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Project Objectives

 Modeling based on pure mathematical formulations cannot accurately capture the interactions of =y s o Pevelc?p the theorehca.l foundahops of a new approach referred to as SCOBE (c.o-SlmuIahon Control and Optimization with BEhaworqI

passenger and truck flows. Eag 'y G W o o incentives) for a Coordinated Regional Freight Management (CRFM) system which generates schedules, routes and payments for freight by
.. . . . . - e e . A |- & RN minimizing a social cost function that takes into account the user response described by estimated utility functions.

* Therefore, iraffic simulation models are intfroduced into a mathematical optimization model to help estimate -~ =% =~ i . . ) ] o
the transportation network states A o o Develop a complete solution framework that enables truck reuse with the COSMO approach in the daily freight movements, providing

» Better truck routing solutions can be generated by balancing non-homogeneous traffic flows in both time R ] ’,f > complete routfing and touring solutions for fruck drivers.
and space. iy, T e Develop a distributed COSMO method that is applicable to large-scale road networks with an efficient network decomposition scheme.

e R : : : R , .

 The computational complexity of a centralized CO-SiMulation Optimization (COSMO) method increases = § .j,}xf.;fj; : e Find a routing solution with minimum operational cost that guarantees a certain success rate for each customer node and for the overall
exponentially with the size of the targeted network. A distributed version is necessary to achieve the benefits RS R e solution.
of algorithmic performance and computational speed. e Propose a chance-constrained model for the pickup and delivery problem with hard time windows considering stochastic and time-

* Itis essential to improve the reliability of the pickup and delivery service in an urban setting where travel dependent fravel times, and develop an exact solution method based on branch-cut-and-price.
times are stochastic and time dependent. e Collectreal world data by building a survey whose respondents are truck drivers in Southern California.
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e Integrate the research results to the University educational program.

- Simulation models are used to generate/predict the dependencies of link states on time, space and added """ RV System
loads. Permente 5 ——

o , , aramatn |« ; i o | - Traffic Simulation models are used to estimate the load-dependent transportation

e Utility functions for each user or class of users are established and updated based on new data. :S-ERS User Demand | network states P P Load Balancing < )

o oge . . o o o e o e i} . - Jl : ‘ °. . . . . e
Utility fUI‘lC!IOh |nf.orma.’r|on and payment incentives are used by the cost minimizer qnc! load-balancing 2 |_, e - A Load Balancing Algorithm is designed to balance truck flows over fime and space to t e
controller in an iterative procedure that leads to a lower cost at each iteration until the procedure | Viodels avoid traffic congestions Simulation Model Outataie Fiad N ,
converges or a stopping criterion is satisfied. e | UserBehauiar ) g " L. . i | Cost Evaluator Routes

. . : , N , - . : duser || Leamming ; - The aim of the procedure is to minimize system costs and provide the best routing Rael T i
 The aim of the central coordinator is to achieve system optimality while providing user benefits which are ! Response | . . . . T ' Final Solution
Hractive enouah to attract particination BB Data v solution for truck drivers given the daily demand.
a g p p ¢ Figure 1 SCOBE Approach for Cyber CRFM System
-Step 1: Cluster the drivers into distinct groups Optimum Routing with Behavioral Incentives Iterfuhvely sol.ve the .followtng two subprc?blems .and u.pd.aie traffic Initial Solution
1P . o [ o T (o assignments in the simulation model until stopping criteria reached:
ore . minimize  A(pE[Ty,. (o) + (L — p)E[T,(a)]) — (1 = N)E[U,,. ()]
*Step 2: Learn the utility function of each cluster al)m() P fant A s i o SP1 — SP2
. . . . ‘ (1) Delivery flow optimization (SP1) Simulation
*Step 3: Solve the optimum routing problem that provides behavioral subject to Z Z Do ( ] 0,z () + ?T"r:"”") > max Zp JN0, 2 (), Yw, i . . . Load Balancin Delivery Flow Pickup Flow Pickup Flow Traffic
incenﬁves . T LT \Tor T a - reR, o T f K The prObIem IS d qud bqlanIng prObIem WhICh can be SOIVed by the [ Process ? Network Cost Gene?;tion _>[ OptimFiJzation ]_) Gene‘r)ation -)[ Simulation ]
¢ recR, e etwork Cos
Utility learning  minimize £L(6;,x,y) v COSMO approach. = No Netwot( Cost
where 1 DD D peditaptmt =0 (2) Pickup flow optimization (SP2) No = i‘ @“‘L
~ - . _ . . ) - . . e w—l i rch. . . . . topping Criteri easibility Check>

L0,z y) = M Z Ymlog(s(@i, xy)) + (1 — ym)log(l — s(€;, x,p)) 1 € Ry Using the solution and network states from (1), find the next pickup <><

$(0;, Zm) = 1 Z oy =1, Ve,w,i location for idle trucks that minimizes the fleet size and travel costs. The Final Solution

T exp(Ji(0i, ) — Ji(0i ) r€Hhw optimal solution can be found using a linear programming relaxation.
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Problem: Dynamically route freight trucks 'S"Te% Dil\(/ide the road network into
routes generate eterministic routing algorithm i across the Iarge-scale Subnetworks Demand: i j Prime-layer ot

) The mOdel wdas f.ormU.IQ‘l'ed as a tes g ted by det t ting algorith routes generated by proposed routing algorithm trqnsporiqﬁon network with a load «Step 2: For each subne’rwork, create an é 0/? AN load balancing ls)“lb'la-yer i‘oad % 7
Chqnce-conStralned Integer minimize Z C.x 204 204 balancing scheme associated service subnetwork. Create an o ome 1. Route: generation S:bz:::;:lfﬂ?; _-:{’_“3
optimization problem with a set- ' rer Obijective: Minimize total cost consisting of abstracted service network. Fruck Model & | igﬁfﬁgﬁl cost 32530?3% i
partitioning formulation. rex 10 10 vehicle usage costs and travel *Step 3: Solving the prime problem based | bistribution "1 4. Descent direction s

. 5% Z a;x, =1 e N, time values on abstracted service network and service & step size generation ___

o An eXCICf Cllgor“'hm bdsed ona branh' reR ol .. Constraints: Demand Conservqﬁon; Vehicle subnetworks Using load balancing n with marginal cost Service Sub-layer load ,,
cut-and-price was proposed to solve . availability among service nodes | scheme. Output the solution to each Predetermined  fopy =it | | balancing for P
the problem. In the pricing problem, a D, x,In(P") > In(®) o, Algorithm: Decompose the problem into a subproblems. parameters subnetworkm S
new labeling algorithm and dominance reRr s picpnode prime problem and severa! Step 4: Solving the subproblems based ‘ifsatiSfyiﬂg stop criteria

I d si € d 1' d I .th X. € {O, l } VI’ (= R 201 -20 4 SR qle,lgﬁgg{;de subproblems; Load bf:lancmg on service subnetwork and road Dynamic freight assignment decision 1
ware. esigne : O aeal wi o ’ | | | | | —>  rouwi3 scheme solves the prime-layer subnetwork using COSMO method and Background
§iochast!c travel times and probabilistic W o o b S U problem and the COSMO method | ,ndating the dynamics of a road network Traffic data
InfOl'mCIi'lOn. Simulated global success probability 27.4% Simulated global success prﬂlé:ability 79.2% solves the SprrOblemS backward.

Objectives: Obrtain data from short-haul drayage truck o . Step 1: Develop stated preference SP survey using D-efficient design with Objectives: :Expose Local high sc:\oc?l studen.ts Topics/activities: fupply cha;n r:\apagemen.t Spring 2022 (2" offering) On campus at USC
drivers on behaviors and preferences in G tme attributes of distance, usual travel time, maximum travel time, and toll $ omun ?"’TP:GSG‘" e tgt[OUPS in Aeci:n manvufac uhr!nlg exercise Total hours = 25
choosing delivery routes Yy = - Step 2. Use Sawtooth Software by Lighthouse Studio to construct SP question E;\E%;\neelnrg d ?, :gnspczlr ation/ h R Y <t>.nomous veheies 38 students from Hybrid High

Cost blocks based on fractional factorials (orthogonal design) with élrrre:meph::esis ‘; :rf‘reirgezteqrc 5 C?:c;:sf’uels
. . . " (+/) - St : t t port - i . .
Develop incentives for alternative trip Step 3: Conduel survey ai perfs and fleels over a 3-month ime frame Involve USC undergraduate and Fieldtrip to Foothill Transit Spring 2023 (3" offering)  Planned
route/time of day from estimated utility » Step & Develop ulllity functions using loglt modeling In STATA for maih and graduate students in developing Guest speakers including Port of Long Beach
i i int ti ffect ing dri i fleet |
functions and valve of fime Inferaction effects comparing diiver lype (fleet employee versus owner content and leading exercises Attend several in-person classes

_ operator), length of trip, and other dimensions
Route choice
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