TITLE: ADDITIONAL DATA TRNSFER AND DATA MANIPULATION I & II 
1.0. OBJECTIVES
· Use and appreciate data transfer and data manipulation.
· To deal with communication to and from the memory.
· Appreciate data representation and arithmetic instructions

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

3.0. BACKGROUND THEORY
[bookmark: _GoBack] A microprocessor accepts binary coded information (data) from its input-ports manipulates this information according to a program in its memory and outputs the results to its output-ports or stores it in memory. The instructions which constitute the program are some or all of those from the instruction-set of the particular microprocessor required to perform a particular task. The instructions of the microprocessor may be divided into five groups namely;
· data transfer
·  data manipulation
·  transfer of control
· input/output
· machine control
  In this particular experiment we focus on Data transfer and manipulation
3.1. Data Transfer Instruction 
 When the data has been retrieved, the processor will process it depending on the computer program and store the results or outputs the result to an output. In both these situations, the processor needs to identify the addresses of the peripherals or memory locations involved. As a result, some addressing modes are used by the microprocessor to specify these locations and they include; direct addressing and Register Indirect addressing.

3.1.1. Direct Addressing
Using direct addressing an operand may either be read 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; MOVE             (0124H)

                    Meaning; STORE                   
3.1.2. Register Indirect Addressing
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 stored 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.

                    Meaning; MOVING                

                    Meaning; MOVING               
The move immediate instruction is another indirect instruction that does not directly deal with the involved address location to be interacted with.

                    Meaning; MOVING               

3.2. Data Manipulation I
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. Data in a microprocessor can be represented in signed, unsigned binary representation or Binary Coded Decimal (BCD). The user or the programmer may decide to use one of the three binary representations. The type of representation used is transparent to the microprocessor since it treats the data as an 8-bit binary pattern and it is the responsibility of the programmer to interpret this data in the form necessary to solve the problem at hand.
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 immediate data into two consecutive memory locations, then to load register pair HL with this data and finally to store the same data into a pair of different memory locations. 
3.2.1. Addition
Register addressing for the instruction of adding a content of a register into that of the accumulator.

                    Meaning; ADDING                

Immediate addressing being used in adding data to the contents of the accumulator register A

                    Meaning; ADDING               

Indirect addressing being used in the addition instruction

                    Meaning; ADDING                  
The subtraction, increment and decrement instructions are used in like manner with specific mnemonics and environments.
3.3. Data Manipulation II
Although 8-bits are sufficient to represent a data value for many microprocessor applications, some necessitates the use of 16bits or more. The Intel 8085 provides some data transfer instructions for loading 16bit (2 bytes) immediate data into a register pair – BC, DE and HL. However, there are also instructions for incrementing and decrementing the combined 16bit contents of a register pair and also performing double length addition.

                    Meaning; INCREMENTING                

                    Meaning; DECREMENTING                

                    Meaning; ADDITION                             
If more than 16-bit accuracy is required, there are no single instructions available for performing arithmetic operations and instead a number of instructions must be used. An addition of a 3 byte data would need more memory locations and so will the result of such an addition. The Intel 8085 provides additional add and subtract instructions which makes use of the carry bit.

                    Meaning; ADDITION                       

                 Meaning; SUBTRACTION                

4.0. PROCEDURE AND RESULTS
Exercise 4.1:
The program was listed and coded as shown in the table below using a combination of immediate and direct addressing first to store immediate data into two consecutive memory locations, then to load register pair HL with this data and finally to store the same data into a pair of different memory locations. The program was executed by using a single step command and the contents of the of appropriate processor register or memory location examined.

 
	ADDRESS
	DATA
	MNEMONIC
	COMMENTS

	2800
	3E
	MVI A, FF
	;(A) (FF)


	2801
	FF
	
	

	2802
	32
	STA 28A2
	;(28A2) (A)

	2803
	A2
	
	

	2804
	28
	MVI A, EE
	;(A) EE(hex)

	2805
	3E
	
	

	2806
	EE
	
	

	2807
	32
	MVI A.DATA3
	;(A)DATA

	2808
	A3
	
	

	2809
	28
	LX1 H 802D
	; ADDRESSING MEM

	280A
	2A
	
	

	280B
	A2
	
	

	280C
	28
	MOV M,B
	;(M)(B)

	280D
	22
	LX1 H 802E
	

	200E
	A4
	SHLD 28A4  
	;(28A4) (L)

	200F
	28
	
	;(28A5) (H)

	2010
	A4
	
	

	





Exercise 4.2: 
The program was listed and coded as shown in the table below using a combination of immediate and register indirect addressing .A memory address was first loaded into register H and L using immediate addressing and then a value was loaded into this memory location using register indirect addressing. Finally, the value was loaded into two further registers again using register indirect addressing. The program was executed by using a single step command and the contents of the of appropriate processor register or memory location examined.
	ADDRESS
	DATA
	MNEMONIC
	COMMENTS

	2800
	21
	LX1 H, 28A
	;(H) 28(hex)

	2801
	A0
	
	;(L) A0(hex)

	2802
	28
	
	

	2803
	36
	MVI M ,AA
	(28A0) AA(hex)

	2804
	AA
	
	

	2805
	46
	MOV B, M
	(B )AA

	2806
	4E
	MOV C ,M
	(C) AA

	
	
	
	



Exercise 4.3
The following Assembly language was listed and coded to answer to exercise 4.3.The program was executed and the contents of appropriate register or memory location examined to verify correct execution.
	ADDRESS
	DATA
	MNEMONIC
	COMMENTS

	2800
	3E
	MVI A,FF
	(A) (FF)

	2801
	FF
	
	

	2802
	32
	STA 28FF
	28FF A

	2803
	FF
	
	

	2804
	28
	
	

	2805
	2A
	LHLD 28FF
	(L) FF

	2806
	FF
	
	(H) 28

	2807
	28
	
	

	2808
	06
	 MOV B,M
	

	2809
	M
	LDCD B
	



Exercise 5.2
The following program was loaded into memory and using a single step command the correct execution of the program was verified. This program uses unsigned binary number representation. The two registers A and B are first loaded with immediate data and their contents are added together. A third number is then subtracted from the contents of A using immediate addressing and finally the new contents of A are decremented by unity.
	ADDRESS
	DATA
	MNEMONIC
	COMMENTS

	2800
	3E
	MVI A, 53
	;(A) 53(hex)

	2801
	53
	
	

	2802
	06
	MVI B, 3A
	;(B) 3A(hex)

	2803
	3A
	
	

	2804
	80
	ADD B
	(A) (A )+ (B)(hex)

	2805
	DE
	SBI 8C
	(A) (A )- (8C)(hex)

	2806
	BC
	
	

	2807
	3D
	DRC A
	A) (A )- (1)

	2808
	A
	
	



Exercise 5.3 The following program was loaded into memory and using a single step command the correct execution of the program was verified. The following program uses two’s complement signed representation to produce a summation producing a negative result.
	ADDRESS
	DATA
	MNEMONIC
	COMMENTS
	
	
	

	2800
	3E
	MVI A, 23
	;(A) 23(hex)
	
	
	

	2801
	23
	
	
	
	
	

	2802
	06
	MVI B, B
	;(B) BB(hex)
	
	
	

	2803
	B8
	
	
	
	
	

	2804
	80
	ADD B
	(A) (A )+ (B)(hex)
	
	
	

	2805
	DE
	SBI DB
	(A) (A )- (DB)(hex)
	
	
	

	2806
	DB
	
	
	
	
	

	2807
	3D
	DRC A
	A) (A )- (1)
	
	
	

	2808
	A
	
	
	
	
	



Exercise 6.1
From the provided Assembly language code, the following codding form was written to load the program into memory and run it. This code emphasized multi precision Arithmetic. 
	ADDRESS
	DATA
	MNEMONIC
	COMMENTS
	
	
	
	

	2800
	26
	MVI H, 28
	;(HL) 28F3(hex)
	
	
	
	

	2801
	28
	
	
	
	
	
	

	2802
	2E
	MVI L, F3
	
	
	
	
	

	2803
	F3
	
	
	
	
	
	

	2804
	3A
	LDA 28F0
	Adds 1st pair of bytes
	
	
	
	

	2805
	28
	ADD M
	
	
	
	
	

	2806
	F0
	STA 28F0
	
	
	
	
	

	2807
	86
	
	
	
	
	
	

	2808
	32
	LDA 28F1
	
	
	
	
	

	2809
	28
	ADC M
	Adds 2nd pair of bytes
	
	
	
	

	280A
	FO
	STA 28F1
	
	
	
	
	

	280B
	23
	INX H
	Increment HL
	
	
	
	

	280C
	3A
	LDA 28F1
	
	
	
	
	

	280D
	28
	ADC M
	Adds 2nd pair of bytes
	
	
	
	

	280E
	F1
	STA 28F1
	
	
	
	
	

	280F
	8E
	
	
	
	
	
	

	2816
	32
	
	
	
	
	
	

	2817
	28
	
	
	
	
	
	

	2818
	F1
	
	
	
	
	
	

	2819
	23
	INX H
	
	
	
	
	

	2820
	3A
	LDA 28F2
	
	
	
	
	

	2821
	28
	ADC M
	Adds 3rd pair of bytes
	
	
	
	

	2822
	F2
	STA 28F2
	
	
	
	
	

	2823
	8E
	
	
	
	
	
	

	2824
	32
	
	
	
	
	
	

	2825
	F2
	
	
	
	
	
	




Exercise 6.2
From the Binary coded decimal arithmetic, the following program was written to perform BCD arithmetic. The program was loaded into memory and run.
	ADDRESS
	DATA
	MNEMONIC
	COMMENTS

	2800
	26
	MVI H, 28
	;(HL) 28F2(hex)

	2801
	28
	
	

	2802
	2E
	MVI L, F2
	

	2803
	F2
	
	

	2804
	3A
	LDA 28F0
	Adds 1st pair of bytes

	2805
	F0
	ADD M
	And form corrected

	2806
	28
	DAA
	sum

	2807
	86
	STA 28F0
	

	2808
	27
	
	

	2809
	32
	
	

	280A
	FO
	
	

	280B
	28
	
	

	280C
	23
	INX H
	Increment HL

	280D
	3A
	LDA 28F1
	Adds 2nd pair of bytes

	280E
	F1
	ADC M
	And form corrected

	280F
	28
	DAA
	sum

	2816
	8E
	
	

	2817
	27
	
	

	2818
	32
	STA 28F1
	

	2819
	F1
	
	

	2820
	28
	
	





Exercise 6.3
The following program loads immediate data into registers A and B and then performs a series of logical operations.
	ADDRESS
	DATA
	MNEMONIC
	COMMENTS

	2800
	3E
	MVI A, F0
	;(A) F0(hex)

	2801
	F0
	
	

	2802
	06
	MVI B, 0F
	;(B) OF(hex)

	2803
	0F
	
	

	2804
	B8
	CMP B
	;Z 0, ;CY O

	2805
	07
	RCL
	;(A) E1, ;CY 1

	2806
	40
	ANI 81
	;(A) 81, ;CY O

	2807
	81
	
	

	2808
	B0
	ORA B
	;(A) 8F, CY O






5.0 DISCUSSION

The laboratory experiment enhanced our knowledge of how data transfer and manipulation is achieved in a microprocessor. The data transfer and manipulation instruction in MAT385 which uses the Intel 8085 microprocessor was investigated and specific functional concepts analysed with specific assignment. 
a) Data Transfer
 In exercise 4.1, the concepts of immediate and direct addressing were used first to store immediate data into two consecutive memory locations, then to load register pair HL with this data and finally to store the same data into a pair of different memory locations.
In exercise 4.2, the additional concept of register indirect addressing was used to load data into memory locations H and L where they were then loaded into registers.

Exercise 4.3, was then done using a combination of direct addressing and indirect addressing to move around data in registers and memory locations.

We established that using the direct addressing, the 16-bit memory address is specified in the instruction itself while in the indirect addressing the memory address is implied as the current content of the register pairs H and L.

b) Data Manipulation I 

This part of the laboratory experiment introduced three forms of number representation available to the programmer. Unsigned binary number representation and the two’s compliment number representation were investigated in exercise 5.2 and 5.3. Some basic arithmetic instructions were examined together with the meaning of the various status bits which make up the flag register. With the knowledge of data representation, multi-precision arithmetic’s were carried out.

c) Data Manipulation II
 BCD arithmetic’s and logical operations were performed in exercise 6.2 and 6.3. This portion of the laboratory experiment introduced additional addition and subtraction with carry and the BCD decimal adjust. 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.
6.0 CONCLUSION
The objectives of the experiment which were; Data transfer and manipulation were achieved and the relation between the assembly language and the machine code was also  established . 
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