Introduction

e Operations research (OR) is a discipline within applied mathematics

that delivers advanced analytical tools to aid in decision-making.

SmartAPS: Tool-augmented LLMs for
Operations Management

Advanced planning systems (APSs) are systems developed to aid
operations planning and supply chain management. However, their
high costs stemming from limited automation, need for customization,

and reliance on expert consultants [1] hinder widespread adoption.
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We present SmartAPS, a conversational interface that allows users to
perform advanced tasks using natural language.

SmartAPS leverages the conversation history and tool-augmented
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U BC analyses (i.e., what-if and why-not analyses), and plan comparisons.
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A user study was conducted and planners reported that SmartAPS

enabled them to query plans and perform analyses more efficiently

(from potentially 1-2 days down to a few hours).
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Technology Stack: We dezveloped our system using a technology stack 03f Chainlit’ (chat Tool Contract Tool Code
interface), Python, Poetry“ (dependency management), and ChromaDB” (database). The contract is used for three purposes: (1) tool Each tool contract is tied to the tool code. When a tool
Leveraging Chainlit on the client side, a chat interface is used to accept natural language as retrieval (description, examples, formula), and (2) is retrieved, then the corresponding tool code may be
input to interact with an APS. function calling formula
+ Models & Solver BRI BRSNS I s S T T
- RAG (tool retrieval): ChromaDB and BGE-LARGE-EN-v1.5 [2] & cosine similarity e t[“p]‘” pien of sone ofher Freme: B T e protiction of retoxed eene chonge.
- Solver: Huawei Cloud,s Optverse AI Solver [3] mg ?2%05;$3t0¥e[giga?c;u£QMEEN;;d:fbiIESX%E?yaEZATE]? nl_formula = populate_formula(formula, product, period, amount2produce, order, relaxed_items)

# Create the list of items that we can change their production plan

[RELAXED_ITEM LIST] may change.
relaxed_items = ut.real_item_names_from_list(solver_output.aps, relaxed_items)

) Produce [AMOUNT] of [ITEM] by [DATE] allowing production of
NL Output [RELAXED ITEM_LIST] to change.

- LLM: Mistral-7B-Instruct-v0.1 [4]
SmartAPS is built up of three main components (in orange)

# Fix production of items NOT in relaxed_items
tg_item_id = solver‘ _output.aps.name_to_id(product, EncodeType.ITEM)
updated_model = ut.fix_item production(solver_output.model, exceptions=relaxed_items + [tg_item_id])

produce_before_in_any plant(output, missing keys, product, period,
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1 # Add a co aint on production (x variabl of item
amount2produce, order, relaxed_ items=None) 1 .
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t id = solver‘ _output.aps.name_to 1d(per‘10d EncodeType PERIOD)
item_id = solver_output.aps.name_to_id(product, EncodeType.ITEM)

Function Call
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SMmartAPS Details Tool Retriever Retrieval Performance
Evaluated on 150 test prompts on 37 APls

Three main components: User Chat _Embeddings
created by experts

« Conversation Manager — two primary tasks: (1) user intent detection, (2) output refinement Enty
« Tool Retriever — converts the user query into an embedding vector and then calculates the

semantic similarity (cosine similarity in our implementation) between it and the cached

embeddings for each Tool API in the ChromaDB collection

Tool Manager — using the tool contract, extracts the input parameters from the user query API Compare Plan 0.833

and the required model & data; executes the tool and returns response "(":etta“l'at Display Plan .
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\ Tool Categories #/instances Retrieval Performance

Squared Selected Tool Query Plan 0.938
L2 Norm Tool Manager Why-not 0.875
What-if 1.000

Embedding Mo

Conversation Manager

User intent detection

————————————————————————————————————————

| | Model Identification Prompt
Error I

............................... Tool Manager

Classification Prompt
[Selected ]
| Based on the conversation, what is the name of the
armaten \ = oo )1 model that the last question from the user is referring
Model |i|\ A | );%c; e I-P[ Ou(:;ut ] ! to? Respond with the name of the model only.

Relevant - - ! Q: {conversation}
APS e ! Output: Based on the conversation, the name of the
Data ' model is

---------------------------------------L.-_-.-.-.-_-_-_-_-_-.—_-_-_-.-_-_--_-_-_-_-_---‘--““-““

: Parameter Extraction Prompt:

I You are an intent classification module. The user

= I can have the following intents:
=T [ —»—» — | poroity |} et optons
User Chat , Now identify the user intent (following Intent:)

Entry | from the user input (following Input:)
: Input: {user_chat_entry}
I Intent:

1 Refine Response Prompt

Workflow output refinement
| As an Al assistant, you are given the following

' question:

| Q: {user_question}

" | The raw answer is:

01::::“ \ — 1 A: {tool_output}

\ J [ Res‘:) :’nnese ]_> LLM _’[RRendered] =N il ; Here is the Iog of the conversation history:

4 B Prompt esponse 1 A: {conversation}

Conversation | M‘gtl‘t';::’ia | Summarize this raw answer to be relevant to the

% B 5 | question and to be understandable, concise, and
! clear. Your summary must fit into the context of
1 the conversation. DO NOT CHANGE THE

| MEANING OF THE RESPONSE.

E You are a highly intelligent and accurate operations planning domain Named-entity Recognition (NER) system. You
: take a user question as input and your task is to recognize and extract specific types of operations planning domain
: named entities in that given passage and classify into a set of following predefined entity types: {entity types}

: Each entity type has values in a particular datatype. The entity type to datatype mapping is given below,

: {entity_type to datatype map}

! Your output format is only '{{"entities":[{{"label": type of entity from predefined entity types, "value": entity or list
l of entities in the input text}}]}}Y

u Input: {text_input}

. Here is the conversation for context: {conversation}
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Case Study [ Demo Future Work
Discussions with Industrial Supply Chain Planners e Some sophisticated code generation methods should be investigated for their ability to
Through our discussions with Huawei’s supply chain planners and observations of their automatically create these advanced APIs with complex algorithms.
workflows, we identified that the most common types of analyses required by planners include e Due to the potential long solve time of optimization solvers, a task manager should be
finding reasons for customer order production delays and identify resolutions. To answer incorporated into SMARTAPS to log and allow tools to be run in parallel.

production planners needs with SmartAPS, we asked OR consultants to develop tools with APlIs
and API contracts specifically designed for production planning. The tool categories and the
number of instances for each category are presented in the table in “retrieval performance”.

e Finally, the conversation is currently between the system and one user. In real-world operations, it
is common to have multiple planners each with multiple different objectives. Multi-user
approaches should be explored.

Developed Tools used in Demonstration

The tools that were developed by the OR consultants are used in the presented demonstration.
The ones of particular interest and value were those that performed scenario analyses (i.e.,
what-if and why-not analyses). These directly answer the important questions that were asked
by the supply chain regarding production delays and identifying resolutions.
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