Single-cycle Data path & Control (Also refer to Professor Roumani's slides on this.)

This is how a 32-bit instruction stored in DRAM is executed in hardware:
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Now a little more detail for R-type instructions (See previous notes for types):
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* Remember BIU (= Bus Interface Unit) or IF (= Instruction Fetch Unit) from previous notes.

And even more detail to support R-type and I-type instructions (E.g. addi $s5, $tl1, 75):
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This is how it is really done. (Though this is not the complete story yet!)

This circuit can now compute sw 530, X(St0)
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— Sign Extension unit simply sends copies of the left-most bit. (No latency)

— All controls are shown in red.

— ALU Control Unit controls the operation of the ALU and is connected to the main Control Unit
which controls all other controls. They are connected with 2 wires. On 00 and 01 from the CU,
the ACU will perform addition an subtraction. On 10 (R-type instructions where the 6 leftmost
bits are all zeros) the ACU will decide which operation to perform.

Single-Cycle Controls
— Time-dependant
IM, DM, RF and ALU (see below)
— Instruction-dependant
Like the ALU control unit that depends on ALUop which depends on the instruction.
- ALU

CPI = 1 for all instructions.

Time-dependant controls in the diagram are:

— IM=DM =b5ns
- RF=1ns
- ALU =2ns

And here are few time calculations with these given delays:
add = 5 (IF) + 1 (RF) + 2 (ALU) + 1 (RF) = 9 ns



lw = 5 (IF) + 1 (RF) + 2 (ALU) + 1 (RF) + 5 (DM) = 14 ns

With the given delays the maximum clock rate is (Slowest instruction is Iw = 14ns):
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Also, that means we need to wait 14 ns between cycles:
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But the computer doesn't have to be very smart in order to do this. All we have to do is open
PCWrite and RegWrite at the same time (i.e. connect them to the same clock):
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We now add branching to the single-cycle.
E.g. beqg $tl, $t2, skip

— If branches are not equal, we have to wait for the next cycle.
— Otherwise must set PC equal to PC + 4 + (4 * skip)

(Remember we divided the address by 4 and stored the difference from “PC + 4” ?)

The following controls are set for branching instructions:
« AlLUsrc=0

«  ALUop =01

+ MemRead =0

« MemWrite =0

On the next page you will see a full diagram:
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Jump is very similar. Again we should shift 2 bits to the left (to multiply by 4).

But unlike branching the address is absolute (it's relative to . text).

The result of shifting 2 bits to the left is a 28-bit number.

To add 4 more bits, we take them from PC.

Because of the limit in the size of program the 4 leftmost digits will stay the same:
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Note that in the single cycle diagram above we only consider the following chosen subset:
— R-types: add, sub, and, or, slt

— |I-Types: lw, sw, beq

- J-Types:j
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1. Instruction-Dependent Signals
2. ALU Signals
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ALU Signals

Main control unit looks at MS-6. The auxiliary control unit looks at L S-6.
Main sendsto its secretary ALUop: 00=add, 01=sub, 10="you decide".
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DATAPATH - COMPLETE
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