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                          LAB # 8
Computer Architecture I: Digital Design
Conceptual diagram of the bus system: The four registers in Fig 1 are identical. However only for Register 0, all inputs & outputs have been separately shown.                           

                                                                                                                                             































                                                          FIGURE   1

Study of a 4-bit Bus system using tristate devices to connect the outputs of four 4-bit registers.

Use the following devices: (i) tristate devices, called tri in the folder /../../mf. of MaxPlus II (ii) 74163 (counter) as a register  &  (iii) 74156 (Dual 2:4 Decoder/De- multiplexer) as a decoder. (74163 and 74156 are in the folder /../../mf. of MaxPlus II.)

To Do: Refer to Figure 1. ANSWER THE FOLLOWING: Are the following register transfer operations feasible?

   (a) Condition 1:   R2( R1, R3( R1, 

   (b) Condition 2:   R3( R2, R0( R2,

   (c ) Condition 3:   R2( R1, R3(R2.

Note: Condition 1, Condition 2  and Condition 3 represent Boolean expressions. Only if the value of the expression is true, that the corresponding register transfer operation is performed. 
For each of the above three:
If the operation is not feasible, give the reasons.
For  each of the feasible operations, find the Boolean expression for the condition. 

Then simulate the circuit to verify the logic expressions. 

A note on 74163 and 74156 and tristate devices
74163: (counter used as a register)  

INPUTS:  i) CLOCK (CLK): Use RClick  ( overwrite ( clock, to give the clock input.

ii)Two control inputs: Active Low  LOAD  and Active Low  CLEAR  

iii)  4   data inputs A, B , C & D, associated with LOAD input  -- (A is the least significant input.) 

iv)Two Active High Enable inputs: ENT & ENP 

OUTPUTS of 74163: i) QA, QB, QC, QD -- (QA is the least significant output.)

                             ii) RCO – Ripple Carry Output -- No significance with respect to this lab.

74156 (2-to-4-Line decoder)  has two decoders on the chip. The two decoders have common Select inputs. But the two have separate Enable inputs. 

INPUTS  of 74156: i) 2 select inputs SELB, SELA (SELA is less significant input.)

ii) Enable Inputs for Decoder 1: Active High 1C , Active LOW 1GN 
iii) Enable Inputs for Decoder 2: Active LOW 2C , Active LOW 2GN 
OUTPUTS of 74156: 4 Active Low outputs each for the two decoders.

for Decoder 1: 1Y3N, 1Y2N, 1Y1N, 1Y0N ; for Decoder 2: 2Y3N, 2Y2N, 2Y1N, 2Y0N.

In this Lab, we need only one 2-to-4-Line decoder. So we shall not connect the second decoder in this IC.
PROCEDURE:  

1. Drawing the schematic diagram of the 4-bit bus system in the graphic editor:
                            The schematic diagram can be drawn in three steps.

SubStep(i): Draw one register. 

Insert  a  74163(register)  module in the window of the graphic editor. Insert “vcc” from prim library. Connect ENT and ENP of the register to vcc. Use an input terminal for Load pin of 74163. 
Label  the input pins A,B,C,D as bus[0] , bus[1], bus[2] , bus[3]. Do not connect these pins to any input terminals. 
Label the output pins as A[0], A[1], A[2] , A[3] from top to bottom. Do not connect these pins to any input terminals.   
Insert a “tri” on the right hand side of register. Both the input and the output of tri may be made thick lines. Label the left input of tri as a group named A[3..0].   

Some MaxPlus II features: Labeling Pins : Extend the pin  to left (if input), right (if output) , right click the pin ,  select “Enter Node or Bus Name” & enter the desired pin name. Editing Pin names:   Right click the pin, select “Edit Node or Bus Name” & enter desired pin name. 

BUS:  As a Bus connects multiple lines, it should be represented by a thick line. An ordinary line can be converted in to BUS line by using Rclick on the line ( Line style, to select a thick line.

Assumed Connections: When the inputs of 74163 are named bus[0] to bus[3], and when the output bus of tri is connected to an output terminal, named bus[3..0], it automatically means that these are connected, even though no connections are shown. 
Similarly A[0] to A[3] of 74163 are connected to the bus a[3..0], even though no connections are shown.

Moreover even though only one tristate device is shown, it is assumed that there are 4 devices connected between the corresponding inputs and outputs.
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SubStep (ii):  Drawing a circuit consisting of 4 registers: Now select the entire register along with tristate device & select  copy. Paste three instances of the above devices. Call each one of the 4 registers as R0, R1, R2, R3.  
All the CLOCK inputs are to be connected together. So place a common input terminal on the gdf space and name it as clock. 
All the CLRN inputs are to be connected . So place a common input terminal on the gdf space and name it as clear. 
Name the control pins, used for Load, as load0, load1, load2 and load3.  Now edit   the names of the output pins of R1 , R2 , R3 to B[n] , C[n] and D[n] respectively. (n varies from 0 to 1, 2, and 3.) Connect all the outputs of tri together to the common output terminal, called bus[3..0]. 

SubStep (iii): Connecting the four control inputs of the tristate devices to the outputs of a 2- to-4 decoder:
Since 74156 has Active Low outputs, use NOT gates to complement the outputs before connecting them to the control of tristate devices. Connect 4 outputs of this decoder, through 4 NOT gates, to the control inputs of the four groups of tristate devices. Connect  1C to vcc and 1GN to gnd.( Both vcc and gnd are available in the folder /../../mf. of MaxPlus II).
2. Compile the above circuit.
From the menu-item Max+Plus II, select Compiler.

From the menu-item Processing, select Functional SNF Extractor.
Click the Start button in the Compiler dialog box.

                       (Click YES to “Save all changes before compiling the project?”.)

Note: The following two steps (Steps 3 and 4) are for your reading and understanding only.    MaxPlus 2 simulation will again be required from step 5. 
3. Determine the feasibility of the three register transfer operations.

If the operation is infeasible, give the reasons. 

If the operation is feasible, obtain the Boolean expressions for the  respective condition 


4. Determining the Load and SEL A and SEL B inputs for simulation:
You may use only one simulation to verify all the feasible cases. This can be attempted by splitting the time-interval of simulation for different conditions. Thus the duration of 0 to 10 ns may be used for clearing the output. The duration of t0 ns to t1 may be used for one condition, the duration of t1  to t2 may be used for the second …..

Hint: Choose End time as 300.0ns , Grid size as 10.0ns.

Use the first 10 ns to clear all the outputs. Deactivate CLEAR from 10 to 300 ns by connecting it to 1. 

Notes: (i) When a register is to be the source for the bus, choose values of SEL A and SEL B accordingly.

	SEL A
	SEL B
	Source Register

	0
	0
	R0

	0
	1
	R1

	1
	0
	R2

	1
	1
	R3


(ii) When Load of a register is inactive, the register will count up by 1 every time the clock changes from 0 to 1 ( ie every 20 ns)

(iii) When Load of a register is active, the register will be loaded with the data from the bus.

(iv) Initially make all the Load inputs inactive. So all the counters will start counting up from zero at t = 10 ns. (Assumption: The clock has been connected.)

Example: Steps to be taken if R1 is to be the source of data for the bus and if it is proposed to load R2 and R3 from the bus:

Step 1: At t = 10 ns, make SEL B = 0 and SEL A = 1. This makes the bus follow the output of R1.

Step 2: Load of R1 may be made inactive from 10 ns to 40 ns. R1 will count to 1 at 10 ns and to 2 at 30 ns. If Load of R1is made active at 40 ns, its output will be set to a value of 2. 

Step 3: If Load inputs of R0, R2 and R3 are inactive up to 60 ns, R0, R2 and r3 will count to 3 at t = 50 ns. Now if at 60 ns, the Load input of any number of registers out of R0, R2 and R3 is made active, this/these register/registers will be loaded with the value on the bus. (From step 2, this value happens to be 2.)  

Summary: 

0< t ≤ 10ns: Clear for all the four registers is active. ( The outputs of R0, R1, R2 and R3 are cleared.

10 ns to 120 ns: By selecting SEL A = 1 and SEL B = 0, the output of R1 is connected to the Bus.

                        10 to 40 ns: Load of R1 is inactive. (R1 counts to 2.

                         40 to 120 ns: Load of R1 is made active. (The output of R1 and the bus remain fixed at 2. 

                          T > 50 ns: If the Load of any other register (R0, R2 or R3) is made active, it will be loaded with the output of R1 (through the Bus). Thus its value will change and become fixed at 2. (The output of the register, when its Load was made active, may have been 3 or more.) 

Similarly choose the steps for the period from 120 ns to 300 ns. 

Make a table for the required values for SEL A, SEL b and the four Load inputs.

5. Simulation:

Apply the inputs as determined in the step  above. 

From the menu-item File, select Project ( ‘Save, Compile & Simulate’ and verify the output waveform.
6. Create the Truth Table File: Select the Wave form editor window.  From the menu-item File, select Create Table File. 
       From the menu-item File, select Open. Verify the truth table.
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