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Objectives  
 
Scientific foundations for software engineering depend on the use of precise, abstract models and 
logics for characterizing and reasoning about properties of software systems. A number of basic 
models and logics over time have proven to be particularly important and pervasive in the 
development of software systems. This course is concerned with that body of knowledge. It 
considers many of the standard models for representing sequential and concurrent systems, such 
as state machines, algebras and traces. It shows how you can use different logics to specify 
properties of software systems, such as functional correctness, deadlock freedom, and internal 
consistency. Concepts such as composition mechanisms, abstraction relations, invariants, non-
determinism, and inductive and denotational descriptions are recurrent themes throughout the 
course.  
 
By the end of the course, you should be able to understand the strengths and weaknesses of certain 
models and logics, including state machines, algebraic and trace models, probabilistic models, and 
temporal logics. You should be able to apply this understanding to select and describe abstract 
formal models for certain classes of systems. Further, you should be able to reason formally about 
the important properties of modeled systems. 
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Course Organization 
  

Lectures. Classes meet Mondays and Wednesdays 10:30-11:50 a.m. in 300 S. Craig, Room 265. 

Recitation Sessions. To allow more time to answer questions, and to cover certain topics in 
greater depth, we will hold weekly recitation sessions Fridays 12:00–1:30 p.m.in 300 S. Craig, Room 
265. These are optional, but strongly recommended.  

Communication. We will use the course website for distributing most course materials, providing 
a general course bulletin board, and keeping track of student email addresses. Be sure to check the 
site periodically for postings about the class. 

Office Hours: The instructors and the TAs have weekly office hours, listed on the course website. 
We are also available at other times by appointment. 

Email: We welcome email about the course at any time. 

Readings. Most lectures will have a reading assignment that we expect you to complete before you 
come to class. There are three required textbooks for the course:  

• Models of Software Systems, by D. Garlan, J. Wing, O. and Celiku [GWC10]. 
• Concurrency: State Models and Java Programs, Second Edition, by Magee and Kramer 

[MK06], and 
• Software Abstractions, Revised Edition: Logic, Language, and Analysis, by Daniel Jackson. 

MIT Press, 2011 [Jac11]  
• One optional reference books may also be useful. (Copies of this book are available for loan 

in the Tomayko LIbrary.) 

One optional reference book may also be useful: 
• Logic in Computer Science, Modelling and Reasoning about Systems, Second Edition Michael 

Huth and Mark Ryan. Cambridge University Press, 2004. 
(http://www.cambridge.org/uk/computerscience/huth).  
Available for loan in the Tomayko Library in 300 S. Craig. 

 
Some readings are in the form of handouts to supplement lectures; other additional readings are 
technical papers.  We will make these available as needed throughout the course. Finally, for 
supplementary detail, there are several books and articles noted in the Supplementary References 
section of the course website. 
  
Homework Assignments. We have organized the course around weekly homework assignments 
and three projects. The purpose of these is to give you practice in using the models, logics, and tools 
of the course.  
 
To give you the most opportunities to learn from the homework assignments, we will allow you to 
redo problems for which you did not receive a passing grade, provided you made a reasonable 
initial attempt. Normally, you will turn in your redone homework at the class following the one on 
which it we returned the graded initial attempt. Details on grading can be found at the course 
website. 
 
Projects. We will be assigning two group projects. These are designed to give you a chance to apply 
the ideas of the course to semi-realistic case studies. You will complete each project in a team. We 
expect team members to participate equally in the projects and will conduct team peer evaluations 
periodically. 

http://www.cambridge.org/uk/computerscience/huth
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On-line materials. Most of the course materials will be available electronically via the course 
website. Some of the course texts have their own web sites. These are: 

• Concurrency: State Models and Java Programs: http://www.doc.ic.ac.uk/~jnm/book/ 
• Software Abstractions: http://softwareabstractions.org/ 
• Logic in Computer Science: Modelling and Reasoning about Systems: 

http://www.cambridge.org/uk/computerscience/huth 
 
Another useful source of on-line materials is the Open Learning Initiative, which has a good course 
on logic and proof (free to CMU students). It can be found at  http://oli.cmu.edu/learn-with-oli/see-
our-free-open-courses/.   
 
PhD Option. Students taking the course for PhD credit (17-751) will be required to complete a 
course project. 
 
Exams. There will be a take-home midterm exam, handed out after class Wednesday, October 
10 and due at noon on Friday, October 12. The final examination will be 3 hours in length from 
9:00 a.m.-noon on Monday, December 10. Both exams will be open-book. 
 
Grading. The course grade will be determined as a combination of five factors: homework 
assignments (30%), projects (30%), midterm exam (15%), and final exam (25%). Final grades may 
be adjusted up or down based on the instructor’s judgment, and taking into account factors like 
evidence of effort, peer evaluations, extra credit problems, quizzes, and participation in class. 
 
Cooperation Policy. We encourage you to discuss your homework with other students, but the final 
write-up must be your own work. It is not ok to obtain an electronic or physical copy of any other 
student's homework and use this as the basis for your own. If you work out ideas with someone on a 
whiteboard, you should erase the whiteboard before recreating your own homework. Note that 
when copying occurs both parties are in part to blame -- even if one person copies from another. If 
you have any questions about what is appropriate, please ask the instructor or one of the teaching 
assistants. Also, see the University Policy on Academic Integrity: 
http://www.cmu.edu/policies/student-and-student-life/academic-integrity.html.  

http://www.dse.doc.ic.ac.uk/concurrency
http://softwareabstractions.org/
http://www.cambridge.org/uk/computerscience/huth
http://oli.cmu.edu/learn-with-oli/see-our-free-open-courses/
http://oli.cmu.edu/learn-with-oli/see-our-free-open-courses/
http://www.cmu.edu/policies/student-and-student-life/academic-integrity.html
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Schedule 
 

# Date Topic Subtopic Reading Due 

1 M 08/27 Introduction What is a model?    

2 W 08/29 Foundations Propositional & Predicate 
Logic 

Ch 1-3; N+15 HW 1 

3 W 09/05* Proof Techniques Ch 4, 5 HW 2 

4 M 09/10 Sets, Relations, Functions Ch 6 HW 3 

5 W 09/12 Sequences & Induction Ch 7  

6 M 09/17 State     
Machines 

State Machines 1 Ch 8 HW 4 

7 W 09/19 State Machines 2 Ch 9  

8 M 09/24 FSP & LTSA MK06 Ch 1, 2.1, HW 5 

9 W 09/26 Reasoning about State 
Machines 

Ch 10  

10 M 10/01 Structural 
Modeling 

Object Models  HW 6 

11 W 10/03 Alloy   

12 M 10/08 Modeling State Dynamics  HW 7 

13 W 10/10 Refinement  Midterm– due 
10/12 at noon 

14 M 10/15 Advanced Structural 
Modeling 

 HW 8 

15 W 10/17 Project 1 Lab Project 1  

16 M 10/22 Concurrency 

 

 

 

 

 

 

Introduction to 
Concurrency 

AS83, MK06 Ch 1-
3 

HW 9 

17 W 10/24 Concurrency Modeling 
Techniques 

MK06 Ch 4-5 Project 1 

18 M 10/29 Reasoning about 
Concurrency 

MK06 Ch 6-7 HW 10 

19 W 10/31 LTL Kat96   

20 M 11/05 LTL in FSP MK06 Ch 14 HW 11 

21 W 11/07 Project 2 Lab Project 2  

22 M 11/12 FM in 
Pr1actice 

Probabilistic Models 1  S+14 HW 12 

23 W 11/14 Probabilistic Models 2   Project 2 

24 M 11/19 FM in the Real World BLR11, Cal+13 HW 13 

25 M 11/26* Introduction to Petri Nets Pet77  

26 W 11/28 Reasoning about Petri Nets Jen91 Section 1 HW 14 

27 M 12/03 UML RCB99, Ha87 
Sections 1-3 

 

28 W 12/05 Review 

 

Skim SF03 HW 15 

29 M 12/11  Final Examination 
(9:00-noon) 

  

https://blackboard.andrew.cmu.edu/bbcswebdav/pid-916071-dt-content-rid-5790652_1/xid-5790652_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-930688-dt-content-rid-5804925_1/xid-5804925_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-930688-dt-content-rid-5804925_1/xid-5804925_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-916072-dt-content-rid-5790653_1/xid-5790653_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-936670-dt-content-rid-5865029_1/xid-5865029_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-927900-dt-content-rid-5802076_1/xid-5802076_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-938299-dt-content-rid-5865030_1/xid-5865030_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-936646-dt-content-rid-5839242_1/xid-5839242_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-938566-dt-content-rid-5859536_1/xid-5859536_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-941867-dt-content-rid-5903274_1/xid-5903274_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-938301-dt-content-rid-5857488_1/xid-5857488_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-941868-dt-content-rid-5953123_1/xid-5953123_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-945622-dt-content-rid-5956209_1/xid-5956209_1
http://www.amazon.com/Concurrency-State-Models-Java-Programs/dp/0470093552/ref=sr_1_fkmr0_1?s=books&ie=UTF8&qid=1407525386&sr=1-1-fkmr0&keywords=wiley+publishing+concurrency
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-944371-dt-content-rid-5933645_1/xid-5933645_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-949056-dt-content-rid-6001632_1/xid-6001632_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-949056-dt-content-rid-6001632_1/xid-6001632_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-949057-dt-content-rid-6021839_1/xid-6021839_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-952366-dt-content-rid-6044471_1/xid-6044471_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-949062-dt-content-rid-6001644_1/xid-6001644_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-952367-dt-content-rid-6067604_1/xid-6067604_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-952640-dt-content-rid-6047407_1/xid-6047407_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-955345-dt-content-rid-6089837_1/xid-6089837_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-959738-dt-content-rid-6193922_1/xid-6193922_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-959738-dt-content-rid-6193922_1/xid-6193922_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-884822-dt-content-rid-5741232_1/xid-5741232_1
http://www.amazon.com/Concurrency-State-Models-Java-Programs/dp/0470093552/ref=sr_1_fkmr0_1?s=books&ie=UTF8&qid=1407525386&sr=1-1-fkmr0&keywords=wiley+publishing+concurrency
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-955347-dt-content-rid-6089838_1/xid-6089838_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-959739-dt-content-rid-6135136_1/xid-6135136_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-959739-dt-content-rid-6135136_1/xid-6135136_1
http://www.amazon.com/Concurrency-State-Models-Java-Programs/dp/0470093552/ref=sr_1_fkmr0_1?s=books&ie=UTF8&qid=1407525386&sr=1-1-fkmr0&keywords=wiley+publishing+concurrency
https://blackboard.andrew.cmu.edu/webapps/blackboard/content/listContentEditable.jsp?content_id=_954114_1&course_id=_6481951_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-963785-dt-content-rid-6175704_1/xid-6175704_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-963785-dt-content-rid-6175704_1/xid-6175704_1
http://www.amazon.com/Concurrency-State-Models-Java-Programs/dp/0470093552/ref=sr_1_fkmr0_1?s=books&ie=UTF8&qid=1407525386&sr=1-1-fkmr0&keywords=wiley+publishing+concurrency
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-959743-dt-content-rid-6135140_1/xid-6135140_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-965112-dt-content-rid-6211730_1/xid-6211730_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-884831-dt-content-rid-5741239_1/xid-5741239_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-966669-dt-content-rid-6211731_1/xid-6211731_1
http://www.amazon.com/Concurrency-State-Models-Java-Programs/dp/0470093552/ref=sr_1_fkmr0_1?s=books&ie=UTF8&qid=1407525386&sr=1-1-fkmr0&keywords=wiley+publishing+concurrency
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-964328-dt-content-rid-6180705_1/xid-6180705_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-968341-dt-content-rid-6230590_1/xid-6230590_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-976162-dt-content-rid-6338126_1/xid-6338126_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-976460-dt-content-rid-6338062_1/xid-6338062_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-966671-dt-content-rid-6211732_1/xid-6211732_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-964915-dt-content-rid-6186478_1/xid-6186478_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-973076-dt-content-rid-6304887_1/xid-6304887_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-884823-dt-content-rid-5741233_1/xid-5741233_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-884824-dt-content-rid-5741234_1/xid-5741234_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-970095-dt-content-rid-6261571_1/xid-6261571_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-970328-dt-content-rid-6304800_1/xid-6304800_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-884833-dt-content-rid-5741240_1/xid-5741240_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-971034-dt-content-rid-6304904_1/xid-6304904_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-884830-dt-content-rid-5741238_1/xid-5741238_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-973053-dt-content-rid-6304918_1/xid-6304918_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-981146-dt-content-rid-6378855_1/xid-6378855_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-884834-dt-content-rid-5741241_1/xid-5741241_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-884827-dt-content-rid-5743945_1/xid-5743945_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-981149-dt-content-rid-6378862_1/xid-6378862_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-916076-dt-content-rid-5789224_1/xid-5789224_1
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-980629-dt-content-rid-6371485_1/xid-6371485_1
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Bold refers to GWC10 

*Marks classes that follow a holiday 

Important Dates 

 

Project Assigned Lab Due Topic 

Project 1 10/10 10/17 10/24 Structural Modeling 

Project 2 10/31 11/07 11/14 Concurrency 

Midterm 10/10 ---- 10/12 ---- 

Final Exam 12/10 ---- ---- ---- 

References 
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https://blackboard.andrew.cmu.edu/@@f0e17ae12997551a48d84c614f4a51d8/courses/1/F10-17651-A/content/_350705_1/AS83.pdf
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-916076-dt-content-rid-5789224_1/courses/F15-17651-A1/GS03%281%29.pdf
https://blackboard.andrew.cmu.edu/@@f0e17ae12997551a48d84c614f4a51d8/courses/1/F10-17651-A/content/_350708_1/GWC10.pdf
https://blackboard.andrew.cmu.edu/@@f0e17ae12997551a48d84c614f4a51d8/courses/1/F10-17651-A/content/_350709_1/Ha87.pdf
https://blackboard.andrew.cmu.edu/@@f0e17ae12997551a48d84c614f4a51d8/courses/1/F10-17651-A/content/_350710_1/Jen91.pdf
https://blackboard.andrew.cmu.edu/@@f0e17ae12997551a48d84c614f4a51d8/courses/1/F10-17651-A/content/_350711_1/Kat96.pdf
https://blackboard.andrew.cmu.edu/bbcswebdav/pid-976792-dt-content-rid-6344315_1/xid-6344315_1
http://www.doc.ic.ac.uk/~jnm/book/
https://blackboard.andrew.cmu.edu/@@f0e17ae12997551a48d84c614f4a51d8/courses/1/F10-17651-A/content/_350713_1/Pet77.pdf
https://blackboard.andrew.cmu.edu/@@f0e17ae12997551a48d84c614f4a51d8/courses/1/F10-17651-A/content/_350714_1/RCB99.pdf
https://blackboard.andrew.cmu.edu/@@f0e17ae12997551a48d84c614f4a51d8/courses/1/F10-17651-A/content/_350715_1/SG03.pdf
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http://www.springer.com/computer/swe/book/978-3-540-41523-7
https://blackboard.andrew.cmu.edu/@@f0e17ae12997551a48d84c614f4a51d8/courses/1/F10-17651-A/content/_350706_1/CW96.pdf
http://www.springer.com/computer/theoretical+computer+science/book/978-0-387-94115-8
http://isbndb.com/d/book/communicating_sequential_processes.html
http://www.cambridge.org/catalogue/catalogue.asp?isbn=9780521543101
http://www.springer.com/computer/communication+networks/book/978-0-387-97664-8
http://www.amazon.com/Concurrent-Real-time-Systems-CSP-Approach/dp/0471623733/ref=sr_1_1?s=books&ie=UTF8&qid=1282148300&sr=1-1
http://www.amazon.com/Software-Engineering-Mathematics-Sei/dp/0201504243/ref=sr_1_1?s=books&ie=UTF8&qid=1282149454&sr=1-1

