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What’s 51 about? Programming isn’t hard. Programming well is very hard. We want you to write code that is:  



Reliable, efficient, readable, testable, provable, maintainable… elegant!



Expand your problem-solving skills:  



Recognize problems & map them onto the right languages, abstractions, & algorithms.



Course Focus “Software Engineering in the Small”  



Introduce new programming abstractions    



 



Introduce engineering design      
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e.g., closures, abstract & algebraic data types, polymorphism, modules, classes & inheritance, synchronization, patterns, etc. increase your computational tool-box, stretch your thinking. e.g., coding style, interface design, efficiency concerns, testing. models & analytic tools (e.g., big-O, evaluation models.) learn to analyze, think, and express with precision.



CS51 Spring 2010



Who should take this course?  



CS concentrators & minors should:    



 



Also electrical engineering, statistics, [applied] math, systems & synthetic biology, finance, economics, etc.  



 



engineering take on design is invaluable.



Necessary background:    
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these fields (and many others) demand computational thinking.



Entrepreneurs  



 



knowledge & experience is crucial for upper-level, softwareintensive courses (compilers, OS, networking, AI, graphics, etc.) 51 : build up abstractions ; 61: drive through abstractions



basic programming, algorithms, data structures (CS50) mathematical “sophistication” (calc, ideally algebra) CS51 Spring 2010



Course Tools We’ll be using two very different programming environments.  



get used to learning languages (not that hard once you’ve absorbed representatives from major genres.)



Objective Caml (a.k.a. Ocaml & F#): First 2/3rds of the class



 



         



functional & higher-order programming functional patterns substitution & environment models of evaluation types, polymorphism abstract data types, interfaces, modules



Java: Final 1/3rd of the class
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imperative & object-oriented programming encapsulation, classes, subtyping, inheritance concurrency, synchronization, message passing OO design patterns CS51 Spring 2010



Language & Code  



Language & abstractions matter.  



 



Try formulating an algorithm to multiply Roman numerals.



Often, don’t have the luxury of choosing the language.    



We can still conceptualize & prototype using the right language abstractions. If we understand relationships between linguistic abstractions, we can realize the code in any language.



Example: Red-Black Trees  



A particular kind of balanced search tree [Guibas & Sedgewick 1978]. 7
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C code (part 1/4) void rb_insert( Tree T, node x ) { ! tree_insert( T, x ); ! x->colour = red; ! while ( (x != T->root) && (x->parent->colour == red) ) { ! if ( x->parent == x->parent->parent->left ) { ! ! !y = x->parent->parent->right;! if ( y->colour == red ) { ! ! !x->parent->colour = black;! y->colour = black;! x->parent->parent->colour = red;! ! x = x->parent->parent; ! } else {! ! if ( x == x->parent->right ) {! x = x->parent; ! ! left_rotate( T, x ); ! } ! x->parent->colour = black;! x->parent->parent->colour = red;! right_rotate( T, x->parent->parent ); ! } ! } else {! ! . . . /* repeat above with red/black swapped */



!



C code (part 2/4) void left_rotate( Tree T, node x ) { node y; ! y = x->right; ! x->right = y->left;! if ( y->left != NULL ) ! y->left->parent = x; ! y->parent = x->parent; ! if ( x->parent == NULL ) ! T->root = y; ! else if ( x == (x->parent)->left ) ! x->parent->left = y; ! else ! x->parent->right = y; ! y->left = x; ! x->parent = y; ! }!



!



/* repeat above for right_rotate with “obvious” changes */!



ML Code for Insert fun balance((Blk,T(Red,T(Red,a,x,b),y,c),z,d) |(Blk,T(Red,a,x,T(Red,b,y,c)),z,d) |(Blk,a,x,T(Red,T(Red,b,y,c),z,d)) |(Blk,a,x,T(Red,b,y,T(Red,c,z,d)))) = T(Red,T(Blk,a,x,b),y,T(Blk,c,z,d)) | balance x = T x fun ins x | ins x if x 


Empty = T(R,Empty,x,Empty) (T(color,a,y,b)) = y then balance(color,ins x a,y,b) x > y then balance(color,a,y,ins x b)



XKCD
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We can still conceptualize & prototype using the right language abstractions. â–» If we understand relationships between linguistic abstractions, we can realize ... 
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SSH. â€¢ Secure Shell. â€¢ Allows you to access another computer through command-â€�line interface. â€¢ We use SSH to connect to the CS50 Cloud!
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A condi on may have two values: true or false. â€¢ May be expressed as a logical expression or a. 'bool' variable. â€¢ Can be thought of as a yes/no ques on, or a.
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CS50 Walkthrough 1 - CS50 CDN 

Free Candy. â–« Time for Change. â–« I Saw You ... Free Candy. â–« Seriously, in the CS50 ... ask user for an integer printf("Give me an integer between 1 and 10: ");.
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CS50 Walkthrough #3 - CS50 CDN 

Go to middle if k < value at middle search for k between first and the one before the middle if k > value at middle search for k between one after the middle and last if k = value at middle return true. If you haven't found k after this loop, return 
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Data stored in memory has both a value and a location. â€¢ Pointers contain the memory address of some piece of data. â€¢ * pointer contains address to a ...
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Oct 8, 2010 - Go ahead and execute the command below: hostname. Recall that cloud.cs50.net is actually a cluster of servers. That command tells you the name of the specific server in the cluster that you happen to be connected to at the moment. Take 
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Data stored in memory has both a value and a location. â€¢ Pointers contain the memory address of some piece of data. â€¢ * pointer contains address to a ...
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http://developer.apple.com/library/ios/documentation/UserExperience/Conceptual/MobileHIG/Characteristics/Characteristics.html ... content="yes"> http://developer.apple.com/library/safari/documentation/appleapplications/reference/SafariHTMLRef/Article
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Like searching through the phone book. â€¢ Identify ... as you go. If array[i + 1] < array[i], swap them! ... Grab the smallest and swap it with whatever is at the front of ...
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What you will learn in. CS 179. â€¢ Discover and understand people's latent needs. â€¢ Invent and construct prototypes. â€¢ Design for people different than yourself.
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what type are these values? â–« how do we initialize them? â–« don't forget! â–« swap tiles for even d ... Questions? Please email me feedback: [email protected].
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cs50.c 1/5 cs50.c 2/5 - CS50 CDN 

11: * Based on Eric Roberts' genlib.h and simpio.h. 12: *. 13: * The latest version of this file can be found at. 14: * http://www.cs50.net/pub/releases/cs50/cs50.h.
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Quiz 0 - CS50 CDN 

In the context of files, Linux uses \n to end lines, Mac OS uses \r, and Windows ... format string's expectation of a leading %f, and so neither f nor c get filled with a ...
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PHP: PHP Hypertext Preprocessor. â€¢ When accessed, dynamically generates a webpage which it then outputs to browser. â€¢ PHP code enclosed in tag.
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void swap(int a, int b). { int tmp = a; a = b; b = tmp;. } Page 11. void swap(int *a, int *b). { int tmp = *a;. *a = *b;. *b = tmp;. } Page 12. main's parameters main's ...
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break â€“ tell the program to 'pause' at a certain point (either a function or a line number) step â€“ 'step' to the next executed statement next â€“ moves to the next ...
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What you will learn in. CS 179. â€¢ Discover and understand people's latent needs. â€¢ Invent and construct prototypes. â€¢ Design for people different than yourself.
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void swap(int a, int b). { int tmp = a; a = b; b = tmp;. } Page 11. void swap(int *a, int *b). { int tmp = *a;. *a = *b;. *b = tmp;. } Page 12. main's parameters.














[image: alt]





Computer Science 124 - CS50 CDN 

Computer Science 124 : Who Should Take It. â€¢ CS 124 is all about developing techniques for solving problems. â€¢ This is what CS is all about! â€“ Take a problem.
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Mac OS 10.6. Windows 7. Mac OS 10.5. Windows Vista. Windows XP. Mac OS 10.4. Linux. 0. 50. 100. 150. 200. Page 19. Elective. Concentration. Unsure.
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50. 100. 150. 200. Page 19. Elective. Concentration. Unsure. Gen Ed. Core. 0. 50. 100. 150. 200. 250. 300. Page 20. arrays. Page 21. to be continued... Page 22.
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http://www.blogcdn.com/www.engadget.com/media/2008/05/iphone_line_1-1.jpg. Page 16. valgrind valgrind -â€�v -â€�-â€�leak-â€�check=full a.out. Invalid write of size 4.
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Formal Systems and Computation. â€¢ Two ways to look at it. 1. Study of problems and computers with all their physicality abstracted away q0 q1 q2 q3 a a a a b b.
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should be prompted to Create an Apple ID or Use an existing Apple ID. Review the explanation beneath each option, select the appropriate one, click Continue, then follow the on-â€�screen prompts. If you plan to submit an app to Apple's App Store, whe
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