RISC versos  CISC:

RISC
CISC

Simple instructions(only basic math. Operations + load and store)
Complex instructions copy, negation, data conversion.. etc.  

Needs more instruction per program
Needs less instruction per program.

Simple processor design
Complex processor design

Instructions perform at most two operations 
Instruction performs more than two operations.

Depends on high level Language(like C)
Depend on Assembly language.

At most three operands are involved in each instruction
More than three operands can be  involved per instruction

Things to consider:

1. Fast memory accesses (more registrars than RAMS).

2. Fast processing (more hardware).

3. Easy programming (High level rather than low level).

4. Efficient programming (error free, easy updates, structured, Object Oriented. etc.) 

5. Easy upgrade and maintenance.

Given a fixed processor power, the aim is to have a balance between easy and fast programming.

More memory addresses                               less instructions + less programming complexity.

More memory registers                        fast processing    + less access time.

3,2,1 and zero address machines:

Three address machines:

  

                Op_op

Op-Code: Math. Operations only(MPY,ADD,SUB,DIV) 

Address: 

 Immediate: address represent actual data.( does not require  memory fetch).
                     Used when dealing with registers .

Indexed:     used when dealing with RAM.

(X:9,  Y:10, B:11, D:12, Z:13)
Example:

Z=  Y/B – X*D     

MPY           9,  9,  12                      4 memory access           X = X * D           

DIV             10,  10,  11                  4 memory access           Y = Y/B

SUB          13, 10, 9                         4 memory access          Z = Y/B – X*D

When proceeding values are required:

Z = X/B – X*D 

MPY  12,   9,   12

DIV   9, 9,11

SUB  13, 9,12

Two address memory:

Op-Code
Dest. And 1st Addr.
2nd Addr.

Op-Code= Math. Operations + binary operation, MOVE.

Temporary location has to be used for the  Move operation 

Z = Y/B-X*D           (X:9,  Y:10, B:11, D:12, Z:13)

MPY        9,  12            X*=D            4 ACCESS ( 1 to fetch MPY, 1 for data in Addr. 9,

                                                                              1 for data in addr. 12 and one to put 

                                                                               result in address 9)  

DIV        10,11               Y/B             4 ACCESS

SUB       10,9                                     4 access

MOVE   13, 10                                  3 ACCESS 9 ( 1 to fetch MOVE, 1 to fetch addr. 10

                                                                                  , 1 to move data to addr. 13)

One Address Register:

Op-Code
Operand

Op-Code = Math. Operation +{ Load (Memory to Accumulator.) + Store (Accumulator to memory) }

Z = Y/B-X*D           (X:9,  Y:10, B:11, D:12, Z:13)

LOAD     9           acc = X                          2 ACCESS

MPY       12           ACC = X * D              2 ACCESS

STORE    9           X=ACC                        2 ACCESS

LOAD    10           ACC=Y                        2

DIV        11              ACC = Y/B               2

SUB        9                 ACC = Y/B-X*D    2

STORE  13             Z=ACC                      2 

Zero Address:


Op-Code = MATH +PUSH + POP

Address only for PUSH and POP
Math is performed on last two pushed values in STACK.

Z = Y/B-X*D           (X:9,  Y:10, B:11, D:12, Z:13)

PUSH  9                X

PUSH 12               D

MPY                     X*D     (1ST result)

PUSH 10               Y

PUSH 11                B

DIV                       Y/B       (2ND RESULT)

SUB                      Y/B – X*D

POP    13                 Z=Y/B-X*D

Register address  Machines:

Where registers replaces one or more indexed addresses. This can be applied to one, two and three address machines. 

Two address machines with one register operand is called a (1 1/2) address machines.

Example

  2 1/2 address for 3 Address machine( same example)

Z=  Y/B – X*D     

MPY           R1,  9,  12                      3 memory access           X = X * D           

DIV             R2,  10,  11                  3 memory access           Y = Y/B

SUB          13, R2, R1                      2 memory access           y/b - x*d  

Total save of 12-8=4 memory access .

Example;

11/2 address machines( same example).

MPY       R1,  12            X*=D            2 ACCESS   

DIV        R2,11               Y/B                2 ACCESS

SUB       R2,R1                                     1 access

MOVE   13, R2                                     2

Total save of 15-7=8 memory access

Addressing, Operand Size and Branching:

                                        .B ( Byte long operand)

Operand Size:                   

(associated with                .H ( half Word , 2 Bytes, operand)

 Load and Store

  Instruction)

                                   .W ( Word, 4 bytes,  long operand)

Load.H   == Load an 8 bit long word, Load.b == Load 4 bit word,

Store.W == Store data into a  16 bit long word.

                                      Memory  ( I )

Addressing : 

(used with                       Register ( RI )

 Math. Operation) 

                                         Immediat( #I ) 

Example:

Add R3,R3,#1  === Increment the data in register 3 by 1.

i.e. R3 = R3 + 1;

                                           BRLT  R0,R1,Label ( if R0  < R1              goto Label)

                                               BRLE R0,R1,Label (if R0  <= R1              goto Label )
Branching                           

                                           BRNE

                                          BRGE                                      
                                           BRGT

Note that sometimes we have comparison to zero

Example1:   BRLT R1, Label

i.e if R1 < 0 goto Label.

BRNE R1,Label

i.e. if R1 ( 0 GOTO Label 
Sometimes we can branch depending on the  value of the last stored variable:

Example:

Sub R2,R2,#1

BRLT Label

I,e.  if the value in register R2 < 0 then goto Label. 

We can also use unconditional branching such as:

BRANCH exit     

i.e. goto exit.

EXAMPLE:

Translate the following C-code to Assembly:

For (count = N; count > 0 ; count--)

{ If ( x < 10 )

   { x = x + z ;

   }

}

assume that independent variables N is stored in location  10and  Z in location 11 . also store results in location 12. Use Half word size.


Load.H       R1     10

Load.H       R2     11                                                            Load Phase

Clear           R3                     ( R3 is used as x = 0)


ADD             R1,R1,#1

Branch           Label

CALC: 

               Add R3,R3,R2

Label:

        SUB            R1,R1,#1

        BRLE           False                    ( branch to False if R1 < =0)   

        BRGE           R3,#10,False       ( branch to False if R3 >= 10)

      BRANCH        CALC                 ( if R1> 0 && R3 < 10 goto CALC)  

FALSE:

              Store.H       12, R3              

Note that this program will terminate when:

Either R1 ( i.e. N)   <= 0

OR     R3(i.e x )  >= 10

Time Slot and Branching:

Statements after branching are called " instruction slot". For example 

Add           R3,R3,R2

is an instruction slot since it follows Branch Label. 

In assembly, while branching is performed, Instruction slot can be executed. I.e. execution of instruction slot is coupled with that of branching.

Thus it is important to keep the control of branching so that the overall flow of the program keeps consistent. 

It is always advised to start branching one step ahead of the required sequence.

For example if R1,R2 HAS INITIAL ZERO VALUE THEN:

enter:

ADD R1, R1, #1

BRLT R1, #5,exit

Branch enter

MPY R1,R2

exit:

ADD   R1,R2

 Will have the following sequence;

R1 = 1

R1 = 1 + 0     (effect of BRLT)

R1 = 1  * 0        (execution of instruction slot associated with BRANCH)

R1 = 2          ( effect of BRANCH )    

R1 = 2 + 0    

R1 = 2 * 0

R1 = 3

. 

.

While branching is performed, the instruction slot has been performed, then the effect of branching takes place. 

Now consider 

 enter:

BRLT R1, #5,exit

ADD R1, R1, #1

Branch enter

MPY R1,R2

exit:

ADD   R1,R2

R1 = 0

R1 = 1            ( EXCUTION OF BRLT instruction slot)

R1 = 1 + 0        (EFFECT OF BRLT )

R1 = R1 * 0    (EXCUTION OF BRANCH instruction slot)

R1 = 1             ( effect of BRANCH)

.

.

.

 ASSIGNMENTS: 

Solve the following exercises ( Page 154) in Text BOOK:

1, 2, 3 , 4, 6, 8, 9, 13, 15

Target Date :  Thursday, 22nd July 1999

Op-Code      destination      1st  Addr.	   2nd  Addr.
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