TITLE: CONTROL TRANSFER AND USES
1. OBJECTIVE:
To further understand the concept of transfer of control within a program and its uses through further programming.
2. EQUIPMENT:
· MAT 385 (8085A microprocessor)

3. THEORY:
3.1. Branching:
Apart from the loading, transferring, and manipulation of data, the microprocessor can also branch in between, from the main program to execute other programs. This fact can be used to form loops in our programs. Computer’s flexibility and versatility rests on the ability of the microprocessor to transfer program control to as instruction that is not in sequential order. The group of instructions that alters normal sequential program flow is called Branch Group. Condition flags are not affected by any instruction in this group.
The two types of branch instructions are unconditional and conditional. Unconditional transfers simply perform the specified operation on the PC (the program counter). Conditional transfers examine the status of one of the four processor flags to determine if the specified branch is to be executed. The conditions that may be specified are as follows: Sign bit (S), Zero (Z), Auxiliary Carr (AC), Parity (P) and Carry (C).
The flags are contained in an 8-bit flag register and its layout is as shown below;
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The example of unconditional branch instruction is JMP.  The syntax is;
	MNEMONIC
	CODE
	Description

	JMP addr
	C3
	jump



The address (addr) is 2-byte in length. (PC)← (byte 1)(byte 2). Control is transferred to the instruction whose address is specified in byte 1 and byte 2 of the jump instruction.
On the other hand examples of conditional branching include;
	OP-CODE
	CONDITION
	FLAG

	JNZ
	 Not zero
	Z = 0

	JZ
	Zero
	Z = 1

	JNC
	No carry
	C = 0

	JC
	Carry
	C = 1

	JPO
	Parity odd
	 P = 0

	JPE
	Parity even
	P = 1

	JP
	Plus
	S = 0

	JM
	Minus
	S = 1



Subroutines:
If is necessary to execute a certain part of the code several times over at different locations in the program execution, the subroutines are used. This saves the task of writing the same code over and over hence preserving memory space and hence enables the programmer to write the codes in small parts which can be tested before being incorporated in the main program.
The instruction transfers control from any desired point in the program to the beginning of the subroutine and once the subroutine is finished, control must be returned to the next sequential instruction of the main program. Subroutines can also be nested i.e. a subroutine within a subroutine and likewise they can be conditional or unconditional. The syntax is;
	MNEMONIC
	CODE
	Description

	CALL label
	CD addr
	subroutine at memory, addr

	.
	
	

	.
	
	

	.
	
	

	RET
	
	



Conditional subroutine instruction includes CM xxxx and CC xxxx.


4. PROCEDURE AND RESULTS:
Experiment 1:
The single-step was used to see the action of the unconditional jump instruction below.
	Address
	Data
	Mnemonic
	Comment

	2000
	C3
	JMP 2003
	;Take control(jump) to memory 2003

	2001
	3
	
	

	2002
	20
	
	

	2003
	C3
	JMP 2000
	;Jump to memory 2000

	2004
	0 0
	
	

	2005
	20
	
	



In the instruction above, the program counter (PC) was loaded with the address specified by the instruction and hence control was transferred to that specific memory location. When in that memory, the instruction contained was executed and our case was also an unconditional instruction JMP. Hence the above code is an infinite loop between the two memory locations or addresses.
Experiment 2:
A code or routine which inputs values 01. . . 10 into the memory locations 8020 to 8029 was written and executed as shown below;

	Address
	Data
	Mnemonic
	Comment

	2000
	31
	LXI SP
	; Initialize the stack pointer to 2010

	2001
	10
	
	

	2002
	20
	
	

	2003
	21
	LXI H
	; refer memory 8029

	2004
	29
	
	

	2005
	80
	
	

	2006
	3E
	MVI A
	; (A)←10

	2007
	0A
	
	

	2008
	77
	MOV M,A
	;(A) ← (M)

	2009
	2B
	DCX H
	; decrement memory

	200A
	3D
	DCR A
	; decrement register A

	200B
	C2
	JNZ
	; jump to 2008 if (A) is not zero

	200C
	08
	
	

	200D
	20
	
	

	200E
	CF
	
	; return to monitor



Experiment 3:
In this exercise it was required to arbitrary load the memories addresses 2000 to 2004 with different numbers using the ‘sub-mem’ key and then, write a program that compares the five numbers and thereafter store the largest into register C.
The program code is as shown below;
	Address
	Data
	Mnemonic
	Comment

	2006
	31
	LXI SP 20C4
	; Initialise the stack pointer to 20C4

	2007
	C4
	
	

	2008
	20
	
	

	2009
	0 6
	MVI B,04
	;Load 04 into register B

	200A
	0 4
	
	

	200B
	21
	LXI H 2000
	; 

	200C
	0 0
	
	

	200D
	20
	
	

	200E
	7E
	MOV A,M
	;load contents of memory into A

	200F
	2B
	DCX H
	; Decrement memory address

	2010
	BE
	CMP M
	;compare memory

	2011
	D4
	CNC 201C
	;sub-route to 201C if carry = 1

	2012
	1C
	
	

	2013
	20
	
	

	2014
	DC
	CC 201F
	; sub-route to 201F if carry = 0

	2015
	1F
	
	

	2016
	20
	
	

	2017
	0 5
	DRC B
	;Decrement contents of register B

	2018
	C2
	JNZ 200F
	; jump to 200F if (B)= 0

	2019
	0 F
	
	

	201A
	20
	
	

	201B
	CF
	RST 1
	;return to monitor

	201C
	4E
	MOV C,M
	; load contents of memory into C

	201D
	7E
	MOV A,M
	;load contents of memory into A

	201E
	C9
	RET 2014
	;return to address 2014

	201F
	14
	
	

	2020
	20
	
	

	2021
	4F
	MOV C,A
	;load contents of A into C

	2022
	C9
	RET  2017
	;return to address 2017

	2023
	17
	
	

	2024
	20
	
	




[bookmark: _GoBack]5.0 DISCUSSION
 Experiment 1 used unconditional branching Execution was non sequential, instead of executing the next sequential instruction, the instruction at the designated address is unconditionally executed. The instruction executed without any condition being met. Subroutines are also one of the important concepts in assembly language as we saw it in experiment 2, it allows a set of codes to be used over and over without being rewritten in the sequential code. The only thing that has to be done is to call the specific routine.
The program in experiment 3 used the compare function to compare the five memory contents and load the largest in register C. this is done by basically subtracting the content of either another register or memory from the contents of the accumulator, register A, the contents of the memory and that of the accumulator remain unchanged but the flag registers are affected. To be particular if the contents are equal the flag register Z = 1 on the other hand if the content of the memory is larger than that of A the register c = 1. Therefore the two flags can be monitored in order to implement the call functions as was done in the experiment.
6.0 CONCLUSION:
The conclusions of the experiment were;
· The microprocessor can branch from the sequential way of executing the program stored in the ROM. This can either be done unconditionally or otherwise.
· It also facilitates for sub-routing and hence leads to modular kind of programming where different but small functions can be written and tested separately before being used in the main program. Subroutines also save on memory space as a single set of instruction can be used in many programs without being rewritten.
7.0 REFERENCE:
· MAT 385 Programming Manual and assignments(5,6,7 and 8)
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