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Project Objectives

. Passenger traffic flows and truck flows are interacting with each other on the transportation network, which ‘ ) R e Develop the theoretical foundations of a new approach referred to as SCOBE (co-Simulation Control and Optimization with BEhavioral
cannot be modelled by pure mathematical models accurately. | ~° ’ = inf:e.nt.iv.es) for a .Coordinqted.RegionaI Freighi Management (CRFM) system whic.h genera’re.s schedul.e.s, route§ and payments for freight by
» Therefore, traffic simulation models are infroduced into a mathematical optimization model to help estimate = "-; g "-?cl'_.‘?"’** ; minimizing a social cost fu.nchon that takes into account the user re:c,ponse described by eshrr.laied Um.“y fur.lchons. o
the transportation network states. iy ; Tl ,?;—;« sl | Develop a corppleie soluhpn frqmc?work that enal?les tfruck reuse with the COSMO approach in the daily freight movements, providing
e With more accurate transportation network estimates, better tfruck routing solutions can be generated by . ' 3'\‘ _’/ complete routing and fouring solutions for fruck drivers.
balancing non-homogeneous traffic flows in both time and space. eV S e Develop a distributed COSMO method that is applicable to large-scale road networks with an efficient network decomposition scheme.
« The computational complexity of a centralized CO-SiMulation Optimization (COSMO) method increases _”“"— t =f"-‘“6’ 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 where a distributed version is necessary to achieve the TN solution.
benefits of algorithmic performance from COSMO and computational speed from the decomposition scheme. e Propose a chance-constrained model for the pickup and delivery problem with hard time windows considering stochastic and time-
* It is essential fo improve the reliability of the pickup and delivery service in an urban setting where travel times dependent travel times, and develop an exact solution method based on branch-cut-and-price.
are stochastic and time dependent. e Collect real world data by building a survey whose respondents are truck drivers in Southern California.
e Integrate the research results to the University educational program.

Physical System

 Simulation models are used to generate/predict the dependencies of link states on time, space and added
loads. -
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. . , e | : « Traffic Simulation models are used to estimate the load-dependent transportation

e Utility functions for each user or class of users are established and vupdated based on new data. :'ERS User Demand | network states P P Load Balancing :
 Utility function information and payment incentives are used by the cost minimizer and load-balancing . A Load Balcmc:.ing Algorithm is designed to balance truck flows over time and space to t R

controller in an iterative procedure that leads to a lower cost at each iteration until the procedure &= = ‘ : Models avoid traffic congestions Stmulation Mode O I

converges or a stopping criterion is satisfied. o & Network g | User Behavior . g " .. . . | Cost Evaluator Routes

. . . . . . - . . e User Learning ms « The aim of the procedure is to minimize system costs and provide the best routing ael Tiene o

 The aim of the central coordinator is to achieve system optimality while providing user benefits which are s | e solution for truck drivers aiven the dailv demand T Final Solution

QOOd enough to qﬂ.raCt pqrﬁCipqﬁon' Figure 1 SOBEpproachfor Cyber CRFM System g y .

Iteratively solve the following two subproblems and uvpdate traffic Initial Solution

Optimum Routing with Behavioral Incentives
assignments in the simulation model until stopping criteria reached:

*Step 1: Cluster the drivers into distinct groups

«Step 2: Learn the utility function of each cluster minimize  A(pE[Ty,(a)] + (1 = p) E[T,(@)]) = (1 = A E[U;;(a)] P2
' . i i i o)) (1) Delivery flow optimization (SP1) gaffie
.Ste 3: SOIVe ihe Opflmum rOUhng prObIem ihqt prOVIdeS behCIVIOI'Cll Slll)i()(ft to Z Z P (\( W ( ( v 0 €I, ( )) - 71”(:'“') > max Pe ]( W (H .I'<,.((\‘)). V‘ll’.f * . . Load Balancmg Delivery Flow Pickup Flow Pickup Flow Traffic
incentives : - = T ) = eR. b7 The problem is a load balancing problem which can be solved by the pmcess — Generation —->[ Optimization ]—> Generation ->[ Simulation ]
ope . ¢ 2 & e ¢ M r h. valuation
Utility learning  minimize L(0;,z,y) v COSMO approac Sraer . Netwot ot
YN N N pditalt et =0 (2) Pickup flow optimization (SP2) Yo ‘ Evaluation
Where £(9 . o2 ) L 2 ]()( ( S(H r )) + ( l — 7 )10( ( l - S(H T ) ) (.‘ “‘_41 jJ 1'(1" ' topplng Criteria easibility Check>
T Y) = T 2, YmiOI S Vi m Ym )0 OG\ S\¥i> Tm T Using the solution and network states from (1), find the next pickup
$(6;, Tm) = 1 Z ajy =1, Ve,w,i location for idle trucks that minimizes the fleet size and travel costs. The Final Solution
B et exp(Ji (0, wm1) — Ji(0i, xm2)) r€Ry optimal solution can be found using a linear programming relaxation.
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Problem: Dynamically route freight trucks .StTeLt]vi/ Dil\(/ide the road network into
r . e ot atcarith | across the large-scale subneiworks Demand: qij Prime-layer ——

° The mOdel wdas f.ormu.lqi'ed as d outes generated by deterministic routing algorith routes generated by proposed routing algorithm irqnsporiqﬁon network with a load «Step 2: For each SUbnefWOl'k, create an ;- O/P load balancing i“lb‘la?’er i‘oad % &
chance-constrained Integer minimize Z c.xX 20 4 20 balancing scheme associated service subnetwork. Create an oTme 1. Route. generation s:ba::lzlvlfrlfll' | _—:”*k_‘-
optimization problem with a set- ' - T Objective: Minimize total cost consisting of abstracted service network. Truck Model & | @i _| o paeinal cost e s —
partitioning formulation. S 10 10 vehicle usage costs and travel *Step 3: Solving the prime problem based | pistribution | 4. Descent direction =

. i1 Z anx. =1 Vie N, time values on abstracted service network and service & step size generation

e An exact d.lgorlfhm based on a branch- o . N Constraints: Demand conservation: 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 Predetenmined  jompy e22ntwort | | balancing for
the problem. In the pricing problem, a 2 x:.In( 1" ) = In(©) _— o] Algorithm: Decompose the problem into a subproblem:s. paramerers subnetwork m
new labeling algorithm and dominance e ¢ pkupnode Prns 'ﬂl"b'e,"l‘_ °'"dd ;e‘l’e“’! - Step 4: Solving the subproblems based i satifying stop erteria t

| desi d to deal with x, € {0,1)} Vire R ~201 ~20 1 —r  route#2 sUbpreblems; Leac DAXAncing on service subnetwork and road Dynamic freight assignment decision
ruies are aesigned 1o aedl wi ' —  route #3 scheme solves the prime-layer : Background
. . e 1o , : ; , , , ' , , _|—— routes subnetwork using COSMO method and
StOCthhC fl’Clvel hmes Cmd prObqb"lShC -20 -;Ot | t030751 ;01 20 -20 -10 0 10 20 problem and the COSMO method Upda’ring the dynamics of a road network Traffic data
information. Simdated loba success pobabilty 27.4% S bl i mob R TOE% solves the subproblems backward.
° ° . ° ° ° ege . ° ° d °
Objectives: Obtain data from short-haul drayage fruck - Step1: Develop stated preference SP survey using D-efficient design with Objectives: :Expose Idoc:al high sc:\och)I s’ruden.’rs Topics/activities: fupply chq;n rrt\apagemen.’r Spr!ng 2022 (2;I offe.rlng) On campus at USC
' drivers on behaviors and preferences in S ume attributes of distance, usual travel time, maximum travel time, and toll $ o Un ?r-rfpzesen e iQJ’[[OUPS In Aec;m manvufac u':!nlg exercise Spring 2023(3 offering)  Total hours = 50
Choosing delivery routes Y . Muse Sawtooth Soﬁwqre bY LighthUSG Si’UdiO o construct SP queSﬁon ?_;:‘Engneeln?gd ? ll'gnspodr a Ion/ h R u ?.nomous venicles 78 students from Hybrid High
Cost blocks based on fractional factorials (orthogonal design) i eldie h |e. 2 c"f' .re;teqrc # CTU m? I
Develop incentives for alternative trip ) Step 3: Conduct survey at ports and fleets over a 3-month time frame wilh an emphdsls en ielg . eigﬂ uie SF S
te/ti f dav f timated ufilit Step 4: Develop utility functions using logit modeling in STATA for main and L= CIEP IO S CIT TS
rou e/ Ime of gay irom estimaica Uiy interaction affects comparing between driver (fleet employee versus owner Involve USC undergraduate and Guest speakers including Port of Long Beach
functions and value of time graduate students in developing Attend several in-person classes

operator), length of trip, and other dimensions

Route choice content and leading exercises
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