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Autumn 2009 September 28th, 2009 

Crash Course: Records and Files 
 
Your task is to design a data structure to keep track of the academic departments on 
campus.  There are an unbounded numbers of departments, and each department has a 
name and a variable number of instructors and course numbers.  For each instructor, you 
need to keep a name, a salary, whether or not the professor has tenure, and the instructor's 
level.  An instructor may be one of four different levels: a lecturer, an assistant professor, 
and associate professor, or a full professor.  You should represent a level with an 
enumerated type.  For a course, you should record the name, course number, number of 
units, and which quarters the course is offered.  There should be one encompassing data 
structure called university that represents the database for an entire school.  We track 
the name of the school and the full set of all departments. 
 
a) First, specify all of your data structures. 
b) Write a function that given one department as a parameter will return the total number 

of course units that department teaches Winter quarter. 
c) Write a function that given a university as a parameter will promote all the CS 

lecturers.  This means that you must first find the department named  
"Computer Science" in the database and go on to promote their lecturers (cause 
we’re so abused.)  Promoting a lecturer means giving him tenure, bumping his level to 
Assistant Professor and doubling his salary.  You should write helper functions as 
needed.   

d) Write a function InitDepartment that accepts a reference to a department and 
initializes the data structure with values read in from two files.  The function should 
take three string parameters: the name of the department, the name of the file 
containing the instructor data, and the name of the file containing the course data.  
Assume the files are properly formatted so that no error checking is required.  
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Gerald Cain:   Salary: 14400 L N 
Patrick Young:  Salary: 22000 L N 
Eric Roberts:   Salary: 34000 F Y 
......... 
Plotkin, Sergei:  Salary: 61000 F Y 
CSInstructors.data 
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Introduction to Computer Science:   105 5 YNYN 
Programming Methodology:     106 5 YYYY 
Programming Paradigms:      107 5 YNYN 
......... 
Concrete Mathematics:      260 3 NNYN 
Geometric Algorithms:      368 3 NYYN 
CSCourses.data 
 



Data Structures 
 
enum levelType {  
 Lecturer, AssisProf, AssocProf, FullProf  
}; 
  
enum quarterType { 
 Autumn, Winter, Spring, Summer, NumQuarters  
}; 
 
struct instructor { 
 string name; 
 int salary; 
 levelType level; 
 bool tenured; 
}; 
 
struct course { 
 string name; 
 int courseNumber; 
 int numUnits; 
 bool quartersOffered[NumQuarters]; 
}; 
 
struct department { 
 string name; 
 Vector<instructor> instructors; 
 Vector<course> courses; 
}; 
 
struct university { 
 string name; 
 Vector<department> departments; 
}; 

 
/** 
 * Function: CountUnits 
 * -------------------- 
 * Iterates over all of the courses offered by the 
 * specified department and returns the total number 
 * of units offered by that department during Winter 
 * Quarter.  Note that the algorithm relies on the fact 
 * that the Winter constant is associated with the 
 * integer 1. 
 * 
 * @param dept a reference to the department of interest. 
 * @return the total number of units offered by the department 
 *         during the Winter quarter. 
 */ 
 
int CountUnits(department& dept) 
{ 
 int total = 0; 
  
 for (int i = 0; i < dept.courses.size(); i++) { 
  if (dept.courses[i].quartersOffered[Winter]) { 
   total += dept.courses[i].numUnits; 
  } 
 } 
 
 return total; 
} 
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/** 
 * Function: Promote 
 * ----------------- 
 * Takes a reference to what is assumed to be an instructor 
 * record of some lecturer, and "promotes" him or her.  In this 
 * case, "promote" means doubling the salary, advancing his/her 
 * level to Assistant Professor, and granting him/her tenure. 
 * 
 * @param person a reference to some lecturer. 
 * @return void 
 */ 
 
void Promote(instructor& person) 
{ 
 person.salary *= 2; 
 person.level = AssisProf; 
 person.tenured = true; 
} 
 
/** 
 * Function: FindDepartment 
 * ------------------------ 
 * Scans the Vector of departments within the specified university, 
 * and returns the index of the department with the specified 
 * name.  If the name isn't found, then FindDepartment returns 
 * -1 to communicate that the search failed. 
 * 
 * @param school a reference to some university. 
 * @param deptName the name of the department of interest. 
 * @return the index of the named department within the Vector 
 *         of departments held by the specified school (or -1 
 *         if no such department exists.) 
 */ 
 
int FindDepartment(university& school, string deptName) 
{ 
 for (int i = 0; i < school.departments.size(); i++) { 
  if (school.departments[i].name == deptName) 
   return i; 
 } 
   
 return -1;  
} 
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/** 
 * Function: PromotoCSLecturers 
 * ---------------------------- 
 * Uses the services of the last two functions to find and 
 * promote all of the CS lecturers employed by the specified 
 * university. 
 * 
 * @param school a reference to some university whose CS lecturers 
 *               work really really really hard. 
 * 
 * No explicit return value. 
 */ 
 
void PromoteCSLecturers(university& school) 
{ 
 int dept = FindDepartment(school, "Computer Science"); 
 if (dept == -1) return; // no more computer science 
 
 department& cs = school.departments[dept];  
 for (int i = 0; i < cs.instructors.size(); i++) { 
  if (cs.instructors[i].level == Lecturer) { 
   Promote(cs.instructors[i]); 
  } 
 } 
} 
 

/** 
 * Function: OpenFile 
 * ------------------ 
 * Binds the presumaby raw ifstream to the named file. 
 * If the file can't be opened (because it doesn't exist, or 
 * it exists but you don't have permission to open it), then 
 * execution halts. 
 * 
 * The c_str() method is used to return the C string backing 
 * C++ string class.  Just take it as a bolerplate requirement and 
 * don't try to understand it.  There's no good explanation for it, 
 * other than my guess, which is that the ifstream class was designed 
 * and documented before the C++ string class was introduced to  
 * the specification. 
 * 
 * @param infile a refernece to some raw ifstream instance. 
 * @param fileName the name of the file that should be opened and 
 *                 associated with the incoming ifstream. 
 * 
 * No return value... the ifstream is updated by side effect. 
 */ 
 
void OpenFile(ifstream& infile, string fileName) 
{ 
 infile.open(fileName.c_str()); 
 if (infile.fail()) Error("File could not be found."); 
} 
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/** 
 * Function: ConsumeEverythingThroughAndIncluding 
 * ---------------------------------------------- 
 * Quick and dirty function needed to pull useless data 
 * from an ifstream and just discard it.  The local 
 * variable trash is just in place to temporary receive 
 * the garbage, because the getline function does exactly 
 * what we want to do.  Notice that getline pull everything 
 * up through and including the first instance of the 
 * specified stop character. 
 * 
 * @param infile the stream we're pulling from. 
 * @param stopChar the character that marks then end of the garbage. 
 *                 The stop character is also pulled and discarded. 
 */ 
 
void ConsumeEverythingThroughAndIncluding(ifstream& infile, char stopChar) 
{ 
 string trash; 
 getline(infile, trash, stopChar); 
} 
 
/** 
 * Function: ConvertCharToLevel 
 * ---------------------------- 
 * Accepts the specified character (assumed to be either 
 * 'L', 'A', 'S', or 'F') and returns the levelType enumeration 
 * constant it's associated with.  If some other character is 
 * passed in, then execution is halted. 
 * 
 * @param ch a single character representing the level of some 
 *           instructor. 
 * @return the levelType constant that corresponds to the specified 
 *         character. 
 */ 
 
levelType ConvertCharToLevel(char ch) 
{ 
 switch (ch) { 
  case 'L': return Lecturer; 
  case 'A': return AssisProf; 
  case 'S': return AssocProf; 
  case 'F': return FullProf; 
 } 
 
 Error("No such level."); 
 return Lecturer; // never get here, but compiler doesn't know that 
} 
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/** 
 * Function: ReadOneInstructor 
 * --------------------------- 
 * Takes a reference to an infile (set up so that the first character of some 
 * line is the next to be read in) and a reference to the instructor record 
 * to be populated with information drawn from the next line of file data. 
 * 
 * Note the typical use of getline and operator>> to parse the 
 * data and read it into the various fields making up the instructor record. 
 * The only nontrivial conversion needed is that for the level field.  We 
 * rely on ConveryCharToLevel for that. 
 * 
 * @param infile the data file providing the instructor data 
 * @param instr the raw instructor record to be populated with information 
 *              provided by the file. 
 * 
 * No return value. 
 */ 
 
void ReadOneInstructor(ifstream& infile, instructor& instr) 
{ 
 getline(infile, instr.name, ':'); // third argument specifies stop character 
 ConsumeEverythingThroughAndIncluding(infile, ':'); // skip over "Salary:" 
 infile >> instr.salary; 
 char levelChar; 
 infile >> levelChar; 
 instr.level = ConvertCharToLevel(levelChar); 
 char tenureChar; 
 infile >> tenureChar; 
 instr.tenured = tenureChar == 'Y'; 
 ConsumeEverythingThroughAndIncluding(infile, '\n');  // chew through newline 
} 
 
/** 
 * Function: InitInstructors 
 * ------------------------- 
 * Given the named file (presumably a file of instructor data, as 
 * described in the problem statement), open the file and populate the  
 * specified (presumably empty) Vector of instructors with instructor 
 * data. 
 * 
 * @param fileName the name of the file containing instructor data. 
 * @param instructors a reference to the (empty) Vector that should be 
 *                    populated with instructors, where each line (beyond the 
 *                    first line) of the specified file describes exactly 
 *                    one instructor. 
 */ 
 
void InitInstructors(string fileName, Vector<instructor>& instructors) 
{ 
 ifstream infile; 
 OpenFile(infile, fileName); 
 
 int numInstructors; 
 infile >> numInstructors; 
 ConsumeEverythingThroughAndIncluding(infile, '\n'); 
 for (int i = 0; i < numInstructors; i++) { 
  instructor instr; 
  ReadOneInstructor(infile, instr); 
  instructors.add(instr); 
 } 
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 infile.close(); 
} 
 
/** 
 * Function: ReadOneCourse 
 * ----------------------- 
 * Takes a reference to an infile (set up so that the first character of some 
 * line is the next to be read in) and a reference to the course record 
 * to be populated with information drawn from the next line of the file. 
 * 
 * @param infile the data file providing the course data 
 * @param instr the raw course record to be populated with information 
 *              provided by the file. 
 * 
 * No return value. 
 */ 
 
void ReadOneCourse(ifstream& infile, course& course) 
{ 
 getline(infile, course.name, ':'); 
 infile >> course.courseNumber; 
 infile >> course.numUnits; 
 string quartersOffered; 
 getline(infile, quartersOffered); 
 for (int i = 0; i < NumQuarters; i++)  
  course.quartersOffered[i] = quartersOffered[i] == 'Y'; 
 ConsumeEverythingThroughAndIncluding(infile, '\n'); 
} 
 
/** 
 * Function: InitCourses 
 * --------------------- 
 * Opens the specified file and populated the (presumably) empty 
 * Vector<course> with data from the file. 
 * 
 * @param fileName the name of the file housing all of the course data. 
 * @param courses the (presumably empty) Vector<course> that should be 
 *                updated to hold all of the course data held by the named file. 
 */ 
 
void InitCourses(string fileName, Vector<course>& courses) 
{ 
 ifstream infile; 
 OpenFile(infile, fileName); 
  
 int numCourses; 
 infile >> numCourses; 
 ConsumeEverythingThroughAndIncluding(infile, '\n'); 
 for (int i = 0; i < numCourses; i++) { 
  course crs; 
  ReadOneCourse(infile, crs); 
  courses.add(crs); 
 } 
  
 infile.close(); 
} 
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/** 
 * Function: InitDepartment 
 * ------------------------ 
 * Initialized the raw department struct called dept from 
 * data provided via argments 2, 3, and 4.   
 * 
 * @param dept the raw department structure being initialized. 
 * @param deptName the name that should be given to the specified department. 
 * @param instrFileName the name of the file housing all of the well-formed 
 *                      instructor data. 
 * @param coursesFileName the name of the file housing all of the well-formed 
 *                        course data. 
 * 
 * No return value, though the department referenced by dept is updated 
 * to be a fully initialized department record, populated with data from the 
 * two named data files. 
 */ 
 
void InitDepartment(department& dept, string deptName,  
                    string instrFileName, string coursesFileName) 
{ 
 dept.name = deptName;  
 InitInstructors(instrFileName, dept.instructors); 
 InitCourses(coursesFileName, dept.courses); 
} 
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