005 000 166234052 26218+ S12 9504 9703 3 el vt difes soproactis Wo ww r or the number of reconfigurations hrukpu n p n nd
UL D08 0SSR 7.9¢-3 674 g st bey iy Ol Crvadin ipocs uie, TH rabot vidoull il grosti e e
Fig. 3: Onr expenml mvolm four benchmark applications. For each, we provide visualizations of (1) the robot performing the tas e 30+ 046 ”'“"i:-:; “:"“‘* o1 '°~°°4 10.0e3 generated u o, -
and (3) @ (® how the surface is covered using different W“m We optimize for the number of tecmmﬂmgllllnml (b"'kpm: sitional and rotational accuracy of the IK solver as l&'.l m and Io-and. As noted in the accuracy can be EXPERIMENT RESULTS AND METRICS OF THE TARGET SURFACE
ovements; motions with joint movements tend complex Cartesian space paths. visualizations Position and rotation efrors aro measured degrees of froedom without
o i e 0 zesnttin i e fime. =4 = oalyla o = 3 T P Mean Num Mean Joint Mean Combut- Max Position Max Rotation | Number of End-
generated using Motion Comparatoy’[41]. S ot -
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Full Chat (No Workflow

Extract the table from photo-paper-med-1.pdf and present the markdown result(s).

I can do that. I will use the docling_extract_pdf tool to extract the table from the PDF and present it in markdown format. Here is the execution plan:

Workflow 1 - Extract Table from PDF This workflow extracts tables from a PDF document.

n.oon n.n

plan_1 = { "name": "Extract Table from PDF", "steps": [ { "name": "step_1_extract_pdf", "tool_name": "docling_extract_pdf", "parameters": {"document_file": "photo-paper-med-1.pdf"}, "description": "Extract tables from the PDF file." }

1}

Would you like to proceed with the execution of this plan?

Is this the only plan you can come up with?

Of course. You are right to ask for alternatives. I can generate plans using different tools that can also accomplish this task. The gemini_extract_pdf and gpt4o_extract_pdf tools can also extract tables from a PDF document.
Here are all the possible plans:

Workflow 1 - Specialized Document Extraction This workflow uses the docling_extract_pdf tool which is specialized for document parsing and data extraction.

won n.on

plan_1 = { "name": "Specialized Document Extraction", "steps": [ { "name": "step_1_extract_docling", "tool_name": "docling_extract_pdf", "parameters": {"document_file": "photo-paper-med-1.pdf"}, "description": "Extract tables from

the PDF using the Docling tool." } ] }

Workflow 2 - LLM Extraction using Gemini This workflow uses the gemini_extract_pdf tool, which leverages the Gemini model to extract information.

mon n.on mon n.on

plan_2 = { "name": "LLM Extraction using Gemini", "steps": [ { "name": "step_1_extract_gemini", "tool_name": "gemini_extract_pdf", "parameters": {"pdf_file": "photo-paper-med-1.pdf"}, "description": "Extract tables from the PDF

using the Gemini model." } ] }

Workflow 3 - LLM Extraction using GPT-40 This workflow uses the gpt4o_extract_pdf tool, which leverages the GPT-40 model to extract information.

non n.n

step_1_extract_gpt4o", "tool_name":

]

plan_3 = { "name": "LLM Extraction using GPT-40", "steps": [ { "name":
the GPT-40 model." } ] }

gptd4o_extract_pdf", "parameters": {"pdf_file": "photo-paper-med-1.pdf"}, "description": "Extract tables from the PDF using

Would you like to proceed with the execution of one or more of these plans?



Full Chat (Workflow w/o SR)

Extract the table from photo-paper-med-1.pdf and present the markdown result(s).

Here are the execution plans to extract the table from the PDF file.
Workflow 1 - Table-Focused Document Processing This workflow focuses on accurate table extraction by cropping the table and re-processing it.

plan_1 = { "name": "Table-Focused Document Processing", "steps": [ { "name": "step_1_extract_pdf", "tool_name": "docling_extract_pdf", "parameters": {"document_file": "photo-paper-med-1.pdf"},
"description": "Extract text and tables from the PDE." }, { "name": "step_2_crop_table", "tool_name": "crop_image", "parameters": { "image_data": "photo-paper-med-1.pdf", "source_type": "pdf",
"bbox": "{{step_1_extract_pdf.result.tables[0].bbox}}", "page_number": "{{step_1_extract_pdf.result.tables[0].page}}" }, "description": "Crop the identified table from the PDE." }, { "name":

n "

"step_3_extract_table_from_image", "tool_name": "docling_extract_pdf", "parameters": { "document_file": "{{step_2_crop_table.result.cropped_image}}", "is_base64_image": True }, "description":

| non non

"Extract table data from the cropped image." }, { "name": "step_4_replace_table", "tool_name": "replace_tables_in_extraction", "parameters": { "original_extraction": "{{step_1_extract_pdf.result}}",

"replacement_tables": "{{step_3_extract_table from_image.result.tables}}" }, "description": "Replace the original table with the enhanced one." } | }

Workflow 2 - Basic Document Processing This workflow performs direct document extraction using different tools.

non nn

plan_2 = { "name": "Basic Document Processing with Docling", "steps": [ { "name": "step_1_docling_extract", "tool_name": "docling_extract_pdf", "parameters": {"document_file": "photo-paper-med-

1.pdf"}, "description": "Extract table using Docling." } ] }

hn n n

plan_3 = { "name": "Basic Document Processing with Gemini", "steps": [ { "name": "step_1_gemini_extract", "tool_name": "gemini_extract_pdf", "parameters": {"pdf_file": "photo-paper-med-1.pdf"},

"description": "Extract table using Gemini." } | }

nn <

plan_4 = { "name": "Basic Document Processing with GPT-40", "steps": [ { "name": "step_1_gptd4o_extract", "tool_name": "gptdo_extract_pdf", "parameters": {"pdf_file": "photo-paper-med-1.pdf"},

"description": "Extract table using GPT-40." } | }

I will now execute these plans and provide the markdown results. Please confirm to proceed.

?
How can | help you?




Full Chat (Workflow w/ SR

Extract the table from photo-paper-med-1.pdf and present the markdown result(s).

Of course. I have several plans to extract the table from "photo-paper-med-1.pdt". Please choose the one you'd like me to execute.
Workflow 1 - Table-Focused Document Processing This workflow focuses on extracting the table with high accuracy by isolating it first.

plan_1 = { "name": "Table-Focused Document Processing", "steps": [ { "name": "step_1_extract_initial", "tool_name": "docling_extract_pdf", "parameters": {"document_file": "photo-paper-med-1.pdf"}, "description": "Initial extraction to

non

, "tool_name": "crop_image", "parameters": { "image data": "photo-paper-med-1.pdf", "source_type": "pdf", "bbox": "{{step_1_extract_initial.result.tables[0].bbox}}", "page_number": "

locate the table." }, { "name": "step_2_crop_table
{{step_1_extract_initial.result.tables[0].page}}" }, "description": "Crop the identified table from the PDE." }, { "name": "step_3_extract_cropped_table", "tool_name": "docling_extract_pdf", "parameters": { "document_file": "
{{step_2_crop_table.result.cropped_image}}", "is_base64_image": True, "ocr_enabled": True }, "description": "Extract table data from the cropped image." }, { "name": "step_4_replace_table", "tool_name": "replace_tables_in_extraction",

"parameters": { "original_extraction": "{{step_1_extract_initial.result}}", "replacement_tables": "{{step_3_extract_cropped_table.result.tables}}" }, "description": "Replace the original table with the more accurate one." } ] }
Workflow 2 - Table-Enhanced Document Processing This workflow is similar to the first, but adds a step to enhance the table's image quality before extraction, which can improve results for low-quality scans.

plan_2 = { "name": "Table-Enhanced Document Processing", "steps": [ { "name": "step_1_extract_initial", "tool_name": "docling_extract_pdf", "parameters": {"document_file": "photo-paper-med-1.pdf"}, "description": "Initial extraction
to locate the table." }, { "name": "step_2_crop_table", "tool_name": "crop_image", "parameters": { "image_data": "photo-paper-med-1.pdf", "source_type": "pdf", "bbox": "{{step_1_extract_initial.result.tables[0].bbox}}", "page_number":
"{{step_1_extract_initial.result.tables[0].page}}" }, "description": "Crop the identified table from the PDE." }, { "name": "step_3_enhance_table_image", "tool_name": "super_resolve_image", "parameters": { "image_data": "
{{step_2_crop_table.result.cropped_image}}", "scale_factor": 2 }, "description": "Enhance the resolution of the cropped table image." }, { "name": "step_4_extract_enhanced_table", "tool_name": "docling_extract_pdf", "parameters":

15 & {<) f= J (=
"document_file": "{{step_3_enhance_table_image result.super_resolved_image}}", "is_base64_image": True, "ocr_enabled": True }, "description": "Extract table data from the enhanced image." }, { "name": "step_5_replace_table",
"tool_name": "replace_tables_in_extraction", "parameters": { "original_extraction": "{{step_1_extract_initial.result}}", "replacement_tables": "{{step_4_extract_enhanced_table.result.tables}}" }, "description": "Replace the original table

with the enhanced one." } | }

Workflow 3 - Basic Document Processing This workflow provides simpler, one-step extraction using different available tools.

plan_3 = { "name": "Basic Document Processing (using Docling)", "steps": [ { "name": "step_1_direct_extraction_docling", "tool_name": "docling_extract_pdf", "parameters": {"document_file": "photo-paper-med-1.pdf"}, "description":

"Directly extract all content using the Docling tool." } | }

plan_4 = { "name": "Basic Document Processing (using Gemini)", "steps": [ { "name": "step_1_direct_extraction_gemini", "tool_name": "gemini_extract_pdf", "parameters": {"pdf_file": "photo-paper-med-1.pdf"}, "description": "Directly
extract all content using the Gemini model." } ] }

plan_5 = { "name": "Basic Document Processing (using GPT-40)", "steps": [ { "name": "step_1_direct_extraction_gpt4o", "tool_name": "gptd4o_extract_pdf", "parameters": {"pdf_file": "photo-paper-med-1.pdf"}, "description": "Directly

extract all content using the GPT-40 model." } | }



Judge Instruction

You evaluate table extraction results and select the single best one. DO NOT extract or modify content yourself. Task
Compare extraction candidates against the original PDF and choose the winner based on these criteria: Structural
Accuracy (35%) - Correct rows/columns, merged cells, table hierarchy. Content Fidelity (35%) - Accurate text, numbers, no
missing/added content Data Integrity (20%) - Proper data types, consistent formatting, empty cell handling. Completeness
(10%) - All tables detected, no partial extractions Process Examine original PDF to establish ground truth Score each
candidate 1-10 on each criterion Calculate weighted totals Select winner with clear rationale Output Format WINNER:
Candidate [X] Confidence: [High/Medium/Low] SCORES: Candidate A: [weighted total]/10 - Structural: X/10 - [brief note] -
Content: X/10 - [brief note] - Data: X/10 - [brief note] - Complete: X/10 - [brief note] [Same for other candidates]
RATIONALE: [Winner] selected because: [specific advantages] Others rejected due to: [critical flaws] Rules Choose exactly
one winner Be objective and evidence-based Focus on practical usability Provide specific examples of errors Weight
accuracy over formatting preferences
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Merge Instruction

You are given multiple markdown tables extracted from the same original table using different recovery methods. Your goal is to merge these into a single markdown
table that best represents the original (true) table. Instructions (follow these exactly): Determine the table structure: Identify the correct number of rows and columns,
column headers, and expected types/formats of cell values. Fill in missing cells: If a cell is empty in one table but present in another, use the available value.
Resolve conflicting values: If values conflict but both are reasonable given surrounding context (e.g., 0.31 vs 0.30 in a column of float values), include both
separated by a slash (/), e.g., 0.30 / 0.31. Fix obvious typos: You may correct clear numerical or text errors (e.g., 047 — 0.47, 0/76 — 0.76) based on context of
surrounding values. Do NOT hallucinate: Do not invent or infer values not present in at least one input table. Return format: The final merged table must be returned
in markdown format, cleanly structured and readable. Below is a full example to guide your reasoning and output formatting. --- ### Example Input (multiple
extracted tables of the same original): ### Method: Original PDF Table Size: 6 rows x 7 columns | method | PSNR (dB) 1 | LPIPS | SSIM 1 | MAE | | L1 depth | |

T-IOU 1| |: | ] ] :: |: | .| | T-NeRF [47]|22.44 | 0.4 0.71|28.00 | 0.59 | 0.58 | | FWP++[48] | 29 0.3 0.87 |
22.80|0.47|0.73 | | ours | 30.99|0.31]0.89|8.45|0.21|0.76 | | T-NeRF [47] | 14.67 | 0.53 | 0.35|-|-| 0.23 | | FWP++[48] | 28.45|0.32| 0.81|-| -] 0.55| |
ours | 27.39|0.33| 0.8 | - | - | 0.54 | #### Method: Scaled Size: 6 rows x 7 columns | method PSNR (dB) + LPIPS | | | SSIM | MAE | LI depth / T-IOUt | |

|: | :: | :: |: |:-----] | T-NeRF [47]| 22.44|10.400.71 |28 0.59|0.58 | | | FWP++ [48]| 29| 0.30 | 0.87 | 22.80 |
0.4710.7311130.99|0.31|0.89|8.45|0.21|0.76 | | T-NeRF[7] | 14.67 | 0.53 | 0.35||| 0.2} | | FWP++ [48] | 28.45|0.32|0.81]]]0.55|]]27.39]0.3} | 0.8 | | |
0.54 | #### Method: Enhanced Size: 6 rows x 7 columns | lethod | | | | | | | |: |: |: |: |: === | | T-NeRF [47] | 29.00 |
().400.30|0.7]0.87 0.89 | 28.0022.80 | 0.59 | 0.58 0.73 | | FWP++[48]|||]|]0.47||]]]30.99|0.31|8.45|0.21|0.76 | | T-NeRF [47] | 14.67 | 0.53 | 0.35| | | (.23
| | FWP++ [48] | 28.45|0.32|0.81|||0.55||]27.39| 0.3} 0.80 | | | 0.54 | #### Method: Super Resolution Size: 6 rows x 7 columns | | PSNR (dB) 1 | LPIPS | | | | |
|: |: | |-----:]: |:-=---]-----:| | T-NeRF [47] | 22.44 | 0.4 | 0.71 | 28.00 | 0.59|0.58 | | FWP++[48] || 0.3|0.87|22.80|0.47]0.73||]]0.31 |
0.8918.45|0.21|0.76 | | T-NeRF [47] | 14.67 | 0.53 | 0.35 ||| 0.23 | | FWP++ [4s] | 28.45|0.32 | 0.81 ||| 0.55||]27.39]0.33 | 0.8 | | | 0.54 | #### Method:
Smoothed Size: 6 rows x 6 columns | PSNR (dB) 1| ||| ||| |: |: |: |: |: | | 22.44 29.00 | 0.40 0.30 | 0.71
0.87 0.89 | 28.00 22.80 1 0.590.47 | 0.58 0.73 | | T-NeRF [47] FWP++[48] | ||| |]]]30.99|0.31|8.45|0.21|0.76 | | T-NeRF [47] | 14.67 0.53 | 0.35 ||| 0.23 | |
FWP++[48]]28.45]0.320.81|]]0.55||]27.39|0.330.80 | | | 0.54 | --- ### Expected Output (merged markdown table): This is the correct and clean table: Size:
6 rows x 7 columns | method | PSNR (dB) 1 | LPIPS | SSIM 1 | MAE | | L1 depth | | T-IOU 1| |: | ] ] :: |: | |
T-NeRF [47]|22.4410.4|0.71|28.00|0.59|0.58 | | FWP++[48]|29]0.3]0.87|22.80|0.47|0.73 | | ours | 30.99 | 0.31 | 0.89 | 8.45|0.21 | 0.76 | | T-NeRF [47]
| 14.67 | 0.53|0.35|-|-|0.23 || FWP++[48] | 28.45|0.32|0.81|-|-]0.55||ours | 27.39|0.33|0.8|-|-]0.54 |
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