
8087 Co Processors and Architechture 

 
Overview 
�Each processor in the 80x86 family has a corresponding coprocessor with which it is 
compatible. 
�Math Coprocessor is known as NPX,NDP,FUP. 
Numeric processor extension (NPX), 
Numeric data processor (NDP), 
Floating point unit (FUP). 

 
Compatible Processor and Coprocessor 

 
Processors 
1. 8086 & 8088 
2. 80286 
3. 80386DX 
4. 80386SX 
5. 80486DX 
6. 80486SX 
Coprocessors 
1. 8087 
2. 80287,80287XL 
3. 80287,80387DX 
4. 80387SX 
5. It is Inbuilt 
6. 80487SX 

 
Architecture of 8087 

 
�Control Unit 
�Execution Unit 

 
Control Unit 

 
�Control unit: To synchronize the operation of the coprocessor and the processor. 
�This unit has a Control word and Status word and Data Buffer 
�If instruction is an ESCape (coprocessor) instruction, the coprocessor executes it, if not 
the microprocessor executes. 
�Status register reflects the over all operation of the coprocessor. 



Architecture of 8087 

 
 
 
 
 
 
 
 
 

 



Status Register 
 

15 0 
B C3  ST  C2 C1 C0 ES  PE UE OE ZE DE IE 

 
 
 

• C3-C0 Condition code bits 
• TOP Top-of-stack (ST) 
• ES Error summary 
• PE Precision error 
• UE Under flow error 
• OE Overflow error 
• ZE Zero error 
• DE Denormalized error 
• IE Invalid error 
• B Busy bit 

 
�B-Busy bit indicates that coprocessor is busy executing a task. Busy can be tested by 
examining the status or by using the FWAIT instruction. Newer coprocessor 
automatically synchronize with the microprocessor, so busy flag need not be tested 
before performing additional coprocessor tasks. 
�C3-C0 Condition code bits indicates conditions about the coprocessor. 
�TOP- Top of the stack (ST) bit indicates the current register address as the top of the 
stack. 
�ES-Error summary bit is set if any unmasked error bit (PE, UE, OE, ZE, DE, or IE) is 
set. In the 8087 the error summary is also caused a coprocessor interrupt. 
�PE- Precision error indicates that the result or operand executes selected precision. 

 
�UE-Under flow error indicates the result is too large to be represent with the current 
precision selected by the control word. 
�OE-Over flow error indicates a result that is too large to be represented. If this error is 
masked, the coprocessor generates infinity for an overflow error. 
�ZE-A Zero error indicates the divisor was zero while the dividend is a non-infinity or 
non-zero number. 
�DE-Denormalized error indicates at least one of the operand is denormalized. 
�IE-Invalid error indicates a stack overflow or underflow, indeterminate from (0/0,0,-0, 
etc) or the use of a NAN as an operand. This flag indicates error such as those produced 
by taking the square root of a negative number. 

 
CONTROL REGISTER 

 
�Control register selects precision, rounding control, infinity control. 
�It also masks an unmasks the exception bits that correspond to the rightmost Six bits of 
status register. 
�Instruction FLDCW is used to load the value into the control register. 



Control Register 
 

15 0 
  IC R C P C   PM UM OM ZM DM IM 

 
 

•IC Infinity control 
•RC Rounding control 
•PC Precision control 
•PM Precision control 
•UM Underflow mask 
•OM Overflow mask 
•ZM Division by zero mask 
•DM Denormalized operand mask 
•IM Invalid operand mask 
�IC –Infinity control selects either affine or projective infinity. Affine allows positive 
and negative infinity, while projective assumes infinity is unsigned. 

 
INFINITY CONTROL 

 
0 = Projective 
1 = Affine 
�RC –Rounding control determines the type of rounding. 

 
ROUNDING CONTROL 
00=Round to nearest or even 
01=Round down towards minus infinity 
10=Round up towards plus infinity 
11=Chop or truncate towards zero 
�PC- Precision control sets the precision of he result as define in table 

 
PRECISION CONTROL 

 
00=Single precision (short) 
01=Reserved 
10=Double precision (long) 
11=Extended precision (temporary) 
�Exception Masks – It Determines whether the error indicated by the exception affects 
the error bit in the status register. If a logic1 is placed in one of the exception control bits, 
corresponding status register bit is masked off. 

 
Numeric Execution Unit 

 
�This performs all operations that access and manipulate the numeric data in the 
coprocessor‟s registers. 
�Numeric registers in NUE are 80 bits wide. 



�NUE is able to perform arithmetic, logical and transcendental operations as well as 
supply a small number of mathematical constants from its on-chip ROM. 
�Numeric data is routed into two parts ways a 64 bit mantissa bus and 
a 16 bit sign/exponent bus. 

 
 

Parithy
Typewritten Text
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Minimum and Maximum 
Modes For 8086 
Microprocessor



ROAD MAP

• General Bus Operation

• Minimum Mode configuration In 8086

• Maximum Mode Configuration In 8086
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General Bus Operation

 The 8086 has a combined address and data bus commonly referred
as a time multiplexed address and data bus.
The main reason behind multiplexing address and data over the
same pins is the maximum utilization of processor pins and it
facilitates the use of 40 pin standard DIP package.

 The bus can be demultiplexed using a few latches and
transreceivers, when ever required.

 Basically, all the processor bus cycles consist of at least four clock
cycles. These are referred to as T1, T2, T3, T4. The address is
transmitted by the processor during T1. It is present on the bus
only for one cycle.



 The negative edge of this ALE pulse is used to separate the
address and the data or status information. In maximum
mode, the status lines S0, S1  and S2 are used to indicate
the type of operation.

 Status bits S3  to S7 are multiplexed with higher order
address bits and the BHE signal.

 Address is valid during T1  while status bits S3 to S7  are
valid during T2  through T4.
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General Bus Cycle For 8086
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Minimum Mode 8086 System
 The microprocessor 8086 is operated in minimum mode by

strapping its MN/MX pin to logic 1.

 In this mode, all the control signals are given out by the
microprocessor chip itself. There is a single microprocessor in
the minimum mode system.

 The remaining components in the system are latches,
transreceivers, clock generator, memory and I/O devices.

 Latches are generally buffered output D-type flip-flops like
74LS373 or 8282. They are used for separating the valid address
from the multiplexed address/data signals and are controlled by
the ALE signal generated by 8086.
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Minimum Mode Configuration For 8086
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 Transreceivers are the bidirectional buffers and some times they are
called as data amplifiers. They are required to separate the valid data
from the time multiplexed address/data signals. They are controlled by
two signals namely, DEN and DT/R.

 The DEN signal indicates the direction of data, i.e. from or to the
processor.

 The system contains memory for the monitor and users program
storage. Usually, EPROM are used for monitor storage, while RAM for
users program storage. A system may contain I/O devices.

 The opcode fetch and read cycles are similar. Hence the timing
diagram can be categorized in two parts, the first is the timing diagram
for read cycle and the second is the timing diagram for write cycle.

 The read cycle begins in T1  with the assertion of address latch enable
(ALE) signal and also M / IO signal. During the negative going edge of
this signal, the valid address is latched on the local bus.
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 The BHE and A0  signals address low, high or both bytes. From
T1  to T4  , the M/IO signal indicates a memory or I/O
operation.

 At T2, the address is removed from the local bus and is sent to
the output. The bus is then tristated. The read (RD) control
signal is also activated in T2.

 The read (RD) signal causes the address device to enable its data
bus drivers. After RD goes low, the valid data is available on the
data bus.

 The addressed device will drive the READY line high. When the
processor returns the read signal to high level, the addressed
device will again tristate its bus drivers.



 A write cycle also begins with the assertion of ALE and the
emission of the address.

 The M/IO signal is again asserted to indicate a memory or I/O
operation. In T2, after sending the address in T1, the processor
sends the data to be written to the addressed location.

 The data remains on the bus until middle of T4  state. The WR
becomes active at the beginning of T2  (unlike RD is somewhat
delayed in T2  to provide time for floating).

 The BHE and A0  signals are used to select the proper byte or
bytes of memory or I/O word to be read or write.

 The M/IO, RD and WR signals indicate the type of data transfer
as specified in table below.
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Hold Response sequence: 

 The HOLD pin is checked at leading edge of each clock pulse.

If it is received active by the processor before T4 of the previous
cycle or during T1 state of the current cycle, the CPU activates
HLDA in the next clock cycle and for succeeding bus cycles, the
bus will be given to another requesting master.

 The control of the bus is not regained by the processor until the
requesting master does not drop the HOLD pin low.

 When the request is dropped by the requesting master, the
HLDA is dropped by the processor at the trailing edge of the
next clock.
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Hold Response Timing Cycle



14

Maximum Mode 8086 System

 In the maximum mode, the 8086 is operated by strapping the
MN/MX pin to ground.

 In this mode, the processor derives the status signal S2, S1, S0.
Another chip called bus controller derives the control signal using
this status information .

 In the maximum mode, there may be more than one
microprocessor in the system configuration. The components in
the system are same as in the minimum mode system.

 The basic function of the bus controller chip IC8288, is to derive
control signals like RD and WR ( for memory and I/O devices),
DEN, DT/R, ALE etc. using the information by the processor on the
status lines.
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 The bus controller chip has input lines S2, S1, S0  and CLK.
These inputs to 8288 are driven by CPU.

 It derives the outputs ALE, DEN, DT/R, MRDC, MWTC,
AMWC, IORC, IOWC and AIOWC. The AEN, IOB and CEN
pins are specially useful for multiprocessor systems.

 AEN and IOB are generally grounded. CEN pin is usually tied to
+5V. The significance of the MCE/PDEN output depends upon
the status of the IOB pin.

 INTA pin used to issue two interrupt acknowledge pulses to the
interrupt controller or to an interrupting device.



 IORC, IOWC are I/O read command and I/O write command
signals respectively . These signals enable an IO interface to read
or write the data from or to the address port.

 The MRDC, MWTC are memory read command and memory
write command signals respectively  and may be used as
memory read or write signals.

 All these command signals instructs the memory to accept or
send data from or to the bus.

 Here the only difference between in timing diagram between
minimum mode and maximum mode is the status signals used
and the available control and advanced command signals.
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Maximum Mode Configuration For 8086
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 R0, S1, S2  are set at the beginning of bus cycle.8288 bus controller will
output a pulse as on the ALE and apply a required signal to its DT / R
pin during T1.

 In T2, 8288 will set DEN=1 thus enabling transceivers, and for an input
it will activate MRDC or IORC. These signals are activated until T4.

 For an output, the AMWC or AIOWC is activated from T2  to T4  and
MWTC or IOWC is activated from T3  to T4.

 The status bit S0  to S2  remains active until T3  and become passive
during T3  and T4.

 If reader input is not activated before T3, wait state will be inserted
between T3  and T4.
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THANKS!

For more Notes Follow http://www.edutechlearners.com



 
 
DOS FUNCTIONS AND INTERRUPTS 
(KEYBOARD AND VIDEO PROCESSING) 

 

The Intel CPU recognizes two types of interrupts namely hardware interrupt when a peripheral 
devices needs attention from the CPU and software interrupt that is call to a subroutine located 
in the operating system. The common software interrupts used here are INT 10H for video 
services and INT 21H for DOS services. 

 

INT 21H:  
It is called the DOS function call for keyboard operations follow the function number. The 
service functions are listed below: 
 

# 00H- It terminates the current program.  
- Generally not used, function 4CH is used instead.   

# 01H- Read a character with echo   
- Wait for a character if buffer is empty   
- Character read is returned in AL in ASCII value   

# 02H- Display single character   
- Sends the characters in DL to display   
- MOV AH, 02H   
- MOV DL, ‘A’   ; move Dl, 65  
- INT 21H  

# 03H and 04H – Auxiliary input/output   
- INT 14H is preferred.   

# 05H – Printer service   
- Sends the character in DL to printer   

# 06H- Direct keyboard and display   
- Displays the character in DL.  

# 07H- waits for a character from standard input    



Microprocessors lecture 6 : Programming with 8086 Microprocessor 
 
 

- does not echo  
# 08H- keyboard input without echo  

- Same as function 01H but not echoed.   
# 09H- string display   

- Displays string until ‘$’ is reached.   
- DX should have the address of the string to be displayed.   

# 0AH – Read string   
# OBH- Check keyboard status   

- Returns FF in AL if input character is available in keyboard buffer.  
- Returns 00 if not.   

# 0CH- Clear keyboard buffer and invoke input functions such as 01, 06, 07, 08 or 0A.   
- AL will contain the input function.  

 

 

INT 21H Detailed for Useful Functions 

 

# 01H 

MOV, AH 01H; request keyboard input INT 21H  
- Returns character in AL. IF AL= nonzero value, operation echoes on the screen. If Al= 

zero means that user has pressed an extended function key such as F1 OR home.  
# 02H   

MOV AH, 02H; request display character  
MOV DL, CHAR; character to display 

INT 21H 

 
- Display character in D2 at current cursor position. The tab, carriage return and line feed 

characters act normally and the operation automatically advances the cursor.  
 
# 09H  

MOV Ah, 09H; request display  
LEA DX, CUST_MSG; local address of prompt 
INNT 21H  
CUST_MSG DB “Hello world”, ‘$’  

- Displays string in the data area, immediately followed by a dollar sign ($ or 24H), which 
uses to end the display.  

 
# OAH  

MOV AH, 0AH ; request keyboard input  
LEA DX, PARA_ LIST  ; load address of parameter list 
INT 21H 

 

Parameter list for keyboard input area : 
PARA_LIST LABEL BYTE; start of parameter list  
MAX_LEN DB 20; max. no. of input character   



Microprocessors lecture 6 : Programming with 8086 Microprocessor 
 
 

ACT _ LEN DB ? ; actual no of input characters 

KB-DATA DB 20 DUP (‘); characters entered from keyboard 

 
- LABEL directive tells the assembler to align on a byte boundary and gives location the 

name PARA _LIST.   
- PARA_LIST & MAX_LEN refer same memory location, MAX_LEN defines the maximum 

no of defined characters.  
- ACT_LEN provides a space for the operation to insert the actual no of characters   

entered. 
- KB_DATA reserves spaces (here 20) for the characters. 

 

Example: 
TITLE to display a string 

.MODEL SMALL  

.STACK 64  

.DATA 

STR DB ‘programming is fun’, ‘$’  
.CODE 

MAIN PROC FAR  
MOV AX, @DATA 
MOV DS, AX  
MOV AH, 09H ;display string LEA 
DX, STR  
INT 21H  
MOV AX, 4C00H 
INT 21H 

MAIN ENDP 

END MAIN 

 

INT 10H 

It is called video display control. It controls the screen format, color, text style, making  
windows, scrolling etc. The control functions are:   

# 00H – set video mode    

MOV AH, 00H ; set mode   

MOV AL, 03H ; standard color text   

INT 10H  ; call interrupt service   

# 01H- set cursor size    

MOV AH, 01H    

MOV CH, 00H ; Start scan line   

MOV CL, 14H ; End scan line   

INT 10H  ; (Default size 13:14)   

    

   23 
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# 02H – Set cursor position: 
MOV AH, 02H  

MOV BH, 00H ; page no 

MOV DH, 12H ; row/y (12) 
MOV DL, 30H ; column/x (30) 
INT 10H  

 

# 03H – return cursor status   
MOV AH, 03H 
MOV BH, 
00H; INT 10H   
Returns: CH- starting scan line, CL-end scan line, DH- row, DL-column  

 
# 04H- light pen function  

 
# 05H- select active page  

MOV AH, 05H   

MOV AL,page-no. ; page number 
INT 10H   

# 06H- scroll up screen  

MOV AX, 060FH ; request scroll up one line (text) 
MOV BH, 61H ; brown background, blue foreground 

MOV CX, 0000H ; from 00:00 through 

MOV DX, 184F H ; to 24:79 (full screen) 
INT 10H   

AL= number of rows (00 for full screen)  
BH= Attribute or pixel value 

CX= starting row: column  
DX= ending row: column 

 

# 07H-Scroll down screen 

Same as 06H except for down scroll 

 

# 08H (Read character and Attribute at cursor)   

MOV AH, 08H    

MOV BH, 00H ; page number 0(normal)   

INT 10H    

AL= character    

BH= Attribute    

# 09H -display character and attribute at cursor   

MOV AH, 09H    

MOV AL, 01H ; ASCII for happy face display   
    

   24 
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MOV BH, 00H ; page number 
MOV BL, 16H ; Blue background, brown foreground 

MOV CX, 60 ; No of repeated character 
INT 10H  

 

# 0AH-display character at cursor   
MOV AH, 0AH 
MOV Al, Char MOV 
BH, page _no MOV 
BL, value MOV CX, 
repetition INT 10H  

 

 
# 0BH- Set color palette  
 Sets the color palette in graphics mode 




 Value in BH (00 or 01) determines purpose of BL 




 BH= 00H, select background color, BL contains 00 to 0FH (16 colors) 




 BH = 01H , select palette, Bl, contains palette MOV 
AH, 0BH 



 
MOV AH, 0BH   

MOV BH, 00H; background MOV BH, 01H ; select palette 

MOV BL, 04H; red MOV BL, 00H ; black 

INT 21H INT 21H  

 

#0CH- write pixel Dot 
- Display a selected color   

AL=color of the pixel CX= column 

BH=page number DX= row 

 

MOV AH, 0CH 

MOV Al, 03  
MOV BH,0 

MOV CX, 200  
MOV DX, 50 

INT 10H  
It sets pixel at column 200, row 50 

 

#0DH- Read pixel dot 
- Reads a dot to determine its color value which returns in AL   

MOV AH, 0DH    

MOV BH, 0 ; page no   

MOV CX, 80 ; column   

MOV DX, 110 ; row   

INT 10H    
    

   25 
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#OEH- Display in teletype mode  
- Use the monitor as a terminal for simple display 

MOV AH, 0EH  
MOV AL, char   
MOV BL, color; foreground 
color INT 10H  

 

#OF H- Get current video mode 

Returns values from the BIOS video .  
AL= current video mode MOV AH, 0FH 

AH= no of screen columns   INT 10H  
BH = active video page 

 

TITLE To Convert letters into lower case  
.MODEL SMALL 

.STACK 99H 
 

.CODE 
MAIN PROC  

MOV AX, @ DATA 
MOV DS, AX  
MOV SI, OFFSER STR  

M: MOV DL, [SI] 
MOV CL, DL 
CMP DL, ‘ $’ 
JE N  
CMP DL, 60H 

JL L 
 

K: MOV DL, CL 
MOV AH, 02H 
INT 21H   
INC SI 
JMP M   

L: MOV DL, CL 
ADD DL, 20H 
MOV AH, 02H   
INT 21H 

INC SI  
JMP M  

N: MOV AX, 4C00H 
INT 21H  
MAIN ENDP 

.DATA  
STR DB ‘I am MR Rahul “, ‘$’   
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END MAIN 

 

TITLE to reverse the string 

.MODEL SMALL  

.STACK 100H 

.DATA  
STR1 DB “ My name is Rahul” , ‘$’ 
STR2 db 50 dup (‘$’) 

 
.CODE 

MAIN PROC FAR  
MOV BL,00H 

MOV AX, @ DATA  
MOV DS, AX 

MOV SI, OFFSER STR1  
MOV DI, OFFSET STR2  

L2: MOV DL, [SI] 
CMP Dl, ‘$’  
JE L1 

INC SI  
INC BL 

JMP L2  
L1: MOV CL, BL  

MOV CH, 00H 

DEC SI 
L3: MOV AL, [SI]  

MOV [DI], AL 

DEC SI  
INC DI 
LOOP L3  
MOV AH,09H 

MOV DX, OFFSET STR2  
INT 21H 

MOV AX, 4C00H  
INT 21H 

MAIN ENDP  
END MAIN 

 

TITLE to input characters until ‘q’ and display 

.MODEL SMALL  

.STACK 100H 

.DATA  
STR db 50 DUP (‘$’) 

.CODE  
MAIN PROC FAR   
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 MOV AX, @ DATA 

 MOV DS, AX 

 MOV SI, OFFSET STR 

L2: MOV AH, 01H 

 INT 21H 

 CMP AL, ‘q’ 
 JE L1 

 MOV [SI] , AL 

 INC SI 
 JMP L2 

L1: MOV AH, 09H 

 MOV DX, OFFSET STR 

INT 21H 

MOV AX, 4C00H  
INT 21H  

MAIN ENDP 

END MAIN 
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