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                          LAB # 9
Computer Architecture I: Digital Design
Objective: To use an ALU for studying the arithmetic and logical operations. 

DEVICES TO BE USED: A 4-bit ALU, (Arithmetic and Logic Unit) 74181; three Registers 74163s
An ALU performs many different operations.

Selection of an operation: The Select inputs and the Carry- In are used to select the operation.

An operation may require “two operands as the input” and “one output”. The two 4-bit input-operands and the 4-bit output are to be stored in three 4-bit registers. The registers are to be used in the LOAD mode so that the output of each of the registers is equal to its input.

A note on 74163 and 74181, 74163 and 74156
74181 (ALU):  INPUTS of 74181:

i) Two 4-bit inputs (A & B) 

ii) 4 select inputs S3,S2,S1,S0  (should be taken in the same order)

iii) Mode Control Input : M (HIGH ( Logical Operations , LOW ( Arithmetic Operations)

iv) Carry Input: CN ( (HIGH(No Carry; LOW( Carry enabled) 
OUTPUTS of 74181:   4 Active HIGH outputs (F0..F3);l Other Outputs: No significance for this lab.

Extracts from the FUNCTION TABLE of 74181:

Logical operations:               M, CN(H  

	S3
	S2
	S1
	S0
	Operation

	H
	L
	H
	H
	 A Λ B

	H
	H
	H
	L
	A V B

	L
	L
	L
	L
	A’

	L
	H
	L
	L
	(A Λ B)’

	L
	L
	L
	H
	(A V B)’


Arithmetic operations:              M( L

	S3
	S2
	S1
	S0
	Cn
	Operation

	H
	L
	L
	H
	H
	 A + B

	L
	H
	H
	L
	L
	A  -  B

	H
	H
	H
	H
	H
	A -  1


74163 (counter used as a register -- used by you in lab 8) :  
INPUTS:

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

ii) Two control inputs: 

a. Active Low  LOAD     

b.  Active Low  CLEAR  

iii)       4  data  inputs A(LSB), B , C & D(MSB), associated with LOAD 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.

To Do: Refer to Figure 1.

(i) Simulate one of the following logic operations: 
                                             A Λ B,  A V B,  A’,  (A Λ B)’,  (A V B)’
(ii) Simulate one of the following arithmetic operations:
                                        A + B,   A  -  B,   A -  1.

























LOGICAL CIRCUIT

Figure 1

(For all the control inputs of 74181 and 74163, please see the description on page 1 and 2. This diagram does not show all the control inputs of the two ICs.)
PROCEDURE:  

1. Draw the schematic diagram for implementing Arithmetic and Logic operations by connecting  the  outputs of two 74163 registers to input of ALU & loading its outputs to the third 74163 register . 

SubStep(i): Draw two registers Ro and R1. 

Insert  two 74163s  module in the window of the graphic editor. Insert “vcc” from prim library. 
Connect CLRN, ENT and ENP of the registers to vcc. 
Connect Load pin of 74163 to “gnd”. 
Label  the input pins A,B,C,D as i[0],..i[3] and j[0]…j[3] respectively. (D is the MSB; A is the LSB). 
Connect an input terminal to the bus i[3..0]. 
Connect another input terminal to the bus j[3..0].
Label the output pins of the two registers QA, QB, QC and QD as A[0], A[1], A[2], A[3] and B[0], B[1], B[2], B[3] respectively. Do not connect these pins to any output terminals.   
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.

SubStep (ii):  Insert a 74181module.  
Connect the outputs of R0 to “A” inputs of ALU  and connect the outputs of R1 to “B” inputs of ALU. 
Some MaxPlus II features: “Common Name Convention”: Label outputs of R0  as A[0]..A[3] and also label A inputs of ALU to A[0]..A[3]. 

Similarly label outputs of R1 as B[0]..B[3] and also label B inputs of ALU to B[0]..B[3]. 
Connect input terminals to the remaining 6 input pins (CN, M, S3, S2, S1 and S0) of the ALU. Label the outputs of ALU (i.e. F0..F3) as C[0]..C[3]. 
SubStep (iii): Insert the third 74163 register and call it R2. Connect the outputs of ALU to the inputs of R2 by naming the inputs of R2 as C[0]…C[3]. 
Connect CLRN, ENT and ENP of the registers to vcc. 

Connect Load pin of 74163 to “gnd”. 

 Name the four output of R2 as OUT[0] …OUT[3]. 
Connect an output terminal to the bus OUTPUT[3..0]. 

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 step (Steps 3) and Step 5 are for your reading and understanding only.    MaxPlus 2 simulation is required in steps 4 and 6. 

3. You may initially load R0 , R1  with some values (say 0111 and 0010 respectively).  (D MSB , A LSB)  

You may use two separate simulations for Logic and for Arithmetic operations:

LOGIC OPERATIONS: M, CN ( H

For each of the five Logic operations, you may choose 50 ns of time. 

	Time
	Operation
	S3
	S2
	S1
	S0

	0  ns  to 50 ns 
	 A Λ B
	H
	L
	H
	H

	50 ns to 100 ns
	A V B
	H
	H
	H
	L

	100 ns to 150 ns
	A’
	L
	L
	L
	L

	150 ns to 200 ns
	(A Λ B)’
	L
	H
	L
	L

	200 ns to 250 ns
	(A V B)’
	L
	L
	L
	H


4. Simulation for Arithmetic Operations: Open the Wave Form Editor. 

             From the menu-item Max+Plus II, select Wave Form Editor. 


Save simulator file: From the menu-item File, select ‘Save As…’ (file extension is .scf).


Insert the Nodes into the Name column.


Set the end time of simulation. From the menu-item File, select End Time…. of 250.0ns.

Set Grid size of 10 ns.
             Set M and CN to High.

Create a Wave Form for each of the inputs S3, S2, S1 and S0 as in the table above.
Choose End time as 250.0ns , Grid size as 10.0ns.


Apply the inputs as determined in the step  above. Choose i{3..0], j[3..0]

and OUT[3..0] as a Binary group each.
           Apply the clock.

From the menu-item File, select Project ( ‘Save, Compile & Simulate’ and verify the output waveform.
5. ARITHMETIC OPERATIONS: M, ( L

For each of the three Arithmetic operations, you may choose 50 ns of time. 

	Time
	Operation
	CN
	S3
	S2
	S1
	S0

	0  ns  to 50 ns 
	 A + B
	H
	H
	L
	L
	H

	50 ns to 100 ns
	A  -  B
	L
	L
	H
	H
	L

	100 ns to 150 ns
	A -  1
	H
	H
	H
	H
	H


6. Simulation for Logic Operations: Repeat step 4 except that you may choose End Time as 150 ns and the inputs may be applied according to the table in step 5.
*

*

*

*
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