
Graduate Council Meeting Agenda   

310 Jack K. Williams Administration Building 

December 3rd, 2015 

1. Discussion Items 

a. Graduate Distance Course 

b. Course Leaf Updates 

c. Graduate Council Standard Operating Procedures  

 

2. New Course Requests: 

a. AERO 651 Human Spaceflight Operations 

b. ANTH 680 Teaching Anthropology  

c. ARCH 637 Seminar in Japanese Architecture History and Theory 

d. ATMO 618 Numerical Methods for the Geosciences  

e. ATMO 634 Fundamentals of High Performance Computing for the Geosciences 

f. BAEN 642 Water-Energy-Food Nexus: Toward Sustainable Resource Management  

g. BMEN 637 Pathologic Basis of Implantable Devices 

h. BMEN 676 Professional Development for Biomedical Engineering 

i. CVEN 602 Remote Sensing in Hydrology 

j. CVEN 642 Water-Energy-Food Nexus: Toward Sustainable Resource 

k. CVEN 650 Stochastic Mechanics  

l. ECEN 765 Machine Learning with Networks  

m. GEOL 647 Radiogenic Isotope Geology  

n. GEOP 618 Numerical Methods for the Geosciences  

o. GEOP 634 Fundamentals of High Performance Computing for the Geosciences 

p. MEEN 604 Time Frequency Nonlinear Vibration Control 

q. MSEN 610 Principles of Composite Materials 

r. MSEN 618 Data-Driven Discovery of Materials 

s. MSEN 655 Materials Design Studio 

t. MSEN 657 Summer School in Computational Materials Science 

u. MSEN 659 Communicating Materials, Informatics & Design Learning Experiences in an ePortfolio  

v. OCNG 634 Fundamentals of High Performance Computing for the Geosciences  

w. OCNG 656 MATHLAB Programming for Ocean Sciences 

x. PETE 614 Master Graduate Student Paper Contest 

y. PETE 615 Doctoral Student Paper Contest  

z. SUBS 601 Fundamentals of Subsea  Engineering   

 

3. Course Change Requests: 

a. BMEN 604 FDA Good Laboratory and Clinical Practices  

b. BMEN 608 Optical Diagnostic and Monitoring Principles  

c. BMEN 631 Thermodynamics of Biomolecular Systems  

d. BMEN 641 Numerical  Methods in Biomedical Engineering  

e. BMEN 650 Biomedical Optics Laboratory  

f. BMEN 652 Cell Mechanobiology  

g. BMEN 661 Cardiac Mechanics  

h. BMEN 663 Soft Tissue Mechanics and Finite Element Methods  

i. BMEN 682 Polymeric Biomaterials  

j. EDHP 504 Teaching Practicum  

k. EDHP 505 Thesis  



l. EDHP 506 Project  

m. FINC 705 Corporate Finance  

n. GEOG 651 Remote Sensing for Geographical Analysis 

o. GEOG 659 GeoDatabases  

p. GEOG 660 Applications in GIS 

q. GEOG 661 Digital Image Processing and Analysis  

r. GEOG 662 GIS in Land and Property Management 

s. GEOG 665 GIS-Based Spatial Analysis and Modeling 

t. GEOG 676 GIS Programming 

u. GEOG 678 WebGIS  

v. MEMA 613 Principles of Composite Materials  

w. MSEN 601 Fundamentals of Materials Science and Engineering  

x. MSEN 602 Advanced Materials Science and Engineering   

y. OCNG 615 Numerical Modeling of Ocean Circulation I  

z. OCNG 616 Numerical Modeling for Ocean Circulation II  

 

4. Change in Curriculum Requests 

a. College of Nursing- Master of Science in Nursing Education 

 

5. Special Consideration Requests 

a. Computer Engineering – Master of Engineering – Distance Education  

b. Electrical Engineering – Master of Engineering – Distance Education 

c. Engineering Technology and Industrial Distribution – Master of Engineering in Technical 

Management  

d. Maritime Administration – Maritime Administration and Logistics – Residency Waiver  

e. Sociology - Latino/a and Mexican American Studies Minor  

f. Technical Management – Master of Engineering – Distance Education  

 

6. Informational Items 

a. School of Law- First Professional Programs 

i. New Course Requests 

1. LAW 7304 Due Diligence for the Professional 

2. LAW 7402 Pre-Suit Patent Litigation  

3. LAW 7409 Special Problems in Corporate Law: Offshore 

4. LAW 7445 Environmental Oil and Gas Law 

5. LAW 7645 Sentencing Law & Policy Seminar 

6. LAW 7793 LARW III: Public Policy Drafting  

7. LAW 7851S Wills & Estate Clinic   

ii. Change in Course Requests  

1. LAW 7839 Residency Externship  

2. LAW 7865S Law Clinic 

3. LAW 7932 Journal of Property Law Board  

4. LAW 7933 Journal of Property Law  
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Graduate Council (GC) Standard Operating Procedures (SOP) 
 
Purpose: The Graduate Council shall review all curricular requests pertaining to the 
graduate and professional academic programs, shall be responsible for the quality and 
development of the graduate instruction and programs and shall advise the Associate 
Provost for Graduate and Professional Studies on all graduate program matters. 
The Graduate Council shall communicate in writing, through its secretary, its 
recommendations to the Faculty Senate.  
 
Meetings: The GC will meet on the first Thursday of each month. 
 
(1) Membership shall consist of one representative from each college and off campus 
academic unit, who shall be selected by the Faculty Senate Committee on Committees after 
consultation with the college deans and caucuses (chairs of college graduate instruction 
committees and associate deans for graduate programs shall be considered for 
appointment); two representatives of the Graduate Faculty; two graduate students; and the 
Associate Provost for Graduate and Professional Studies as an Ex-Officio member. All 
faculty members shall be members of the Graduate Faculty. 
 
All of the above members except the Associate Provost shall be voting members. In the 
absence of the appointed member, a substitute may vote on behalf of that unit. 
 
The Associate Directors of Graduate and Professional Studies, one representative of the 
University Library Council, and one member of the Medical Sciences Library shall serve as 
non-voting members. In addition, a representative from Curricular Services shall serve and 
provide advice as a non-voting member. 
 
All faculty members shall serve three-year terms. Those serving on a committee as a result 
of their Texas A&M University position shall continue to serve as long as they are in that 
position. Student members shall serve one-year terms. 
 
A representative from the Office of Graduate and Professional Studies (OGAPS) shall serve 
as secretary but not have voting privileges. 
 
(2) The election for the GC Chair and Vice-Chair should take place during the October 
meeting for an effective date of 1 January. The chair and vice chair will be limited to one 
three-year term; the elevation of the vice-chair to chair, though commonplace, shall not be 
automatic. It is recommended that the Chair and Vice-Chair represent different Colleges. 
 
(3) The GC shall review all proposed courses, programs, and changes to existing curricula 
at the graduate level and shall recommend appropriate policies to improve and develop 
graduate academic programs. All items for review shall be routed by through the appropriate 
colleges for approval. 
 
(4) Items requiring vote include New Courses, Course Withdrawal, Change in Courses, 
Change in Curricula, Administrative Changes and Special Considerations (including new 
programs, degrees and certificates). These items may be approved, not approved, approved 
with changes (friendly amendments), referred to an electronic vote (e-vote, see item 11) 
prior to the deadline to submit to Faculty Senate, or postponed to a certain time (tabled, see 
item 12). Each item must receive a majority vote to pass. That is, at least half (50 percent) of 
GC voting members in attendance must approve an agenda item. 
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(5) The College representative or designee must be present to answer any questions 
regarding an agenda item. If a question arises and no representative is present, then the 
item will not be considered. 
 
(6) Letters of support from all academic programs affected by curricular changes shall be 
provided to the GC by the department bringing the item(s) forward. 
 
(7) Proposed courses in which undergraduate and graduate students meet together at the 
same time with the same instructor (“stacked courses”) must have an instructor of record 
that is a member of the Graduate Faculty and the syllabus must clearly indicate the 
additional work required for the graduate students. 
 
(8) New cross-listed courses require individual sets of approval forms. Adding a cross-listed 
course to an existing course only needs to be considered by the GC if the course is a new 
course. 
 
(9) Approval of research and problem-based credit hours (685 and 691) and exploratory 
new (special topics) courses (689) do not require the GC approval.  
 
(10) The GC shall operate under these rules:  
 Two weeks prior to meeting all agenda items are due to OGAPS.  
 No later than one week prior to meeting all voting and non-voting members will 
receive the agenda as a digital file easily searched and including all materials necessary to 
complete an informed review.  
 No Consent Agenda is designated. Rather, all agenda items will be fully considered 
at the Thursday meeting. 
 Any agenda item may be challenged at the meeting by a motion from a Committee 
Member with a second from another Committee Member. 
 
(11) The Chair and/or Vice-Chair may elect to hold an electronic vote (e-vote) meeting when 
agenda items are minimal and there are no pending deadlines. An e-vote for a specific 
agenda item with an extremely tight deadline may also be used as deemed appropriate by 
the Chair or Vice-Chair and voted by the committee. E-votes by the committee are sent to 
the Secretary for compilation. The Chair and Vice-Chair are notified and the agenda item 
either passes or fails based on the e-votes received. 
 
(12) The GC may vote to postpone voting on an agenda item (table the item) for various 
reasons (i.e., no representative present, support letters missing, corrections to form/syllabus, 
etc.). It is the responsibility of the department to resubmit the postponed item for 
reconsideration with the updates as requested by the committee. 
 
(13) Submissions for consideration by the GC that are not complete or correct by stated GC 
standards will be returned by the Secretary, in consultation with the 
Chair and/or Vice Chair. 
 
(14) New course requests and course changes involving significant content modification or 
alteration in course credit hours must include syllabi that comply with current University 
minimum syllabus requirements (http://curricularservices.tamu.edu).  





















































































































































































  

 
SYLLABUS 

 

 
 

Course title and number Numerical Methods for the Geosciences, OCNG 618 
Term (e.g., Fall 200X) Fall 201X 
Meeting times and location TBD 
 

Course Description and Prerequisites 
 
Mathematical theory and numerical techniques for modeling physical systems and processes in the 
Geosciences; discretization of continuum equations for solids and fluids; finite difference methods, 
convergence, consistency, and stability; finite element and spectral methods in fluid dynamics and 
seismology; iterative solvers; implicit and explicit methods for diffusion and advection. 
 
The goal of this course is to provide students with the mathematical and numerical foundations required 
to understand how to develop numerical models in the various disciplines of the Geosciences that 
employ the continuum approximation to study systems with a large number of degrees of freedom. 
 
Students in this course are assumed to have a graduate-level working knowledge of and experience with 
continuum dynamics.  
 
Prerequisites: Graduate classification or approval of instructor. 
 

Learning Outcomes 
 

By the end of this course, students will be able to: 
 
1. Apply fundamental discretization techniques to the continuum partial differential equations (PDEs) 

used in the Geosciences to describe the physical behavior of solids and fluids; 
2. Evaluate convergence, consistency, and stability of numerical solutions of initial value problems 

obtained by finite difference methods; 
3. Identify problems of interest in the Geosciences whose solution may be approximated by using the 

finite element or spectral method and create a simplified numerical scheme based on the selected 
method;  

4. Apply iterative methods to solve systems of linear equations resulting from discretized PDEs and 
address convergence issues; 

5. Create one or more numerical models for specific physical processes in the Geosciences by 
identifying and applying the most suitable numerical techniques learned in the course; 

6. Write a comprehensive technical report. 
 
 

Instructor Information 
 

Name Ping Chang 
Telephone number 979-845-8196 
Email address ping@tamu.edu 
Office hours Open 
Office location O&M 624 
 

Textbook and/or Resource Material 
 

Course material will be provided to the students in the form of lecture notes and handouts. 
 
Students are encouraged, but not required, to read the following: 
 



  

1. Roache, J.P., Fundamentals of Computational Fluid Dynamics, Hermosa Publishers, 1988 
2. Ferziger, J.H., Peric, M., Computational Methods for Fluid Dynamics, 3rd rev. ed., Springer-Verlag 

Berlin Heidelberg, 2002 
3. Fletcher, C.A.J., Computational Techniques for Fluid Dynamics, Volume 1: Fundamental and 

General Techniques, Springer-Verlag, Berlin, 1988 
4. Fletcher, C.A.J., Computational Techniques for Fluid Dynamics, Volume 2: Specific Techniques for 

Different Flow Categories, Springer-Verlag, Berlin, 1988 
5. Canuto, C., et al., Spectral Methods in Fluid Dynamics, Springer-Verlag, Berlin Heidelberg, 1988 
6. Gerya, T., Introduction to Numerical Geodynamic Modelling, Cambridge University Press, 2010 
7. Haidvogel, D.B, Beckmann, A., Numerical Ocean Circulation Modeling, Imperial College Press, 

1999 
8. Griffies, S., Fundamentals of Ocean Climate Models, Princeton University Press, 2004 
9. Mesinger, F., Arakawa, A., Numerical Methods Used in Atmospheric Models, Volume 1, GARP 

Publication Series No. 17, August 1976 
10. Haltiner, G.J., Williams, R.T., Numerical Prediction and Dynamic Meteorology, Wiley, 1980 
11. Washington, W.M., Parkinson, C.L., An Introduction to Three-Dimensional Climate Modeling, 2nd 

Ed., University Science Books, 2005 
12. Bedford, A., Drumheller, D.S., Introduction to Elastic Wave Propagation, Wiley, 1994 
13. Pujol, J., Elastic Wave Propagation and Generation in Seismology, Cambridge University Press, 

2003 
14. Yanfei Wang, Anatoly G. Yagola, Changchun Yang (Eds.), Computational Methods for Applied 

Inverse Problems. Higher Education Press, 2012 
 
 

Grading Policies 
 

Final grades will be based on the following weights: 
 

1) Assignments (30% of course grade) 
2) Midterm exam (20% of course grade) 
3) Final project (50% of course grade) 

 
Assignments will be due at the beginning of class on the scheduled week, unless stated otherwise by 
the instructor. Late homework will be assessed a penalty equal to 20% of its grade per day unless the 
students submits a university-excused absence (see Attendance and Make-up Policies section). An 
unexcused delay longer than 4 working days will automatically result in receiving zero points on the 
assignment. 
 
Midterm. There will be a two-hour long in-class midterm exam. 
 
Final Project. A final modeling project will be due by 5pm on the last day of the university’s Final 
Examination Schedule for the semester, available at http://registrar.tamu.edu/Courses,-Registration,-
Scheduling/Final-Exam-Schedule. This final project must include a 10-page written scientific report that 
comprehensively summarizes foundations, methods, and results of the modeling project in the style of 
the American Geophysical Union Geophysical Research Letters journal 
(http://agupubs.onlinelibrary.wiley.com/agu/journal/10.1002/(ISSN)1944-8007/). 
 
Final course grades will be posted on http://elearning.tamu.edu 
 
Please consult University Student Rule 10 (Grading) at http://student-rules.tamu.edu/rule10 for 
additional details on grading policies. 

 
 

Grading Scale 
 
A final percentage grade will be calculated based on your total weighted scores as listed above. A final 
letter grade will be assigned as follows: 
 

A = 90-100%; B = 80-89%; C = 70-79%; D = 60-69%; F = <60% 
 



  

Attendance and Make-up Policies 
 

The university views class attendance as an individual student responsibility. You are expected to attend 
class and to complete all assignments. Attendance is essential to complete the course successfully.  
 
Please consult the University Student Rule 7 at http://student-rules.tamu.edu/rule07 for details on 
university-excused absences and make-up policies.  
 
 

Course Topics, Calendar of Activities, Major Assignment Dates 
 

Week Topic Assignment 

Week 1 Introduction to fundamental physical systems and 
processes in Geosciences that can be represented 
using continuum partial differential equations 
(PDEs).  
Basic concepts in numerical modeling. 

 

Week 2 Mathematical description of continuum media and 
key physical properties: 
Fluids – Continuity equation; viscosity; classification 
of flow regimes; Eulerian and Lagrangian 
descriptions; advection. 
Solids – Deformation and stresses; stress and strain 
tensors; equations of motion; gravity and 
gravitational potential. 

 

Week 3 Fundamental equations in the Geosciences. 
Traditional working approximations. 
Primitive equations: continuity, momentum, thermal 
energy. 
Beta plane approximation in fluid dynamics. 

 

Week 4 Boundary value problems in the Geosciences. 
Dynamic and thermodynamic boundary conditions. 
Elliptic (Laplace’s equation), parabolic (diffusion 
equation), and hyperbolic (wave equation) PDEs. 
Examples of common transition cases between 
PDE types in solids (e.g. homogenous to localized 
deformation) and fluids (e.g. steady, irrotational, 
isentropic, compressible flow below and above the 
speed of sound). 

 

Week 5-6 Discretization techniques for PDEs: Finite 
Difference Method (FDM), Finite Element Method 
(FEM), Spectral Method, Pseudospectral Method.  

 

Week 7 Consistency, convergence, and stability of 
numerical solutions of initial value problems by 
FDMs. Equivalence theorem. 

 

Week 8 Iterative solvers for discretized linear PDEs used in 
large three-dimensional problems: Jacobi method, 
Gauss-Seidel (GS) Iteration, Successive Over 
Relaxation (SOR) method, Conjugate Gradient 
Method (CGM), Steepest Descent method. 
Convergence and preconditioning. 

 

Week 8  Midterm Exam 

Week 9 Modeling diffusive processes: explicit and implicit 
methods. 

 



  

Week 10 Modeling linear advective processes: explicit and 
implicit methods. 
Modeling transport. 

Assignment #1 due 

Week 11-12 Modeling nonlinear advective processes: Burger’s 
equation. 
Positive-definite processes and flux-corrected 
methods. 
Nonlinear wave processes: Korteweg-de Vries 
equation. 

Assignment #2 due 

Week 13 Elliptic boundary-value problems in the 
Geosciences. 
Energy- and enstrophy-conserving space finite-
difference schemes. 

Assignment #3 due 

Week 14 Basic models of physical systems in the 
Geosciences: 
spectral model for a homogeneous, non-divergent, 
incompressible flow on the surface of a sphere; 
quasi-geostrophic ocean model; spectral-element 
model for seismic wave propagation;  

 
 

Final project due by 5pm on the last day of the university’s Final Examination Schedule for the 
semester. 

Please note that the above schedule and topics are subject to change. 
 

Other Pertinent Course Information 
 
Copyright Policy. All materials used in this class are copyrighted. These materials include but are not 
limited to syllabi, quizzes, exams, lab problems, in-class materials, review sheets, and additional 
problem sets. Because these materials are copyrighted, you do not have the right to copy the handouts, 
unless permission is expressly granted. 
 

Americans with Disabilities Act (ADA) 
 

The Americans with Disabilities Act (ADA) is a federal anti-discrimination statute that provides 
comprehensive civil rights protection for persons with disabilities. Among other things, this legislation 
requires that all students with disabilities be guaranteed a learning environment that provides for 
reasonable accommodation of their disabilities. If you believe you have a disability requiring an 
accommodation, please contact Disability Services, currently located in the Disability Services building 
at the Student Services at White Creek complex on west campus or call 979-845-1637.  For additional 
information visit http://disability.tamu.edu 
 

Academic Integrity 
For additional information please visit: http://aggiehonor.tamu.edu  

 

“An Aggie does not lie, cheat, or steal, or tolerate those who do.” 
 
Students are encouraged to study together and discuss the information presented in the course lectures 
and material with other students. However, all coursework submitted to the instructor must be the result 
of the original work of the student. Intentional or careless appropriation of someone else’s work or ideas, 
even with their explicit consent, violates the Aggie Honor System Rules (Student Rule 20.1.2) and will 
result in all the students involved automatically receiving zero points for the assignment as well as 
mandatory reporting of the violation. 
 
Each student is responsible for authenticating all submitted work and, if asked, to produce proof that the 
item submitted is indeed the work of that student. The inability to authenticate one’s work upon the 
instructor’s request is sufficient grounds to initiate an academic dishonesty case. 
 



Supporting statement for ATMO 618 
 
We request to create a new course, ATMO 618 – Numerical Methods for the 
Geosciences, which will duplicate the requested OCNG 618 for cross-listing 
purposes. This course has been developed to fulfill the requirements of the 
certificate program in Computational Geosciences that is being created within the 
College of Geosciences. 
 
We request cross-listing ATMO 618 with OCNG 618 and GEOP 618 to improve 
interdisciplinary exchanges among graduate students and between college 
programs, and to provide a common knowledge set emphasizing shared aspects 
of computational modeling to graduate students of different disciplines and 
backgrounds. 
!!



  

 
SYLLABUS 

 

 
 

Course title and number Numerical Methods for the Geosciences, ATMO 618 
Term (e.g., Fall 200X) Fall 201X 
Meeting times and location TBD 
 

Course Description and Prerequisites 
 
Mathematical theory and numerical techniques for modeling physical systems and processes in the 
Geosciences; discretization of continuum equations for solids and fluids; finite difference methods, 
convergence, consistency, and stability; finite element and spectral methods in fluid dynamics and 
seismology; iterative solvers; implicit and explicit methods for diffusion and advection. 
 
The goal of this course is to provide students with the mathematical and numerical foundations required 
to understand how to develop numerical models in the various disciplines of the Geosciences that 
employ the continuum approximation to study systems with a large number of degrees of freedom. 
 
Students in this course are assumed to have a graduate-level working knowledge of and experience with 
continuum dynamics.  
 
Prerequisites: Graduate classification or approval of instructor. 
 

Learning Outcomes 
 

By the end of this course, students will be able to: 
 
1. Apply fundamental discretization techniques to the continuum partial differential equations (PDEs) 

used in the Geosciences to describe the physical behavior of solids and fluids; 
2. Evaluate convergence, consistency, and stability of numerical solutions of initial value problems 

obtained by finite difference methods; 
3. Identify problems of interest in the Geosciences whose solution may be approximated by using the 

finite element or spectral method and create a simplified numerical scheme based on the selected 
method;  

4. Apply iterative methods to solve systems of linear equations resulting from discretized PDEs and 
address convergence issues; 

5. Create one or more numerical models for specific physical processes in the Geosciences by 
identifying and applying the most suitable numerical techniques learned in the course; 

6. Write a comprehensive technical report. 
 
 

Instructor Information 
 

Name Ping Chang 
Telephone number 979-845-8196 
Email address ping@tamu.edu 
Office hours Open 
Office location O&M 624 
 

Textbook and/or Resource Material 
 

Course material will be provided to the students in the form of lecture notes and handouts. 
 
Students are encouraged, but not required, to read the following: 
 



  

1. Roache, J.P., Fundamentals of Computational Fluid Dynamics, Hermosa Publishers, 1988 
2. Ferziger, J.H., Peric, M., Computational Methods for Fluid Dynamics, 3rd rev. ed., Springer-Verlag 

Berlin Heidelberg, 2002 
3. Fletcher, C.A.J., Computational Techniques for Fluid Dynamics, Volume 1: Fundamental and 

General Techniques, Springer-Verlag, Berlin, 1988 
4. Fletcher, C.A.J., Computational Techniques for Fluid Dynamics, Volume 2: Specific Techniques for 

Different Flow Categories, Springer-Verlag, Berlin, 1988 
5. Canuto, C., et al., Spectral Methods in Fluid Dynamics, Springer-Verlag, Berlin Heidelberg, 1988 
6. Gerya, T., Introduction to Numerical Geodynamic Modelling, Cambridge University Press, 2010 
7. Haidvogel, D.B, Beckmann, A., Numerical Ocean Circulation Modeling, Imperial College Press, 

1999 
8. Griffies, S., Fundamentals of Ocean Climate Models, Princeton University Press, 2004 
9. Mesinger, F., Arakawa, A., Numerical Methods Used in Atmospheric Models, Volume 1, GARP 

Publication Series No. 17, August 1976 
10. Haltiner, G.J., Williams, R.T., Numerical Prediction and Dynamic Meteorology, Wiley, 1980 
11. Washington, W.M., Parkinson, C.L., An Introduction to Three-Dimensional Climate Modeling, 2nd 

Ed., University Science Books, 2005 
12. Bedford, A., Drumheller, D.S., Introduction to Elastic Wave Propagation, Wiley, 1994 
13. Pujol, J., Elastic Wave Propagation and Generation in Seismology, Cambridge University Press, 

2003 
14. Yanfei Wang, Anatoly G. Yagola, Changchun Yang (Eds.), Computational Methods for Applied 

Inverse Problems. Higher Education Press, 2012 
 
 

Grading Policies 
 

Final grades will be based on the following weights: 
 

1) Assignments (30% of course grade) 
2) Midterm exam (20% of course grade) 
3) Final project (50% of course grade) 

 
Assignments will be due at the beginning of class on the scheduled week, unless stated otherwise by 
the instructor. Late homework will be assessed a penalty equal to 20% of its grade per day unless the 
students submits a university-excused absence (see Attendance and Make-up Policies section). An 
unexcused delay longer than 4 working days will automatically result in receiving zero points on the 
assignment. 
 
Midterm. There will be a two-hour long in-class midterm exam. 
 
Final Project. A final modeling project will be due by 5pm on the last day of the university’s Final 
Examination Schedule for the semester, available at http://registrar.tamu.edu/Courses,-Registration,-
Scheduling/Final-Exam-Schedule. This final project must include a 10-page written scientific report that 
comprehensively summarizes foundations, methods, and results of the modeling project in the style of 
the American Geophysical Union Geophysical Research Letters journal 
(http://agupubs.onlinelibrary.wiley.com/agu/journal/10.1002/(ISSN)1944-8007/). 
 
Final course grades will be posted on http://elearning.tamu.edu 
 
Please consult University Student Rule 10 (Grading) at http://student-rules.tamu.edu/rule10 for 
additional details on grading policies. 

 
 

Grading Scale 
 
A final percentage grade will be calculated based on your total weighted scores as listed above. A final 
letter grade will be assigned as follows: 
 

A = 90-100%; B = 80-89%; C = 70-79%; D = 60-69%; F = <60% 
 



  

Attendance and Make-up Policies 
 

The university views class attendance as an individual student responsibility. You are expected to attend 
class and to complete all assignments. Attendance is essential to complete the course successfully.  
 
Please consult the University Student Rule 7 at http://student-rules.tamu.edu/rule07 for details on 
university-excused absences and make-up policies.  
 
 

Course Topics, Calendar of Activities, Major Assignment Dates 
 

Week Topic Assignment 

Week 1 Introduction to fundamental physical systems and 
processes in Geosciences that can be represented 
using continuum partial differential equations 
(PDEs).  
Basic concepts in numerical modeling. 

 

Week 2 Mathematical description of continuum media and 
key physical properties: 
Fluids – Continuity equation; viscosity; classification 
of flow regimes; Eulerian and Lagrangian 
descriptions; advection. 
Solids – Deformation and stresses; stress and strain 
tensors; equations of motion; gravity and 
gravitational potential. 

 

Week 3 Fundamental equations in the Geosciences. 
Traditional working approximations. 
Primitive equations: continuity, momentum, thermal 
energy. 
Beta plane approximation in fluid dynamics. 

 

Week 4 Boundary value problems in the Geosciences. 
Dynamic and thermodynamic boundary conditions. 
Elliptic (Laplace’s equation), parabolic (diffusion 
equation), and hyperbolic (wave equation) PDEs. 
Examples of common transition cases between 
PDE types in solids (e.g. homogenous to localized 
deformation) and fluids (e.g. steady, irrotational, 
isentropic, compressible flow below and above the 
speed of sound). 

 

Week 5-6 Discretization techniques for PDEs: Finite 
Difference Method (FDM), Finite Element Method 
(FEM), Spectral Method, Pseudospectral Method.  

 

Week 7 Consistency, convergence, and stability of 
numerical solutions of initial value problems by 
FDMs. Equivalence theorem. 

 

Week 8 Iterative solvers for discretized linear PDEs used in 
large three-dimensional problems: Jacobi method, 
Gauss-Seidel (GS) Iteration, Successive Over 
Relaxation (SOR) method, Conjugate Gradient 
Method (CGM), Steepest Descent method. 
Convergence and preconditioning. 

 

Week 8  Midterm Exam 

Week 9 Modeling diffusive processes: explicit and implicit 
methods. 

 



  

Week 10 Modeling linear advective processes: explicit and 
implicit methods. 
Modeling transport. 

Assignment #1 due 

Week 11-12 Modeling nonlinear advective processes: Burger’s 
equation. 
Positive-definite processes and flux-corrected 
methods. 
Nonlinear wave processes: Korteweg-de Vries 
equation. 

Assignment #2 due 

Week 13 Elliptic boundary-value problems in the 
Geosciences. 
Energy- and enstrophy-conserving space finite-
difference schemes. 

Assignment #3 due 

Week 14 Basic models of physical systems in the 
Geosciences: 
spectral model for a homogeneous, non-divergent, 
incompressible flow on the surface of a sphere; 
quasi-geostrophic ocean model; spectral-element 
model for seismic wave propagation;  

 
 

Final project due by 5pm on the last day of the university’s Final Examination Schedule for the 
semester. 

Please note that the above schedule and topics are subject to change. 
 

Other Pertinent Course Information 
 
Copyright Policy. All materials used in this class are copyrighted. These materials include but are not 
limited to syllabi, quizzes, exams, lab problems, in-class materials, review sheets, and additional 
problem sets. Because these materials are copyrighted, you do not have the right to copy the handouts, 
unless permission is expressly granted. 
 

Americans with Disabilities Act (ADA) 
 

The Americans with Disabilities Act (ADA) is a federal anti-discrimination statute that provides 
comprehensive civil rights protection for persons with disabilities. Among other things, this legislation 
requires that all students with disabilities be guaranteed a learning environment that provides for 
reasonable accommodation of their disabilities. If you believe you have a disability requiring an 
accommodation, please contact Disability Services, currently located in the Disability Services building 
at the Student Services at White Creek complex on west campus or call 979-845-1637.  For additional 
information visit http://disability.tamu.edu 
 

Academic Integrity 
For additional information please visit: http://aggiehonor.tamu.edu  

 

“An Aggie does not lie, cheat, or steal, or tolerate those who do.” 
 
Students are encouraged to study together and discuss the information presented in the course lectures 
and material with other students. However, all coursework submitted to the instructor must be the result 
of the original work of the student. Intentional or careless appropriation of someone else’s work or ideas, 
even with their explicit consent, violates the Aggie Honor System Rules (Student Rule 20.1.2) and will 
result in all the students involved automatically receiving zero points for the assignment as well as 
mandatory reporting of the violation. 
 
Each student is responsible for authenticating all submitted work and, if asked, to produce proof that the 
item submitted is indeed the work of that student. The inability to authenticate one’s work upon the 
instructor’s request is sufficient grounds to initiate an academic dishonesty case. 
 



Supporting statement for GEOP 618 
 
We request to create a new course, GEOP 618 – Numerical Methods for the 
Geosciences, which will duplicate the requested OCNG 618 for cross-listing 
purposes. This course has been developed to fulfill the requirements of the 
certificate program in Computational Geosciences that is being created within the 
College of Geosciences. 
 
We request cross-listing GEOP 618 with ATMO 618 and OCNG 618 to improve 
interdisciplinary exchanges among graduate students and between college 
programs, and to provide a common knowledge set emphasizing shared aspects 
of computational modeling to graduate students of different disciplines and 
backgrounds. 
!!



  

 
SYLLABUS 

 

 
 

Course title and number Numerical Methods for the Geosciences, GEOP 618 
Term (e.g., Fall 200X) Fall 201X 
Meeting times and location TBD 
 

Course Description and Prerequisites 
 
Mathematical theory and numerical techniques for modeling physical systems and processes in the 
Geosciences; discretization of continuum equations for solids and fluids; finite difference methods, 
convergence, consistency, and stability; finite element and spectral methods in fluid dynamics and 
seismology; iterative solvers; implicit and explicit methods for diffusion and advection. 
 
The goal of this course is to provide students with the mathematical and numerical foundations required 
to understand how to develop numerical models in the various disciplines of the Geosciences that 
employ the continuum approximation to study systems with a large number of degrees of freedom. 
 
Students in this course are assumed to have a graduate-level working knowledge of and experience with 
continuum dynamics.  
 
Prerequisites: Graduate classification or approval of instructor. 
 

Learning Outcomes 
 

By the end of this course, students will be able to: 
 
1. Apply fundamental discretization techniques to the continuum partial differential equations (PDEs) 

used in the Geosciences to describe the physical behavior of solids and fluids; 
2. Evaluate convergence, consistency, and stability of numerical solutions of initial value problems 

obtained by finite difference methods; 
3. Identify problems of interest in the Geosciences whose solution may be approximated by using the 

finite element or spectral method and create a simplified numerical scheme based on the selected 
method;  

4. Apply iterative methods to solve systems of linear equations resulting from discretized PDEs and 
address convergence issues; 

5. Create one or more numerical models for specific physical processes in the Geosciences by 
identifying and applying the most suitable numerical techniques learned in the course; 

6. Write a comprehensive technical report. 
 
 

Instructor Information 
 

Name Ping Chang 
Telephone number 979-845-8196 
Email address ping@tamu.edu 
Office hours Open 
Office location O&M 624 
 

Textbook and/or Resource Material 
 

Course material will be provided to the students in the form of lecture notes and handouts. 
 
Students are encouraged, but not required, to read the following: 
 



  

1. Roache, J.P., Fundamentals of Computational Fluid Dynamics, Hermosa Publishers, 1988 
2. Ferziger, J.H., Peric, M., Computational Methods for Fluid Dynamics, 3rd rev. ed., Springer-Verlag 

Berlin Heidelberg, 2002 
3. Fletcher, C.A.J., Computational Techniques for Fluid Dynamics, Volume 1: Fundamental and 

General Techniques, Springer-Verlag, Berlin, 1988 
4. Fletcher, C.A.J., Computational Techniques for Fluid Dynamics, Volume 2: Specific Techniques for 

Different Flow Categories, Springer-Verlag, Berlin, 1988 
5. Canuto, C., et al., Spectral Methods in Fluid Dynamics, Springer-Verlag, Berlin Heidelberg, 1988 
6. Gerya, T., Introduction to Numerical Geodynamic Modelling, Cambridge University Press, 2010 
7. Haidvogel, D.B, Beckmann, A., Numerical Ocean Circulation Modeling, Imperial College Press, 

1999 
8. Griffies, S., Fundamentals of Ocean Climate Models, Princeton University Press, 2004 
9. Mesinger, F., Arakawa, A., Numerical Methods Used in Atmospheric Models, Volume 1, GARP 

Publication Series No. 17, August 1976 
10. Haltiner, G.J., Williams, R.T., Numerical Prediction and Dynamic Meteorology, Wiley, 1980 
11. Washington, W.M., Parkinson, C.L., An Introduction to Three-Dimensional Climate Modeling, 2nd 

Ed., University Science Books, 2005 
12. Bedford, A., Drumheller, D.S., Introduction to Elastic Wave Propagation, Wiley, 1994 
13. Pujol, J., Elastic Wave Propagation and Generation in Seismology, Cambridge University Press, 

2003 
14. Yanfei Wang, Anatoly G. Yagola, Changchun Yang (Eds.), Computational Methods for Applied 

Inverse Problems. Higher Education Press, 2012 
 
 

Grading Policies 
 

Final grades will be based on the following weights: 
 

1) Assignments (30% of course grade) 
2) Midterm exam (20% of course grade) 
3) Final project (50% of course grade) 

 
Assignments will be due at the beginning of class on the scheduled week, unless stated otherwise by 
the instructor. Late homework will be assessed a penalty equal to 20% of its grade per day unless the 
students submits a university-excused absence (see Attendance and Make-up Policies section). An 
unexcused delay longer than 4 working days will automatically result in receiving zero points on the 
assignment. 
 
Midterm. There will be a two-hour long in-class midterm exam. 
 
Final Project. A final modeling project will be due by 5pm on the last day of the university’s Final 
Examination Schedule for the semester, available at http://registrar.tamu.edu/Courses,-Registration,-
Scheduling/Final-Exam-Schedule. This final project must include a 10-page written scientific report that 
comprehensively summarizes foundations, methods, and results of the modeling project in the style of 
the American Geophysical Union Geophysical Research Letters journal 
(http://agupubs.onlinelibrary.wiley.com/agu/journal/10.1002/(ISSN)1944-8007/). 
 
Final course grades will be posted on http://elearning.tamu.edu 
 
Please consult University Student Rule 10 (Grading) at http://student-rules.tamu.edu/rule10 for 
additional details on grading policies. 

 
 

Grading Scale 
 
A final percentage grade will be calculated based on your total weighted scores as listed above. A final 
letter grade will be assigned as follows: 
 

A = 90-100%; B = 80-89%; C = 70-79%; D = 60-69%; F = <60% 
 



  

Attendance and Make-up Policies 
 

The university views class attendance as an individual student responsibility. You are expected to attend 
class and to complete all assignments. Attendance is essential to complete the course successfully.  
 
Please consult the University Student Rule 7 at http://student-rules.tamu.edu/rule07 for details on 
university-excused absences and make-up policies.  
 
 

Course Topics, Calendar of Activities, Major Assignment Dates 
 

Week Topic Assignment 

Week 1 Introduction to fundamental physical systems and 
processes in Geosciences that can be represented 
using continuum partial differential equations 
(PDEs).  
Basic concepts in numerical modeling. 

 

Week 2 Mathematical description of continuum media and 
key physical properties: 
Fluids – Continuity equation; viscosity; classification 
of flow regimes; Eulerian and Lagrangian 
descriptions; advection. 
Solids – Deformation and stresses; stress and strain 
tensors; equations of motion; gravity and 
gravitational potential. 

 

Week 3 Fundamental equations in the Geosciences. 
Traditional working approximations. 
Primitive equations: continuity, momentum, thermal 
energy. 
Beta plane approximation in fluid dynamics. 

 

Week 4 Boundary value problems in the Geosciences. 
Dynamic and thermodynamic boundary conditions. 
Elliptic (Laplace’s equation), parabolic (diffusion 
equation), and hyperbolic (wave equation) PDEs. 
Examples of common transition cases between 
PDE types in solids (e.g. homogenous to localized 
deformation) and fluids (e.g. steady, irrotational, 
isentropic, compressible flow below and above the 
speed of sound). 

 

Week 5-6 Discretization techniques for PDEs: Finite 
Difference Method (FDM), Finite Element Method 
(FEM), Spectral Method, Pseudospectral Method.  

 

Week 7 Consistency, convergence, and stability of 
numerical solutions of initial value problems by 
FDMs. Equivalence theorem. 

 

Week 8 Iterative solvers for discretized linear PDEs used in 
large three-dimensional problems: Jacobi method, 
Gauss-Seidel (GS) Iteration, Successive Over 
Relaxation (SOR) method, Conjugate Gradient 
Method (CGM), Steepest Descent method. 
Convergence and preconditioning. 

 

Week 8  Midterm Exam 

Week 9 Modeling diffusive processes: explicit and implicit 
methods. 

 



  

Week 10 Modeling linear advective processes: explicit and 
implicit methods. 
Modeling transport. 

Assignment #1 due 

Week 11-12 Modeling nonlinear advective processes: Burger’s 
equation. 
Positive-definite processes and flux-corrected 
methods. 
Nonlinear wave processes: Korteweg-de Vries 
equation. 

Assignment #2 due 

Week 13 Elliptic boundary-value problems in the 
Geosciences. 
Energy- and enstrophy-conserving space finite-
difference schemes. 

Assignment #3 due 

Week 14 Basic models of physical systems in the 
Geosciences: 
spectral model for a homogeneous, non-divergent, 
incompressible flow on the surface of a sphere; 
quasi-geostrophic ocean model; spectral-element 
model for seismic wave propagation;  

 
 

Final project due by 5pm on the last day of the university’s Final Examination Schedule for the 
semester. 

Please note that the above schedule and topics are subject to change. 
 

Other Pertinent Course Information 
 
Copyright Policy. All materials used in this class are copyrighted. These materials include but are not 
limited to syllabi, quizzes, exams, lab problems, in-class materials, review sheets, and additional 
problem sets. Because these materials are copyrighted, you do not have the right to copy the handouts, 
unless permission is expressly granted. 
 

Americans with Disabilities Act (ADA) 
 

The Americans with Disabilities Act (ADA) is a federal anti-discrimination statute that provides 
comprehensive civil rights protection for persons with disabilities. Among other things, this legislation 
requires that all students with disabilities be guaranteed a learning environment that provides for 
reasonable accommodation of their disabilities. If you believe you have a disability requiring an 
accommodation, please contact Disability Services, currently located in the Disability Services building 
at the Student Services at White Creek complex on west campus or call 979-845-1637.  For additional 
information visit http://disability.tamu.edu 
 

Academic Integrity 
For additional information please visit: http://aggiehonor.tamu.edu  

 

“An Aggie does not lie, cheat, or steal, or tolerate those who do.” 
 
Students are encouraged to study together and discuss the information presented in the course lectures 
and material with other students. However, all coursework submitted to the instructor must be the result 
of the original work of the student. Intentional or careless appropriation of someone else’s work or ideas, 
even with their explicit consent, violates the Aggie Honor System Rules (Student Rule 20.1.2) and will 
result in all the students involved automatically receiving zero points for the assignment as well as 
mandatory reporting of the violation. 
 
Each student is responsible for authenticating all submitted work and, if asked, to produce proof that the 
item submitted is indeed the work of that student. The inability to authenticate one’s work upon the 
instructor’s request is sufficient grounds to initiate an academic dishonesty case. 
 







Supporting statement for ATMO 634 
 
We request to create a new course, ATMO 634 – Fundamentals of High 
Performance Computing for the Geosciences. This course has been developed 
to fulfill the requirements of the certificate program in Computational 
Geosciences that is being created within the College of Geosciences. 
 
We request cross-listing ATMO 634 with OCNG 634 and GEOP 634 to improve 
interdisciplinary exchanges among graduate students and between college 
programs, and to provide a common knowledge set emphasizing shared aspects 
of computational modeling to graduate students of different disciplines and 
backgrounds. 
!!



  

 
SYLLABUS 

 

 
 

Course title and number Fundamentals of High Performance Computing for the Geosciences, 
ATMO 634 

Term (e.g., Fall 200X) Spring 201X 
Meeting times and location Lectures: TBD (3 hours); Laboratory: TBD (2 hours). 
 

Course Description and Prerequisites 
 

This course will present the architectural concepts, theoretical basis, common tools, and practical 
knowledge required to use current, state-of-the-art High-Performance Computing (HPC) systems to 
accurately and efficiently solve large-scale problems in the Geosciences.  
 
The basic architecture of HPC systems will be discussed, and you will become familiar with Unix-based 
operating systems and shell environments. The main part of the course will focus on how to design and 
implement serial and parallel algorithms specific to Geosciences’ problems by using structured, pattern-
based programming techniques along with computer languages and widely used models in the 
Geosciences’ research community. Concepts such as concurrency, dependency, and parallelism will be 
used as basis for understanding parallel code performance and techniques for empirical performance 
analysis. 
 
The course will specifically focus on programming languages such as Fortran and deal with design and 
implementation concepts present in current models for general circulation, regional climate and weather, 
seismic wave propagation, data inversion, and others, as used on HPC systems. Dominant performance 
bottlenecks deriving from the data-intensive nature of computations in the Geosciences will be 
discussed, including disk I/O. 
 
The course includes a laboratory section designed to improve the understanding of the topics presented 
during lecture hours and to further develop your computational skills. Through lab exercises you will 
become familiar with available computing environments, software and tools, and gain realistic, hands-on 
experience on HPC systems that may be applied to your future research work. 
 
The intent of this course is to provide Geosciences students with diverse backgrounds a common 
knowledge set that will help them advance more effectively in their discipline, and to emphasize shared 
aspects of computational modeling in the Geosciences that may be leveraged to foster interdisciplinary 
exchanges.  
 
There are no course prerequisites, but basic knowledge of programming is required.  
 
Prerequisites: Graduate classification or approval of instructor. 
 
 

Learning Outcomes 
 

By the end of this course, you will be able to: 
 
1. Describe the basic architecture and design features of a modern HPC system; 
2. Understand the structure of the Unix operating system and make use of its main capabilities; 
3. Break down a given computational task into primary steps and design a basic algorithm to carry out 

the work; 
4. Use a programming language (Fortran) and leverage its main features to implement serial and 

parallel Geosciences-oriented computer codes; 
5. Understand structured, pattern-based serial and parallel programming; 
6. Identify and apply parallel programming patterns to parallel code design for modeling in the 

Geosciences; 



  

7. Understand the concepts of concurrency, dependency, and parallelism; 
8. Evaluate the performance of a parallel code on a HPC system; 
9. Develop a parallel computer code to simulate a basic physical process relevant to the Geosciences; 
10. Give an oral presentation of your programming project; 
11. Write a comprehensive technical report of your programming project. 
 
 

 
Instructor Information 

 

Name Raffaele Montuoro 
Telephone number 979-862-3182 
Email address rmontuoro@tamu.edu 
Office hours Open 
Office location O&M 1017B 
 

Textbook and/or Resource Material 
 

Course material will be provided in the form of lecture notes and handouts. 
 
I encourage you to consult the following reference material: 
 
1. Chivers, I., Sleightholme, J., Introduction to Programming with Fortran, 2nd Ed., Springer, 2012, 

ISBN 978-0-85729-232-2. 
2. Akin, E., Object Oriented Programming via Fortran 90/95, 1st Ed., Cambridge University Press, 

2003, ISBN 0-521-52408-3. 
3. Chapman, S.J., Fortran 95/2003 for Scientists and Engineers, 3rd Ed., McGraw-Hill, 2007, ISBN 

978-0-07-319157-7. 
4. Press, W.H., Teukolsky, S.A., Vetterling, W.T., Flannery, B.P., Numerical Recipes: The Art of 

Scientific Computing, Third Edition, Cambridge University Press, 2007, ISBN 978-0-521-88068-8. 
See also, by the same authors: Fortran Numerical Recipes, 2nd Edition, Vol. 1 and 2, Cambridge 
University Press, 1992, 1997, available on line at: http://apps.nrbook.com/fortran/index.html. 

5. McCool, M., Robinson, A., Reinders, J., Structured Parallel Programming: Patterns for Efficient 
Computation, Morgan Kaufmann, 2012, ISBN: 978-0-12-415993-8. See also: http://parallelbook.com 

6. Foster, I., Designing and Building Parallel Programs: Concepts and Tools for Parallel Software 
Engineering, Addison-Wesley, 1995, ISBN: 978-0-20-157594-1. 

7. Mattson, T.G., Sanders, B.A., Massingill, B.L., Patterns for Parallel Programming, Addison-Wesley 
Professional, 2013, ISBN 978-0-32-194078-0. 

8. Hager, G., Wellein, G., Introduction to High Performance Computing for Scientists and Engineers, 
Chapman & Hall/CRC Press, 2011, ISBN: 978-1-4398-1192-4. 

9. Levesque, J., Wagenbreth, G., High Performance Computing: Programming and Applications, 
Chapman & Hall/CRC Press, 2011, ISBN: 978-1-4200-7705-6. 

10. Zhao, C., Hobbs, B.E., Ord, A., Fundamentals of Computational Geoscience, Numerical Methods 
and Algorithms, Lecture Notes in Earth Sciences, Vol. 122, Springer-Verlag Berlin Heidelberg, 2009, 
ISBN 978-3-540-89742-2.  

 
 

Grading Policies 
 

Your final grade will be determined based on the following categories and weights: 
 

1) Programming assignments (20% of course grade) 
2) Midterm exam (30% of course grade) 
3) Final project (50% of course grade) 

 
Assignments. Assignments will be due at the beginning of class on the scheduled week, unless stated 
otherwise by the instructor. Late homework without a university-excused absence (see Attendance and 
Make-up Policies section) will be assessed a penalty equal to 20% of its grade per day. An unexcused 
delay longer than 4 working days will automatically result in receiving zero points on the assignment. 



  

 
Midterm Exam. There will be a two-hour, in-class midterm exam. 
 
Final Project. A final programming project will be due by 5pm on the last day of the university’s Final 
Examination Schedule for the semester, available at http://registrar.tamu.edu/Courses,-Registration,-
Scheduling/Final-Exam-Schedule.  
 
This final project must include: 

1) a 10-page technical report written in the style of the Institute of Electrical and Electronics 
Engineers (IEEE) Transactions 
(https://www.ieee.org/publications_standards/publications/authors/author_templates.html). The 
report must comprehensively summarize and explain the objectives and technical approach, 
software design and implementation, and computational results of your project; 

2) a presentation during last week of class. 
 
Final course grades will be posted on http://elearning.tamu.edu 
 
Please consult University Student Rule 10 (Grading) at http://student-rules.tamu.edu/rule10 for 
additional details on grading policies. 
 

Grading Scale 
 

You will be assigned a final letter grade based on your final percentage grade according to the following 
scale:   
 
A = 90-100%; B = 80-89%; C = 70-79%; D = 60-69%; F = <60% 
 
Your final percentage grade will be calculated by adding your weighted scores, divided by the maximum 
attainable score, for each of the categories listed in the Grading Policies section. 
 
 

Attendance and Make-up Policies 
 

The university views class attendance as an individual student responsibility. You are expected to attend 
class and to complete all assignments. Attendance is essential to complete the course successfully.  
 
Please consult the University Student Rule 7 at http://student-rules.tamu.edu/rule07 for details on 
university-excused absences and make-up policies.  
 
 

Course Topics, Calendar of Activities, Major Assignment Dates 
 
 

Week Topic Assignment 

Week 1 Introduction to the architecture and design of state-of-
the-art High Performance Computing systems 

 

Week 2 Description of the UNIX operating system, including 
the shell environment. 

 

Week 3 Algorithm design and basic principles of computer 
programming. 

 

Week 4-5 Fundamentals of Fortran programming language.   

Week 6 Advanced Fortran features for computational 
Geosciences. Introduction to structured programming. 
Pattern-based serial programming. 

Assignment #1 due: Serial 
codes for one-dimensional 
physical models 



  

Week 7 Concepts of concurrency, dependency, and 
parallelism. Potential and actual parallelism, data 
locality, parallel efficiency, speedup, and scalability. 

Assignment #2 due: 
Apply structured 
programming techniques 
and serial patterns to design 
and implement simple 
models 

Week 8  Midterm Exam 

Week 10 Pattern-based parallel programming in the 
Geosciences. Examples include: geometrical 
decomposition and communication patterns in climate 
models, sequences in coupled models and reservoir 
simulations, map/reduce operations for convergence 
testing or large matrix operations. 

 

Week 11 Description of the main parallel programming models 
used in computational Geosciences. Shared-memory 
parallelism with OpenMP. 

Assignment #3 due: 
Design a pattern-based 
parallel code for a two 
dimensional problem 

Week 12-13 Distributed-memory parallelism with the Message 
Passing Interface (MPI) 

Assignment #4 due: 
Use OpenMP to create a 
shared-memory parallel 
code. Evaluate parallel 
efficiency. 

Week 14 Concepts and tools for empirical performance analysis 
of parallel codes. 

Assignment #5 due: Use 
MPI to create a distributed-
memory parallel code. 
Evaluate parallel efficiency. 

 
Final project due by 5pm on the last day of the university’s Final Examination Schedule for the 
semester. 
 
Please note that the schedule and topics of lectures and laboratory assignments are subject to 
change. 
 
 

Other Pertinent Course Information 
 

Email. All Texas A&M students are expected to use their official TAMU email account for all the 
communications regarding this course. It is the student’s responsibility to check your TAMU email 
account regularly throughout the course. 
 
Cell Phones/Mobile devices. You should set your mobile devices to silent and refrain from texting during 
class. 
 
Access to HPC systems. You should have a working account on one of Texas A&M HPC systems to 
take full advantage of this course and successfully complete your assignments. You may apply for a 
basic supercomputing account by contacting High Performance Research Computing 
(http://sc.tamu.edu) before the beginning of the course. I am also available to help you obtaining a 
supercomputing account if you contact me during the first week of class. 
 
Copyright Policy. All materials used in this class are copyrighted. These materials include but are not 
limited to syllabi, quizzes, exams, lab problems, in-class materials, review sheets, and additional 
problem sets. Because these materials are copyrighted, you do not have the right to copy the handouts, 
unless permission is expressly granted. 
 
 



  

Americans with Disabilities Act (ADA) 
 

The Americans with Disabilities Act (ADA) is a federal anti-discrimination statute that provides 
comprehensive civil rights protection for persons with disabilities. Among other things, this legislation 
requires that all students with disabilities be guaranteed a learning environment that provides for 
reasonable accommodation of their disabilities. If you believe you have a disability requiring an 
accommodation, please contact Disability Services, currently located in the Disability Services building 
at the Student Services at White Creek complex on west campus or call 979-845-1637.  For additional 
information visit http://disability.tamu.edu 
 

Academic Integrity 
For additional information please visit: http://aggiehonor.tamu.edu  

 

“An Aggie does not lie, cheat, or steal, or tolerate those who do.” 
 
You are encouraged to study together and discuss the information presented in the course lectures and 
material with other students. However, all coursework submitted to the instructor must be the result of 
the your original work. Intentional or careless appropriation of someone else’s work or ideas, even with 
their explicit consent, violates the Aggie Honor System Rules (Student Rule 20.1.2) and will result in all 
the students involved automatically receiving zero points for the assignment as well as mandatory 
reporting of the violation. 
 
You are responsible for authenticating all submitted work and, if asked, to produce proof that the item 
submitted is indeed the work of that student. The inability to authenticate one’s work upon the 
instructor’s request is sufficient grounds to initiate an academic dishonesty case. 
 
 



Supporting statement for OCNG 634 
 
We request to create a new course, OCNG 634 – Fundamentals of High 
Performance Computing for the Geosciences, which will duplicate the new 
requested ATMO 634 for cross-listing purposes. This course has been developed 
to fulfill the requirements of the certificate program in Computational 
Geosciences that is being created within the College of Geosciences. 
 
We request cross-listing OCNG 634 with ATMO 634 and GEOP 634 to improve 
interdisciplinary exchanges among graduate students and between college 
programs, and to provide a common knowledge set emphasizing shared aspects 
of computational modeling to graduate students of different disciplines and 
backgrounds. 
!!



  

 
SYLLABUS 

 

 
 

Course title and number Fundamentals of High Performance Computing for the Geosciences, 
OCNG 634 

Term (e.g., Fall 200X) Spring 201X 
Meeting times and location Lectures: TBD (3 hours); Laboratory: TBD (2 hours). 
 

Course Description and Prerequisites 
 

This course will present the architectural concepts, theoretical basis, common tools, and practical 
knowledge required to use current, state-of-the-art High-Performance Computing (HPC) systems to 
accurately and efficiently solve large-scale problems in the Geosciences.  
 
The basic architecture of HPC systems will be discussed, and you will become familiar with Unix-based 
operating systems and shell environments. The main part of the course will focus on how to design and 
implement serial and parallel algorithms specific to Geosciences’ problems by using structured, pattern-
based programming techniques along with computer languages and widely used models in the 
Geosciences’ research community. Concepts such as concurrency, dependency, and parallelism will be 
used as basis for understanding parallel code performance and techniques for empirical performance 
analysis. 
 
The course will specifically focus on programming languages such as Fortran and deal with design and 
implementation concepts present in current models for general circulation, regional climate and weather, 
seismic wave propagation, data inversion, and others, as used on HPC systems. Dominant performance 
bottlenecks deriving from the data-intensive nature of computations in the Geosciences will be 
discussed, including disk I/O. 
 
The course includes a laboratory section designed to improve the understanding of the topics presented 
during lecture hours and to further develop your computational skills. Through lab exercises you will 
become familiar with available computing environments, software and tools, and gain realistic, hands-on 
experience on HPC systems that may be applied to your future research work. 
 
The intent of this course is to provide Geosciences students with diverse backgrounds a common 
knowledge set that will help them advance more effectively in their discipline, and to emphasize shared 
aspects of computational modeling in the Geosciences that may be leveraged to foster interdisciplinary 
exchanges.  
 
There are no course prerequisites, but basic knowledge of programming is required.  
 
Prerequisites: Graduate classification or approval of instructor. 
 
 

Learning Outcomes 
 

By the end of this course, you will be able to: 
 
1. Describe the basic architecture and design features of a modern HPC system; 
2. Understand the structure of the Unix operating system and make use of its main capabilities; 
3. Break down a given computational task into primary steps and design a basic algorithm to carry out 

the work; 
4. Use a programming language (Fortran) and leverage its main features to implement serial and 

parallel Geosciences-oriented computer codes; 
5. Understand structured, pattern-based serial and parallel programming; 
6. Identify and apply parallel programming patterns to parallel code design for modeling in the 

Geosciences; 



  

7. Understand the concepts of concurrency, dependency, and parallelism; 
8. Evaluate the performance of a parallel code on a HPC system; 
9. Develop a parallel computer code to simulate a basic physical process relevant to the Geosciences; 
10. Give an oral presentation of your programming project; 
11. Write a comprehensive technical report of your programming project. 
 
 

 
Instructor Information 

 

Name Raffaele Montuoro 
Telephone number 979-862-3182 
Email address rmontuoro@tamu.edu 
Office hours Open 
Office location O&M 1017B 
 

Textbook and/or Resource Material 
 

Course material will be provided in the form of lecture notes and handouts. 
 
I encourage you to consult the following reference material: 
 
1. Chivers, I., Sleightholme, J., Introduction to Programming with Fortran, 2nd Ed., Springer, 2012, 

ISBN 978-0-85729-232-2. 
2. Akin, E., Object Oriented Programming via Fortran 90/95, 1st Ed., Cambridge University Press, 

2003, ISBN 0-521-52408-3. 
3. Chapman, S.J., Fortran 95/2003 for Scientists and Engineers, 3rd Ed., McGraw-Hill, 2007, ISBN 

978-0-07-319157-7. 
4. Press, W.H., Teukolsky, S.A., Vetterling, W.T., Flannery, B.P., Numerical Recipes: The Art of 

Scientific Computing, Third Edition, Cambridge University Press, 2007, ISBN 978-0-521-88068-8. 
See also, by the same authors: Fortran Numerical Recipes, 2nd Edition, Vol. 1 and 2, Cambridge 
University Press, 1992, 1997, available on line at: http://apps.nrbook.com/fortran/index.html. 

5. McCool, M., Robinson, A., Reinders, J., Structured Parallel Programming: Patterns for Efficient 
Computation, Morgan Kaufmann, 2012, ISBN: 978-0-12-415993-8. See also: http://parallelbook.com 

6. Foster, I., Designing and Building Parallel Programs: Concepts and Tools for Parallel Software 
Engineering, Addison-Wesley, 1995, ISBN: 978-0-20-157594-1. 

7. Mattson, T.G., Sanders, B.A., Massingill, B.L., Patterns for Parallel Programming, Addison-Wesley 
Professional, 2013, ISBN 978-0-32-194078-0. 

8. Hager, G., Wellein, G., Introduction to High Performance Computing for Scientists and Engineers, 
Chapman & Hall/CRC Press, 2011, ISBN: 978-1-4398-1192-4. 

9. Levesque, J., Wagenbreth, G., High Performance Computing: Programming and Applications, 
Chapman & Hall/CRC Press, 2011, ISBN: 978-1-4200-7705-6. 

10. Zhao, C., Hobbs, B.E., Ord, A., Fundamentals of Computational Geoscience, Numerical Methods 
and Algorithms, Lecture Notes in Earth Sciences, Vol. 122, Springer-Verlag Berlin Heidelberg, 2009, 
ISBN 978-3-540-89742-2.  

 
 

Grading Policies 
 

Your final grade will be determined based on the following categories and weights: 
 

1) Programming assignments (20% of course grade) 
2) Midterm exam (30% of course grade) 
3) Final project (50% of course grade) 

 
Assignments. Assignments will be due at the beginning of class on the scheduled week, unless stated 
otherwise by the instructor. Late homework without a university-excused absence (see Attendance and 
Make-up Policies section) will be assessed a penalty equal to 20% of its grade per day. An unexcused 
delay longer than 4 working days will automatically result in receiving zero points on the assignment. 



  

 
Midterm Exam. There will be a two-hour, in-class midterm exam. 
 
Final Project. A final programming project will be due by 5pm on the last day of the university’s Final 
Examination Schedule for the semester, available at http://registrar.tamu.edu/Courses,-Registration,-
Scheduling/Final-Exam-Schedule.  
 
This final project must include: 

1) a 10-page technical report written in the style of the Institute of Electrical and Electronics 
Engineers (IEEE) Transactions 
(https://www.ieee.org/publications_standards/publications/authors/author_templates.html). The 
report must comprehensively summarize and explain the objectives and technical approach, 
software design and implementation, and computational results of your project; 

2) a presentation during last week of class. 
 
Final course grades will be posted on http://elearning.tamu.edu 
 
Please consult University Student Rule 10 (Grading) at http://student-rules.tamu.edu/rule10 for 
additional details on grading policies. 
 

Grading Scale 
 

You will be assigned a final letter grade based on your final percentage grade according to the following 
scale:   
 
A = 90-100%; B = 80-89%; C = 70-79%; D = 60-69%; F = <60% 
 
Your final percentage grade will be calculated by adding your weighted scores, divided by the maximum 
attainable score, for each of the categories listed in the Grading Policies section. 
 
 

Attendance and Make-up Policies 
 

The university views class attendance as an individual student responsibility. You are expected to attend 
class and to complete all assignments. Attendance is essential to complete the course successfully.  
 
Please consult the University Student Rule 7 at http://student-rules.tamu.edu/rule07 for details on 
university-excused absences and make-up policies.  
 
 

Course Topics, Calendar of Activities, Major Assignment Dates 
 
 

Week Topic Assignment 

Week 1 Introduction to the architecture and design of state-of-
the-art High Performance Computing systems 

 

Week 2 Description of the UNIX operating system, including 
the shell environment. 

 

Week 3 Algorithm design and basic principles of computer 
programming. 

 

Week 4-5 Fundamentals of Fortran programming language.   

Week 6 Advanced Fortran features for computational 
Geosciences. Introduction to structured programming. 
Pattern-based serial programming. 

Assignment #1 due: Serial 
codes for one-dimensional 
physical models 



  

Week 7 Concepts of concurrency, dependency, and 
parallelism. Potential and actual parallelism, data 
locality, parallel efficiency, speedup, and scalability. 

Assignment #2 due: 
Apply structured 
programming techniques 
and serial patterns to design 
and implement simple 
models 

Week 8  Midterm Exam 

Week 10 Pattern-based parallel programming in the 
Geosciences. Examples include: geometrical 
decomposition and communication patterns in climate 
models, sequences in coupled models and reservoir 
simulations, map/reduce operations for convergence 
testing or large matrix operations. 

 

Week 11 Description of the main parallel programming models 
used in computational Geosciences. Shared-memory 
parallelism with OpenMP. 

Assignment #3 due: 
Design a pattern-based 
parallel code for a two 
dimensional problem 

Week 12-13 Distributed-memory parallelism with the Message 
Passing Interface (MPI) 

Assignment #4 due: 
Use OpenMP to create a 
shared-memory parallel 
code. Evaluate parallel 
efficiency. 

Week 14 Concepts and tools for empirical performance analysis 
of parallel codes. 

Assignment #5 due: Use 
MPI to create a distributed-
memory parallel code. 
Evaluate parallel efficiency. 

 
Final project due by 5pm on the last day of the university’s Final Examination Schedule for the 
semester. 
 
Please note that the schedule and topics of lectures and laboratory assignments are subject to 
change. 
 
 

Other Pertinent Course Information 
 

Email. All Texas A&M students are expected to use their official TAMU email account for all the 
communications regarding this course. It is the student’s responsibility to check your TAMU email 
account regularly throughout the course. 
 
Cell Phones/Mobile devices. You should set your mobile devices to silent and refrain from texting during 
class. 
 
Access to HPC systems. You should have a working account on one of Texas A&M HPC systems to 
take full advantage of this course and successfully complete your assignments. You may apply for a 
basic supercomputing account by contacting High Performance Research Computing 
(http://sc.tamu.edu) before the beginning of the course. I am also available to help you obtaining a 
supercomputing account if you contact me during the first week of class. 
 
Copyright Policy. All materials used in this class are copyrighted. These materials include but are not 
limited to syllabi, quizzes, exams, lab problems, in-class materials, review sheets, and additional 
problem sets. Because these materials are copyrighted, you do not have the right to copy the handouts, 
unless permission is expressly granted. 
 
 



  

Americans with Disabilities Act (ADA) 
 

The Americans with Disabilities Act (ADA) is a federal anti-discrimination statute that provides 
comprehensive civil rights protection for persons with disabilities. Among other things, this legislation 
requires that all students with disabilities be guaranteed a learning environment that provides for 
reasonable accommodation of their disabilities. If you believe you have a disability requiring an 
accommodation, please contact Disability Services, currently located in the Disability Services building 
at the Student Services at White Creek complex on west campus or call 979-845-1637.  For additional 
information visit http://disability.tamu.edu 
 

Academic Integrity 
For additional information please visit: http://aggiehonor.tamu.edu  

 

“An Aggie does not lie, cheat, or steal, or tolerate those who do.” 
 
You are encouraged to study together and discuss the information presented in the course lectures and 
material with other students. However, all coursework submitted to the instructor must be the result of 
the your original work. Intentional or careless appropriation of someone else’s work or ideas, even with 
their explicit consent, violates the Aggie Honor System Rules (Student Rule 20.1.2) and will result in all 
the students involved automatically receiving zero points for the assignment as well as mandatory 
reporting of the violation. 
 
You are responsible for authenticating all submitted work and, if asked, to produce proof that the item 
submitted is indeed the work of that student. The inability to authenticate one’s work upon the 
instructor’s request is sufficient grounds to initiate an academic dishonesty case. 
 
 



Supporting statement for GEOP 634 
 
We request to create a new course, GEOP 634 – Fundamentals of High 
Performance Computing for the Geosciences, which will duplicate the new 
requested ATMO 634 for cross-listing purposes. This course has been developed 
to fulfill the requirements of the certificate program in Computational 
Geosciences that is being created within the College of Geosciences. 
 
We request cross-listing GEOP 634 with ATMO 634 and OCNG 634 to improve 
interdisciplinary exchanges among graduate students and between college 
programs, and to provide a common knowledge set emphasizing shared aspects 
of computational modeling to graduate students of different disciplines and 
backgrounds. 
!!



  

 
SYLLABUS 

 

 
 

Course title and number Fundamentals of High Performance Computing for the Geosciences, 
GEOP 634 

Term (e.g., Fall 200X) Spring 201X 
Meeting times and location Lectures: TBD (3 hours); Laboratory: TBD (2 hours). 
 

Course Description and Prerequisites 
 

This course will present the architectural concepts, theoretical basis, common tools, and practical 
knowledge required to use current, state-of-the-art High-Performance Computing (HPC) systems to 
accurately and efficiently solve large-scale problems in the Geosciences.  
 
The basic architecture of HPC systems will be discussed, and you will become familiar with Unix-based 
operating systems and shell environments. The main part of the course will focus on how to design and 
implement serial and parallel algorithms specific to Geosciences’ problems by using structured, pattern-
based programming techniques along with computer languages and widely used models in the 
Geosciences’ research community. Concepts such as concurrency, dependency, and parallelism will be 
used as basis for understanding parallel code performance and techniques for empirical performance 
analysis. 
 
The course will specifically focus on programming languages such as Fortran and deal with design and 
implementation concepts present in current models for general circulation, regional climate and weather, 
seismic wave propagation, data inversion, and others, as used on HPC systems. Dominant performance 
bottlenecks deriving from the data-intensive nature of computations in the Geosciences will be 
discussed, including disk I/O. 
 
The course includes a laboratory section designed to improve the understanding of the topics presented 
during lecture hours and to further develop your computational skills. Through lab exercises you will 
become familiar with available computing environments, software and tools, and gain realistic, hands-on 
experience on HPC systems that may be applied to your future research work. 
 
The intent of this course is to provide Geosciences students with diverse backgrounds a common 
knowledge set that will help them advance more effectively in their discipline, and to emphasize shared 
aspects of computational modeling in the Geosciences that may be leveraged to foster interdisciplinary 
exchanges.  
 
There are no course prerequisites, but basic knowledge of programming is required.  
 
Prerequisites: Graduate classification or approval of instructor. 
 
 

Learning Outcomes 
 

By the end of this course, you will be able to: 
 
1. Describe the basic architecture and design features of a modern HPC system; 
2. Understand the structure of the Unix operating system and make use of its main capabilities; 
3. Break down a given computational task into primary steps and design a basic algorithm to carry out 

the work; 
4. Use a programming language (Fortran) and leverage its main features to implement serial and 

parallel Geosciences-oriented computer codes; 
5. Understand structured, pattern-based serial and parallel programming; 
6. Identify and apply parallel programming patterns to parallel code design for modeling in the 

Geosciences; 



  

7. Understand the concepts of concurrency, dependency, and parallelism; 
8. Evaluate the performance of a parallel code on a HPC system; 
9. Develop a parallel computer code to simulate a basic physical process relevant to the Geosciences; 
10. Give an oral presentation of your programming project; 
11. Write a comprehensive technical report of your programming project. 
 
 

 
Instructor Information 

 

Name Raffaele Montuoro 
Telephone number 979-862-3182 
Email address rmontuoro@tamu.edu 
Office hours Open 
Office location O&M 1017B 
 

Textbook and/or Resource Material 
 

Course material will be provided in the form of lecture notes and handouts. 
 
I encourage you to consult the following reference material: 
 
1. Chivers, I., Sleightholme, J., Introduction to Programming with Fortran, 2nd Ed., Springer, 2012, 

ISBN 978-0-85729-232-2. 
2. Akin, E., Object Oriented Programming via Fortran 90/95, 1st Ed., Cambridge University Press, 

2003, ISBN 0-521-52408-3. 
3. Chapman, S.J., Fortran 95/2003 for Scientists and Engineers, 3rd Ed., McGraw-Hill, 2007, ISBN 

978-0-07-319157-7. 
4. Press, W.H., Teukolsky, S.A., Vetterling, W.T., Flannery, B.P., Numerical Recipes: The Art of 

Scientific Computing, Third Edition, Cambridge University Press, 2007, ISBN 978-0-521-88068-8. 
See also, by the same authors: Fortran Numerical Recipes, 2nd Edition, Vol. 1 and 2, Cambridge 
University Press, 1992, 1997, available on line at: http://apps.nrbook.com/fortran/index.html. 

5. McCool, M., Robinson, A., Reinders, J., Structured Parallel Programming: Patterns for Efficient 
Computation, Morgan Kaufmann, 2012, ISBN: 978-0-12-415993-8. See also: http://parallelbook.com 

6. Foster, I., Designing and Building Parallel Programs: Concepts and Tools for Parallel Software 
Engineering, Addison-Wesley, 1995, ISBN: 978-0-20-157594-1. 

7. Mattson, T.G., Sanders, B.A., Massingill, B.L., Patterns for Parallel Programming, Addison-Wesley 
Professional, 2013, ISBN 978-0-32-194078-0. 

8. Hager, G., Wellein, G., Introduction to High Performance Computing for Scientists and Engineers, 
Chapman & Hall/CRC Press, 2011, ISBN: 978-1-4398-1192-4. 

9. Levesque, J., Wagenbreth, G., High Performance Computing: Programming and Applications, 
Chapman & Hall/CRC Press, 2011, ISBN: 978-1-4200-7705-6. 

10. Zhao, C., Hobbs, B.E., Ord, A., Fundamentals of Computational Geoscience, Numerical Methods 
and Algorithms, Lecture Notes in Earth Sciences, Vol. 122, Springer-Verlag Berlin Heidelberg, 2009, 
ISBN 978-3-540-89742-2.  

 
 

Grading Policies 
 

Your final grade will be determined based on the following categories and weights: 
 

1) Programming assignments (20% of course grade) 
2) Midterm exam (30% of course grade) 
3) Final project (50% of course grade) 

 
Assignments. Assignments will be due at the beginning of class on the scheduled week, unless stated 
otherwise by the instructor. Late homework without a university-excused absence (see Attendance and 
Make-up Policies section) will be assessed a penalty equal to 20% of its grade per day. An unexcused 
delay longer than 4 working days will automatically result in receiving zero points on the assignment. 



  

 
Midterm Exam. There will be a two-hour, in-class midterm exam. 
 
Final Project. A final programming project will be due by 5pm on the last day of the university’s Final 
Examination Schedule for the semester, available at http://registrar.tamu.edu/Courses,-Registration,-
Scheduling/Final-Exam-Schedule.  
 
This final project must include: 

1) a 10-page technical report written in the style of the Institute of Electrical and Electronics 
Engineers (IEEE) Transactions 
(https://www.ieee.org/publications_standards/publications/authors/author_templates.html). The 
report must comprehensively summarize and explain the objectives and technical approach, 
software design and implementation, and computational results of your project; 

2) a presentation during last week of class. 
 
Final course grades will be posted on http://elearning.tamu.edu 
 
Please consult University Student Rule 10 (Grading) at http://student-rules.tamu.edu/rule10 for 
additional details on grading policies. 
 

Grading Scale 
 

You will be assigned a final letter grade based on your final percentage grade according to the following 
scale:   
 
A = 90-100%; B = 80-89%; C = 70-79%; D = 60-69%; F = <60% 
 
Your final percentage grade will be calculated by adding your weighted scores, divided by the maximum 
attainable score, for each of the categories listed in the Grading Policies section. 
 
 

Attendance and Make-up Policies 
 

The university views class attendance as an individual student responsibility. You are expected to attend 
class and to complete all assignments. Attendance is essential to complete the course successfully.  
 
Please consult the University Student Rule 7 at http://student-rules.tamu.edu/rule07 for details on 
university-excused absences and make-up policies.  
 
 

Course Topics, Calendar of Activities, Major Assignment Dates 
 
 

Week Topic Assignment 

Week 1 Introduction to the architecture and design of state-of-
the-art High Performance Computing systems 

 

Week 2 Description of the UNIX operating system, including 
the shell environment. 

 

Week 3 Algorithm design and basic principles of computer 
programming. 

 

Week 4-5 Fundamentals of Fortran programming language.   

Week 6 Advanced Fortran features for computational 
Geosciences. Introduction to structured programming. 
Pattern-based serial programming. 

Assignment #1 due: Serial 
codes for one-dimensional 
physical models 



  

Week 7 Concepts of concurrency, dependency, and 
parallelism. Potential and actual parallelism, data 
locality, parallel efficiency, speedup, and scalability. 

Assignment #2 due: 
Apply structured 
programming techniques 
and serial patterns to design 
and implement simple 
models 

Week 8  Midterm Exam 

Week 10 Pattern-based parallel programming in the 
Geosciences. Examples include: geometrical 
decomposition and communication patterns in climate 
models, sequences in coupled models and reservoir 
simulations, map/reduce operations for convergence 
testing or large matrix operations. 

 

Week 11 Description of the main parallel programming models 
used in computational Geosciences. Shared-memory 
parallelism with OpenMP. 

Assignment #3 due: 
Design a pattern-based 
parallel code for a two 
dimensional problem 

Week 12-13 Distributed-memory parallelism with the Message 
Passing Interface (MPI) 

Assignment #4 due: 
Use OpenMP to create a 
shared-memory parallel 
code. Evaluate parallel 
efficiency. 

Week 14 Concepts and tools for empirical performance analysis 
of parallel codes. 

Assignment #5 due: Use 
MPI to create a distributed-
memory parallel code. 
Evaluate parallel efficiency. 

 
Final project due by 5pm on the last day of the university’s Final Examination Schedule for the 
semester. 
 
Please note that the schedule and topics of lectures and laboratory assignments are subject to 
change. 
 
 

Other Pertinent Course Information 
 

Email. All Texas A&M students are expected to use their official TAMU email account for all the 
communications regarding this course. It is the student’s responsibility to check your TAMU email 
account regularly throughout the course. 
 
Cell Phones/Mobile devices. You should set your mobile devices to silent and refrain from texting during 
class. 
 
Access to HPC systems. You should have a working account on one of Texas A&M HPC systems to 
take full advantage of this course and successfully complete your assignments. You may apply for a 
basic supercomputing account by contacting High Performance Research Computing 
(http://sc.tamu.edu) before the beginning of the course. I am also available to help you obtaining a 
supercomputing account if you contact me during the first week of class. 
 
Copyright Policy. All materials used in this class are copyrighted. These materials include but are not 
limited to syllabi, quizzes, exams, lab problems, in-class materials, review sheets, and additional 
problem sets. Because these materials are copyrighted, you do not have the right to copy the handouts, 
unless permission is expressly granted. 
 
 



  

Americans with Disabilities Act (ADA) 
 

The Americans with Disabilities Act (ADA) is a federal anti-discrimination statute that provides 
comprehensive civil rights protection for persons with disabilities. Among other things, this legislation 
requires that all students with disabilities be guaranteed a learning environment that provides for 
reasonable accommodation of their disabilities. If you believe you have a disability requiring an 
accommodation, please contact Disability Services, currently located in the Disability Services building 
at the Student Services at White Creek complex on west campus or call 979-845-1637.  For additional 
information visit http://disability.tamu.edu 
 

Academic Integrity 
For additional information please visit: http://aggiehonor.tamu.edu  

 

“An Aggie does not lie, cheat, or steal, or tolerate those who do.” 
 
You are encouraged to study together and discuss the information presented in the course lectures and 
material with other students. However, all coursework submitted to the instructor must be the result of 
the your original work. Intentional or careless appropriation of someone else’s work or ideas, even with 
their explicit consent, violates the Aggie Honor System Rules (Student Rule 20.1.2) and will result in all 
the students involved automatically receiving zero points for the assignment as well as mandatory 
reporting of the violation. 
 
You are responsible for authenticating all submitted work and, if asked, to produce proof that the item 
submitted is indeed the work of that student. The inability to authenticate one’s work upon the 
instructor’s request is sufficient grounds to initiate an academic dishonesty case. 
 
 











































































































































































































































































































































































































































































































WAAR  Updated 1.26.12 

 
Texas Higher Education Coordinating Board 
Request to Change Semester Credit Hours  

 
Directions:  An institution shall use this form to request a change in the number of semester credit hours 
(SCH) required for a degree program already on the institution’s program inventory in accordance with 
Coordinating Board Rules, Chapter 5, Subchapter C, Section 5.55 – Revisions to Approved Programs.  
 
Options: 
 

1) Revisions that reduce the number of SCH require notification of change and affirmation that the 
reduction does not fall below the minimum requirements of the Southern Association of Colleges 
and Schools Commission on Colleges, program accreditors, and licensing bodies, if applicable. 
 

2) Revisions that increase the number of SCH require detailed written documentation describing the 
compelling academic reason for the increase in the number of required hours. 

 
NOTE: No request or notification is needed if revisions to the degree program curriculum do not result in a 
change in SCH. 
 
Options 1 and 2 require the signature of the Provost or Chief Academic Officer. 
 
Please submit Request to Change Semester Credit Hour via the Online Submission Portal: 
https://www1.thecb.state.tx.us/apps/proposals/  
 
Information:  Contact the Division of Workforce, Academic Affairs and Research at 512/427-6200. 

 
 
 
                                                  Administrative Information 
 
1. Institution: Texas A&M University  
  Texas A&M University Health Science Center – College of Nursing 
 
 
2. Program Name – As it appears on the Coordinating Board’s program inventory (e.g., Bachelor of 
Business Administration degree with a major in Accounting): 
 
Master of Science in Nursing – Nursing Education 
 
 
3. Program CIP Code:  51.3817.00 
 
 
4. Contact Person: Provide contact information for the person who can answer specific questions about 
the program. 
 
 Name: Dr. Debra Matthews 
 Title: Associate Dean for Academic Affairs 
 E-mail: dmatthews@tamhsc.edu 
 Phone: 979-436-0131 
 
  

https://www1.thecb.state.tx.us/apps/proposals/


Form for SCH Changes 
Page 2 
Notification/Request for Change in Semester Credit Hours (SCH): 
 

Current SCH:  41 (as stated on Program Inventory)         
  
Proposed SCH: 36 SCH 
 
Implementation Date:  Immediately   
 

Complete Option 1 or 2 as appropriate 
 
Option 1: Reduction in Semester Credit Hours 
 
Is the change in the number of SCH compatible with the requirements of accreditation for the 
program? 

 
a. Southern Association of Colleges and Schools Commission on Colleges  

 ☒ YES ☐ NO   
 

b. Program Accreditor(s) ☒ YES  ☐ NO ☐ NA 
Name of Program Accreditor: CCNE     
  

c. Licensing Body(ies) ☐ YES  ☐ NO ☒ NA 
Name of Licensing Body(ies):        

 
 
Option 2: Increase in Semester Credit Hours 
Provide detailed documentation, such as changes in accrediting agency or licensing body requirements, 
workforce needs, or academic professional standards and needs, describing a compelling reason for the 
change in the number of SCH: 
 
N/A 
 
 

 
Signature of Compliance 

 
I hereby certify that all of the above changes have been approved in accordance with the 
procedures outlined in Coordinating Board Rules, Chapter 5, Subchapter C, Section 5.55. 
 
 
                                                                                                                                
  

Provost/Chief Academic Officer        Date 
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