CS 30 Lab 9 – Turing Machines

This lab lets you experiment with Turing machines.  Remember that it’s fine to talk things over with your lab-mates, and you’re encouraged to call me or Sarah over for help, answers to questions, or comments.



1. Go to the CS 30 Web page, choose Links, and click on Turing Machine Simulator from The Analytical Engine  (under Other Links).  Click Yes or Grant if it asks you to install and run the simulator.

2. Play around with the simulator until you’re comfortable with how it works (click the Help link for instructions).  To get started, try out the Turing machines Inverter, Add1, Eraser, and Looper discussed in class, which are located in the CS 30 class folder under Labs/Lab09.  Observe the behavior of each machine on the sample inputs shown below.  Enter the input string in the window called Input Tape, press the Set Tape button, press the RESET button, then try STEP (to single-step the machine) or PLAY (to run the machine to completion).  IMPORTANT:  Remember to press RESET at the beginning of each new run.

TM

Input

Inverter

1100101bbbbb . . .

Inverter

00000bbbbbbb . . .

Add1

11111bbbbbbb . . .

Add1

1bbbbbbbbbbb . . .

Eraser

01010101bbbb . . .

Eraser

bbbbbbbbbbbb . . .

Looper

00000bbbbbbb . . .

Looper

0001111bbbbb . . .

Looper

111bbbbbbbbb . . .

3. Now see if you can figure out what each of the "mystery" Turing machines TM1 through TM6 does (available in the Lab09 folder).  Open TM1 in the simulator, then try the following inputs and record the output produced in each case.  Do you see a pattern?  How would you describe what this Turing machine does?

TM1 Input


Output




TM1 Description:
1.  011001!bbbbbbb . . .
1. 

2.  111!bbbbbbbbbb . . .
2.

3.  00!bbbbbbbbbbb . . .
3. 

4.  0101!bbbbbbbbb . . .
4.

5.  1101!bbbbbbbbb . . .
5.

Next, try TM2 and record the output produced.  Create more tests of your own to fill out the table, using inputs of the same form as shown in the table.  Describe TM2’s function to the right of its table.


TM2 Input


Output




TM2 Description:
1.  111bbbbbbbbb . . .
1. 

2.  1bbbbbbbbbbb . . .
2.

3.  11111bbbbbbb . . .
3. 

4.  



4.

5.  



5.


                                                                  (continued on back)


Now do the same thing for TM3 through TM6.  Try to discover each Turing machine’s intended purpose by experimenting with test inputs.  Record at least five of your tests per machine in the tables below.  Describe each Turing machine’s function, if you can.  IMPORTANT: Input for TM3 and TM4 should be two strings of only 1s, separated by !, followed by at least one blank.

             TM3 Input


Output




TM3 Description:
1.  11!111bbbbbb . . .
1. 

2.  1111!1bbbbbb . . .
2.

3.  1!1bbbbbbbbb . . .
3. 

4.  



4.

5.  



5.

TM4 Input


Output




TM4 Description:
1.  11111!11bbbb . . .
1. 

2.  111!11bbbbbb . . .
2.

3.  111!111bbbbb . . .
3. 

4.  



4.

5.  



5.

IMPORTANT: Input for TM5 should be a string of only 1s, followed by at least one blank.

TM5 Input


Output




TM5 Description:
1.  11111bbbbbbb . . .
1. 

2.  1111bbbbbbbb . . .
2.

3.  111bbbbbbbbb . . .
3. 

4.  



4.

5.  



5.

IMPORTANT: Input for TM6 should be a string of 0s and 1s, followed by at least one blank.

TM6 Input


Output




TM6 Description:
1.  10011001bbbb . . .
1. 

2.  11011001bbbb . . .
2.

3.  1111bbbbbbbb . . .
3. 

4.  



4.

5.  



5.

4. You may have noticed that these simulations run very slowly.  We can speed the process up considerably by implementing these Turing machines in Scheme, like we did in class for the Inverter machine (inverter.scm).  The file copier.scm implements the machine from Part 2 that makes a copy of its input, using exactly the same supporting code as for the Inverter.  In order to run Copier, however, you first need to implement the move-left function.  (What should happen if the machine tries to move off the end of its tape?)  Do this and try out Copier on several different inputs to verify that it works.  Next, add a line to the beginning of move-right and move-left to print out the tape contents on each move, and then run the machine again.


5. Now implement Add1, Eraser, Looper, and the other Turing machines from Part 3 above in Scheme and try them out on different inputs.


6. For another nice Turing machine simulator, go to the CS 30 Links page and select Turing Machine Simulator from Buena Vista University.  Follow the instructions to load and run the sample programs.

