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CORDIAL-AI is a next 
generation system to help 
researchers retrieve 
subsets or whole data from 
complex census datasets
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UK Census Flow Data

Flow data enumerate movements 
of people from one place to 
another. They include migration, 
journeys to schools or work, and 
travel to second residences. 
These data are characterised by 
their complexity, volume, and 
sparsity. 

Data are available from censuses 
from 1981 onwards. Data from 
2011 and 2021 have different 
levels of access.



Barriers to using census flow data

A vital part of the UKDS mission is to provide user support and training to 

researchers. This engagement allows us to gather valuable feedback and have 

direct conversations with users, providing unique insights into the barriers they 

face when using census flow data. Some of the barriers are:

▪ Lack of visibility

▪ Researchers are unaware of the existence or depth of census flow datasets

▪ Lack of domain knowledge or technical expertise

▪ The complexity of the data can be overwhelming for some users, making it 

difficult for them to locate relevant information or correctly extract the data 

they need

▪ These challenges can also impact the data analysis and subsequent 

interpretation of these datasets



flow data

Dataset family

SMS

SWS SSS

SRS

Topic detail
"Flow"

(headcount)

Univariate
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Security level

Public / 

Open
Safeguarded
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Ward
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OA
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> 300GB data

> 570 tables

> 250 topics

> 150 geographies

Census flow data: Layers of complexity



Challenges: Geographies and topics

Source: https://x.com/oliver_dw/status/1164521314360733701?s=20https://geoportal.statistics.gov.uk/documents/ons::hierarchical-

representation-of-uk-geographies-december-2022/explore



Current legacy system - WICID

https://wicid.ukdataservice.ac.uk/

Online since 2000

Received significant upgrades over the years

Still the only web tool to provide

bespoke data of four decades data



Interface API

Request

Response

Request

Response

• Internal UKDS systems

• Third-party systems

• End-users (e.g. programming 

scripts, Power BI, etc.)
Authentication via 

bearer tokens

New API-driven platform - Access



Flow data API endpoints

/datasets

/families

/series

/geographies

/areas

/themes

/topics

/flows

GET

POST

CACHE DBSERVER

Client

asynchronous

Submitted tasks for data extraction run in 

parallel via a multithreading system 

utilising a queue to manage prioritisation.

Data discovery (JSON response)

Data retrieval (CSV/JSON response)

The API also utilises a 

combination of Redis and 

ElasticSearch for quick 

information retrieval.



Open-source technology stack - API

Celery

Supervisor



New UI (under development)



Example natural language query

How many people cycle to work from Hackney to the 

City of London and Westminster according to the 2011 Census?

Series

Family
Topic & 

Variable
Origin 

area

Destination 

area

…but there’s still some ambiguity left!

We can guess, but we are not entirely sure on the geography type 

the user wants the flow in.



Multi-agent system

Series
• e.g. 2021 

Census

Families
• e.g. 

commute 
to work

Topics
• e.g. 

method 
of travel 
to work

Geographies

• e.g. 
Local 
Authority 
Districts

Multiple agents sequentially filter potential census tables that might be appropriate for the user query. This is 

done by calculating the intersection of the table ids for each step. Sequential filtering may also allow to provide 

more insightful feedback to the user.

1,2,3,4,5,6,7,8,9,10

3,5,6,7,8,9

6,7

7+



Information flow

CORDIAL-AI agents

API

Data Layer

(ElasticSearch indices,

Redis)

RDBMS



Handling 
ambiguities

1. Make assumptions and 
inform users on the decision

• Allow the LLM to take initiatives 
based on the most probable 
scenario

2. Ask users to clarify on the 
missing information 

• Identify missing information and 
ask users to clarify. Wherever 
possible inform users on the 
available supported options



Sample API request to retrieve data

2011 Census Special Workplace Statistics Merged LA/LA [Location of usual 

residence and place of work by method of travel to work] - WU03UK - Open

"All categories: Method of travel to work; Persons",

"Work mainly at or from home; Persons",

"Underground, metro, light rail, tram; Persons",

"Train; Persons",

"Bus, minibus or coach; Persons",

"Taxi; Persons",

"Motorcycle, scooter or moped; Persons",

"Driving a car or van; Persons",

"Passenger in a car or van; Persons",

"Bicycle; Persons",

"On foot; Persons",

"Other method of transport to work; Persons"

UK Local Authorities (merged) 2011

Hackney

City of London, Westminster

UK Local Authorities (merged) 2011



Training pipelines

Human 

annotation

Synthetic data

Local model

OpenAI model

Data

augmentation
Fine-tuning

Metadata



Text to census flow data - UI



Explainability – Reference validation



Explainability - Chain of Thought



Flexibility – API format mode 



Preliminary benchmarks

0.55

0.622

0.75

0.77
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Performance accuracy

Series1

Overall Score = 0.5 × Dataset Score + 0.2 × Variables Score + 0.3 × Geography Score



Integration of CORDIAL-AI to the new platform



Thank you.

Vassilis Routsis, v.routsis@ucl.ac.uk

mailto:v.routsis@ucl.ac.uk
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