Seminar course: Algorithms with Predictions
Course number: COMPSCI 692K
Organizer: Mohammad Hajiesmaili

Note that the syllabus is tentative and subject to change.

Seminar Description:
This seminar course will cover the recent topics in the emerging field of Algorithms with
predictions, also known as learning-augmented algorithms or algorithms with ML advice.

This is an emerging topic at the intersection of theoretical computer science and machine
learning. Here are some foundational questions that the research aims to answer:

e How to parameterize algorithms so that they can adapt their behavior to the properties of
the input distribution and consequently improve their practical performance while still
satisfying the theoretical worst-case guarantees.

e How to use imperfect (untrusted) predictions robustly — retaining worst-case guarantees
of classic algorithms — yet achieve satisfactory performance when the predictions are
accurate?

e How to determine the right time to use advice for online problems when it comes with an
additional cost?

Generally speaking, a result in this area takes a problem with strong information-theoretic lower
bounds (for instance, on the competitive ratio), identifies a compact prediction that can be
learned from real data, and proves the performance of the algorithm to the quality of the
underlying prediction. The field has blossomed with applications to a broad range of classic
domains in theoretical computer science, such as classical streaming algorithms, online
scheduling, clustering, filtering data structures, and many others. The focus of this seminar,
however, will be on online algorithms with predictions.

This seminar is inspired by the following recent workshops/seminars:

Workshop on Algorithms with Predictions, at EPFL, 2022
Workshop on Algorithms with Predictions, STOC, 2022

Machine Learning for Algorithms, FODSI, 2021

Workshop on Algorithms with Predictions, STOC 2020

Reading Group on Learning Augmented Algorithms, at CWI, 2022
Data-driven Decision Processes, Simon Institute, Fall 2022

Time: Fall 2022: Tue (11:30-12:45) Fri 1-2:15 pm ET

Location: Hasbreuektaberatory+reem228 -> LGRC A311, Zoom:
https://umass-amherst.zoom.us/j/94052012757

How the seminar is organized:



https://alps2022.epfl.ch/
https://theory.stanford.edu/~sergei/stoc2022alps.html
https://fodsi.us/ml4a.html
https://www.mit.edu/~vakilian/stoc-workshop.html
https://homepages.cwi.nl/~dadush/reading-group/learning-augmented/index.html
https://simons.berkeley.edu/programs/DataDriven2022
https://umass-amherst.zoom.us/j/94052012757

e Tue slots will be devoted to an introduction and background on the core topic, mainly
presented by a subset of students. We have reserved Thu 11:30-12:45 pm ET just in
case the background needs more time.

e Fri slots will be dedicated to the prediction version of the topic of the week. We will have
invited speakers for Friday slots, and participation in the Friday session is expected.

Tentative Topics:
The topic of weeks 1-8 is mainly focused on online algorithms with ML advice. The topics of
weeks 9-13 are other broader approaches for integrating machine learning into algorithm

design.
Week Topic Invited speaker Main resource Presenter Scribe Zoom recordings
1. Sep9 Caching with advice Thodoris Lykouris, Competitive caching | Rajarshi Bhattacharjee September 6, 2022
MIT with machine-learned September 9, 2022
advice, ICML'18, (talk, slides)
JACM'21
2. Sep 16 K-server, MTS Antonios Online Metric Russell Lee Sep 13. 2022
algorithms with Antoniadis, Algorithms with September 16, 2022
switching costs The University of icti (slides, talk)
Twente ICML'20
(meetings)
3. Sep23 Ski-rental and job Ravi Kumar, Improving Online Ali Zeynali Sep 20, 2022
scheduling with advice | Google (meetings) Algorithms via ML September 19, 2022
Predictions, (slides, talk)
NeurlPS’'18
4. Sep 30 The primal-dual method | Andr Maaaiori, The Primal-Dual Rik Sen September 27, 2022
for online algorithms EPFL (meetings) method for Learning
with ML advice i , September 30, 2022
NeurlPS’20 (slides, talk)
5. Oct7 Online search with Bo Sun, Pareto-optimal Cuong Than Oct 4, 2022 (part 1,
advice CUHK algorithms for online part 2)
conversion problems,
NeurlPS’21 October 7, 2022
(slides, talk)
6. Oct14 Bin packing with advice , Online Computation Anla Qctober 9. 2022
York University with Untrusted Advice,
ITCS’20, IJCAI'22 October 14, 2022
(slides, talk)
7. Oct21 Chasing Convex Bodies | Nico Christianson, Chasing Convex Kevin Chen and Adam October 18, 2022
and Functions with Caltech Bodies and Functions Lechowicz
Black-Box Advi with Black-Box Advice, October 21, 2022
COLT22 (slides, talk)



https://www.cics.umass.edu/event/data-science-deep-dive-competitive-caching-machine-learned-advice
https://mitmgmtfaculty.mit.edu/tlykouris/
https://arxiv.org/pdf/1802.05399.pdf
https://arxiv.org/pdf/1802.05399.pdf
https://arxiv.org/pdf/1802.05399.pdf
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l7toclp2f2c5lw
https://umass-amherst.zoom.us/rec/share/uH1FTidtv7tSCvKKKarPdxRMxBKOH9USWaZqASD2fZdNiH2lLiW8m5iAhdPSX7zr.oTSmnWIWFOQadCVf?startTime=1662477071000
https://umass-amherst.zoom.us/rec/share/QA1qWnAqbRgZYtmnFPBmaoRV8RL_znFbZ6zqo68djPdCeaaQOmkq5D-2XHk155tq.RQXUeI4ulxwDxCr6?startTime=1662741543000
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l8wy8acdphw9d
https://www.cics.umass.edu/event/learning-augmenting-algorithms-algorithm-switching
https://www.cics.umass.edu/event/learning-augmenting-algorithms-algorithm-switching
https://www.cics.umass.edu/event/learning-augmenting-algorithms-algorithm-switching
https://antoniosantoniadis.github.io/
https://antoniosantoniadis.github.io/
https://docs.google.com/spreadsheets/d/1jNMb9k_b84j9gFL_91J8sHsiv01a3UbCcDzEGlPvHcc/edit#gid=0
https://arxiv.org/pdf/2003.02144.pdf
https://arxiv.org/pdf/2003.02144.pdf
https://arxiv.org/pdf/2003.02144.pdf
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l84b70h74il3bm
https://umass-amherst.zoom.us/rec/share/sI7GbfsBwhrBzLaxUKkiuVvQJo-B9RzAJv8_4UomM9WnmPMAIw9b4O0HW8bmHduD.b-5sIRPLZM92G1tY
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l84ty75agfw2zr
https://umass-amherst.zoom.us/rec/share/sVh-TcklzQkvHVNDmTebeqZlU9IYueMpwTKGcBwOtSK1_qVRT6_o8u8f7O84Ldqy.TK3Plqlt8r_CeEPQ
https://www.cics.umass.edu/event/ski-rental-and-job-scheduling-advice
https://www.cics.umass.edu/event/ski-rental-and-job-scheduling-advice
https://sites.google.com/site/ravik53/
https://docs.google.com/spreadsheets/d/1jNMb9k_b84j9gFL_91J8sHsiv01a3UbCcDzEGlPvHcc/edit#gid=1413248021
https://papers.nips.cc/paper/2018/file/73a427badebe0e32caa2e1fc7530b7f3-Paper.pdf
https://papers.nips.cc/paper/2018/file/73a427badebe0e32caa2e1fc7530b7f3-Paper.pdf
https://papers.nips.cc/paper/2018/file/73a427badebe0e32caa2e1fc7530b7f3-Paper.pdf
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l8a5560n28rwz
https://umass-amherst.zoom.us/rec/share/XVk70iUVzkxFya9sAGEqJlQUtsHELtVJlB8qJ397CCswGnkQGVE0hJaDm2vY0JpA.bDVMspKhIdkvRvO8?startTime=1663687658000
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l8jhjzo28eo552
https://umass-amherst.zoom.us/rec/share/irIFRP57ske56aufP4RnD3WUGXwxJ7SRBEOYJQ2F9GbKMNBnqrGrN8WfRkDkLnzh.arkuQ1Cu9LOBdnSi?startTime=1663952399000
https://www.cics.umass.edu/event/primal-dual-method-learning-augmented-algorithms
https://www.cics.umass.edu/event/primal-dual-method-learning-augmented-algorithms
https://www.cics.umass.edu/event/primal-dual-method-learning-augmented-algorithms
https://scholar.google.ch/citations?user=2QzQRW4AAAAJ&hl=en
https://docs.google.com/spreadsheets/d/1jNMb9k_b84j9gFL_91J8sHsiv01a3UbCcDzEGlPvHcc/edit#gid=1675450207
https://proceedings.neurips.cc//paper/2020/file/e834cb114d33f729dbc9c7fb0c6bb607-Paper.pdf
https://proceedings.neurips.cc//paper/2020/file/e834cb114d33f729dbc9c7fb0c6bb607-Paper.pdf
https://proceedings.neurips.cc//paper/2020/file/e834cb114d33f729dbc9c7fb0c6bb607-Paper.pdf
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l8kc19ouu0i4zl
https://umass-amherst.zoom.us/rec/share/bvHSrD39hW959v4RB4B09lgMNEeR_Jo3omrBzgHGyU8q9_Ej4ZwcgNHZJSmMrAur.eDZgYpTEBd7-kvXr
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l9mvhjlp21zfq
https://umass-amherst.zoom.us/rec/share/EzSJzxZr5kdiw6a8tXHp2qZ_CNClIrNTIasWjVT5Ho8uW6GEcwubAdphwrF_ySwQ.xLl3w_HTnpwYQy2E?startTime=1664556494000
https://www.cics.umass.edu/event/pareto-optimal-learning-augmented-algorithms-online-search-advice
https://www.cics.umass.edu/event/pareto-optimal-learning-augmented-algorithms-online-search-advice
http://c2e.ece.ust.hk/sunbo/
https://proceedings.neurips.cc/paper/2021/file/55a988dfb00a914717b3000a3374694c-Paper.pdf
https://proceedings.neurips.cc/paper/2021/file/55a988dfb00a914717b3000a3374694c-Paper.pdf
https://proceedings.neurips.cc/paper/2021/file/55a988dfb00a914717b3000a3374694c-Paper.pdf
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l8ud14cs71z454
https://umass-amherst.zoom.us/rec/share/8uwHq31g8tqB16dhVRUC8xLnoIGGtNpdGLOGgaIJek5mMxM2wpAnFOZ8MPZ87HeV.kuUgJA6AYd5smZeK?startTime=1664897445000
https://umass-amherst.zoom.us/rec/share/Q5dQfHZD9r_TNDNKrI-rvg18DMIg-Lb_9r9oexQ9gDNBo2NlCeQd7BbEzCNprTCb.k-vT_5I4BdvHlPXp?startTime=1664899516000
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l9ctbx5icd9463
https://umass-amherst.zoom.us/rec/share/-RohN78M27BQbQXpae0GD-VIW8Jq-S0ueZv-SfYnCB8CpFYoIC-wzFQGArCA7EDn.3T7YkbXxxZELhdz_?startTime=1665160242000
https://www.cics.umass.edu/event/online-bin-packing-predictions
http://www.cs.umanitoba.ca/~kamalis/
https://arxiv.org/abs/1905.05655
https://arxiv.org/abs/1905.05655
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l94cyxqjesbtz
https://umass-amherst.zoom.us/rec/share/h7gf-x_rjlzvRTenXtpQAkJwwyhWBozoYL14xk7LwHonHdygJtYzq8Q2aWL9D4X0.6FNRrUrHI-KLqFXp?startTime=1665501928000
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l98qcb6eweg3vc
https://umass-amherst.zoom.us/rec/share/YHbUt1q5nLtmNLJ5r1HXN8qLM5SoLY0i4pQmnz9-q1l4aQm4ZEJrSzMqNk4mclmN.t0dgjr30JrjSNVt2?startTime=1665766220000
https://www.cics.umass.edu/event/chasing-convex-bodies-and-functions-black-box-advice
https://www.cics.umass.edu/event/chasing-convex-bodies-and-functions-black-box-advice
https://www.cics.umass.edu/event/chasing-convex-bodies-and-functions-black-box-advice
https://nicochristianson.com/
https://arxiv.org/abs/2206.11780
https://arxiv.org/abs/2206.11780
https://arxiv.org/abs/2206.11780
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l9fzz46k33f7g3
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l9fzz46k33f7g3
https://umass-amherst.zoom.us/rec/share/p_j-XOVmGvEvdf-h8iG8aejyVc7NlldzR1rFIpbSCEkLd12VSoCDpsPp-20hLO4.IM6QaU8Pn89Siedt?startTime=1666106921000
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/lai8ktjjpnb7p8
https://umass-amherst.zoom.us/rec/share/MRtd-LfE7U04xGwc3_66dB8CXC7_64MUyNYpEaylyxHLJ0GKIIfKqhNhs8TwPr5P.jkTs2GmkH7Be6mr8?startTime=1666369701000

8. Oct 28 Linear guadratic control Tonagxin Li, Robustness and Janice Chen October 25, 2022
with advice Caltech, CUHK Consistency in LQR
with Predictions, October 28, 2022
Sigmetrics’'22 (slides, talk)
9. Nov4 Data-driven algorithms itercik, Rispersion for Will Schwarzer November 1, 2022
Stanford Data-Driven Algorithm
Design, November 4, 2022
FOCS18, STOC’21 (slides, talk)
10. Nov 9 DLS: Algorithm Analysis Anupam Gupta, Learning from a Akhil Ayyanki November 8, 2022
(Wed) Beyond the Worst-Case CMU (DLS) Sample in Online
Algorithms November 9, 2022
NeurlPS'22 (slides, talk)
11. Nov 18 Online learning with , Online Learning with Cooper Sigrist November 15, 2022
hints Boston University |mperfect Hints,
(in-person) ICML'20 November 18, 2022
(slides, talk)
Nov 25 No class - Thanksgiving
12. Dec 2 Learning-augmented Leamning-Augmented | Amirmahdi Mirfakhar November 29, 2022
mechanism design Columbia (remote) i i and Kyle Doney
EC'22 December 2, 2022
(slides, talk)
13.Dec 8 Online algorithms with Debmalya Online Algorithms with Weronika Nguyen December 6, 2022
(Thu) multiple advice Panigrahi, Multiple Predictions,

Duke (in-person)

ICML'22

December 8, 2022
(slides, talk)

Grading Policy:
1 credit:

Class participation (20%: 10% Tue slot with student presentations; 10% Fri slot with

invited speaker presentation, and meet the speaker)

Class presentation (60%: either class presentation or scribing the lecture note)

Lecture review (20%; 4 out of 13 is required, 5% each)

3 credit:

Class participation (20%: 5% Tue slot with student presentations; 5% Fri slot with invited

speaker presentation, and meet the speaker)

Class presentation (30%: either class presentation or scribing the lecture notes)

Lecture review (20%; 5 out of 13 is required)
Class project: 30% (either individually or in a group of two)

Deadlines:

Class presentation



https://www.cics.umass.edu/event/learning-augmented-linear-quadratic-control
https://www.cics.umass.edu/event/learning-augmented-linear-quadratic-control
https://tongxin.me/
https://arxiv.org/pdf/2106.09659.pdf
https://arxiv.org/pdf/2106.09659.pdf
https://arxiv.org/pdf/2106.09659.pdf
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l9ocgj3kel9472
https://umass-amherst.zoom.us/rec/share/n__yBXYwigdQqjXBygIXcPCH-u_EM4cjrNucngW_jcyiGBRHI4Jyi4rSGITU5vU.JmDM2j4qJzbXOyHd?startTime=1666711687000
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/laiaan27ez67i
https://umass-amherst.zoom.us/rec/share/0yVFApLDujxTMgK0d_vuqEzxYojJkHHGY69u-TRGzJF4lwTRRlFw5NY_88SeRsoE.3VI3091GO3y1MyQD?startTime=1666974918000
https://www.cics.umass.edu/event/how-much-data-sufficient-learn-high-performing-algorithms
https://vitercik.github.io/
https://arxiv.org/pdf/1711.03091.pdf
https://arxiv.org/pdf/1711.03091.pdf
https://arxiv.org/pdf/1711.03091.pdf
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/l9yc9hqqi443nt
https://umass-amherst.zoom.us/rec/share/45kKaoWe3HBOFHaS2Ah9Pj9OzMwKG9eiFRvcfZOJO2zo7I6hvfIr0iawjtnWlF3w.fD4flR-FQdewRIu1?startTime=1667316490000
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/laqwi7ayj9edk
https://umass-amherst.zoom.us/rec/share/M4wRKfH8M1c4wohh7lcCrkPZPnWhuE97UgnB9E4Z9b4N-ArPh9o1aFYl2UXJlKqN.mCSrttOFFCiPVdQ-?startTime=1667580326000
https://www.cics.umass.edu/event/algorithm-analysis-beyond-worst-case
https://www.cics.umass.edu/event/algorithm-analysis-beyond-worst-case
http://www.cs.cmu.edu/~anupamg/
https://nips.cc/Conferences/2022/Schedule?showEvent=52947
https://nips.cc/Conferences/2022/Schedule?showEvent=52947
https://nips.cc/Conferences/2022/Schedule?showEvent=52947
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/la8f9e1pwjk12c
https://umass-amherst.zoom.us/rec/share/tnSPPmy2AQoHEL5KzdYx9Yz21hfcK39EDOuZEoKLYdcNytdYbqKKZYQFueGz9cfJ.KrGmcKqDNAmmAc8I
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/laqwkgvmpc744u
https://www.cics.umass.edu/event/data-science-deep-dive-online-learning-hints
https://www.cics.umass.edu/event/data-science-deep-dive-online-learning-hints
https://ashok.cutkosky.com/
https://arxiv.org/pdf/2002.04726.pdf
https://arxiv.org/pdf/2002.04726.pdf
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/laifnoihg995l8
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/latrwj0i32u5vr
https://umass-amherst.zoom.us/rec/share/5y8EC2P3y9QlX9bcmMpXmwm4PwiM8vUV6I4sWQ6aZVINCHqcKW9ZnUsDOIfNZBTP.2FOGM0pAfvqWD06P?startTime=1668794575000
https://www.cics.umass.edu/event/data-science-deep-dive-learning-augmented-mechanism-design
https://www.cics.umass.edu/event/data-science-deep-dive-learning-augmented-mechanism-design
https://ericbalkanski.com/
https://arxiv.org/pdf/2204.01120.pdf
https://arxiv.org/pdf/2204.01120.pdf
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/lb2d8iodoi12e4
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/lb2d8iodoi12e4
https://umass-amherst.zoom.us/rec/share/koMN0eiz0vz3UYTuwYBIpDzLmbEq7ngbsSTjvH3mtL-0lViB8j-EAQVzXVY9x8qb.fRdf-JBGiKHx4c3R?startTime=1669739673000
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/lb6zwwsfqzz6am
https://umass-amherst.zoom.us/rec/share/wfYr_NUq7FN-ZPQRKGvQ1Z2KKzIs9Bgn1g2cpkLkYQ23rqpzYwQbrWhAIGBvMgVP.wf-ZAZEGu_Q0W5gR?startTime=1670004252000
https://www.cics.umass.edu/event/data-science-deep-dive-online-algorithms-multiple-advice
https://www.cics.umass.edu/event/data-science-deep-dive-online-algorithms-multiple-advice
https://www.debmalyapanigrahi.org/
https://www.debmalyapanigrahi.org/
https://arxiv.org/pdf/2205.03921.pdf
https://arxiv.org/pdf/2205.03921.pdf
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/lbcd1f3yoq77ml
https://umass-amherst.zoom.us/rec/share/4ccLaWleaAWkMI69ts0hc5sUzU6byo063K0NoSiB05EDWqBKVabT1EmVuHlULmCY.dj3K6yxA6iLXjTbo?startTime=1670344514000
https://piazza.com/class_profile/get_resource/l7g97n5tpk910w/lbl95r1tdvpky
https://umass-amherst.zoom.us/rec/share/0skA7u8zV3WERmPdrSuWpd2KLpqW6qlxp-OsF2lvtp6kcC2UcJVwGZWmF1DITfc.5d2kMTVMB-huL1V0?startTime=1670522862000

o Preparation for the in-class lecture: one week before the presentation (Thu, 3-4
pm ET, LGRC A323)
o Scribe notes: two weeks after the presentation (Tue, 11:59 pm ET)
e Lecture review
o One week after the seminar talk (Fri, 11:59 pm ET)
e Project (3 credits)
o Proposal deadline: Oct 28, 2022
o Final project deadline: December 16, 2022

A description of the class project (3 credits)

e The project is a research-based project. The topic selection is flexible. The only
requirement is to show how “prediction” can improve the performance of an algorithm
provably. If you are a Ph.D. student, a topic closely related to your current research
focus is preferred. We can brainstorm for the selection of the project.

e Almost all the invited speakers are available for individual meetings, which might give
you some ideas for a promising project and even collaborate with them.

e Final deliverable is a technical report, which may or may not lead to a publication.

Class website: piazza.com/umass/fall2022/compsci692k

Prerequisites: There are no undergraduate prerequisites for this seminar course. This is a
theoretical seminar course emphasizing algorithm design, correctness proofs, and analysis. And
a general background in algorithms and a strong mathematical background are required.

Accommodation Statement: The University of Massachusetts Amherst is committed to
providing equal educational opportunities for all students. If you have a documented physical,
psychological, or learning disability on file with Disability Services (DS), you may be eligible for
reasonable academic accommodations to help you succeed in this course. If you have a
documented disability that requires accommodation, please notify me within the first two weeks
of the semester so we can make appropriate arrangements. For further information, please visit
Disability Services (https://www.umass.edu/disability/)

Academic Honesty Statement: Since the integrity of the academic enterprise of any institution
of higher education requires honesty in scholarship and research, academic honesty is required
of all students at the University of Massachusetts Amherst. Academic dishonesty is prohibited
in all programs of the University. Academic dishonesty includes but is not limited to: cheating,
fabrication, plagiarism, and facilitating dishonesty. Appropriate sanctions may be imposed on
any student who has committed an act of academic dishonesty. Instructors should take
reasonable steps to address academic misconduct. Any person who has reason to believe that
a student has committed academic dishonesty should bring such information to the attention of
the appropriate course instructor as soon as possible. Instances of academic dishonesty not
related to a specific course should be brought to the attention of the appropriate department
Head or Chair. Since students are expected to be familiar with this policy and the commonly



accepted standards of academic integrity, ignorance of such standards is not normally sufficient
evidence of lack of intent (http://www.umass.edu/dean_students/codeofconduct/acadhonesty/).



