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INTRODUCTION 
Whether or not this was one of Einstein’s favorite tricks is unknown, however the Einstein Number Trick 

works as follows.

1. Take a piece of paper and write down the number 1089, fold the paper in half, and give it to another 

person, without revealing what you have written. 

2. Tell the person to:

2.1. Pick any three-digit number, making sure that the first and last digit differ by at least two. 

2.2. Reverse the digits and subtract the smaller number from the larger number. 

2.3. Take the result of the subtraction, and add it to the result with the numbers in reverse. 

3. Ask the person to compare the final result with the number you wrote on the piece of paper at the 

start.

Here’s an example: Imagine the number chosen is 259. 

1. Reverse the number: 952

2. Subtract 259 from 952 to obtain the difference: 693

3. Reverse 693 to get 396.

4. Add 693 and 396 to get 1089

ALGORITHM DESIGN
A program to play this trick would follow this algorithm:

1. Display a message to the user about the game and explain the rules.

2. Prompt the user for a 3-digit number.

3. Display the number and the reverse of the number.

4. Display the difference between the original number and the reversed number.

4.1. As this number should be positive, take the absolute value of the difference, or always 

subtract the smaller number from the larger number.

5. Display the reverse of the difference.

6. Display the sum of the difference and the reverse difference.

6.1. This should be 1089 for any 3-digit number.

SAMPLE PROGRAM RUN

Einstein’s Number Trick
You will be asked to enter a three digit number, where the
first digit differs from the last by at least two. 
The trick will always yield the number 1089.

Enter a number: 259
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For the number 259 the reverse is 952
The difference between 259 and 952 is 693
The reverse difference is 396
The sum of 693 and 396 is 1089

THE PROGRAM 

#include <stdio.h>
#include <math.h>

int main(void)
{
    int num, rev, diff, diffrev;

    printf("Einstein's Number Trick\n");
    printf("You will be asked to enter a three digit number, where the\n");
    printf("first digit differs from the last by at least two.\n");
    printf("The trick will always yield the number 1089\n");

    printf("Enter a number: ");
    scanf("%d", &num);

    rev = (num%10)*100 + ((num%100)-(num%10)) + (num/100);
    printf("For the number %d the reverse is %d\n",num,rev);

    diff = abs(num-rev);
    printf("The difference between %d and %d is %d\n",num,rev,diff);

    diffrev = (diff%10)*100+((diff%100)-(diff%10))+(diff/100);
    printf("The reverse difference is %d\n",diffrev);

    printf("The sum of %d and %d is %d\n",diff,diffrev,diff+diffrev);

    return 0;
}

Read through the program. Is there any way to break this program? If the answer is yes, how could it be 

safeguarded?
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FIXING WHAT’S BROKEN 
There is nothing wrong with the program, as long as the user *always* enters a three digit number. what 

happens if a 4-digit number is entered? 

Einstein's Number Trick
You will be asked to enter a three digit number, where the
first digit differs from the last by at least two.
The trick will always yield the number 1089
Enter a number: 1267
For the number 1267 the reverse is 772
The difference between 1267 and 772 is 495
The reverse difference is 594
The sum of 495 and 594 is 1089

It appears that the program still works for some four digit numbers. However not all numbers:

Einstein's Number Trick
You will be asked to enter a three digit number, where the
first digit differs from the last by at least two.
The trick will always yield the number 1089
Enter a number: 2089
For the number 2089 the reverse is 1000
The difference between 2089 and 1000 is 1089
The reverse difference is 990
The sum of 1089 and 990 is 2079

So how can the program be safeguarded? This can be achieved by checking the data as it is input, a form 

of defensive programming. So when the value 2089 is entered, the program reacts in the following way:

Einstein's Number Trick
You will be asked to enter a three digit number, where the
first digit differs from the last by at least two.
The trick will always yield the number 1089
Enter a number: 2089
Sorry, only 3-digit numbers are allowed!

This is done by adding a piece of code after the place where the number is input. This code subtracts the 

number from 999, and if the resulting value is less than zero, then it is not a 3-digit number. So entering 

2089 results in a value of -1090, so a message is printed, and the program exits.

 if (999-num < 0) {
    printf("Sorry, only 3-digit numbers are allowed!\n");
    return 0;
 }

There is also the problem of the first and last digits differing by 2. If the value 718 is input:
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Einstein's Number Trick
You will be asked to enter a three digit number, where the
first digit differs from the last by at least two.
The trick will always yield the number 1089
Enter a number: 718
For the number 718 the reverse is 817
The difference between 718 and 817 is 99
The reverse difference is 990
The sum of 99 and 990 is 1089

This is obviously incorrect because the reverse of 99 is 99, not 990! 99+99 does not equal 1089. How does 

the program defend against this? The algorithm could be changed of course, but it might be easy to 

validate the input again. This can be achieved by placing the following code after the check for 3 digits.

if (abs((num%10)-(num/100)) < 2) {
    printf("Sorry, the first and last digits must differ by 2\n");
    return 0;
}

The code calculates the difference between “the remainder when the number is divided by 10 (modulus)” 

and “the number divided by 100 (integer division)”. If this value is less than 2, then a message is printed 

and the program exits. For example, if 718 is input:

718%10 = 8 (the remainder when 718 is divided by 10)

718/100 = 7

This basically strips the first and last digits from the number. 8-7=1, which makes the number 718 invalid. 

Now when the program is run:

Einstein's Number Trick
You will be asked to enter a three digit number, where the
first digit differs from the last by at least two.
The trick will always yield the number 1089
Enter a number: 718
Sorry, the first and last digits must differ by 2
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PROGRAMS ON THE DEFENSIVE
With these defensive additions, the program looks like:

#include <stdio.h>

int main(void)
{
    int num, rev, diff, diffrev;

    printf("Einstein's Number Trick\n");
    printf("You will be asked to enter a three digit number, where the\n");
    printf("first digit differs from the last by at least two.\n");
    printf("The trick will always yield the number 1089\n");

    printf("Enter a number: ");
    scanf("%d", &num);

    if (999-num < 0) {
        printf("Sorry, only 3-digit numbers are allowed!\n");
        return 0;
    }

    if (abs((num%10)-(num/100)) < 2) {
        printf("Sorry, the first and last digits must differ by 2\n");
        return 0;
    }

    rev = (num%10)*100 + ((num%100)-(num%10)) + (num/100);
    printf("For the number %d the reverse is %d\n",num,rev);

    diff = abs(num-rev);
    printf("The difference between %d and %d is %d\n",num,rev,diff);

    diffrev = (diff%10)*100 + ((diff%100)-(diff%10)) + (diff/100);
    printf("The reverse difference is %d\n",diffrev);

    printf("The sum of %d and %d is %d\n",diff,diffrev,diff+diffrev); 

    return 0;
}
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MAKING A PROGRAM MORE USABLE 
When the defensive programming was added to Einstein’s Number Trick, if the input was considered 

invalid, the user was provided with a message and thrown out of the program. Making the program more 

usable would require some means of providing feedback and allowing the user to enter a new number. If 

the value 718 is input (a typo, the user mistyped an 8 instead of a 9), the program should respond in the 

following manner: 

Einstein's Number Trick
You will be asked to enter a three digit number, where the
first digit differs from the last by at least two.
The trick will always yield the number 1089
Enter a number: 718
Sorry, the first and last digits must differ by 2
Enter a number: 719
For the number 719 the reverse is 917
The difference between 719 and 917 is 198
The reverse difference is 891
The sum of 198 and 891 is 1089

This can be achieved by wrapping both the prompt, reading of the input and defensive programming 

inside a loop. What type of loop? Since the loop should execute at least once, but we don’t know how 

many times the input will be invalid, a do-while loop is used.

do {
    err = 0;
    printf("Enter a number: ");
    scanf("%d", &num);

    if (999-num < 0) {
        printf("Sorry, only 3-digit numbers are allowed!\n");
        err = 1;
    }

    if (abs((num%10)-(num/100)) < 2) {
        printf("Sorry, the first and last digits must differ by 2\n");
        err = 1;
    }
} while(err==1);

If either of the two defensive pieces of code triggers, an integer variable with a value of zero, err, is set to 

1. The loop continues while err has a value of 1.
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THE PROGRAM WITH LOOPS 
With these additions, the program looks like:

#include <stdio.h>

int main(void)
{
    int num, rev, diff, diffrev, err;

    printf("Einstein's Number Trick\n");
    printf("You will be asked to enter a three digit number, where the\n");
    printf("first digit differs from the last by at least two.\n");
    printf("The trick will always yield the number 1089\n");

    do {
        err = 0;
        printf("Enter a number: ");
        scanf("%d", &num);

        if (999-num < 0) {
            printf("Sorry, only 3-digit numbers are allowed!\n");
            err = 1;
        }

        if (abs((num%10)-(num/100)) < 2) {
            printf("Sorry, the first and last digits must differ by 2\n");
            err = 1;
        }
    } while(err==1);

    rev = (num%10)*100 + ((num%100)-(num%10)) + (num/100);
    printf("For the number %d the reverse is %d\n",num,rev);

    diff = abs(num-rev);
    printf("The difference between %d and %d is %d\n",num,rev,diff);

    diffrev = (diff%10)*100 + ((diff%100)-(diff%10)) + (diff/100);
    printf("The reverse difference is %d\n",diffrev);

    printf("The sum of %d and %d is %d\n",diff,diffrev,diff+diffrev); 

    return 0;
}
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