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Abstract: Division is one of the four basic Mat operations. In this report we try to describe the designing of the one Non-Restoring divider. The way of division is similar to add & shift multiplication but in here we have something like subtract and shift.

    Introduction: As multiplication is done by some successive additions, division is done by some successive subtractions. You can divide 2n-bit numbers by n-bit numbers. If you want no overflow that is the condition that the Quotient can be stored in an n-bit number you must take care about the Divisor. The Divisor must be bigger than the high n-bit of Dividend. If not in the first step you have a 1 and you must go on for n-steps that each of them will produce one bit so at least you'll have "n + 1"-bits. It is overflow state. The other thing that you must check is division by zero. In Mat division by zero has no meaning so in the implementation you must consider it.

    In each level of subtraction you have two choices the Dividend n-bit may be bigger than Divisor so you can do subtraction but if it is less than Divisor you cannot subtract. You must subtract Divisor from "n + 1"-bit of Dividend instead. For understanding what choice is legal you have two ways. You can use comparator which will add extra hardware to your design or you do subtraction and then if the result were negative you redo your job. There is another way for doing this job you can anyway subtract and in the next step (after shifting) add Divisor to it. In the following lines we'll prove this job.
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        Non-Restoring Division
In the first step we have (A is the n-bit of the Dividend and M is Divisor):
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It may be less than zero. You shift it left for the next step regardless of the result is negative or positive. And you will have:
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After adding you will have:
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It's exactly same condition if you hadn't subtracted that number and doing shift and subtraction after it which would result:
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The main idea of Non-Restoring division is that you are able to avoid back tracking and redoing your jobs by correcting it in the next steps. We had one problem in the last step, you must shift low bits of Dividend only which will be Quotient in the last step and it shouldn't have effect on the high bits of Dividend which will be our Remainder. But about Remainder we must do something. If Remainder is negative you must add Divisor to it. We can prove that it'll be positive necessarily but it's not needed.
For designing of this circuit we break it into two subparts Data-Path and Controller. The controller is actually a state machine that will issue controlling signals to make circuit work properly. The data-path is constructed by two 4-bit registers and one 5-bit register. And it has an adder-subtractor unit. 
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