
Optimal Assignment of Immediate Tasks in
Multi-Agent Pickup and Delivery
Taisei Hirayama¹, Itsuki Noda¹, Hiroki Sakaji¹, Norihiko Kato²
1) Hokkaido University, 2) Toyota Industries Corporation

Time: Dec. 06, 13:00 – 15:10
Room: Hall

Paper ID: 23

How to Interrupt?

IFM’s problems:
- Only considers immediate tasks
- Ignores delays of regular tasks
Optimal interruption methods improve overall efficiency

Introducing Procrastination

Optimal Timing Search (OTS)
Insert immediate task on top of the 𝑇𝑆𝐾 of the delivery location and 
process it at optimal timing

How to Find Optimum?

Optimal Vertical Location Search (OVLS)
Insert immediate task to optimal location of the 𝑇𝑆𝐾  of the 
delivery location

Optimal Horizontal Location Search (OHLS) 
Insert immediate task on top of optimal 𝑻𝑺𝑲

time window

- When an immediate task occurs, regular tasks and immediate 
tasks are reassigned to agents

- The more tasks are reserved within the time window at the 
reassigning, the more optimal it is (E.g., four tasks are reserved ↑)

General Method (Immediate First Method; IFM) 
Insert immediate task on top of regular queue (𝑇𝑆𝐾) of the delivery 
location and process it promptly

Evaluation by Simulation
Metrics (smaller values are preferred for all)
𝑴𝒂𝒌𝒆𝒔𝒑𝒂𝒏 (𝑴𝑺) : Total time required to complete all tasks
𝑹𝒆𝒔𝒑𝒐𝒏𝒔𝒆 𝑻𝒊𝒎𝒆 (𝑹𝑻) : Average time from the occurrence of an 
immediate task to its completion
𝑫𝒆𝒍𝒂𝒚 𝒑𝒆𝒓 𝑰𝒎𝒎𝒆𝒅𝒊𝒂𝒕𝒆 (𝑫𝑰) : Average delay time of individual 
tasks per immediate task

Proposed methods explore the optimal degree of procrastination 
from 0 to the 𝑃𝑟𝑜𝑐𝑟𝑎𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝐿𝑖𝑚𝑖𝑡 𝑃𝐿  by tentative reassignment

IFM

- A trade-off between 𝑀𝑆 and 𝑅𝑇 is observed in other methods
- 𝑴𝑺 and 𝑫𝑰 can generally be reduced by allowing  some 

procrastination of immediate tasks
- 𝑀𝑆 and 𝐷𝐼 have small values with OHLS and VM
- This indicates that the impact of the constraint specifying 

the delivery location is significant

Experimental Results
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Graph Representation of Warehouse

Objection in Automated Warehouses
In practical applications:  Need to accept immediate and 
emergent tasks and insert them proper position in planned 
queue

Agents deliver a payload, avoiding collisions with other agents

- 𝑡𝑝𝑖𝑐𝑘𝑢𝑝 is the time the unit node is occupied (red arrow in top figure)
- Agents select tasks from 𝑇𝑆𝐾ℎ𝑒𝑎𝑑

Result of OTS
- 𝑅𝑇 increases as 𝑃𝐿 increases
- 𝑃𝐿 ≤ 5 : 𝑀𝑆 and 𝐷𝐼 improve
- 𝑃𝐿 > 5 : No improvement

- 𝑃𝐿 = 0 : In OTS, the algorithm is identical to IFM
- 𝑃𝐿 > 5 : No improvement may be caused by simultaneous 

handling of multiple immediate tasks

- Each task is defined by a tuple 𝑢𝑖 , 𝑒𝑗 , 𝑡𝑝𝑖𝑐𝑘𝑢𝑝

- Before the operation, all regular tasks are arranged in each task 
queue 𝑇𝑆𝐾𝑘 of the delivery location 𝑒𝑘

Variance Minimization (VM)
Insert immediate task on top of the 𝑇𝑆𝐾 with the fewest remaining 
tasks
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