	Load Accumulator A

	Step
	Active
	Driving Bus
	Reading bus

	1
	Ctrl, PC, MAR
	PC
	MAR

	2
	Ctrl, PC
	--
	--

	3
	Ctrl, MAR, Mem, MDR, IR
	MDR
	IR

	4
	Ctrl, IR, MAR
	IR
	MAR

	5
	Ctrl, IR, MAR, Mem, MDR, Acc
	MDR
	Acc

	6
	Ctrl, IR, 
	--
	--


	Load Accumulator A

	Step
	Arrows along which information flows

	1
	4, 6

	2
	--

	3
	7, 9, 10, 13

	4
	(14) 12, 6

	5
	(14) 7, 9, 10, 15

	6
	(14)
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Load Accumulator A

The first few steps are the same for all instructions and are collectively known as the fetch cycle. 

Fetch Cycle

1. Address State: the value of the program counter (which recall is the address of line of the program to be performed) is put into memory address register.

2. Increment State: the program counter is incremented, getting it ready for the next time.

3. Memory State: the current line of the program is put into instruction register.  

The remaining steps depend on the specific instruction and are collectively known as the execution cycle.

Execution Cycle

4. Recall the instruction consisted of a load command and an address.  A copy of the  address is now taken over to the  memory address register. 

5. The value at that address is loaded into Accumulator A. 

6. For the load command, there is no activity during the sixth step.  It is known as a "no operation" step (a "no op" or "nop").  

Part 2. The add command 

Let us repeat the above procedure for an add instruction.  This instruction adds a value stored at a particular address in the RAM to whatever is in Accumulator A and places that answer back in Accumulator A.  Recall that the instruction itself is also stored in the RAM.

The first few steps are the same for all instructions and are collectively known as the fetch cycle. 

Fetch Cycle (the first three steps are the same as abovesame as above)

Execution Cycle

4. Recall the instruction consists of an add command and the address of the number to be added.  A copy of the address is now taken over to the memory address register. 

5. The value at that address is loaded into TMP. 

6. The values in Accumulator A and TMP are added and the result is sent to Accumulator A.  You may wonder why when the result is placed in the Accumulator A, it is not again added to TMP (producing what is called a "racing accumulator").  The cure for this potential problem is edge clocking.  Edge clocking makes it possible to load only during a very short interval of time.  It is also possible to activate different processes on different edges.    

	Add

	Step
	Active
	Driving Bus
	Reading bus

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	


	Add

	Step
	Arrows along which information flows

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	


Recall that in lecture we distinguished load, load immediate and load indirect commands.  There would similarly be distinctions between add, add immediate and add indirect commands. 

Part 3.  Beginning Transistors. Build the circuit below in Electronics Workbench.  The item we have not seen before is an npn transistor (found under Transistors, which are next to the diodes).   There are many types of transistors, but the basic principle is the same for all of them.   Note that the transistor is a three-terminal device. In the circuit below, the terminal on the top is called the collector; the terminal in the middle and to the left is called the base; and the terminal bottom on the bottom is called the emitter.  The collector should be at a higher (more positive) voltage than the emitter. 
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Vary the voltage VBB and fill in the table below.  (If the simulation bombs out at any voltage say VBB= 0.7, then adjust the voltage to 0.71.)

	VBB (V)
	VBE (V)
	IB (mA)
	VCE (V)
	IC (mA)
	VCE/IC
(     )
	IC/IB

	0.1
	0.1
	0.000014
	9.999
	0.001776
	5630
	126.9

	0.2
	0.2
	0.000028
	9.999
	0.001776
	5630
	63.4

	0.3
	
	
	
	
	
	

	0.4
	
	
	
	
	
	

	0.5
	
	
	
	
	
	

	0.6
	
	
	
	
	
	

	0.7
	0.635
	0.006439
	8.582
	1.419
	6.048
	220

	0.8
	
	
	
	
	
	

	0.9
	
	
	
	
	
	

	1.0
	
	
	
	
	
	

	1.1
	
	
	
	
	
	

	1.2
	0.689
	0.051
	0.245
	9.756
	0.02511
	191.3

	1.3
	
	
	
	
	
	

	1.4
	
	
	
	
	
	

	1.5
	
	
	
	
	
	

	1.6
	
	
	
	
	
	

	1.7
	
	
	
	
	
	

	1.8
	
	
	
	
	
	

	1.9
	
	
	
	
	
	

	2.0
	
	
	
	
	
	


If you were going to use the data above to identify three regions: on, transition and off, where would you say those regions were?
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