Advanced Programming Techniques DT602 Curriculum Manual

Section 7

Chapter 7.1 Programs with Loops

Objectives of
this Chapter

Having studied this chapter you will be able to:

Describe the different types of program loop structure

Understand the 80286 assembly language conditional
and unconditional jump instructions

Understand the mechanism of relative addressing

Determine relative addressing displacements using
complementary arithmetic

Understand the function and operation of the
following 80286 Status Register Bits:

Carry Flag
Zero Flag

Use the 80286 assembly language conditional and
unconditional jump instructions in programs which
make decisions

Use the 80286 assembly language conditional and
unconditional jump instructions in programs which
repeat an action a given number of times

Explain the action of the Increment and Decrement
instructions
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Introduction
Often it will be necessary to use a loop 0 repeat a section of a program a
number of times.
There are three main types of program loop:
1 Repeating a program section indefinitely
For example: Output a "1" on bit 2 of a data port indefinitely.
‘ Output a "1" on
Bit 2 of Data Port
2 Repeating a program section until some predetermined condition
becomes true.
For example: Waiting for a "1" at input bit 4 of a data port.
L
/ Read Bit 4 of /
Data Port A
98
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3 Repeating a program section for a predetermined number of passes.

For example: Qutput a "(}" on bit 6 of a data port for the time it takes
to repeat a loop 5000 times.

Set Count to

5000

Output a "0~
on Bit 6 of
Data Port

Reduce Count

by 1 A

If, in this example, each pass through the loop were to take 1us, a "0" would be
output on bit 6 of the data port for Sms.

In order to write assembly language programs with loops, it will be necessary
to use JUMP instructions. These can be conditional or unconditional.
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Unconditional JUMP Instruction

This instruction always causes program execution to be continued from some
point other than the next location in sequence by changing the Program

Counter value,

Exercise 9

You have already seen the program shown helow in Chapter 5.1. Use Merlin o
generate this source program, assemble the object code and then transfer to

PAT.

ORG  0Qz200H

VAL1 EQU 2222H
VALZ EQU  3333H
MEM1 EQU 2000H
BEGIN: MOV AX,VALL

JMP  NEXT

LAST: MOV DS:MEML, AX
MOV BX, 0000H
MOV AH, D4H

INT 2BH
NEXT: ADD AX,VALZ
JMP LAST

;Defines the start address for
ichject code as 0080:0200H
jDefines "VALLI® as 2222H
jDefines "VAL2" as 3333H
iDefines "MEM1" as 2000H

iMoves the wvalue defined by the
:label "VAL1" into the AX
iRegister

iJumps forward to the label "HEXT®

;S5aves result in location "MEMI1®
jReturns to PFAT System

;aAdds the wvalue defined by the
;label "VALZ" to the AX

iRegister

;Jumps backward to the label *LAST®

The arrows are just to help you understand the operation of this program and
should not be included in your source program.

Enter the Terminal Mode by pressing Al-T and disassemble from location
0080:0200y. (Use the command "D 0200").
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You will find that the screen shows:

AX, 2222

R32222
ES0CO0

ADD
JME

Examine the machine code for the second instruction:
0080:0203 EI0C0O0 JME 0212

Notice that the Assembly Language mnemonics for the operand (0212y4) seems
to be inconsistent with the machine code (0C00g). This is because the
destination for the JUMP is not defined as an address. The value 0C(H)y
represents the number of bytes which must be JUMPed. This is called a
displacement (or offset). The displacement is expressed low byte first so here
it is actually 000Cy (ie 121g). If you count forward 12 bytes you will find the
destination for the JUMP - location 0080:0212y. This way of specifying the
destination for a JUMP is called Relative Addressing.

Now examine the machine code lor the last instruction:
Q080:0215 ESEEFF JMP 0206

This instruction must cause a JUMP backwards of 1819 byles. Now, the
displacement here is FFEEy so this must represent "-181p" (ic -12p).

Microprocessors are unable to interpret a minus sign. Instead they use
Complementary Arithmetic.
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Complementary Arithmetic

For any binary number there are two possible complements:

1's Complement:  Found by simply inverting cach bit.

For example: The 1's Complement of 11015 is 0010y, so -11015 is 0010, in

l's complement notation.

2's Complement:  Found by adding ! to the 1's complement.

For example: The 1's Complement of 1101, is 0010;; the 2's complement of

11017 is 00102 + 12 = 00115 s0 -11015 is 00113 in 2's complement notation.
Consider the value 0110;:

The 1's complement of 01103 is 1001;. Taking the 1's complement again
gives 0110,

Similarly, the 2's complement of 01105 is 10015 + 15 = 1010,
Taking the 2's complement again gives 01012 + 15 = 0110,.
S0 a complementary number may be converted back to an ordinary number
by simply taking the complement again.
Returning to our instruction:
0080:0215 EYEEFF JMP 0206
FFEEj is 1111 1111 1110 11102. The 1's complement is (000 0000 0001 00015,

The 2's complement is 0000 0000 0001 00017 + 12 = 0000 GOO0 0001 00102
which is 12p.

So the JUMP will be 1241 (ie 181¢) bytes backward.

You will not need to calculate displacements, since the D2000 80286 Cross
Assembler will calculate them for you, using label references.
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Range of Relative Addressing

The displacement for 80286 JUMP instructions is 16 bits in length,

The largest positive (ic forward) displacement will be 7FFFy
(O111 1111 1111 11115) which is 3276719 bytes.

The largest negative (ic backward) will be 8000y
(1000 0000 0000 00005).

8000y = + 1000 0000 0000 (XK

=-0I11 1111 1111 11112 (1's complement)
= LOOGO OO0 0000 00002(2's complement)
- 8000y
- 3276810

So a backward JUMP can cover up to 3276810 locations.

Conditional JUMP Instructions

80286 Status

A conditional JUMP is only taken if some predetermined condition is true.
Otherwise the next instruction in sequence is executed. These instructions
allow the microprocessor to take decisions. The conditions which are tested
arc the states of various bits within the Status Register (or Flag Register).

Register

Each bit (or "flag") within the Staws Register is a single flip-flop which can
storc a (0 or a 1. These flags indicate the naturc of the result of the last
operation. Many instructions will affect various flags. The 80286 has a number
of flags but we shall only consider two for the time being: the Carry Bit and the
Zero Bin

Carry Bit

This flag is set (ie = 1) if the result of the last arithmetic operation is greater
than the destination can hold. For example: If 50E8 278By is added to §14B
E4CCy the result is D234 0CS57y and there is no carry out;

SOES8 278By +
814B E4CCy
D234 OC5Ty
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However, if 50E8 278By; is added 10 B246 A9ETy the result is 1 032E D172y
Thus a carry out is generated:

S50E8 Q?BBH +
B246 A9ETy

032E D172,
The carry flag is also used as a "borrow” Mag when performing subtraction.
Zero Bit
This tlag is set (ic = 1) if the result of the last operation was zero, For
example, if the microprocessor subtracts 1234y from 1234y the result is (0 and
the zero flag is set (Z=1), If 1234;; is added to 1234y the result is 2468;; which

15 non-zero so the zero flag is cleared (Z=0),

The action of these flags can be summarized thus:
(=

Result Equal to Zero (Z=1)
Result Not Equal to Zero (Z=0)
Carry Bit Set (C=1)
Carry Bit Cleared (C=n

Now, refer to the 80286 Programmer's Reference Manual for some of the

instructions you have met so far. Note how the Zero and Carry Flags arc -

affected by cach instruction:

Instruction Zero Flag Carry Flag
MOVE Not affected. Not affected.
ADD Set if result is zero, Setifa Carry is
otherwise cleared. generated,
otherwise cleared.
suB Set if result is zero, Set it a Borrow is
otherwise cleared. generated,
otherwise cleared.
JMP Not affected. Not affected.
104
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Each of the Conditional Jump Instructions will test for different Mags sct (=1) or
clear (=0). Il the condition is true, then the displacement is added to the
Program Counter and execution continues from a point other than the next
instruction. However, il the condition is not true execution will continue with

the mext instruction in memory.

Some of the Conditional Jump Instructions which test the Carry and Zero Flags

are:
JZ Jump if Result Equal to Zero (Z=1)
JNZ Jump if Result Not Equal to Zero (Z=
IC Jump if Carry Bit Set (C=1)
JNC Jump if Carry Bit Cleared (C=0)

Examples:

to location 0140H in the

JZz 0140H
;Current Segment if
;Flag iz set {(ie if
;Zero Flag 1)
JNZ sJumps Eo LG
iby the labe
"lag

pJumps to
by the
;Carry

o P g

ATy

JC

;Jumps to location
;by the label MIN f
;Carry Flag is clear (ie 1if
;Carry Flag 0l

JNC MINVAL

There are a number of other flags which may be tested but we shall only
consider the carry and zero flags for the time being.
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Exercise 10

Write a program which will add the words at locations 0080:1000y; and
0080:1100y. If the result is greater than FFFFy, the value 99y should be
placed in location 0080:2000y. If the result is not greater than FFFFy;, the
value 99y should be placed in location OOB0: 2000 .

Solution:

This problem requires the carry flag to be tested following the addition and then
amarker value to be saved to indicate (he status of the result

Flowchart:

Move contents of
location
0080:1000H into
Accumulator

v

Add contents of
location
0080:1100H to
Accumulator

Yes No
Place the value Place the value
99H In location 22H in location
0080:2000H 0080:2000H
@
End

LJ Technical Systems
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The assembly language program will be:

CRG 0100H ;Defines the

code acs

“he contents o
00y into the
ator

» contents of location
to the Accumulator

; Adds
;0080:
;If the Carry Flag is smet, the
be greater ti
to label

L atal AW TV . ]
Sldit AX ,DS:

JC GREATR

LESS: MOV DS:2000H,22H ;

rlocation

JMP  FINISH ik

GREATR : MCV  DS:2000H,95H

FINISH: MOV BX, 0000H ;Returns to PAT system
MOV AH, 04H

INT Z8H

Notice how the state of the carry flag determines which branch is taken and
hence which marker value is saved in location 0080: 2000y,

Use Merlin to create this source program and then assemble the object code
program. Transfer to PAT and execute.

Experiment with known values in locations 0080:1000g and 0080:1 10051 to
verifly correct operation.
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Practical Assignment

6  Write a program which will examine the contents of location 0080:1200y. If the contents
are 0000y, location (X080:2 100 should be loaded with 33y If the contents arc non-zero
then (WR0:210041 should be loaded with 55y.

Hint: The Move instruction will not affect the Zero Flag. An easy way to overcome this
problem is to include an instruction which performs the logical OR of the value with
(000y. For example OR  AX, 0000H will cause the Zero Flag to be set if the AX
Register contains (000

Loop Counters

So far programs have been decision-making rather than repeated loops.

Consider the problem of repeating a scction of a program a given number of

tumes. These types of programs often usce a register or memory location as a
loop counter. The loop counter is decremented (decreased by (01y) on each
pass through the loop and tesied for zero. When the counter reaches zero the
program exits from the loop and continues. This is a fundamental technique in
assembly language programming.

Increment and Decrement Instructions

The Tncrement (INC) and Decrement (DEC) instructions allow the contents of

a register or memory location to be increased or decreased by 1 respectively.

For example:

INC AX + 1 eases the contents of the
JAccumulator by 1
DEC CX ; Reduc contents of the
;CX Register by 1
108 LJ Technical Systems
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Exercise 11

Write a program which will add the words at all locations between (080: 13001y
and 0080:130Ey. The result must be saved in location (080;22004.

Solution:

The BX Register can be used as a convenient loop counter:

{

Point to first
word with BX Reg

v

Move first word
Into Accumulator

T

Peint to next

word
v A

Add next word to
the Accumulator

Yes

Save result in
location
0080:2200H

i
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A source program for this is shown below:

ORG 0300H
MOV BX,130EH
MOV AX,WORD PTR [BX]

NEXT: DEC BL

ADD AX,WORD PTR [EX]
Ck  BL,00H

JNZ  NEXT

MOV DS:2200H, AX

MOV BX,0000H
MOV AH,04H
INT 28H

;Defines the start
;object code as |
;Uses BX Rec
;first word
;Moves the first word into the
shccumulator

;Reduces the low byte of the
;Count by 1y

iReduces the low byvte of the
iCount by 1y again to point to
inext word

ister to point to

Zero Flag oL set, Jump
ck to label NEXT to point to
= word
25 the r
;location 00

;Returms to PAT svstam

Create this source program and assemble the object code program. Transfer the
object program to PAT and place known wvalues in locations 0080:1300y; to

0080:130Fy.

Run the program and verify cor
(0080:2200y. Remember that word

LJ Technical Systems
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Practical Assignments

Write a program which will fill each byte between locations (080:1400y and (H080:14FFy
with the value 774

Write a program which will load each byte between (080: 1501 and 0080: 15FF;
according to the table below:

Location Contents
O0RB0: 1500y 00y
080:1501y Oly
(0R80: 1502y 02y
0080:15031; 03y
0080:1504y 04y
and so on up to:
0080:15FDy FDy
0080:15FEy FEy
(MB0:15FFy FFy
Notes

..............................................................................................................................................................

...............................................................................................................................................................

................................................................................................................................................................

...............................................................................................................................................................
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r2

The type of JUMP which i1s always taken is called a
Conditional Jump

Direct Jump

Indirect Jump

Uncondiional Jump

If the mstruction at location (O80:2418;) 1s JZ2 243 2H, the displacement added w the
Program Counter is:

El loy

17y

181

19y

The largest positive 16-bit offset for relative addressing is:

[1] 3276510

327661)

3276719

3276810

The Carry Flag is set when the result of the last 16 bil operation is:
B zero

nON-2cra

less than 16 bits

greater than 16 bits

The CX Register contains the value 1234y, After the instruction TNC X, the CX Register
will contain:

123311

1234y

1235

1236y

EIEEE]
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Chapter 7.2 Further Programs with Loops

Objectives of

this Chapter Having studied this chapter you will be able to:

B Describe the fundamental operation of the following
80286 LOOP instructions:

LOOP
LOOPZ,
LOOPNYZ

B Describe the operation of the 80286 COMPARE
instruction

W Explain how the COMPARE instruction affects the
Zero and Carry flags.

B Write programs using the LOOP and COMPARE

instructions,
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Introduction

In the previous chapter you saw probably the most common loop structure. This
is where a "count” is increased or decreased and then tested. A Jump may then
occur, depending upon the result. The 80286 has a set of special instructions
which combine these two operations. These are the LOOP instructions.

Loop Instructions

These instructions are another type of conditional Jump. All Loop instructions
use the CX Register as a Loop Counter. The Loop Counter is decremented and
its contents examined each time the instruction is executed.
Different types of LOOP instruction will take differen( actions thus:
LOOP
Decrement the CX Register and then Jump 1o destination until CX = OO0 4.
LOOPZ

Decrement the CX Register and then Jump to destination until CX = 0000y
and Zero Flag is Set,

LOOPNZ

Decrement the CX Register and then Jump to destination until CX = 000Ky
and Zero Flag is Clear.

None of the Loop instructions will themselves affeet any flags.

Loop instructions can be used in place of the Decrement/Jump if Non-Zero
method introduced in the last chapter,

LJ Technical Systems

El [ m EL mn E L E i 11 m 11 T rww



DT602 Curriculum Manual Advanced Programming Techniques
Section 7

Exercise 12

Write a program which will fill all of the locations between 0080:0500y and
0080:05FFy; with the byte 99y

Solution:

Flowchart: I

Start

{

Point to last
byte with CX Reg

i

Copy CX Regiter
into BX Register

v

Move the value
899H into the ‘
next location

Decrement the
CX Register

Yes

Move the value
99H into the
first location

O
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The assembly language program will be:

ORG 0100H iDefines the start address for
iobject code as 0080:0100g
MEMORY EQU  0500H ;Defines "MEMORYY as 0500y
MoV CX,00FFH iPoints to last byte with the
;CX Register
NEXT: MOV  BX,CX iCopies the CX Register into

;the BX Register to point to
;the next byte

MOV BYTE PTR MEMORY[BX],99H iMoves the wvalue 994 into the
;next location

LOOP MNEXT ;Decrement the CX Register. If
iCX is non zero, jump back to
ilabel "NEXT®"

MOV BX,CX ;Points to first location

MOV  BYTE PTR MEMORY [BX], 99H ‘Moves the value 99y into the
;last location

MOV BX,0000H iReturns to PAT system
MOV AH,(04H
INT 28H

Once you have gencrated an object program, transfer to PAT and verifly for
correct operation by examining locations 0080:050041 1o 0080:05FFy; before and
after execution.

Practical Assignment

9 A scries of non-zero bytes is stored from locations 0080: 1000y onward. This series is
terminated with the byte 001. Write a program which will copy this series 1o locations
0080: 2000y onward.

Up to now we have concentrated upon detecting if the contents of a regisler are
zero or over FFFFy. It is also possible to detect any given value. This is
achieved by means of the COMPARE instruction.
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The Compare Instruction

Consider the problem of testing the Accumulator to see if it contains the word
3210y. Subtracting 3210y from the Accumulator would cause the zero Nag to he
set if the accumulator had contained 3210y,

This could be achieved as follows:

PASS:

SUB AX,3210H ;Subtracts the value 3210 from
;the Accumulator
JEZ FAES 1 If the Zero Flag iz set, Jump

;toe the label “PASS
rdero flag 1s not
;marker value 0001

; Regizrer

JME START ;Rerturns to start
MOV DX, FFFEH lero flag is not set so place
rker value FFFEy in DX
gister

120

The DX Register will be loaded with either FEFEy or 0001, to indicate an
Accumulator value of 3210y or non-3210y respectively.

The difficulty with this technique is that it destroys the contents of the
Accumulator. Now, since this is a very common problem in asscmbly language
programming, the 80286 provides a special instruction which operates like
subtraction but does not destroy the register contents. This is the COMPARE
instruction,

When a COMPARE is executed, the result of the subtraction is lost but the
status flags are conditioned to reflect the type of result (cg zero flag sevclear,
etc).

The 80286 COMPARE instruction (CMP) subtracts the contents of the source

from the destination and conditions flags depending upon the result. The
contents of the source and destination are unaffected by this instruction,

LJ Technical Systems
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...................

...................

...................

...................

...................

For example:
CMP AL, 37H

This instruction subtracts the value 37 from the Accumulator but does not
place the result in the Accumulator.

If the value 37y is equal to the conients of the Accumulator:

Zero Flag = 1 Carry Flag=0

If the value 37y is greater than the contents of the Accumulator:

Zero Flag = 0 Carry Flag=0

If the value 37y is less than the contents of the Accumulator:

Zero Flag = 0 Carry Flag= 1

So the CMP instruction can be used in programs o discover whether a register
or memory location holds a specific, non-zero value. This allows programs to
be produced which make the following decisions:

IsA=B?
IsA>B?
IsA<B?

..........................................................................................................................................

............................................................................................................................................

.............................................................................................................................................

...........................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
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Exercise 13

122

Write a program which will inspect the data words at locations 0080:2(00Mh3 and
0080:2002y. The greater of these two words should then be saved in location

(080:2004y; .

Solution:

Flowchart:

{

Move contents of
first location
Into Accumulator

Y

Compare the
Accumulator with
the contents of
second location

No

Move contents of
second location
into Accumulator

T

Move greater
value Into
0080:2200H

I
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Source Program:

ORG

MOV

CMP

JNC

MOV

LESS: MOV

MOV
MOV
INT

0300H

AX,DE8:2000H

AX,DS:2100H

LESS

AX,DS:2100H

DS:2200H, ax

BX,0000H
AH, O4H
28H

;Defines the start address for
iobject code as 0080:0300g

iMoves the contents of first
+location into the Accumulator
iCompares the second location
iwith the first

iIf the carry flag is clear
ithen First is greater than
iSecond so Jump te label *LESS®
ilarry flag is set so second
;value is the greater.
iThercfore place greater value
;in the Accumulator

iSaves the greater wvalue in
;location 0080:2200q

iReturns to PAT system

Notice that at the JNC instruction,
already in Data Register 00, If this i
location 0080:22004;. Use this

the contents of location 0080:2000y are
s the greater, it can simply be saved in
source program to produce an object program and

execute using the PAT 10 verify correct operation.

Notes
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Exercise 14

124

Memory location (080:3(K)y may contain any byte. Write a program which will
increase or decrease the contents of this location, in steps of 1, until the byte

stored becomes C3.
Solution:

Flowchart:

Move contents of
location

0080:3000H into
the Accumulator

v

Compare the
Accumulator with
the value C3H

Increase cotents
of 0080:3000H
by 1

Reduce cotents
of 0080:3000H
by 1

LJ Technical Systems
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The source program will he:

ORG  Q400H ;iDefines the ste
iobject code
(CHECK ; MOV AL, EYTE PTR DS:3000H rMoves contents of location
finto Accumulator
CMP AL, 0C3H 2 res Accumulator with the

;value C3y

JZ . BQUAL ;It the Zero Flag is set, vte
iermuals C3H so Jump to end
JC  LESS ;1f the Carry Flag is ser, byte
ils less than C3y, so Jump to
;labal "LESS™
GREATR: DEC BYTE PTE DS:3000H ;Larry Flag is clear so redure

JMP CHECK

s Lo label "CHECK® to test
ibyte again

LESS INC BYTE PTE DS5: i Increases:
JMP  CHECE rJunps to to test
;bvete again
EQUAL: Moy iByte is now Clyg =so returns to

AT
SR

[NT

Once you have generated an object program, transter 10 PAT and verify correct
operation by loading location 0080:0500y with suitable values and checking
after execution,

Practical Assignments

10 Write a program which will examine the data byte at location 0080:23004;. Location
(080:2400y should then be loaded with a marker value according to the byte found thus:

IT the byte in location 0080:2300y is:

less than 7Fy, load location 0080:24()y with 01y
equal 10 7Fy, load location 0080:2400; with AAR
greater than 7Fy, load location (080:2400y with FEy

I Wrile a program which will inspect the words at locations 0080:2500y ,0080:2600y and

0080:27001. The largest of these should he saved in location (080:2800y.
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Al

1. The Register used by Loop instructions as the loop counter is the:
AX Register
BX Register
CX Register
El DX Register

2. The Loop instruction which will causc a Jump to the destination until the count is zero and
the Zero Flag is clear is;
LOOP
LOOPNZ
LOOPS
[4] Loorz

3. The instruction which will subtract the contents of a source from a destination and set ar
clear flags accordingly, without affecting the source or destination is-
Compare
Loop
Subtract
@ Test

4. Following a COMPARE instruction, hoth the Zero and Carry Flags are clear (ic: = (),
This indicates that:
EI the source contains zero
the source and destination are equal
the source smaller than the destination
the source is greater than the destination

5. If the destination is smaller than the source for a COMPARE instruction, the Zero and
Carry Flags will be:
Z=0 C=0
Z=0 C=1
Z=1 C=0
[4 z=1 C=1

126
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Chapter 7.3 Test and Logic Instructions

Objectives of
this Chapter

LI Technical Systems

Having studied this chapter you will be able to:

B Describe the function of the basic Logical Operators:

AND
OR
Exclusive OR

B Apply the basic Logical Operators to binary data

B Write programs which use the 80286 AND, OR and
XOR instructions (o test bits within a register or
memory location

B Describe the operation of the 80286 TEST Instruction

W Use the 80286 TEST instruction to test a number of
bits within a register or memory location

B Describe the principles and applications of Shift and
Rotate Instructions

B Write programs which use the 80286 SHIFT and
ROTATE instructions to manipulate binary data
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Introduction

You have learned in the previous chapter how w detect if contents of a location
or register are equal to any given value. In this chapter you will learn how 1o
test individual bits within 2 memory localion or register. The hit test
instructions can be useful in Input/Output Programming, which you will
encounter in the next Chapter.

Logical Operators

Logical instructions can be used to wst groups of bits. This requircs the use of
logical vperators. You will already be familiar with the ways in which some
arithmetic operators can be applicd o data (eg ADD, SUB, cte). It is also
possible o upply logical operators o duta (e AND, OR, EXCLUSIVE-OR).

Logical AND

Recall OANDO=0 0.0=0
O0AND 1 =0 0.1=0
1 AND O =0 1.0=0
1AND | =1 l.1=1

To AND together two binary numbers, the AND operator is applied bit by bit,

For example:

10,
10
0100

0.1=0

1.0=0

EEES

0.0=0

So 0110z . 11015 = 0100,

Notice that any given bil in the resull can only be 1 if both of the numbers have
a | in that position. This property can be used to test for bits at 1 within a
register or location.
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11

il

For example: 1099y ANDed with a mask 57FOy:

1

1099y = 0001 0000 1001 1001,
57TF0y = QIOTOLIL 1111 O000;
0001 0000 1001 0000; = 1090y

This technique can be used to test a number of bils within a register or memory
Iocation.

111

The 80286 AND instruction can operale upon memory, register or immediate
data.

For example:

117

AND A¥,10FFH ;ANDs the Accumulator with the
;value 10FFy

AND BL,CL JANDs the BL and CL Registers

AND DX, D5:2000H ;ANDs the DX Register with the
jcontents of location 2000y
;within the current seagment

b

Notes:

pre Cre
B BB 8 e e e R R B B B 8§ e e e e e e e e B L A 8RB0 8 8 s e B M E
....................... BB B 0 NN B B L L0 BB 8 888§ B84 684 8 4 8w mm o 8 8 s R RS B R e e R RS S EE R e m
................................................................................................. B

.

. sruna
L E R R A R E KA B R R KB A 4 e s e e mae e

- e s aann Sabbbbianas
B BN 840 B MMM B b B0 0 R B R R BN BB B 4B K 6§ A8k b e e e A b R e russ sonn
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Exercise 15

130

Write a program which will examine the byte at location (0080:10004. A marker
value of 10y should be saved in location 1100y if any of the bits 5, 6 and 7 in
location 0080:1000y are set. Otherwise, a marker value of TFy should be
placed in location Q08 1100y,

Solution:

Flowchart:

Move contents of
location

0080:1000H Into
the Accumulator

v

Test for bits 5,

6 or 7 set
No
Yes
Save the value Save the value
7FH in location 01H in location
0080:1100H 0080:1100H

Y Y
Ce D
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Source Program:

The mask must enable bits 5.6 and 7
therefore 1110 0000, (ie:E0y).

of the destination. The mask required is

FALSE:

TRUE:

FINISH:

ORG 0100H

MOV AL,BYTE PTR DS:1000H

AND AL, 0EOH

MOV BYTE PTR DS:1100H,07FH

JMF  FINISH
MOV  EBYTE PTR DS:1100H, QlH
MOV BX,0000H

MOV AH,04H
INT 2BH

;Defines the start address far
iobject code as 0080:01004
iMoves the contents of location
;0080:1000y into the
jhAccunmilator

;ANDs the Accumulator with the
imask EOy (1110 00002) to test
sfor hits 5, 7T set

;If the Zero Flag is clear, at

;least one of bits
;Set s0 Jump to labe
; The 2

¥, 6 or 7 is
1 "TRUE"

o Flag is set so none
iof the bits 5, 6 or 7 are set.
;Hence save marker for no bits
iset.

;Task completed, so Jump to the
send

i5aves the marker for one or
imore of bits §, 6 or 7 set

iReturns to PAT system

Use this source program to produce an object program. Run it on the PAT and

ensure correct operation.

LJ Technical Systems
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Logical OR and Exclusive OR

Recall 0O0OR 0=0 0+0=0
O0O0R 1=1 0+1=1
1 OR O=1 1+0=1
1 OR 1 =1 I1+1=1]

To OR together two binary numbers, the OR operator is applied bit by hit.

For cxample:

0101
0110
I—[J+l:[J
lL+0=1
1+1=1
0+0

S50 0110; + 1101, =0110,

Notice that any given bit in the result can only be () if both of the numbers have
a 0 in that position.

80286 assembly lan"udg; allows the OR and Exclusive-OR (XOR) operators
lo be applied to data in similar ways to the logical AND operator.

For example:

OR AX, BX :OFRs the Accumulator with the
iBX Register

lus 1\.e CRs the CL Register

ith the bvte at lgcation

0B80:2400y

OR DX, CI101H ;ORs the DX Register with the

XOR CL,BYTE PTRE DS:2400

ivalue Cl0ly

We have already used the OR instruction (o condition the Flags
(eg OR aX,0000H).
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A useful property of the Exclusive OR function is that of inverting data.

For example;

1001

So, exclusive ORing with 11112 gives the logical inverse. This can be useful in
detecting (s (rather than 1's). IF the test word is first inverted, 1's in the
inverse correspond to 0's in the actual test word. These can then casily he

detecred.

The Bit Test Instruction

The Bit Test instruction (TEST) is rather like a logical Compare. The contents
of a Register or memory location ure ANDed with a mask. However, neither the
source nor destination are modilied by this instruction; only the Flags are

affected. So this instruction can be used in place of AND if the contents of

Registers or memory locations are to be preserved,

Examples:

TEST AL, FIRST

TEST DX,DS5:1350H

arcr with che
label "FIRST".
Accumulator are

I with the
2 CL
BL and

ected.

e DX Register with the
rontained in locati
in the current segment.
“ontents of DX Register and
imemory location are
;junatfected.

LJ Technical Systems
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Exercise 16

Repeat Exercise 15, using a TEST instruction rather than an AND.,
Solution:

The flowchart for this exercise will be the same as in the previous exercise
(Page 130).

Source Program:

FALSE:

TRUE:

FINISH:

CRG 02004

MOV AL,BYTE PTR DS:1000H

of

: Up into the
‘umuiLlatcr

TEST AL, OEOH s the Acoumulator with the

JNZ  TRUE

iset so Jump to

MOV  EBYTE PTR D

:1100H, 07FH iThe Zera Flag
;of the bits 5, &
; e save marker

for no bits

JME FINISH

< completed, so Jump to the

MOV BYTE PTR D

5 the marker four one or
£ 5, 6 or 7 set

tReturns to PAT systom

Edit your source program for Fxercise 15 to produce the source program above.
Assemble and then run 1o verify correct operation.

Practical Assignment

l"!

2 Write a program which will inspect the hyte at location O080:1200y. If any of hits 0, 1, 2 or
Fare clear, load 0080: 1300y with Fiy. Otherwise load QOB 1300y with 77y .

134
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Shift Instructions
A logical shift involves each bit within a register moving one place to the left or
right (depending upon the direction of the shift) and usually a zero is shifled

into the register and the bit at the other end is lost

For example: a shilt right ol a register holding 1 1K) 10104;

Lfrjojofrjoprfjo

OfLj1fojoprjoll

Each bit moves one place (o the right. A zero moves into the most significant
bit position and the least significant bit is lost.. So, the register will change (o
0110 0015 This type of shift is called a Logical Shift.

Notice that a Shill Lelt corresponds to division by 2 (in the same way that
moving the decimal point left gives division by 10 in the denary system).
Similarly. a Shift Right performs multiplication by 2.

The other type of shifl is the Arithmetie Shift. For example, an arithmetic shift
right of a register holding 1100 101(0),:

LfLjojoj1jof1]o

B

111 f{0ja]L]ofl

Again, cach bit moves onc place to the right and the least significant bit is lost.
However, unlike the logical shifl, the most significant bit is retained. So, the
register will change to 1110 0101,.

In 80286 Assembly Language both the larget register or memory location and
the number of shifts required is specified.

E

For example:

SAR AL, 05H ;Arithmetic Shift Right of the
iAccumulator 5 bimes

SHL DS:2340H,08H iLogical Shift left of momory
ilocation 2340y, in Lhe current
sedment., B L imes
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Rotate Instructions

These are similar to shift instructions, cxeept that instead of one hit being lost
and a vero shifting in, the last bit is shifted back in at the bepinning.

For example: a register holding 1100 10105

LpTjojofrfolr]o

C]]!

Each bit moves one place 1o the right and the least significant bit moves to the
most significant position.

As with the Shift instructions, the number of Rotates is spe

cificd as well as the
targel register or memory location.

For example:

ROL BL,CL

iRotates the BL Register Left.
s noer of Rotates is tound
+in CL Register.

ROR AX,01H P s the Accowmilator Left
ey
10

Shift and Rotate instructions are used in the Conversion of Serial and Paralicl
Data; in Multiplication/Division and in Matching of Bit Patterns

Details of the 80286 Shift and Rotate instructions can be found in the 80286
Programmers' Reference Manual,

Practical Assignment

13 The word at location 008(0: 140071 1s initially
word right until bit 12 is clear.

F8(Hhy. Write a program which will rotate this
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Student Assessment 9

1. When the binary number 100] 1 1013 is logically ANDed with the mask 1111 0000, the

result 1s:

0110 0000,

0110 0010,

1001 0000,

1001 1101,

2. The Accumulator contains the word 4500y, After
executed, the contents of the Accumulator bccome:

0000y
[6] 45005
BAFFy
FFFFy

the instruction "XOR AX, OFFH" is

3. The Accumulator containg the word 4500);. After the instruction "TEST AX,0FFH"is

executed, the contents of the Accumulator become:

(000
45004
BAFFy
FFFFy

4. A zeroin bit 5 of the BL Register is 10 be detected. The correct program scquence is:

[2] or =1, 00s
TEST BL,20H

OR  EL, OFFH

TEST BL,204

XOR BL,00H

TEST BL,Z20H

[d] xor BL,oFFH

TEST BL,20H

5. A Register contains the value B7H. If this register is Rotated Left 3 times it will become:

16H
[] B8y
BDy

Foy
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