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1. EXECUTIVE SUMMARY 

1.1. Context and need of a multi brand platooning project 

Context 

Platooning technology has made significant advances in the last decade, but to achieve the next 

step towards deployment of truck platooning, an integral multi-brand approach is required. Aiming 

for Europe-wide deployment of platooning, ‘multi-brand’ solutions are paramount. It is the ambition 

of ENSEMBLE to realise pre-standards for interoperability between trucks, platoons and logistics 

solution providers, to speed up actual market pick-up of (sub)system development and 

implementation and to enable harmonisation of legal frameworks in the member states. 

Project scope 

The main goal of the ENSEMBLE project is to pave the way for the adoption of multi-brand truck 

platooning in Europe to improve fuel economy, traffic safety and throughput. This has been 

demonstrated by driving up to seven differently branded trucks in one (or more) platoon(s) under 

real world traffic conditions across national borders. During the years, the project goals are: 

• Year 1: setting the specifications and developing a reference design with acceptance criteria 

• Year 2 and 3: implementing this reference design on the OEM own trucks as well as perform 

impact assessments with several criteria 

• Year 4: focus on testing the multi-brand platoons on test tracks and international public roads 

The technical results will be evaluated against the initial requirements. Also, the impact on fuel 

consumption, drivers and other road users will be established. In the end, all activities within the 

project aim to accelerate the deployment of multi-brand truck platooning in Europe. 

Abstract of this Deliverable 

This deliverable lists all relevant bibliographic sources for ENSEMBLE, both existing ones and those 

published within ENSEMBLE. 
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2. STATE-OF-THE-ART, LITERATURE REVIEW 

The work within ENSEMBLE has used existing literature. For that, institutional access to the Web of 

Science have been used by the partners, especially the academic ones.  

Below are the references that have been used for the work:  

• Aittoniemi, E, Barnard, Y., Federley, M., Gaitanidou, L., Karagiannis, G., Kolarova, V., Lenz, 

O., Netten, B., Pont Rañé, J., Van den Boom, B., & Willenbrock, R. Methodology for 

Evaluation. D4.1 of H2020 project AUTOPILOT (AUTOmated driving Progressed by Internet 

Of Things), https://autopilot-project.eu/ 

• Böhnke PL. (2020). Detecting incidents with traffic flow in tunnels by vehicle and 

infrastructural based data. 

• Bhoopalam, A. K., Agatz, N., & Zuidwijk, R. (2018). Planning of truck platoons: A literature 

review and directions for future research. Transportation Research Part B: Methodological, 

107, 212‑228. https://doi.org/10.1016/j.trb.2017.10.016 

• Boysen, N., Briskorn, D., & Schwerdfeger, S. (2018). The identical-path truck platooning 

problem. Transportation Research Part B: Methodological, 109. 

https://doi.org/10.1016/j.trb.2018.01.006 

• Bishop, R. (2020, août 28). U.S. States Are Allowing Automated Follower Truck Platooning 

While The Swedes May Lead In Europe. Forbes. 

https://www.forbes.com/sites/richardbishop1/2020/05/02/us-states-are-allowing-automated-

follower-truck-platooning-while-the-swedes-may-lead-in-europe/ 

• Brookhuis, K. A., & de Waard, D. (2010). Monitoring drivers’ mental workload in driving 

simulators using physiological measures. Accident Analysis & Prevention, 42(3), 898‑903. 

https://doi.org/10.1016/j.aap.2009.06.001 

• Calvert, S. C., Schakel, W. J. & van Lint, J. W. C. Will automated vehicles negatively impact 

traffic flow? J. Adv. Transp. 2017, (2017).  

• Calvert, S. C., Schakel, W. J. & van Arem, B. Evaluation and modelling of the traffic flow 

effects of truck platooning. Transp. Res. Part C Emerg. Technol. 105, 1–22 (2019).  

• Cegarra, J., & Morgado, N. (2009). Étude des propriétés de la version francophone du NASA-

TLX. EPIQUE 2009: 5ème Colloque de Psychologie Ergonomique, 233‑239. 

https://autopilot-project.eu/
https://doi.org/10.1016/j.trb.2017.10.016
https://doi.org/10.1016/j.trb.2018.01.006
https://www.forbes.com/sites/richardbishop1/2020/05/02/us-states-are-allowing-automated-follower-truck-platooning-while-the-swedes-may-lead-in-europe/
https://www.forbes.com/sites/richardbishop1/2020/05/02/us-states-are-allowing-automated-follower-truck-platooning-while-the-swedes-may-lead-in-europe/
https://doi.org/10.1016/j.aap.2009.06.001
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• Cicic, Mladen, and Karl Henrik Johansson. 2019a. “Energy-Optimal Platoon Catch-up in 

Moving Bottleneck Framework.” 2019 18th European Control Conference, ECC 2019 1: 

3674–79. https://doi.org/10.23919/ECC.2019.8795754 

• Fernandez, F., Sanchez, A., Velez, J. F., & Moreno, B. (2020). Associated Reality: A 

cognitive Human–Machine Layer for autonomous driving. Robotics and Autonomous 

Systems, 133. https://doi.org/10.1016/j.robot.2020.103624 

• Franke, U., Boettiger, F., Zomotor, Z., & Seeberger, D. (1995). Truck platooning in mixed 

traffic. Intelligent Vehicles Symposium, Proceedings, 1–6. 

https://doi.org/10.1109/ivs.1995.528248 

• Fritz, H. (1999). Longitudinal and lateral control of heavy duty trucks for automated vehicle 

following in mixed traffic: Experimental results from the CHAUFFEUR project. IEEE 

Conference on Control Applications - Proceedings, 2, 1348–1352. 

https://doi.org/10.1109/cca.1999.801168 

• Fritz, H., Gern, A., Schiemenz, H., & Bonnet, C. (2004). CHAUFFEUR Assistant - A driver 

assistance system for commercial vehicles based on fusion of advanced ACC and lane 

keeping. IEEE Intelligent Vehicles Symposium, Proceedings, Vc, 495–500. 

https://doi.org/10.1109/ivs.2004.1336433 

• Gouy, M., Diels, C., Reed, N., Stevens, A., & Burnett, G. (2013). Do drivers reduce their 

headway to a lead vehicle because of the presence of platoons in traffic? A conformity study 

conducted within a simulator. IET Intelligent Transport Systems, 7(2), 230‑235. 

https://doi.org/10.1049/iet-its.2012.0156 

• Gouy, M., Wiedemann, K., Stevens, A., Brunett, G., & Reed, N. (2014). Driving next to 

automated vehicle platoons: How do short time headways influence non-platoon drivers’ 

longitudinal control? Transportation Research Part F: Traffic Psychology and Behaviour, 27, 

264‑273. https://doi.org/10.1016/j.trf.2014.03.003 

• Gungor, O. E., & Al-Qadi, I. L. (2020a). All for one: Centralized optimization of truck platoons 

to improve roadway infrastructure sustainability. Transportation Research Part C: Emerging 

Technologies, 114. https://doi.org/10.1016/j.trc.2020.02.002 

• Gungor, O. E., & Al-Qadi, I. L. (2020b). Wander 2D: a flexible pavement design framework 

for autonomous and connected trucks. International Journal of Pavement Engineering. 

https://doi.org/10.1080/10298436.2020.1735636 

• Gungor, O. E., She, R., Al-Qadi, I. L., & Ouyang, Y. (2020). One for all: Decentralized 

optimization of lateral position of autonomous trucks in a platoon to improve roadway 

https://doi.org/10.23919/ECC.2019.8795754
https://doi.org/10.1016/j.robot.2020.103624
https://doi.org/10.1109/ivs.1995.528248
https://doi.org/10.1109/cca.1999.801168
https://doi.org/10.1109/ivs.2004.1336433
https://doi.org/10.1049/iet-its.2012.0156
https://doi.org/10.1016/j.trf.2014.03.003
https://doi.org/10.1016/j.trc.2020.02.002
https://doi.org/10.1080/10298436.2020.1735636
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infrastructure sustainability. Transportation Research Part C: Emerging Technologies, 120. 

https://doi.org/10.1016/j.trc.2020.102783 

• Hart, S. G., & Staveland, L. E. (1988). Development of NASA-TLX (Task Load Index): Results 

of Empirical and Theoretical Research. In P. A. Hancock & N. Meshkati (Éds.), Human mental 

workload (p. 139‑183). 

• Heger, O., Schmidt, R., Rattei, G., & Hintermayaer, B. (2020). Truck platooning - A 

quantitative assessment of the potential consequences on tunnel safety. 10th International 

Conference “Tunnel Safety and Ventilation.” 

• International Transport Forum. (2018). Policies to Extend the Life of Road Assets.       www.itf-

oecd.org 

• Jin, Li, et al. "Analysis and design of vehicle platooning operations on mixed-traffic highways." 

IEEE Transactions on Automatic Control (2020). DOI 10.1109/TAC.2020.3034871  

• Kamranian, Z. (2018). Load Evaluation of the Hay River Bridge Under Different Platoons of 

Connected Trucks [University of Calgary]. https://doi.org/10.11575/PRISM/5454 

• Kunze, R., Ramakers, R., Henning, K. & Jeschke, S. Organization and operation of 

electronically coupled truck platoons on German motorways. Lect. Notes Comput. Sci. 

(including Subser. Lect. Notes Artif. Intell. Lect. Notes Bioinformatics) 5928 LNAI, 135–146 

(2009).  

• Lád, M., Herman, I., & Hurák, Z. (2017). Vehicular platooning experiments using autonomous 

slot cars**I.H. was supported by the Czech Science Foundation within the project GACR 16-

19526S. IFAC-PapersOnLine, 50(1), 12596‑12603. 

https://doi.org/10.1016/j.ifacol.2017.08.2201 

• Lank, C., Haberstroh, M., & Wille, M. (2011). Interaction of Human, Machine, and 

Environment in Automated Driving Systems. Transportation Research Record, 2243(1), 

138‑145. https://doi.org/10.3141/2243-16 

• Lesch, V., Breitbach, M., Segata, M., Becker, C., Kounev, S., & Krupitzer, C. (2021). An 

Overview on Approaches for Coordination of Platoons. IEEE Transactions on Intelligent 

Transportation Systems, Section II, 1–17. https://doi.org/10.1109/TITS.2021.3115908 

• Manesis, S. A. (2001). Hard Platooning Versus Soft Platooning in Large-Scale Highway 

Transportation Systems. IFAC Proceedings Volumes, 34(8), 457‑463. 

https://doi.org/10.1016/S1474-6670(17)40859-7 

https://doi.org/10.1016/j.trc.2020.102783
http://www.itf-oecd.org/
http://www.itf-oecd.org/
https://doi.org/10.11575/PRISM/5454
https://doi.org/10.1016/j.ifacol.2017.08.2201
https://doi.org/10.3141/2243-16
https://doi.org/10.1109/TITS.2021.3115908
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• McCartt, A. T., Northrup, V. S., & Retting, R. A. (2004). Types and characteristics of ramp-

related motor vehicle crashes on urban interstate roadways in Northern Virginia. Journal of 

Safety Research, 35(1), 107‑114. https://doi.org/10.1016/j.jsr.2003.09.019 

• Mukai, M., & Kawabe, T. (2015). Real-time generation of cooperative merging trajectory on 

the motor way using model predictive control scheme. 2015 European Control Conference 

(ECC), 117‑122. https://doi.org/10.1109/ECC.2015.7330532 

• Rahman, M. S., & Abdel-Aty, M. (2018). Longitudinal safety evaluation of connected vehicles’ 

platooning on expressways. Accident Analysis and Prevention, 117(December 2017), 381–

391. https://doi.org/10.1016/j.aap.2017.12.012 

• Remmen, F., Cara, I., de Gelder, E., & Willemsen, D. (2018). Cut-in Scenario Prediction for 

Automated Vehicles. 1‑7. https://doi.org/10.1109/ICVES.2018.8519594 

• Sayed, S. M., Sunna, H. N., & Moore, P. R. (2020). Truck Platooning Impact on Bridge 

Preservation. Journal of Performance of Constructed Facilities, 34(3). 

https://doi.org/10.1061/(asce)cf.1943-5509.0001423 

• Scherer, K. R., Shuman, V., Fontaine, J. R. J., & Soriano, C. (2013). The GRID meets the 

Wheel: Assessing emotional feeling via self-report. In J. R. J. Fontaine, K. R. Scherer, & C. 

Soriano (Éds.), Components of Emotional Meaning: A sourcebook (p. 281‑298). Oxford 

University Press. 

• Schmidt, F. (2017). D3.2 Definition of Representative Road Network Library, CEDR project 

Falcon. 

• Schmidt, F. (2018). D3.4 Extensive Infrastructure Design Criteria Review, CEDR project 

Falcon. 

• Shlaclover, S. E. (2006). PATH at 20 - History and major milestones. IEEE Conference on 

Intelligent Transportation Systems, Proceedings, ITSC, 8(4), 1–8. 

https://doi.org/10.1109/itsc.2006.1706710 

• Sjögren, J. (2019). High Capacity Transport Towards Efficient, Safe and Sustainable Road 

Freight. International Transport Forum, 110. 

• Spielberger, C. D. (2010). State-Trait Anxiety Inventory. In I. B. Weiner & W. E. Craighead 

(Éd.), The Corsini Encyclopedia of Psychology. Hoboken, NJ, USA: John Wiley & Sons, Inc. 

• Teh, E., Jamson, S., Carsten, O., & Jamson, H. (2014). Temporal fluctuations in driving 

demand: The effect of traffic complexity on subjective measures of workload and driving 

performance. Transportation Research Part F: Traffic Psychology and Behaviour, 22, 

207‑217. https://doi.org/10.1016/j.trf.2013.12.005 

https://doi.org/10.1016/j.jsr.2003.09.019
https://doi.org/10.1109/ECC.2015.7330532
https://doi.org/10.1016/j.aap.2017.12.012
https://doi.org/10.1109/ICVES.2018.8519594
https://doi.org/10.1061/(asce)cf.1943-5509.0001423
https://doi.org/10.1109/itsc.2006.1706710
https://doi.org/10.1016/j.trf.2013.12.005
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• Tohme, R., & Yarnold, M. (2020). Steel Bridge Load Rating Impacts Owing to Autonomous 

Truck Platoons. Transportation Research Record, 2674(2). 

https://doi.org/10.1177/0361198120902435 

• Underwood, G., Crundall, D., & Chapman, P. (2011). Driving simulator validation with hazard 

perception. Transportation Research Part F: Traffic Psychology and Behaviour, 14(6), 

435‑446. https://doi.org/10.1016/j.trf.2011.04.008 

• van Gent, P., Farah, H., van Nes, N., & van Arem, B. (2019). A conceptual model for 

persuasive in-vehicle technology to influence tactical level driver behaviour. Transportation 

Research Part F: Traffic Psychology and Behaviour, 60, 202‑216. 

https://doi.org/10.1016/j.trf.2018.10.004 

• van Maarseveen, S. (2017). Impacts of Truck Platooning at Motorway On-ramps: Analysis of 

traffic performance and safety effects of different platooning strategies and platoon 

configurations using microscopic simulation. 

https://repository.tudelft.nl/islandora/object/uuid%3Add8ee414-bddc-435b-90fe-

21480cbd918 

• Yarnold, M. T., & Weidner, J. S. (2019). Truck Platoon Impacts on Steel Girder Bridges. 

Journal of Bridge Engineering, 24(7). https://doi.org/10.1061/(asce)be.1943-5592.0001431 

• Wang, M. et al. String stability of heterogeneous platoons with non-connected automated 

vehicles. IEEE Conf. Intell. Transp. Syst. Proceedings, ITSC 2018-March, 1–8 (2018). 

• Zhao, Z., & Uddin, N. (2013). Field calibrated simulation model to perform bridge safety 

analyses against emergency braking of trucks. Engineering Structures, 56, 2253–2262. 

https://doi.org/10.1016/j.engstruct.2013.09.003 

The open points for each scientific domain and the needs for research have been explained in the 

various deliverables. 

 

https://doi.org/10.1177/0361198120902435
https://doi.org/10.1016/j.trf.2011.04.008
https://doi.org/10.1016/j.trf.2018.10.004
https://repository.tudelft.nl/islandora/object/uuid%3Add8ee414-bddc-435b-90fe-21480cbd918
https://repository.tudelft.nl/islandora/object/uuid%3Add8ee414-bddc-435b-90fe-21480cbd918
https://doi.org/10.1061/(asce)be.1943-5592.0001431
https://doi.org/10.1016/j.engstruct.2013.09.003
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3. PUBLICATIONS FROM ENSEMBLE 

Several publications about the ENSEMBLE project are still to be expected:  

• Journal papers are still in the process of being written and/or reviewed, as the procedure can 

be quite time consuming. 

• Several communications in scientific conferences are still to be expected; indeed, during the 

last years (2022-2022), scientific conferences were scarce, and moreover employers did not 

(always) authorize participation. Therefore, communications in conferences will still be done 

in 2022 and after. 

3.1. Journal papers 

• Leiva-Padilla P, Blanc J, Salgado A, Hammoum F, Hornych P. Fatigue Life Predictions for a 

European Pavement Test Section Subjected to Individual and Platoon Truck Configurations. 

Transportation Research Record. January 2022. doi:10.1177/03611981211065430. 

Available online https://journals.sagepub.com/doi/pdf/10.1177/03611981211065430  

• Lanaud, E., Ladino, A., & Buisson, C. (2021). First observations about response times and 

connectivity in a vehicles platooning experiment. Transport Findings. Available online 

https://hal.archives-ouvertes.fr/hal-03168981 

• Ladino, A., Wang, M. (2020). Game Theoretic Lane Change Strategy for Cooperative 

Vehicles under Perfect Information. Traffic Information and Control, Institution of Engineering 

and Technology, pp.147-162. Available online: https://hal.archives-ouvertes.fr/hal-

03227067/file/TIC2020Game_Theoretic_Lane_Change_Strategy_for_Cooperative_Vehicle

s.pdf 

• Ladino, A., & Wang, M. (2020). A dynamic game formulation for cooperative lane change 

strategies at highway merges. IFAC-PapersOnLine, 53(2), 15059-15064. Available online 

https://pastel.archives-ouvertes.fr/IFSTTAR/hal-02945247v1  

• Duret, A., Wang, M., & Ladino, A. (2020). A hierarchical approach for splitting truck platoons 

near network discontinuities. Transportation Research Part B: Methodological, 132, 285-302. 

Available online https://www.sciencedirect.com/science/article/abs/pii/S0191261518311366 

 

Several journal papers are foreseen, as examples one can cite:  

https://journals.sagepub.com/doi/pdf/10.1177/03611981211065430
https://hal.archives-ouvertes.fr/hal-03168981
https://hal.archives-ouvertes.fr/hal-03227067/file/TIC2020Game_Theoretic_Lane_Change_Strategy_for_Cooperative_Vehicles.pdf
https://hal.archives-ouvertes.fr/hal-03227067/file/TIC2020Game_Theoretic_Lane_Change_Strategy_for_Cooperative_Vehicles.pdf
https://hal.archives-ouvertes.fr/hal-03227067/file/TIC2020Game_Theoretic_Lane_Change_Strategy_for_Cooperative_Vehicles.pdf
https://pastel.archives-ouvertes.fr/IFSTTAR/hal-02945247v1
https://www.sciencedirect.com/science/article/abs/pii/S0191261518311366
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• TNO, IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS, Overview 

paper, together with CLEPA, EU ENSEMBLE project: specification of a generic solution for 

a Platooning Support Function,  

• TNO, IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS, Overview 

paper, together with DAIMLER, EU ENSEMBLE project: reference design and 

implementation of the Platooning Support Function,  

• TNO, IEEE Intelligent Vehicles Symposium, Paper, V2X Communication Test Tool for 

scenario-based assessment of truck platooning, https://iv2022.com/ 

3.2. Conference communications 

• Paul Marsac, Juliette Blanc, Olivier Chupin, Thomas Gabet, Ferhat Hammoum, Navneet 

Garg, Mai Lan Nguyen (2022), Optimization of Truck Platoon Wander Patterns Based on 

Thermo-Viscoelastic Simulations to Mitigate the Damage Effects on Road Structures, in APT 

Conference, April 2022, Nantes (France). Available online https://hal.archives-

ouvertes.fr/hal-02942266/document 

• Leiva-Padilla P, Blanc J, Salgado A, Hammoum F, Hornych P. Fatigue Life Predictions for a 

European Pavement Test Section Subjected to Individual and Platoon Truck Configurations. 

Presented during TRB Annual meeting 2022. Available online 

https://journals.sagepub.com/doi/pdf/10.1177/03611981211065430 

• Ladino, A., Xiao, L., Adjenugwhure, K., Deschle, N., & Klunder, G. (2021). Cross-Platform 

Simulation Architecture with application to truck platooning impact assessment. ITS World 

Congress, July, 2021. Available online 

https://arxiv.org/ftp/arxiv/papers/2105/2105.08987.pdf  

• Carlos Lujan, Cesar Elpuente, Oriol Flix, Marta Tobar, Mutual recognition for platooning tests 

in open roads based on ENSEMBLE project. ITS World Congress, July, 2021. 

• Simon Ellwanger, Prashanth Dhurjati, Markus Fischer et. Al, Functional-safety 

considerations for multi-brand truck platooning. ITS World Congress, July, 2021. 

• Edoardo Mascalchi, Alessandro Coda, Dehlia Willemsen, Specifications for multi-brand truck 

platooning, Proceedings of 8th Transport Research Arena TRA 2020, April 27-30, 2020, 

Helsinki, Finland. Available online: 

https://platooningensemble.eu/storage/uploads/documents/2020/03/13/TRA2020_0111201

9_mascalchi.pdf  

https://iv2022.com/
https://hal.archives-ouvertes.fr/hal-02942266/document
https://hal.archives-ouvertes.fr/hal-02942266/document
https://journals.sagepub.com/doi/pdf/10.1177/03611981211065430
https://arxiv.org/ftp/arxiv/papers/2105/2105.08987.pdf
https://platooningensemble.eu/storage/uploads/documents/2020/03/13/TRA2020_01112019_mascalchi.pdf
https://platooningensemble.eu/storage/uploads/documents/2020/03/13/TRA2020_01112019_mascalchi.pdf
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• Ignacio Lafuentea, Carlos Lujána, Marta Tobara, Estrella Martíneza, Platooning regulatory 

state of the art based on the H2020 Project: ENSEMBLE, Proceedings of 8th Transport 

Research Arena TRA 2020, April 27-30, 2020, Helsinki, Finland. 

• Ladino, A., Duret, A., & El Faouzi, N. E. (2020, January). Calibration and impact of control 

strategies for splitting truck platoons at on-ramps. In Transportation Research Board Annual 

Meeting 2020. Available online https://hal.archives-ouvertes.fr/hal-02536313 

• Deesh Dileep, Mauro Fusco, Jan Verhaegh, Laurentiu Hetel, Jean-Pierre Richard, Wim 

Michiels, Achieving an L2 string stable one vehicle look-ahead platoon with heterogeneity in 

time-delays, European Control Conference 2019. Available online https://hal.archives-

ouvertes.fr/hal-02337916/document  

• Carlos Luján, Ignacio Lafuente, Marta Tobar, Estrella Martínez, Regulatory framework state 

of the art for truck platooning, ITS world Conference Singapore, Octobre 2019. 

• Alessandro Coda, Lina Konstantinopoulou, John Vissers, Specifications for Multi-Brand 

Truck Platooning, ITS world Conference Singapore, Octobre 2019. 

• Lina Konstantinopoulou, Alessandro Coda, John Vissers, Specifications for Multi-Brand 

Truck Platooning, CLEPA, Presented during ITS Europe Conference Eindhoven, 2-6 June 

2019. 

• Lina Konstantinopoulou, Alessandro Coda, Franziska Schmidt, Specifications for Multi-Brand 

Truck Platooning, 8th International Conference on Weigh-in-Motion, May 2019. Available 

online http://www.is-wim.org/icwim8/ 

• Luján, Tobar, Martínez, Lafuente, Platooning regulatory state of the art based on the H2020 

Project: ENSEMBLE, 2019 JSAE Annual Congress, May 2019. Available online 

https://www.jsae.or.jp/2019haru/english/ 

• Bernard Jacob, Odile Arbeit de Chalendar, Truck platooning: expected benefits and 

implementation conditions on highways, Presented at HVTT15, Rotterdam, 2018. Available 

online: https://hvttforum.org/wp-content/uploads/2019/11/Jacob-TRUCK-PLATOONING-

EXPECTED-BENEFITS-AND-IMPLEMENTATION-CONDITIONS-ON-HIGHWAYS.pdf  

• Duret, A., Ladino, A., & Wang, M. (2018, March). Hierarchical multi-injection strategy and 
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