Il. Adders

This is a single adder:
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Now we want to make a single adder that can add 32-bit registers:
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This is how it is done using single adders:
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This is how each adder is made using the basic gates (See next page):
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So the time delay for each adder is 35.
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(Z is done in parallel so we don't need to worry about time delay.)

Thus the overall time delay is: \16 (for p's and g's) + 20 (per stage) = 650 \




We want to modify the circuit we've already built so it can perform subtraction as well.

— Thanks for 2's complement instead of (a — b) we can say (a + -b)

which is the same as (a+ b + 1)

— This takes a lot of time!

— However we can do the (+ 1) part by setting the first Ci, to 1 instead of zero.

— And we can use b if we are subtracting.

This is our circuit: modified to perform addition as well as subtraction:
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ll. ALU
We can modify an adder further to support AND/OR as well:
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Note that multiplexers have 2" doors for n inputs. That is why “11” is not used in the MUX.
However, later we can use it for slt(set less than):
(Here the ground symbol means a zero input.)
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(This is true for all stages except the first stage: see the 32-bit diagram below.)
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Now we must put 32 of these together to actually be able to apply them on registers...
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The red line determines the output of slt for stage zero. This output is zero for all other stages.
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O.F. is the overflow detector.
— How do we know if there is an overflow?
— Only if signs are different there is a danger of overflow.

In this case of course the negative number is the smaller one.

The ALU is an important part of the CPU:
(Remember: 000 = AND, 001 = OR, 010 = add, 110 = subtract and 111 = slt)
(Output “Zero” is 1 only if “out” equals zero. It is only used sometimes.)
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“out” is always equal the internal state.
“internal state” is set to “in” if write drops to zero:
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Register File Is a group of registers. (Don't confuse this with a file in the OS.)
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Let's say we want to perform: addi $3, s1, $2

We want R.F. to select the first register for RegNo = 0 and so on...
We can use a MUX but we are dealing with a 32-bit bus instead of each wire. We can build such

a MUX with 32 parallel multiplexers and assume it is already built:
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But a register file has more inputs:

« RegNo to write: The number of register we want to write to.

- Data: A 32-bit bus which contains the data we want to write.

- Write: The input which decides if we should write. This is necessary because we are dealing

with hardware and other inputs always have something coming in.

This is how a register file with 2 registers is built. For now we don't care how each register works.
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Let's change it to 4 registers with 2 outputs instead of one:
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Note that:

— We could build the decoder by using 4 AND gates with some inputs negated.

— Output of each register is connected to the corresponding door of each MUX.

This is a more complex register file that is used in MIPS:
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