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MOTIVATION

Transportation providers often have long-term contracts with shippers based on the
routes and a fixed rate per mile

With a multi-segment network and the open mobility web, the contractual terms
between the shippers and transportation providers are to change drastically

Propose contracts between the shipper and the transportation service providers that
complement on-demand services within the Physical Internet
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We introduce protocols that can be applied at each hub to dynamically
generate consolidation sets of parcels/modular containers and
requests for on-demand transportation services ensuring reliable
pickup and delivery within the promised time windows.
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AGENDA

* Concepts
* Slack and Assigned Dwell Time
* Information Sharing
* Package Signaling and On-Demand Transportation
* Maximum Latency

* Priority Loading

Local Latency Protocol (LLT)

 Maximum Latency Protocol (MLT)

Results of Proposed Protocols

* Current Contracts vs. Proposed On-Demand Models
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ASSIGNED DWELL TIME

(‘
Surplus time after accounting for the travel
@ Slack Time < time from origin to destination and the
oooo processing time at the intermediary hubs.
000 \—

Assigned < Slack time distributed amongst

Dwell Time the intermediary hubs

At every intermediary node, we can calculate the latest departure time with respect to
the promised delivery time and planned package route.
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LATEST DEPARTURE TIME

The latest departure time of package p at the first hub then is:
= + +

For every other hub in the path,

. Latest departure time of package p from facility n

: Time of the arrival scan of package p at facility n

. Processing time of package p at facility n

. Assigned dwell time of the package p at facility n

: Time of the departure scan of package p at facility n
: Relative package flow of facility n
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INFORMATION SHARING

All the hubs are notified of the ETA based on the path, travel times,
processing times and the assigned maximum dwell time.

Information updated continuously

Accounts for any instances where the package may have left earlier or
later than planned.

\—>

@.

Information transmitted to every hub:

* Parcels and containers enroute to each hub
é * Estimated Time of Arrival
O— * \Volume/Dimensions and Containerization Status
| ® a * Path/Next Hub
.O_

* Updated Maximum Dwell Time
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| Concepts >Local Latency Protocol (LLT) >Maximum Latency Protocol (MLT) >Proposed Model Results > Current vs. Proposed Model > Conclusion
PACKAGE SIGNALING AND ON-DEMAND TRANSPORTATION

Packages at a facility going
to the same next hub

o=

w
w
w

« As soon as a package’s remaining maximum dwell time <y hours, the
package signals itself as urgent.

o =

« Hub requests a truck for these urgent packages based on the protocol

LAR A A
vevuevevwvew

« Hubs can add more packages that may arrive and be ready to load
within y hours.

vevveww
vevevew
vew
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LOCAL LATENCY PROTOCOL (LLT)

* Vehicle requests based on the current
packages in the facility

« Consolidation iIs based on containers
currently at a location and the containers
that may arrive during order-to-arrival
window

4ny container remaining dwell time <=y hours)
Yes

arival + Serting time of incoming containers <

Remaining dwell time of current urgent
containers

Yes

:ontainers arriving until truck arrival and compute

Total Volume : Combine current containers and
total volume

Request smallest truck s.t ‘

Request smallest truck s.t
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MAXIMUM LATENCY

« Some packages that are enroute may be more
urgent than the ones already present at the hub.

ngn = Tldc,n +m (Z Dc,i)

i€EH,

 Parcels at a hub may be able to consolidate with
Incoming packages if they wait longer.
Tldcrn . Latest departure time at hub n based

» Introduce a flexibility margin for the maximum on the dwell time pre-calculated

time that a package can spend at a facility called D, - Dwell time assigned to container ¢ at
Maximum Latency (MLT) each hub i element of H
« The MLT uses a parameter m between 0 and 1, H, : Set of hubs remaining in the assigned

calibrated to robustly ensure that the packages path of container c

In the containers are to be delivered within their
promised time window.
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MAXIMUM LATENCY PROTOCOL (MLT)

Introduce a flexibility margin using maximum latency

Enable packages to wait longer at some hubs to encourage
consolidation while still satisfying the overall service level requirement

Aim of this algorithmic protocol is to have larger trailers moving less
often rather than smaller ones moving too often

@% If MLT does not affect consolidation, we do not hold current containers
to avoid any congestion and compromise on service level promises
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/" MLT Protocol with Flexible Dwell
N\ Tirlne

' Urgent Volume : Combine current
urgent packages with urgent
packages arriving until y hours

|

x% of largest truck < Urgent  * No

Volume < 100% of largest truck /

Yes |

Request smallest truck s.t
Volume of truck > Total Volume
of packages

Urgent Volume < x% of
largest truck

Yes

No

—1
-

Combined Volume : Combine
non-urgent packages with
urgent packages

x% of largest truck <

Combined Volume < 100%

of largest truck

| SPargests No
Yes

| ze trucks

t s and add

| ck full

wOf w Dk KA

Request sm:
Volume of truck > Ti
+ incoming packag

ime > 100%

truck s.t
olume of current
itil truck arrival

add non-urgent until tr  k full

[

No

Request largest tn ¢
Load all urgent packag :and

‘\I
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SIMULATION EXPERIMENT

Hyperconnected logistics simulator built in the AnyLogic platform according
: @ to an agent-oriented discrete-event simulation modelling approach.

@ We use the current network infrastructure of a large China-based urban
parcel delivery service provider

A,
) South China region served by a network of 658 hubs, demand of ~5,000,000

packages over a time horizon of 10 days with two sizes of vehicles available
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RESULTS OF PROPOSED PROTOCOLS

Proposed Model Results

Number of | Total Trailer | Small Large | Reduction | Vehicle Fill Fill Rate Fill Rate
vehicles Capacity | Trailers | Trailers | in Trailers Rates Small Trailers | Large Trailers
; LT 11,838 | 30,579,600 | 10,269 | 1,569 86.9% 85.0% 99.0%
rotocol 30
; MLT 11502 | 33.647.600 | 9,083 | 2419 80.4% 79.5% 83.7%
rotocol
RedlcionnRINGErce Ave.rage Sensitivity (Average earliness with tighter windows)
Total Cost ($) Earliness
Total Cost Level
(hours) 4 hours 6 hours 8 hours 10 hours
; L 11,185,170 100.0% | 6.8 4.4 3.2 25 1.9
rotocol 4%
; MLT 10,764,339 100.0% | 10.0 7.2 5.8 3.9 21
rotocol
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CURRENT CONTRACTS VS. PROPOSED ON-DEMAND MODELS

 Current contracts are made in advance without information on the future behavior of the system

 Vehicle with low fill rate must depart to be able to reach the next hub within the scheduled time

Number of trucks on the road in Current Contracts vs. On- Demand model with MLT Protocol (hourly)

wrnbar of Trucks

Hourly
Distribution of :
Number of trucks
meeee T renl Contracks sweww Proposcd Contracts
ontheroad
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CONCLUSION

Introduced algorithmic protocols to create consolidated sets of modular containers and
request the on-demand means to move such sets in the open mobility web

* Provided preliminary performance assessment of the protocols using a simulation
experiment on actual data of a large parcel delivery service provider

 The parameters of the protocol algorithms can be altered according to the network
topology as well as the flow and movement of the physical goods

» The Physical Internet requires an extensive set of robust protocols that can be applied to
any setting. This talk has focused on one of the facets of such protocols.

Georgia //// CREATING THE NEXT®

IPIC 2021, SAHRISH JALEEL SHAIKH, INTRODUCING SERVICES AND PROTOCOLS FOR INTER-HUB TRANSPORTATION IN THE PHYSICAL INTERNET 16/27

[ = 17777777,
| Physical Internet Center ////
\/| Supply Chain & Logistics Institute 11717

l





mailto:sahrish.shaikh@gatech.edu

