CS224 Computer Organization
Spring 2012

SYLLABUS V1.4
Course Goals and Objectives:

1. Students will understand the role of low-level languages in the translation hierarchy and execution of a computer program

a. Students will be able to write assembly language programs of modest size using MIPS assembly language, starting from verbal specifications and/or from a high-level language program

b. Students will be able to translate from assembly language to machine language and vice versa, using language tables
2. Students will understand the relationship between the instruction set architecture (ISA) and the implementation of the processor

a. Students will be able to implement and/or extend an ISA for a RISC single-cycle processor (such as MIPS) in datapath and control
b. Students will be able to analyze how a pipelined processor is implemented, and calculate the effect of steps taken to mitigate the performance penalties caused by hazards
3. Students will understand the way floating point numbers in IEEE 754 standard formats (both single-precision and double-precision) are handled in a computer, both storage and computation
a. Students will be able to convert between integer (or fixed point), and floating point formats
b. Students will be able to correctly answer questions about rounding and accuracy

4. Students will understand the various factors contributing to computer system performance
a. Students will be able to calculate execution times and determine relative
processor performance for problems involving changes in compiled code, datapath hardware (including pipelining), clock frequency, etc

b. Students will be able to calculate system throughput for operations involving processor, memory, busses, interfaces, disks and other IO devices

5. Students will understand the memory hierarchy, including cache, TLB and virtual memory, and the various factors that affect performance
a.  Students will be able to calculate hit and miss rates for a given cache architecture

     (cache size, block size, associativity, replacement policy, etc) and memory
     reference string.
b.  Students will be able to calculate memory access times for a hierarchical memory

     system, and make assessments about relative performance among design options

6.  Students will be able to work successfully in project teams over a 4-week period, self-managing accountability and the division of labor, communicating orally and in written reports, submitting a variety of deliverables.
Assessments:
Exams: 2 proctored exams, worth 60%
Midterm Exam 25% (28.03.2012 at 17:40, for 2 hours) (Objectives: 1a, 1b, 2a, 3a, 3b, 4a)
Final Exam 
 35% (26.05.2012 at 12:30, for 3 hours) (Objectives: all, esp. 2b, 4b, 5a, 5b)
The exams will directly assess the objectives listed above. Students must obtain a minimum weighted average score of at least 40 on the exams, to pass the course.
Problem Sets: 9 proctored Problem Sets, worth 10% 
Problems in the problem sets are like the exam problems, they assess the skills in the objectives 1-5 above.
Dates: 23.02 (P.S. #1 in class), 01.03 (P.S. #2 at 17:30), 08.03 (P.S. #3 in class), 14.03 (P.S. #4 at 17:30), 22.03 (P.S. #5 in class), 11.04 (P.S. #6 at 17:30), 19.04 (P.S. #7 in class), 03.05 (P.S. #8 at 17:30), 10.05 (P.S. #9 in class)
The problem sets are designed both for learning, and for assessment.
Projects: 2 design projects, done in teams, worth 30%
Project#1 Assembly language project, 15% (Objectives 1a, 1b, and 6)

Group Contact Report, due 27.02

Preliminary Design Report (25%), due 07.03
Design Review and Peer Grading Reports (25%), due 13.03
Complete Design Report, due 21.03

Project Code Demo (50%), due 26/27/28.03

Project #2 Processor design project, 15% (Objectives 2a and 6)

Group Contact Report, due 09.04

Preliminary Design Report (25%), due 16.04
Design Review and Peer Grading Reports (25%), due 25.04
Full Design and Implementation Report, due 02.05
Project Code Demo (50%), due 12.05
The projects are designed both for learning, and for assessment.
Contents: 
Class lessons:

Week #1

Feb 6/7:  
Lesson 1 & Lesson 2: Course overview, software, hardware and ISA, 



technology trends, IC manufacturing process, the power wall, multicores


Readings: 1.1, 1.2, 1.3, 1.5, 1.6. 1.7, B.11 


Slides: L1_L2

Feb 09:   
Lesson 3 & Lesson 4:  Performance, equations
Readings: 1.4, 1.8, 1.9
Classwork: CW #1 (L3, L4)
Week #2
Feb 13/14: 
Lesson 5 & Lesson 6:  Assembly language operations, register & memory

operands, numbers
Readings: 2.1, 2.2, 2.3, 2.4, B.10
Slides: L5_L6

Classwork: CW #2 (L5, L6)
Feb 16:
Lesson 7 & Lesson 8: Machine language, shift and logical operations, 


branching for decisions

Readings: 2.5, 2.6, 2.7, B.10
Slides: L7_L8

Classwork: CW #3 (L7, L8)
Week #3
Feb 20/21:
Lesson 9 & Lesson 10: Support for procedure call and return in ISA, stack


management, nested procedures and recursion, processing strings &

characters, 32-bit immediate, addressing in branches and jumps, summary

Readings: 2.8, 2.9, 2.10, B.5, B.6, 
Slides: L9_L10

Classwork: CW #4 (L9, L10)
Feb 23:
Lesson 11: Problem Set #1   
Lesson 12: Support for synchronization: ll and sc, program translation and

execution: compiler, assembler, linker, loader,  linking, Java
Readings: 2.11, 2.12, B.1, B.2, B.3, B.4
Slides: L12

Week #4
Feb 27/28:
Lesson 13 & Lesson 14:  Extended example (sorting in C & MIPS), 



analysis of performance: algorithm, language, compiler factors, array

versus pointer code
Readings: 2.13, 2.14, B.10
Slides: L13_L14

Classwork: CW #5 (L13, L14)
Mar 01:
Lesson 15 & Lesson 16: ISA comparisons: MIPS, ARM, Intel IA-32, 



summary and conclusions
Readings: 2.16, 2.17, 2.18, 2.19, B.10
Slides: L15_L16

Classwork: CW #6 (L15, L16)
Week #5
Mar 5/6:
Lesson 17 & Lesson 18: Computer arithmetic, extensions for multimedia,


fast multiplication and division, IEEE floating point numbers

Readings: 3.1, 3.2, 3.3, 3.4, 3.5

Slides: L17_L18

Classwork: CW #7 (L17, L18)
Mar 08:
Lesson 19: Problem Set #3   
Lesson 20: MIPS floating point instructions
Readings: 3.5

Slides: L20

Week #6
Mar 12/13:
Lesson 21:   Accuracy, non-associativity of FP arithmetic, Intel floating point, 



summary of MIPS instruction usage

Lesson 22:  Processor implementation, logic conventions, basic datapath
Readings: 3.5, 3.6, 3.7, 3.8 3.9, 4.1, 4.2
Slides: L21, L22

Classwork: CW #8 (L21)
Mar 16:
Lesson 23 & Lesson 24: Datapath design and implementation
Readings: 4.3, 4.4
Slides: L23
Classwork: CW #9 (L24)

Week #7
Mar 19/20:
Lesson 25 & Lesson 26: Control design and implementation: ALU 



control, main control
Readings: 4.4

Slides: L26

Classwork: CW #10 (L25, L26)
Mar 22:
Lesson 27: Problem Set #5  
Lesson 28: Pipelining overview
Readings: 4.5
Slides: L28

Week #8
Mar 26/27:
Lesson 29 & Lesson 30: Pipelined datapath and control
Readings: 4.5, 4.6

Slides: L29
Classwork: CW #11 (L30)
Mar 29: 
Lesson 31 & Lesson 32: Data hazards, forwarding, stalling 
Readings: 4.7

Slides: L31
Classwork: CW #12 (L32)
Week #9
Apr 2/3:
Lesson 33 & Lesson 34: Control hazards, exceptions
Readings: 4.8, 4.9, B.7
Slides: L33_L34

Classwork: CW #13
Apr 5:

Lesson 35 & Lesson 36: Advanced pipelining: superscalar and VLIW, 



loop unrolling, power efficiency, AMD Barcelona pipeline, conclusions
Readings: 4.10, 4.11, 4.13, 4.14

Slides: L35_L36

Classwork: CW #14
Week #10
Apr 9/10:
Lesson 37 & Lesson 38: Memory hierarchy, cache design and behavior
Readings: 5.1, 5.2

Slides: L37_L38

Classwork: CW #15
Apr 12:
Lesson 39 & Lesson 40: memory system and cache performance, 



associativity, block size, multi-level caches
Readings: 5.2, 5.3

Slides: L39_L40

Classwork: CW #16
Week #11
Apr 16/17:
Lesson 41& Lesson 42:  Improving cache performance, virtual memory

and TLB
Readings: 5.3, 5.4

Slides: L41_L42

Classwork: CW #17
Apr 19:
Lesson 43: Problem Set #7  
Lesson 44: Virtual memory and TLB (cont’d)
Readings: 5.4

Slides: L44

Week #12
Apr 23:
(Sec 1 & 2) No class—Cocuk Bayami

Apr 24:
(Sec 3) Lesson 45 & Lesson 46: Memory hierarchy, AMD Barcelona and 



Intel Nahalem memory systems, summary
Readings: 5.5, 5.10, 5.11, 5.12
Slides: L45_L46

Classwork: CW #18
Apr 26:
(Sec 1 & 2) Lesson 45 & Lesson 46: same as Section 3 on April 24

(Sec 3) Lesson 47& Lesson 48: Intro to IO, disks, flash memory,

 connecting and interfacing IO devices to processor, memory, OS

Readings: 6.1, 6.2, 6.3, 6.4, 6.5, 6.6

Slides: L47_L48

Classwork: CW # 19
Week #13
Apr 30:
(Sec 1 & 2) Lesson 47& Lesson 48: same as Sec 3 on April 26
May 1:

(Sec 3) No class---Emek ve Dayanisma Gunu

May 3:

Lesson 49 & Lesson 50: IO system performance and design, RAID
Readings: 6.7, 6.8, 6.9, 6.10, 6.12, 6.13

Slides: L49_L50

Classwork: CW # 20
Week #14
May 7/8:
Lesson 51 & Lesson 52: Multiprocessors: shared and distributed memory, 



clusters, message passing, multithreading, SIMD, MIMD and vector procs
Readings: 7.1, 7.2, 7.3, 7.4, 7.5, 7.6

Slides: L51_L52
May 10:
Lesson 53:  Problem Set #9   
Lesson 54: Intro to GPUs, multiprocessor networks, benchmarks,
summary
Readings: 7.7, 7.8, 7.9, 7.12, 7.13 (optional: Appendix A)
Slides: L54

Week #15
May 14/15
Lesson 55 & Lesson 56: Review for final exam


Slides: L55_56

Practice Problems:
In addition to classworks during the lesson time, there will also be regular opportunities to solve problems of a more challenging nature at home. The Practice Exercises will be posted online during the semester for students to optionally solve.

Week 2:                   Practice Problems for Chapter #1

Weeks 3, 4, 5:         Practice Problems for Chapter #2

Week 6:                   Practice Problems for Chapter #3

Weeks 7, 8, 9:         Practice Problems for Chapter #4

Weeks 10-13:          Practice Problems for Chapter #5

Weeks 13, 14:         Practice Problems for Chapter #6
Tutorials:

There will be several optional tutorials during the semester in the evening, to help students gain extra exposure to certain important topics.

Feb 15          Pseudocode and High-Quality Documentation (for Proj 1)
Feb 21          MARS and MIPS (for Proj 1)

Feb 30          Proj 1 Task A and Task B

Mar 26          Midterm Exam review

Apr 2            Midterm Exam problem solutions

Apr 5            Proj 2 Task

Apr 12          Verilog modeling of processor (for Proj 2)
Apr 17          General—topic to be determined #1
Apr 24          General—topic to be determined #2
May 2           General—topic to be determined #3
May 8           General—topic to be determined #4
May 15         Final Exam review
