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PROGRAM CONTROL
Program control instructions specify conditions for altering the content of the program counter while data transfer and manipulation instructions specify conditions for data processing operations.

Examples:

	Name
	Mnemonic

	Branch
	BR

	Jump
	JMP

	Skip
	SKP

	Call
	CALL

	Return
	RET

	Compare (By subtraction)
	CMP

	Test(by ANDing)
	TST


The Branch and Jump instructions are used interchangeably but sometimes they denote different addressing modes. The format of the branch instruction is BR   ADR where ADR is a symbolic name for an address.

Branch and jump instructions may be conditional or unconditional. If conditional the program counter is loaded with the branch address and the next instruction is taken from this address.

SKIP does not need an address field.
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Status Bit Conditions
The status register is supplemented with the ALU circuit in the CPU. The figure shows a 4 bit status register with an 8 bit ALU. The four status bits are the Carry (C), Sign (0), Zero (Z) and overflow (V) which are set as a result of an operation performed by the ALU.

C is set to 1 if the end carry C8 is 1 else it is cleared to 0.

S is set to 1 if the highest order bit F7 is 1 otherwise it is set to 0.

Z is set to 1 if the output of the ALU contains all 0’s.

V is set to 1 if the exclusive OR of the last 2 carries is 1. 

Conditional Branch Instructions
	Mnemonic
	Branch Condition
	Tested Condition

	BZ
	Branch if Zero
	Z = 1

	BNZ
	Branch if Not Zero
	Z = 0

	BC
	Branch if Carry
	C = 1

	BNC
	Branch if No Carry
	C = 0

	BP
	Branch if Plus
	S = 0

	BM
	Branch if Minus
	S = 1

	BV
	Branch if Overflow
	V = 1

	BNV
	Branch if No Overflow
	V = 0

	BHI
	Branch if Higher
	A > B

	BHE
	Branch if higher or equal
	A >= B

	BLO
	Branch if Lower
	A< B

	BLOE
	Branch if Lower or equal
	A <= B

	BE
	Branch if Equal
	A = B

	BNE
	Branch if Not Equal
	A =! B

	BGT
	Branch if Greater Than
	A > B

	BGE
	Branch if Greater or equal
	A >= B

	BLT
	Branch if Less Than
	A< B

	BLE
	Branch if Less or equal
	A <= B


A compare instruction performs a subtraction of A – B. The result is not transferred in the destination register but the status bits are affected. The words higher and lower are used to compare unsigned numbers while greater and less are for signed numbers.

For an 8 bit ALU, the largest unsigned number = 255. The range of signed integers is +127 and -128

If A = 11110000 and B = 00010100; A – B => 11110000 + 11101100 = 11011100
 =>  C = 1, S = 1, V = 0,  Z = 0

Subroutine Call and Return
The instructions that transfer program control to a subroutine are called Call Subroutine, Jump to subroutine, Branch to subroutine, or branch and save address. They include an address as an operand that specifies the beginning of the subroutine.

When called the address of the next instruction in the program counter is stored in a temporary location and control is transferred to the beginning of the subroutine. The Return from subroutine instruction transfers the return address from the temporary location into the program counter.

Some computers store the return address in the first memory location of the subroutine, some store it in a fixed location in memory, some store it in a processor register and some store it in a memory stack. This is the most efficient way because when a succession of subroutines is called the sequential return address can be pushed onto the stack. The return from subroutine causes the stack to pop the contents of the stack which are transferred to the program counter.



SP

     SP – 1

Decrement Stack Pointer


M[SP]    
     PC


Push content of PC onto the stack


PC         
     Effective Address 
Transfer control to the subroutine
If another subroutine is called by the current subroutine, the new return address is pushed onto the stack and so on. To return from the last subroutine the following instructions are executed.



PC

     M[SP]

Pop Stack and transfer to PC


SP          
     SP + 1

Increment Stack Pointer
The use of a memory stack is also the most efficient way of storing return addresses for recursive subroutines.

Program Interrupt

This refers to the transfer of program control from a currently running program to another program as a result of an external or internal generated request. Control return to the original program after the service program is executed. The Interrupt procedure is similar to a subroutine call except:

1. The interrupt is always initiated by an internal or external signal rather than from the execution of the program itself.

2. The address of the service routine is determined by the hardware rather than from the address field of the program.

3. The interrupt routine always stores all information necessary to define the state of the CPU i.e. the contents of the program counter, the contents of all processor registers and the contents of certain status conditions.

The information in 3 above is stored in the Program Status Word (PSW). It also specifies interrupts that are allowed to occur and whether the CPU is operating in a supervisor (system) mode or user mode. Some privileged instruction can only be used in the supervisor mode. The CPU executes user programs in the user mode.

Types of interrupts

There are three types of interrupts:

1. External: These are due to signals that originate from outside the processing unit e.g. I/O devices requesting transfer of data or notifying end of transfer of data, a timing device notifying an elapsed time of an event, or power failure. 

2. Internal: Caused by events internal to the CPU usually from illegal or erroneous use of an instruction or data. Internal interrupts are sometimes called traps. These may include register overflow, attempt to divide by 0, an invalid operation code, stack overflow etc. he service routine always determines the corrective measure to be taken. Internal interrupts are synchronous with the program because when the program is rerun, it occurs in the same place each time.

3. Software Interrupts: Initiated by special instructions. Such an interrupt can be used by a programmer to interrupt the normal flow of the program at any at any time.

A facility for supervising external interrupts includes:

(i) Interfaces for sending interrupt requests which require servicing.

(ii) A processing element for responding to interrupt requests.

(iii) Lines in the system bus for relaying the requests and perhaps returning interrupt acknowledgement to the interfaces.

The microprocessor can be timeshared between independent routines i.e. a background routine for computation and a foreground routine for data transfer.

This overlapping of computation and control of I/O devices can be accomplished via interrupt facilities.
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                                   Interrupt service routine
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Most of the time, the microprocessor is executing the main routine. Whenever a byte of data is ready for transfer the I/O device sends an interrupt request signal.

If the request is recognized by the microprocessor, it waits until the current instruction is completed and then leaves the main routine temporarily to service the device.

This type of interrupt is an External Interrupt since it is initiated by an external device.

The routine that is executed during an interrupt is called an Interrupt Service Routine. Once the microprocessor has completed the data transfer, it returns to the main routine from where the interrupt occurred.

Because the interrupted routine is to be continued later, its status must be saved.

A CPU status consists of contents of the program counter and condition flags in the PSW.

The instruction PUSH PSW is used to save the contents of the PSW.

The registers to be used by the service routine should also be stored before they are modified, and then restored before returning to the routine that was interrupted.

Return to the interrupted routine is accomplished by a Return from Interrupt instruction RET. It is used as if from a subroutine.

The 8085 processor has 5 pins to input interrupt requests i.e. TRAP, RST 5.5, RST 6.5, RST 7.5 and INTR.

The latter 4 pins are associated with a set of bits called mask flags. By selectively setting or clearing these flags, certain combinations of these requests can be ignored. RST and INTR requests are said to be maskable.

A TRAP request will always be recognized and it is therefore non maskable.

For the remaining 4 interrupts the interrupt will be ignored if the CPU’s enable flag (INTE) is not set to 1.

Furthermore RST 5.5, RST 6.5, RST 7.5 can be individually masked by setting their corresponding mask bits.

If simultaneous requests occur, TRAP has the highest priority followed by RST 7.5, RST 6.5, RST 5.5 and INTR has the lowest priority.

The interrupt enable flag can be set by the EI instruction and cleared by the DI instruction.

The EI instruction enables the processor to recognize and respond to an INTR request and also to RST requests provided that their masks are cleared. It sets the INTE flag to 1.

The DI instruction causes the processor to ignore all maskable requests including the RST. It resets the INTE flag to 0.

REDUCED INSTRUCTION SET COMPUTER (RISK)

Early computers had small and simple instruction sets. As digital hardware became cheaper computer instructions increased in number and complexity. These computers employ a variety of data types and a large number of addressing modes. A computer with a large number of instructions is classified as a Complex Instruction Set Computer (CISC).

Computers designed from the early 1980’s use fewer instructions with simple constructs and can be executed much faster within the CPU without having to use memory often. This type of computer is classified as a Reduced Instruction Set Computer (RISK).

CISC Characteristics

The essential goal of CISC architecture is to attempt to provide single machine instructions for each statement that is written in a high level language. The major characteristics of CISC are:

1. A large number of instructions typically 100 to 250 instructions.

2. Some instructions that perform specialized tasks and are used infrequently.

3. A large variety of addressing modes 5 to 20 different modes.

4. Variable length instruction formats.

5. Instructions that manipulate operands in memory.

RISC Characteristics

RISK architecture attempts to reduce execution time by simplifying the instruction set of the computer. Its major characteristics are:

1. Relatively few instructions.

2. Relatively few addressing modes.

3. Memory access limited to load and store instructions.

4. All operations are done within the registers of the CPU.

5. Fixed-length, easily decoded instructions.

6. Single cycle instruction execution.

7. Hardwired rather than micro programmed control. (In a hardwired organization control logic is implemented by gates, flip-flops, decoders and other digital circuits while in microprogrammed organization the control information is stored in control memory)

Risk processors have a capability of executing one instruction per clock cycle. This is done by overlapping the fetch, decode and execute phases of two or more instructions by using a procedure referred to as pipelining.

Other RISK architecture characteristics include:

1. A relatively large number of registers in the processor unit.

2. Use of overlapped register windows to speed up procedure call and return.

3. Efficient instruction pipeline

4. Compiler support for efficient translation of high level language programs into machine language programs.

Overlapped Register windows

Some RISK processors use overlapped register windows to provide the passing of parameters and avoid the need for saving and restoring register values. Each procedure call results in the allocation of a new window consisting of a set of registers from the register file for use by the new procedure. Each procedure call activates a new register window by incrementing a pointer while the return statement decrements the pointer and causes the activation of the previous window. Windows for adjacent procedures have overlapping registers that are shared to provide the passing of parameters and results.

In the figure the system has 74 registers. R0 through R9 are global registers that hold parameters shared by all procedures. The other 64 registers are divided into 4 windows to accommodate procedures A, B, C, and D. Each register window consists of 10 local registers and 2 sets of six registers common to adjacent windows. Local registers are used for local variables. Common registers are used for exchange of parameters and results between adjacent procedures. The common overlapped registers permit parameters to be passed without the actual movement of data. Only one register window is activated at any given time with a pointer indicating the active window. Each procedure call activates a new register window by incrementing the pointer. The high registers of the calling procedure overlap the low registers of the called procedure and therefore the parameters automatically transfer from the calling to the called procedure.
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Assume that procedure A calls B. Registers R26-R31 are common to both. Procedure A stores parameters for B in these registers. B uses local registers R32 – R41 for local variables.

If B calls C it passes parameters through R42 – R47. When B returns the results of the computation are stored in R26-R31 and transfers back to the register window for procedure A.

Each procedure in the figure above has a total of 32 registers while it is active; i.e. 10 global registers, 10 local registers, 6 low overlapping registers, and 6 high overlapping registers. In general, if 

Number of global registers = G

Number of local registers in each window = L

Number of registers common to two windows = C

Number of windows = W   

THEN

Number of registers available for each window = L + 2C + G 

Total number of registers needed in the processor = (L + C) W + G
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