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STRING INSTRUCTIONS
· In 80586 assembly language, a string is any sequence of 8-bit, 16-bit or 32-bit values stored in memory. Thus, for example, the arrays:

ARRAY1  DB  ‘DHAHARAN’

ARRAY2  DB  20, 40, 0, 60, 70

 ARRAY3  DW  200H, 300H, 455H, 600H

ARRAY4 DWORD  20 DUP(0)

can all be regarded as strings.

· String instructions can be divided into two groups:

(1)  String data transfer (i.e., copy) instructions:

(a)  MOVS (MoveSting), MOVSB (MoveStringByte), MOVSW (MoveStringWord), MOVSD (MoveStringDoubleWord)

(b)  STOS (StoreString), STOSB (StoreStringByte), STOSW (StoreStringWord), STOSD (StoreStringDoubleWord)

(c)  LODS (LoadString), LODSB (LoadStringByte), LODSW (LoadStringWord). LODSD (LoadStringDoubleWord)

( 2) String compare instructions:

       (a) SCAS (ScanString), SCASB (ScanStringByte), SCASW (ScanStringWord), SCASD (ScanStringDoubleWord)

(b) CMPS (CompareString), CMPSB (CompareStringByte), CMPSW (CompareStringWord), CMPSD (CompareStringDoubleWord)

· String data transfer instructions do not affect the status flags, whereas String compare instructions do affect the status flags.

· All the string instructions suffixed by B, W or D have implicit operands. The string instructions not suffixed by B, W or D, i.e., MOVS, STOS, LODS, CMPS require explicit 8-bit, 16-bit or 32-bit string operands:

MOVS  DestinationStringName ,  SourceStringName

CMPS  DestinationStringName ,   SourceStringName

SCAS   DestinationStringName

STOS   DestinationStringName

LODS  SourceStringName

· The string instructions MOVS, MOVSB, MOVSW and MOVSD allow direct memory to memory transfers.

· The string instructions CMPS, CMPSB, CMPSW and CMPSD allow direct memory to memory comparisons.

· All string instructions, except the Load string instructions LODS, LODSB, LODSW and LODSD, require the destination string operand to be indexed by the DI or EDI register, containing an offset from the ES register, i.e., the destination operand is a byte, word or double-word  of the destination string:

ES:[DI]

or
ES:[EDI]

For LODSB, the destination is AL. For LODSW, the destination is AX. For LODSD, the destination is EAX. For LODS, the destination is either AL , AX, or EAX.

· All string instructions, except the Scan string instructions (SCAS, SCASB, SCASW, SCASD) and the Store string instructions (STOS, STOSB, STOSW, STOSD) require the source operand to be indexed by the SI or ESI register , containing an offset from the DS register, i.e., the source operand is a byte, word, or double-word of the source string:

DS:[SI]

or
DS:[ESI]

For SCASB and STOSB the source is AL. For SCASW and STOSW the source is AX. For SCASD and STOSD the source is EAX. For SCAS and STOS the source is either AL , AX, or EAX.

· Summary of byte and word forms of string instructions:

	Instruction
	Byte form
	Word form
	Destination
	Source

	Move string
	MOVSB
	MOVSW
	ES:[DI]
	DS:[SI]

	Compare string
	CMPSB
	CMPSW
	ES:[DI]
	DS:[SI]

	Store string
	STOSB
	
	ES:[DI]
	AL

	
	
	STOSW
	ES:[DI]
	AX

	Load string
	LODSB
	
	AL
	DS:[SI]

	
	
	LODSW
	AX
	DS:[SI]

	Scan string
	SCASB
	
	ES:[DI]
	AL

	
	
	SCASW
	ES:[DI]
	AX


· The DS and/or the ES register must be initialized before a string instruction can be used:

(i)  If the destination string is in an extra segment FAR_DATA, and the source string is in a data segment , the initialization is of the form:

MOV  AX ,  @DATA

MOV  DS ,  AX

MOV  AX ,  FAR_DATA

MOV  ES  ,  AX

(ii)  If both the destination and source strings are in a data segment, the initialization is of the form:

MOV  AX ,  @DATA

MOV  DS ,  AX

MOV  ES ,  AX

· Note: It is possible for the source and destination to be the same string.

· A string instruction uses the direction flag (DF) to determine whether SI and/or DI (ESI and/or EDI) will be incremented or decremented after the execution of the instruction. If DF = 0, SI and/or DI (ESI and/or EDI) are both incremented by one for byte instructions, by two for word instructions. And by four for double-word instructions. If DF = 1, SI and/or DI (ESI and/or EDI) are both decremented by one for byte instructions, by two for word instructions, and by four for double-word instructions.

· The direction flag may only be changed using the CLD (Clear Direction Flag) and STD (Set Direction Flag) instructions. By default the direction flag is clear.

· Repeat Prefix
A string instruction processes only a single byte, word, or double-word of the destination and/or source string; but it may be preceded by a repeat prefix. This causes the instruction to be repeated a number of times specified in the CX register. After each execution of the instruction CX decrements by one, until it becomes zero, at which point control is transferred to the next sequential instruction.

	Repeat prefix
	Meaning
	Repetition condition

	REP
	Repeat
	Repeat while CX > 0

while(CX ( 0){

      Execute string instruction;

       CX  ( CX – 1;

    }

	REPE , REPZ
	Repeat while equal ,  Repeat while zero
	Repeat while ZF = 1 and CX > 0

while(CX ( 0){

       Execute string instruction;

       CX  ( CX – 1;

       if(ZF = 0)

              exit loop;

   }

	REPNE , REPNZ
	Repeat while not equal ,  Repeat while not zero
	Repeat while ZF = 0 and CX > 0

while(CX ( 0){

      Execute string instruction;

       CX  ( CX – 1;

       if(ZF = 1)

             exit loop;

    }


Note: If CX = 0, a string instruction preceded by any repeat prefix will not be executed; control is transferred to the next sequential instruction. If CX < 0, a run-time error occurs.

The REP prefix is used to repeat string data transfer instructions. The REPE, REPZ, REPNE, and REPNZ prefixes are used to repeat string compare instructions.

· The MOVSB instruction
Syntax:
MOVSB

Effect:  (a) if DF = 0

ES:[DI]   (((  DS:[SI]

DI  (((  DI  +  1

SI   (((  SI  +  1

(b) if DF = 1

ES:[DI]   (((  DS:[SI]

DI  (((  DI  -  1

SI   (((  SI  -  1

· The MOVSW instruction
Syntax:
MOVSW

Effect:  (a) if DF = 0

ES:[DI]   (((  DS:[SI]

DI  (((  DI  +  2

SI   (((  SI  +  2

(b) if DF = 1

ES:[DI]   (((  DS:[SI]

DI  (((  DI  -  2

SI   (((  SI  -  2

· Example:

.DATA 

STRING1  DB  ‘DHAHRAN’

STRING2  DB  7  DUP(?)

.   .   .
MOV  AX  ,  @DATA

MOV  DS  ,  AX

MOV  ES  ,  AX

MOV  SI  ,  OFFSET  STRING1

MOV  DI ,  OFFSET  STRING2

CLD

MOV  CX ,  3

REP  MOVSB

      The effect is:

	STRING1:
	D
	H
	A
	H
	R
	A
	N




        

  (


       

  SI

	STRING2:
	D
	H
	A
	
	
	
	





        

  (
 


       

  DI

· Write instructions to copy STRING1 of the above example to STRING2 in reverse order. That is, after the copy the strings should be:

	STRING1:
	D
	H
	A
	H
	R
	A
	N


	STRING2:
	N
	A
	R
	H
	A
	H
	D


     
 .   .   .

LEA  SI  ,  STRING1[6]

LEA  DI ,   STRING2

STD

MOV  CX  ,  7

L2:   MOVSB

            ADD  DI ,  2

   LOOP  L2

· Write instructions to insert 300 between 200 and 400 in the following array which is defined in a data segment:

ARRAY2  DW  100, 200, 400, 500, 600, ?

MOV  AX  ,  @DATA

MOV  DS  ,  AX

MOV  ES  ,  AX

STD

LEA  SI ,  ARRAY2[8]

LEA  DI ,  ARRAY2[10]

MOV  CX , 3

REP  MOVSW

MOV  WORD  PTR  [DI] , 300

In this example the source and destination are the same string ARRAY2

· To move a string to an overlapping group of memory locations, the move has to be made in a backward direction, i.e., from high to low memory; because a forward move will overwrite some locations. For example, shift each byte of ARRAY1 given below, one byte forward. Assume that there is at least one free byte after ARRAY1.

.DATA 

ARRAY1  DB  ‘KHOBAR’

LENGTH  EQU  $  -  ARRAY1

VAR  DB  ?

.   .   .
MOV  AX , @DATA

MOV DS , AX

MOV ES , AX

MOV   SI , OFFSET  ARRAY1 + (LENGTH - 1)

MOV  DI ,  OFFSET  ARRAY1 + LENGTH 

STD

MOV  CX ,  LENGTH

REP  MOVSB

· The STOSB instruction 

Syntax:
STOSB

Effect:  (a) if DF = 0

ES:[DI]   (((  AL

DI  (((  DI  +  1

(b) if DF = 1

ES:[DI]   (((  AL

DI  (((  DI  -  1

· The STOSW instruction
Syntax:
STOSW

Effect:  (a) if DF = 0

ES:[DI]   (((  AX

DI  (((  DI  +  2

(b) if DF = 1

ES:[DI]   (((  AX

DI  (((  DI  -  2

    Example: Store two A’s at byte 0 and 1 of a byte string STRING1 defined in a data segment 

MOV  AX , @DATA

MOV  DS , AX

MOV  ES  , AX

LEA  DI , STRING1

CLD

MOV CX , 2

REP  STOSB

Example: Write a fragment to read a string using DOS function 01H. The user must have the ability to use the backspace key to erase unwanted characters of the string before pressing the enter key. The number of characters read must be left in BX.

The pseudo-code algorithm is:

chars_read  :=  0 ;

read a character ;

while( (character  (  0DH) and (chars_read < length_buffer ))do

      if(character = backspace)then

                if( chars_read (  0)then

                      chars_read := chars_read  -  1 ;


              remove previous character from string


        endif

else

         store character in string ;

         chars_read := chars_read + 1 ;

endif

read a character ;

endwhile

.DATA

      

BUFFER  DB  80  DUP(?)

      

LENGTH_BUFFER  EQU  $  -  BUFFER

.   .   .
MOV  AX , @DATA

MOV DS , AX

MOV ES , AX

CLD

LEA  DI , BUFFER

MOV BX , 0

MOV AH , 01H

INT 21H

WHILE: CMP  AL , 0DH

JE  END_WHILE

CMP  BX , LENGTH_BUFFER

JE  END_WHILE

CMP  AL , 08H


; backspace ?

JNE  L1

CMP  BX , 0

JE  NEXT_CHAR

DEC  DI

DEC  BX

JMP NEXT_CHAR

L1:   STOSB

INC  BX

NEXT_CHAR:

INT  21H

JMP  WHILE

END_WHILE:

· The LOADSB instruction 

Syntax:
LOADSB

Effect:  (a) if DF = 0

AL   (((  DS:[SI]

SI  (((  SI  +  1

(b) if DF = 1

AL   (((  DS:[SI]

SI  (((  SI  -  1

· The LOADSW instruction

Syntax:
LOADSW

Effect:  (a) if DF = 0

AX   (((  DS:[SI]

SI  (((  SI  +  2

(b) if DF = 1

AX   (((  DS:[SI]

SI  (((  SI  -  2

     Example: Displaying a string

.DATA

                     MESSAGE  DB  ‘8086 ASSEMBLY LANGUAGE PROGRAMMING’

                     LEN_MESSAGE  EQU  $  -  MESSAGE

.   .   .
MOV  AX , @DATA

MOV DS , AX

CLD

LEA SI , MESSAGE

MOV CX , LEN_MESSAGE

MOV AH , 02H

    L1:       LODSB

  MOV DL , AL

  INT 21H

  LOOP L1

Example: Copy STRING1 to STRING2; but changing every lowercase letter into uppercase

.DATA

         STRING1  DB  ‘314 Dhahran Street’

         STRING1_LEN  EQU  $  -  STRING1

         STRING2  DB  18  DUP(?)

.   .   .

MOV AX , @DATA

MOV DS , AX

MOV ES , AX

LEA  SI , STRING1

LEA  DI , STRING2

CLD

MOV CX , STRING1_LEN

    L1:     LODSB


; AL := [SI]

               ; SI :=  SI  +  1

CMP  AL , ‘a’

JB  L2

CMP  AL , ‘z’

JA  L2

SUB  AL , 20H

; Convert to uppercase

    L2:      STOSB


; [DI] :=  AL

 ;  DI :=  DI  +  1

LOOP  L1

The SCASB and SCASW instructions

	Instruction
	Byte form
	Word form
	Destination
	Source

	Scan string
	SCASB
	
	ES:[DI]
	AL

	
	
	SCASW
	ES:[DI]
	AX


All Scan string instructions perform comparisons in reverse of the CMP instruction. In a comparison:

CMP  DestinationOperand  ,  SourceOperand

the comparison is performed by executing the subtraction:  

DestinationOperand  -  SourceOperand

In a Scan string instruction the comparison is performed by executing the subtraction: 

SourceOperand - DestinationOperand 

Syntax of SCASB instruction:
SCASB

Effect:
(a) If DF = 0

       CMP  AL  ,  ES:[DI]

                     DI  (((  DI  +  1

                 the increment of DI is done without affecting the flags

         (b) If DF = 1

       CMP  AL  ,  ES:[DI]

                     DI  (((  DI  -  1

                 the decrement of DI is done without affecting the flags

Syntax of SCASW instruction:
SCASW

Effect:
(a) If DF = 0

       CMP  AX  ,  ES:[DI]

                     DI  (((  DI  +  2

                 the increment of DI is done without affecting the flags

         (b) If DF = 1

       CMP  AX  ,  ES:[DI]

                     DI  (((  DI  -  2

                 the decrement of DI is done without affecting the flags

Example: Search for the first ‘F’ in a string; if found replace it with ‘X’

.DATA 

         STRING1  DB  ‘ABCDEFGHIJFFAB’

         STRING1_LEN  EQU  $  -  STRING1

.   .   .

MOV AX , @DATA

MOV DS , AX

MOV ES , AX

LEA  DI , STRING1

CLD

MOV  AL , ‘F’

MOV CX , STRING1_LEN

REPNE  SCASB

JNZ  L2




; Jump to L2 if ‘F’ was no found

DEC  DI



; Point to the byte containing ‘F’

MOV  BYTE  PTR [DI] , ‘X’

; Replace ‘F’ by ‘X’

   L2:      .   .    .

Example: Search for the last ‘F’ in a string; if found replace it with ‘X’

.DATA 

         STRING1  DB  ‘ABCDEFGHIJFFAB’

         STRING1_LEN  EQU  $  -  STRING1

         .   .   .

MOV AX , @DATA

MOV DS , AX

MOV ES , AX

LEA  DI , STRING1 + (STRING1_LEN  -  1)
; Point to the last character of string

STD

MOV  AL , ‘F’

MOV CX , STRING1_LEN

REPNE  SCASB

JNZ  L2




; Jump to L2 if ‘F’ was no found

INC  DI




; Point to the byte containing ‘F’

MOV  BYTE  PTR [DI] , ‘X’

; Replace ‘F’ by ‘X’

   L2:      .   .    .
Example: Replace every ‘B’ in a string with an ‘A’

.DATA

         STRING1  DB  ‘ABCDEFGHIJBBAB’

         STRING1_LEN  EQU  $  -  STRING1

.   .   .

MOV AX , @DATA

MOV DS , AX

MOV ES , AX

LEA  DI , STRING1

CLD

MOV CX , STRING1_LEN

      L1:     MOV  AL , ‘B’

REPNE  SCASB

JNZ  L2

DEC  DI

MOV  AL , ‘A’

STOSB

INC  CX

LOOP  L1

    L2:       .   .   .

Example: Write code to remove trailing blanks, if any, from an ASCIIZ string (i.e., a string terminated by 0).

 .DATA

    TNAME  DB  ‘DHAHRAN
’ , 0

                     LENGTH  EQU  $  -  TNAME

.   .   .
MOV  AX , @DATA

MOV  DS , AX

MOV ES , AX

STD

LEA DI , TNAME + (LENGTH - 2)
; point to the last but one character of TNAME

MOV CX , LENGTH - 1

; exclude the terminating 0

MOV  AL , ‘ ’

REPE  SCASB
JE  L2



; jump to L2 if all the characters are blanks
MOV BYTE PTR [DI + 2] , 0

; shift the terminating 0
JMP  EXIT
                  L2:
  .   .   .

· The CMPSB and CMPSW instructions
	Instruction
	Byte form
	Word form
	Destination
	Source

	Compare string
	CMPSB
	CMPSW
	ES:[DI]
	DS:[SI]


All compare string instructions perform comparisons in reverse of the CMP instruction. In a comparison:

CMP  DestinationOperand  ,  SourceOperand

the comparison is performed by executing the subtraction:  

DestinationOperand  -  SourceOperand

In a compare string instruction the comparison is performed by executing the subtraction: 

SourceOperand - DestinationOperand 

Syntax of CMPSB instruction:
CMPSB

Effect:
(a) If DF = 0

      


 CMP  DS:[SI]  ,  ES:[DI]

; byte comparison

       


SI  (((   SI  +  1

                     

DI  (((  DI  +  1

                

 the increment of SI and DI are done without affecting the flags

        

 (b) If DF = 1

 


CMP  DS:[SI]  ,  ES:[DI]

; byte comparison

      
 

SI  (((   SI  -  1

                     

DI  (((  DI  -  1

                 

the decrement of SI and DI are done without affecting the flags

Syntax of CMPSW instruction:
CMPSW

Effect:
(a) If DF = 0

       


CMP  DS:[SI]  ,  ES:[DI]

; word comparison

       


SI  (((   SI  +  2

                     

DI  (((  DI  +  2

                

 the increment of SI and DI are done without affecting the flags

        

 (b) If DF = 1

 


CMP  DS:[SI]  ,  ES:[DI]

; word comparison

      
 

SI  (((   SI  -  2

                     

DI  (((  DI  -  2

                

 the decrement of SI and DI are done without affecting the flags

· Example: Suppose strings STRING1 and STRING2 are both of length 10. The following instructions put 0 in BL if the strings are identical , put 1 in BL if STRING1 < STRING2, or put 2 in BL if STRING1 > STRING2.

.   .   .

MOV  AX , @DATA

MOV DS , AX

MOV ES , AX

MOV CX , 10

LEA SI , STRING1

LEA DI , STRING2

CLD

REPE CMPSB

JB  STR1_BELOW

JA  STR2_BELOW

MOV BL , 0

STR1_BELOW:

MOV BL , 1

JMP EXIT1

STR2_BELOW:

MOV BL , 2

EXIT1:   
 .   .   . 

· Example: In the following example, ARRAY1 is found to be smaller, because its third element is -4, while the corresponding element in ARRAY2 is 3:

.DATA 

           ARRAY1  DW  -1 , 2 , -4 , 20

           ARRAY2  DW  -1 , 2 , 3 , 20

.   .   .

MOV AX , @DATA

MOV DS , AX

MOV ES , AX

CLD

LEA SI , ARRAY1


; source string

LEA DI , ARRAY2


; destination string

MOV CX , 4

REPE  CMPSW

JL  ARRAY1_SMALLER

.

.

.

ARRAY1_SMALLER:

