COM S 414 – Systems Programming and Operating Systems

Assignment 2: Elevator Scheduling and Simulation.

In the year of 2010, the city of New York announces an ambitious plan to rebuild its iconic World Trade Center. Your construction company submits a 1001-story skyscraper blueprint to bid for the contract. As the head engineer of the firm, one of your responsibilities is to design and demonstrate the elevator system that goes with the building.
In particular, the system includes n elevators serving m passengers. At time 0, elevator i locates at floor ei, and passenger i locates at floor pi (1 ≤ floor number ≤ 1001) . At time ti, passenger i requests an elevator to get to floor di. The time it takes an elevator to travel between 2 adjacent floors is 1 second. Each time an elevator stops to pick up or drop off passengers takes 5 seconds. For now, assume that the elevators have infinite capacity.

For demonstration, you need to write a multithreaded program that simulates the elevator system, where each elevator is simulated by one thread. In addition, there is a controlling thread that provides input to the elevator threads as well as synchronizing them by means of a central clock. The controlling thread reads an input file (specified below) and schedule the effective requests (those their times have elapsed) to the elevators. To synchronize the elevators, the controlling thread repeatedly increments the clock, each time making sure that all elevators have read the clock. Each elevator thread reads the clock, calculates its current location, makes decision on whether to continue traveling or stop to pick up/drop off passengers, and outputs its state (location, list of passengers). As a convention, the list of passengers is only recomputed in the last second (5th) of a stop. The elevators can be left at their last stops if no more passenger is to be served. The outputs will be written to an output file as specified below.
A consistent solution is one that meets the following conditions:
1. No passenger is left unserved.

2. No passenger is served more than once (including by the same and different elevators).

3. No passenger is dropped off/picked up at a wrong floor or while the elevator is in travel.
4. No passenger is served before his/her request is issued.

Bonus points will be awarded to winning solutions which optimize one of the following measurements:
1. Average waiting time of the passengers.

2. Total running time of all elevators.

Input file: fixed name input.data, containing m+n+1 lines as follows:
n m

e1
…

en
p1 t1 d1
…

pm tm pm 
Output file: fixed name output.data as follows:
0 l1 S1  l2 S2 … ln Sn
1 l1 S1  l2 S2 … ln Sn
2 l1 S1  l2 S2 … ln Sn
…

where the leading number is the time, l​i is the location of elevator i, and Si is the set of passengers in elevator i at that time. Each set is in the format including a list of numbers (passengers) bounded by curly braces (e.g., { 1 3 2 } ).
Your tasks:

In this preliminary phase, your boss does not ask for a winning solution. You only have to present to him a consistent solution. However, bonus will be awarded to best ten solutions attempting to be winning solution.
Being the head engineer, one of your advantages is to have your humble staff (me () implement the (not so important) majority of codes for you. You are left with two strategic components to be implemented: the function elevatorRun that is run by the threads, and the function Scheduler::dispatch which schedules the requests to the elevators. Nevertheless, you are free to add more functions as needed.
The input is assumed to be correct.

Sample input and output:

input.data:

2 4

1

100

1 1 50

100 1 50

7 10 51

94 10 49

output.data:

0 1 { } 100 { }

1 1 { } 100 { }

2 1 { } 100 { }

3 1 { } 100 { }

4 1 { } 100 { }

5 1 { 0 } 100 { 1 }

6 2 { 0 } 99 { 1 }

7 3 { 0 } 98 { 1 }

8 4 { 0 } 97 { 1 }

9 5 { 0 } 96 { 1 }

10 6 { 0 } 95 { 1 }

11 7 { 0 } 94 { 1 }

12 7 { 0 } 94 { 1 }

13 7 { 0 } 94 { 1 }

14 7 { 0 } 94 { 1 }

15 7 { 0 } 94 { 1 }

16 7 { 0 2 } 94 { 1 3 }

17 8 { 0 2 } 93 { 1 3 }

18 9 { 0 2 } 92 { 1 3 }

19 10 { 0 2 } 91 { 1 3 }

20 11 { 0 2 } 90 { 1 3 }

21 12 { 0 2 } 89 { 1 3 }

22 13 { 0 2 } 88 { 1 3 }

23 14 { 0 2 } 87 { 1 3 }

24 15 { 0 2 } 86 { 1 3 }

25 16 { 0 2 } 85 { 1 3 }

26 17 { 0 2 } 84 { 1 3 }

27 18 { 0 2 } 83 { 1 3 }

28 19 { 0 2 } 82 { 1 3 }

29 20 { 0 2 } 81 { 1 3 }

30 21 { 0 2 } 80 { 1 3 }

31 22 { 0 2 } 79 { 1 3 }

32 23 { 0 2 } 78 { 1 3 }

33 24 { 0 2 } 77 { 1 3 }

34 25 { 0 2 } 76 { 1 3 }

35 26 { 0 2 } 75 { 1 3 }

36 27 { 0 2 } 74 { 1 3 }

37 28 { 0 2 } 73 { 1 3 }

38 29 { 0 2 } 72 { 1 3 }

39 30 { 0 2 } 71 { 1 3 }

40 31 { 0 2 } 70 { 1 3 }

41 32 { 0 2 } 69 { 1 3 }

42 33 { 0 2 } 68 { 1 3 }

43 34 { 0 2 } 67 { 1 3 }

44 35 { 0 2 } 66 { 1 3 }

45 36 { 0 2 } 65 { 1 3 }

46 37 { 0 2 } 64 { 1 3 }

47 38 { 0 2 } 63 { 1 3 }

48 39 { 0 2 } 62 { 1 3 }

49 40 { 0 2 } 61 { 1 3 }

50 41 { 0 2 } 60 { 1 3 }

51 42 { 0 2 } 59 { 1 3 }

52 43 { 0 2 } 58 { 1 3 }

53 44 { 0 2 } 57 { 1 3 }

54 45 { 0 2 } 56 { 1 3 }

55 46 { 0 2 } 55 { 1 3 }

56 47 { 0 2 } 54 { 1 3 }

57 48 { 0 2 } 53 { 1 3 }

58 49 { 0 2 } 52 { 1 3 }

59 50 { 0 2 } 51 { 1 3 }

60 50 { 0 2 } 50 { 1 3 }

61 50 { 0 2 } 50 { 1 3 }

62 50 { 0 2 } 50 { 1 3 }

63 50 { 0 2 } 50 { 1 3 }

64 50 { 2 } 50 { 1 3 }

65 51 { 2 } 50 { 3 }

66 51 { 2 } 49 { 3 }

67 51 { 2 } 49 { 3 }

68 51 { 2 } 49 { 3 }

69 51 { 2 } 49 { 3 }

70 51 { } 49 { 3 }

71 51 { } 49 { }
Programming environment: 
The provided source is tested in Visual Studio 2005 and Code Warrior 8, both available in the CSUG Lab. No guarantee on other platform. You can write code in any development environment, but make sure that your code will work in Visual Studio 2005 as it is the grading environment. We will use the command line version of Visual Studio 2005 to compile and run your codes. As stated before, Visual Studio 2005 is available in the CSUG Lab. Furthermore, it can also be downloaded via MSDNAA.
The following are brief guides on how to create a project in CSUG Lab.

Visual Studio 2005:

(Menu) File >> New >> Project >> Win32 >> Win32 Console Application >> give project name and directory (your choice) >> Next >> Check Empty Project >> Finish 
(Menu) Project >> Add Existing Item >> select your source file (elevator_scheduling.cpp)

Code Warriors 8: (use it if you prefer, but make sure your codes work in Visual Studio 2005 in the end)
(Menu) File >> New >> Win32 C++ Stationery >> give project name and directory (your choice) >> Win32 Console App >> App using default libraries >> OK
(Left Panel) right click on hello.cpp under Source >> Remove >> select Source in the left panel >> (Menu) Project >> Add Files >> select your source file (elevator_scheduling.cpp) >> Open
Note: remember to put the input file in the project folder. The output will be in the same folder.
Grading:

Your solution will be evaluated automatedly over a set of tests. Some credits will be given, almost free, to programs that is compiled. Make sure you secure this. The rest of the grades will be awarded based on the correctness of the output. It implies that if your program isn’t compiled, you will receive no credit. Please be careful about the output. 
