DATA TRNSFER AND MANIPULATION
1.0. OBJECTIVE
· Use and appreciate data transfer and data manipulation.
· To deal with communication to and from the memory.

2.0.  EQUIPMENT
· MAT 385 which contain an 8085A, 8 bit microprocessor with 40 pin dual-in-line package.

3.0. INTRODUCTION 
One of the functions of the microprocessor is to be able to transfer information from the memory or the input/output device. This means that the processor must be able to address these locations. As a result, some addressing modes are used by the microprocessor to specify these locations and they include, direct addressing and Register Indirect addressing.
Using direct addressing an operand may either be red from or written to a memory location, the address of which is specified in the instruction itself. Since all the memory addresses are 16-bits, the address requires two bytes and it is for this reason that this mode is often referred to as extended addressing.  The example is;

                    Meaning;                                 
Using direct addressing only the A-register may be used to store or load a value to or from memory. Thus if a value was to be stores in a memory location from say, the register B, using direct addressing, it would be necessary to transfer the contents from B to A before the store operation could be performed. A more efficient method, therefore, is to use register indirect addressing since with this mode data may be transferred between any of the processor registers and the system memory. Here, the instruction does not contain the actual memory address itself, therefore, but instead implies that the address to be used is currently stored in the HL register pair. The actual memory address is therefore obtained indirectly.
Since microprocessor may be in a wide variety of applications, it is often necessary to represent data within the system in a number of different forms. For example, in some applications a simple unsigned binary representation is adequate but in others it may be advantageous to represent the data in a binary coded decimal form. In this lab, some representations of data are going to be studied and therefore some arithmetic operations carried out.
Later in the experiment it will be discovered that two registers can be combined to processing a 16-bit data.
4.0. PROCEDURE AND DATA ANALYSIS
4.1. Experiment 1:
After the data-transfer and data manipulation exercise given in the first part of  LAB2,The next exercise was to write a program that reads three 8-bit numbers from memory, adds the first two and subtracts the third one from the sum of the first two and then stores the result in the memory. The program is as reflected below. Note that that the program is in such a way that it easy to try out a lot of numbers by simply changing the contents of the registers A, B and C.
 
	ADDRESS
	DATA
	MNEMONIC
	COMMENTS

	2000
	31
	LX1 SP 20C2
	;INITIALIZATION OF
STACK-POINTER

	2001
	C2
	
	

	2002
	20
	
	

	2003
	06
	MVI B.DATA1
	;(B)DATA

	2004
	DATA1
	
	

	2005
	0E
	MVI C.DATA2
	;(C)DATA

	2006
	DATA2
	
	

	2007
	3E
	MVI A.DATA3
	;(A)DATA

	2008
	DATA3
	
	

	2009
	80
	LX1 H 802D
	; ADDRESSING MEM

	200A
	2D
	
	

	200B
	80
	
	

	200C
	70
	MOV M,B
	;(M)(B)

	200D
	21
	LX1 H 802E
	

	200E
	2E
	
	

	200F
	80
	
	

	2010
	71
	MOV M,C
	;(M)(C)

	2011
	21
	LXI H 802F
	

	2012
	2F
	
	

	2013
	80
	
	

	2014
	72
	MOV M,D
	;(M)(D)

	2015
	21
	LX1 H 802D
	

	2016
	2D
	
	

	2017
	80
	
	

	2018
	7E
	MOV A,M
	;(A)(M)

	2019
	21
	LX1 H 802E
	

	201A
	2E
	
	

	201B
	80
	
	

	201C
	86
	ADD M
	;(A)(A+M)

	201D
	21
	LX1 H 802F
	

	201E
	2F
	
	

	201F
	80
	
	

	2020
	96
	SUB M
	;(A)(A-M)

	2021
	21
	LX1 H 8030
	

	2022
	30
	
	

	2023
	80
	
	

	2024
	77
	MOV M,A
	;(M)(A)

	2025
	CF
	RST
	;BACK TO MONITOR



The program was run for several values and the results were checked in the different registers and memory locations in the assigned memory and registers specified in the program. In the case where the sum and difference was more than two separate four-bit numbers, the monitor only showed the least two significant.
4.2. Experiment 2:
The experiment was to write a program that adds two numbers in double precision arithmetic meaning that 16-bits are used for numerical values instead of 8-bits. The numbers were contained in register pairs BC and HL.
	ADDRESS
	DATA
	MNEMONIC
	COMMENTS

	2000
	31
	LX1 SP 20C2
	;INITIALISE SP

	2001
	C2
	
	

	2002
	20
	
	

	2003
	01
	LX1 B 3010
	;(B)(C)3010

	2004
	10
	
	

	2005
	30
	
	

	2006
	21
	LX1 H 0012
	;(H)(L)0012

	2007
	12
	
	

	2008
	00
	
	

	2009
	09
	DAD B
	;DOUBLE ADDITION

	200A
	CF
	RST
	;BACK TO MONITOR



5.0. DISCUSSION
In this experiment it was discovered that for the program to execute, the stack pointer had to be loaded with the address to the beginning of the stack memory. It was also demonstrated that a number of arithmetic could be done on the 8-bit data without the extension of the registers. As seen in the additions of some data, care had to be taken in the case were the result of the operation was more than 8-bit. Microprocessor only showed the eight least bits and the carry flags lit to show that the result was more than 8 bits.
Experiment 2 however, showed that even a 16-bit data could be manipulated when two registers were combed as BC and HL. With double precisions it was possible to load data into a register pair, hence capable of handling 16-bit data.
The addressing modes were also demonstrated they were the algorithms used to locate the memory in which the data to be manipulated had being stored. This lab has showered with a written program in hand, an 8085A microprocessor can be used to process information and hence control real life processes. Though microprocessors are general purpose electronic processing devices which can be programmed to execute a number of tasks, they also have limitations such as the memory size (about 64k), does not support floating point operation and that they can easily crash.

6.0. CONCLUSION
Data transfer and manipulation were achieved simply by writing of programs, debugging them and therefore having hands on writing programs in assembly language. The relation between the assembly language and the machine code was also seen. Familiarisation of the microprocessor instructions (MOV, MVI, ADD and so on) was also done during the experiment. Two of the addressing modes; the direct and indirect addressing, were used to locate and transfer data from/to the memory. 
7.0. APPLICATION
Microprocessors are mostly used in electronic devices where data manipulation is required at a medium scale. This includes controlling processes.
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