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Component Specification Document

The following document provides schematics (as low level as currently possible), English descriptions, and test cases (and when possible, test results) for all the 
Description of Components and Control Signals (from previous milestone)

	Component
	Inputs
	Outputs
	Control Signals

	Mem
	Address (16), MemWriteData (16)
	MemData (16)
	MemWrite (1), 
MemRead (1)

	Reg
	ReadReg1 (4), 
ReadReg2 (4),

ReadReg3 (4),

WriteReg (4),

WriteData (16),

InterruptEnable(1),

ButtonRegInputs(x15)(1)


	ReadData1 (16), ReadData2 (16), ReadData3 (16),

InterruptEnableOut(1)
	RegWrite (1),

WriteInterruptEnable(1)

	Control
	IR (16)
	All Control Signals for Components
	---

	Special
	SReadReg1 (4),

SWriteReg (4),

SWriteData (16)
	SReadData1 (16)
	SRegWrite (1)

	ALU
	ALUIn1 (16), ALUIn2 (16)
	ALUOut (16), Zero(1)
	OpControl (4)

	PC
	PCIn (16)
	PCOut (16)
	PCWrite (1)

	IR
	IRIn (16)
	IROut (16)
	IRWrite (1)

	A
	AIn (16)
	AOut (16)
	---

	B
	BIn (16)
	BOut (16)
	---

	C
	CIn (16)
	COut (16)
	---

	Sum
	SumIn (16)
	SumOut (16)
	---

	MemRegData
	MemIn(16)
	MemOut(16)
	---

	Latch
	LatchIn(1)
	LatchOut(1)
	LatchReset(1)


Memory

The memory unit will be provided by Dr. Merkel and thus no further specification beyond its inputs, outputs, and control. Also, no tests cases can be provided for this component at this time.
Register File

The register file consists of sixteen 16 bit register, has three read data ports and one write data port. 15 of the registers are normal 16 bit registers directly from Xilinx which are different only by convention (specified in the Assembly Language Specification). The 16th Register is the button state register which has additional functionality and is described in a separate section below.

Specific tests on the register file could not be performed at this time since it is not yet implemented in Xilinx. However, our basic testing procedure would be as follows. We would attempt to write a specific value to each register sequentially (while at the same time reading from that register, the register before it, and the one after it). This way, we can check to see if the correct values are being written into each register and if those values are being displayed correctly.
Again, the button state register would have to be separately tested. In its case we would exhaustively test all the combinations of its special functions in order to determine if they are functioning properly.
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Explanation of Write Register Functions

The 4 bit write register signal is passed into a decoder.  The decoder then passes the appropriate signal of ‘1’ to the proper AND gate, which is placed before the register that the write register signal was supposed to specify.  The second signal going into the AND gate is that of the write control signal.  Write control is passed to all of the AND gates that are placed before each register.  The result of this AND gate is the control for the writing of the register.  To explain, the only way to change a register is if the write control signal is ‘1’, and if the write register signal specifies that register.  Write data is always passed into every register, but the register data is changed, only if it’s control signal is ‘1’.

Explanation of Read Register Functions
Read data consists of 3 sets of 16 16-bit multiplexers.  There is one set for each read reg input.  The output of each member of the register is connected to the input of the multiplexers.  The first input of the first multiplexer is the first member of the first register.  The first input of the second multiplexer is the second member of the register, and so on, and so on…  The control signal for the multiplexer is the 4 bit input read reg.  So, when the read reg is 0000, then that means that the user wants the first register to be passed to it’s appropriate read data output.  So, the control signal will choose the first input of all the multiplexers to be passed out.  All of these signals make up the members of the register. 

Explanation of Registers 0-15
Each register is a 16-bit D flip-flop which is connected to the write reg, and read data sections of the register symbol.  The output, input, and write control of the registers is detailed in the previous paragraphs.

Note: Register 0 is also a special register in that it never takes any input and always has a 0 stored. Thus, instead of a write signal coming from outside the register file, the write signal hooked up to the register is a constant 0.
Explanation of Button State Register ($bs—Register 15)
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Note: If this image appears small, either zoom in closer using Word’s zoom or there are copies of all the embedded picture files in the “Tests_Images_Drafts” folder in the Milestone 4 Folder.
The 16th register in our register file is the Button State Register and has special functionality and thus requires extra explanation beyond the other registers.

The most significant bit of the Button State Register is the Interrupt Enable Bit and is used by the processor to determine if interrupts should be ignored or not (a 1 indicates that interrupts should be ignored). The other 15 bits are each hooked up to an individual I/O port and, whenever that I/O port has a 1 signal, the bit of the Button State Register associated to that port becomes 1. This allows the processor to determine what buttons have been pressed.

For the single button register that is determined by bit 15, we can understand it as the interrupt bit register. No actual button is connected to it, but when it is activated, we understand there has been an interrupt, and thus no further interrupts will be handled.

The logic is this. The register, like all others, is a D flip-flop. The write control that determines whether registers can be written to, RegWrite, is OR-ed with the WriteInterruptEnable. Thus, the register is activated for writing if either of those is set to 1. For the actual input, we have a multiplexer that receives bit 15’s RegData through the 0 and the InterruptEnable value through the 1. The multiplexer distinguishes by the inputs through the WriteInterrupEnable, which, when it is set to 1 received the InterruptEnable, and if it is set to 0 the RegData.

For the 15 remaining single button registers determined by bits 0 – 15 we understand that they are written directly by the buttons being pressed (thus they are connected to the processor’s IO ports. The button signal that activates them called ButtonRegInput. ButtonRegInput is a 1 when the button is pressed down and a 0 when it is not. The registers are D flip-flops again, and have an OR gate connected to their clock. Attached to this OR is the control signal RegWrite or the signal ButtonRegInput. If either of these is activated, the flip-flop is activated. Now, the signal from the ButtonRegInput comes from an AND gate that has two inputs connected to it. One is the ButtonRegInput itself, and the other is the inverted signal from the output of the register. So, the output is directly connected to that inverter and subsequently the AND gate. This is done, so that the register will be written to either when the RegWrite signal is activated or when the button output is a 0 and the ButtonRegInput is activated. If the button output is already a 1, there is no need to write to it if another button press occurs. Now, in the input slot, we have a multiplexer that is hooked up to the button signal. Hooked up to the 0 value is the RegData, so if the ButtonRegInput is not activated, the value can be written to as a normal register. If the value in the multiplexer is a 1, a 1 will always be written into the register since a button is currently being pressed.

In essence, this is useful because these button registers can behave as regular registers or take the value of the buttons, and can do either of these at a given time. At the same time, the 16th bit also lets the machine know when an interrupt has been enabled and thus not to accept anymore.

Control

The control is a finite state machine that cycles through various states based on various situations.  The control always starts in state 0.  Whenever the control is on the second state (state ‘1’), the next state is dependant upon the opcode.  The sequence following is incremental until the last clock cycle of the instruction is reached.  After the last state of the instruction has been executed, the control cycles back to state 0.


There is one other instance (other than state ‘1’) when the control needs to make a decision as to which state to continue to next (non-incremental).  This is in the “jump register” (jr) command.  In clock cycle 3, a test is performed to determine which register is being jumped to.  If the condition is true, execution continues to cycle 4.  If false, the next state is state ‘0’.

Various instructions have various clock cycles associated with the instruction (see document “Data Path and Control Design.doc” from MileStone3).  However, the first two clock cycles of every instruction are the same. Test cases are also provided in this document. Thus, no further specification for the Control are required for this milestone.
Special Purpose Register File
The special purpose register file contains only two registers: the Display Register ($dr) and the Value Register ($vr).  These registers are selected from a 4-bit address (only the least-significant bit is used).  This is fed through a multiplexer that selects the values in each 16-bit register.  The multiplexer is a 16x2 mux.  The Value Register is the only register that can be formally written to.  The wires leading to the value register will not actually connect, so the value would in effect be immediately overwritten (much like the $zero register).
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Display Register $dr:

The Display Register is a register that is hard-wired to the output display.  The value stored in the 16-bit register is translated into 7-segment hex output (4 characters).  The final output will be 7x4 or 28 wires leading to the 4 7-segment displays.
Value Register $vr:

The Value Register is a register file that is hard-wired to the dip switches.  The least-significant bit is connected to the dip switch furthest right, and so on.  All dip switches connect to a bit of the Value Register.  All unused bits will be hard-wired to ground (0).
Arithmetic Logic Unit

The following ALU specification is broken into 3 parts from the simplest component up. After each diagram and description, tests cases (which were generally performed in Xilinx) are given.
One Bit Adder with Carry-In and Carry-Out
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This design is a standard 1 bit adder with carry in and out.

One Bit Adder Tests—ADD
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This test exhaustively tests all the possible combinations of a, b, and ci and in all cases receives the correct Result and co outputs.

One Bit Adder Tests—SUB
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This test exhaustively tests all the possible combinations of a, b, and ci (always one in this case since we are assuming this is the first bit in the subtraction) and in all cases receives the correct Result and co outputs.

One Bit Adder Tests—AND
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This test exhaustively tests all the possible combinations of a, b, and ci (always one in this case since we are assuming this is the first bit in the subtraction) and in all cases receives the correct Result and co outputs.

One Bit ALU with Add, Subtract, ADD, and SLT operations
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This one bit ALU performs addition, subtraction, the AND operation, and also has a SET input which (when both Opp(0) and Opp(1) are 1) is sent straight through to Result. This is used to perform the SLT operation. There are a few design decisions worth noting.

First, because of the manner in which the Opp signals which represent the various “modes” of the ALU were chosen, we can hook the value of Opp(0) to the multiplexer which determines whether the signal B into the adder is inverted or not. This works since SLT and subtract (the two commands which need B to be inverted) are the only commands for which Opp(0) = 1.

Also of note is the fact that two inputs to the Result multiplexer are connected to the adder. This is a direct result of the decision above to get rid of the “Binvert” signal and simply use the Opp signal as a “Binvert.” Thus, we save a control signal, but the trade off is that we loose a space in the Result multiplexer.

There were no tests specifically done for the one bit ALU because it is not really a complete system on its own. It was decided that it would be more meaningful and a better use of our testing time to build the 16 bit ALU and test the 1 bit ALUs indirectly through our tests of the 16 bit ALU. We did not have to worry too much about not being able to find the source of a problem since the 16 bit ALU essentially consists only of 16 one bit ALUs. Thus, any problems found during the 16 bit ALU tests could almost immediately be traced back to something inside the one bit ALU.

Sixteen Bit ALU with Add, Subtract, ADD, and SLT operations
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Our 16 bit ALU uses 16 one bit ALU’s arranged in a ripple-carry format. Although we know that this is not the most efficient implementation, it was the easiest and we wanted a working ALU to be able to test the rest of the processor. If time allows modifications to increase the speed of the ALU will be made.

The ZEROOUT signal, which is formed by combining all the OUT signals into an OR gate and inverting the output so that a 1 is outputted if all the OUT signals are 0, is provided as an input to the control component.

The wire connecting the AOUT signal (which always outputs the output of the 1 bit adder inside the 16th 1 bit ALU) to the SLT input of the 1st 1 bit ALU ensures that SLT gives the correct output. For the same reason, all the other SLT inputs are attached to 0.

Also note that because of the way the two input signals (Opp(1) and Opp(0)) were defined, we can set the carry in of the 1st 1 bit ALU to 1 since both the operations that require subtraction have Opp values such that Opp(0) = 1. This simplifies the control signals needed to run the ALU.

Sixteen Bit ALU Test—All Operations
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Note: Tests for the 16 bit ALU were done using representative figures. Thus, although not all possible inputs could be tested, as many cases as possible were tested. For example, SLT was tested with inputs that should give both 1’s and 0’s as well as with both positive and negative numbers. In all cases, the ALU performed exactly as expected.

Especially notable is the test case where a = 0x8000, b = 0x6000 and opp = 11. This performs a SLT operation and indicates that our overflow checking is correct. As can be seen for the last test case where where a = 0x8000, b = 0x6000 and opp = 01 (performing subtraction), the incorrect value of 0x2000 is obtained and overflow is detected. Moreover, even though the most significant bit of this number is 0, a 0x0001 is stored for the SLT operation because of the error checking logic.
PC and IR Registers (with write control)

These are 16 bit registers with a 1 bit write control signal provided by the control unit. No further specification is needed since this component is directly provided by Xilinx. For the same reason, no specific tests only for this component are needed. It will be tested as part of the overall processor tests.
A, B, C, Sum, and MemDataReg Registers (without write control)

These are 16 bit registers with no write control signal. No further specification is needed since this component is directly provided by Xilinx. For the same reason, no specific tests only for this component are needed. It will be tested as part of the overall processor tests.
