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Question 1
What are uses of each of the following

a) Arithmetic logic unit in a microprocessor 2 marks]
b) Memory address register (MAR) in @ microprocessor 2 marks] |
c) Read control signal in @ microprocessor-based system. 2 marks]
d) A segment register in the 8086 microprocessor 2 marks]

Question 2
The following is a program segment executing on the Intel 8086 microprocessor at some given time.

Before the start of the program segment, registers AX, DX and DI contain zeros. The carry flag is
cleared and the memory locations 0871H, 0872H and 0873H also contain zeros. The voltages at port
pins of port address O6H are 5V, 5V, 0V, 0V, 5V, 0V, 5V, 0OV starting with the most significant position.

MOV DI,0870H
IN AL,06H

AND AL, 3FH

MOV (DI+03H) ,AL
DEC DI

MOV AL, DH

ADD AL, 3FH

MOV (DI+03H) ,AL
ouT O07H,AL

What will be the contents of the registers AX, DX and DI; memory locations 0871H, 0872H and 0873H; |
the state of the carry flag; and the states of the pins on port 07h after the segment has finished

executing? [10 marks]

|
Question 3
Assemble the following program segment by hand. [7 marks]

portA equ 80h

org 1800h
MOV  AX, [BX]
AND AX,OFH
ADD AX,DX
OUT portA,AX
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Question 4
Convert the following section of a C program statement into a suitable block of Intel 8086 assembly

language instructions. [10 marks]
X = b*b - 4ac;

a, b and c are 8-bit values in memory locations at addresses 0990h, 0991h and 0992h respectively. x is a
16-bit value in memory locations 1993h and 1994h.

Question 5
What is direct memory access (DMA)? Describe in detail what happens from the time a DMA request is
received by a Microprocessor the DMA completes. [7 marks]

Question 6
Briefly outline what you understand as floating point numbers in digital systems. Outline how

microprocessors can be designed to perform operations on floating point numbers. [5 marks]

Question 7
What do you understand as parallel processing in a microprocessor? You may use diagrams to aid your
explanation. [5 marks]

Question 8
A microprocessor has an address space of 1M words where each word is 16 bits wide. It has 16 data

lines, 24 control lines, 4 pins for power and 4 pins for the clock.

a) How many byte-enable pins are required on the microprocessor and memory at once?

[1 mark]
b) What is the address bus width? [2 marks]
c) How many pins in total does the microprocessor have? [2 marks]
d) The memory chips exist as 128k x 8-bit chips. Determine the total number of chips required to
provide the memory. [5 marks]

Question 9

An Intel 8086 program is required to read ASCIl characters from a parallel input port and store them
sequentially in memory starting at address 3000H. Any lower case letters read from the port need to be
converted to lower case before storage. All other characters are stored as they are. A new character at
the input port is signaled to the microprocessor by means of an INTR interrupt. The interrupt type
number is 36 (i.e. causes branching to address defined by vector at address 90H).
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a) Design a suitable interrupt handler to enable the system to log the received characters. Present
the design as an assembly program.

b) Design a main program to configure the microprocessor for response to the interrupt request

and initialize it for data the logging.
[20 marks]

|
| Question 10
a) Figure Q10 shows the internal structure of a simple microprocessor.
I.  Suggest a sequence of micro operations in the device to execute the instruction
ADC A, [D]. [6 marks]
iil.  Given the instruction in part (i) is two bytes long and the data bus is one byte wide,
suggest a sequence of micro operations to fetch the instruction. [6 marks]

b) Briefly outline how a micro-programmed control unit works [6 marks]

iIControl Uni

I

FLAG

Figure Q10




Appendix A: 8086 Instruction Set

Data Transfer Instructions

x86 Mnemonic

regl6,regl6
regle,mem
mem,reglo6
reglé,imml6
mem,imm16

sreg,reglé

sreg,mem
regl6,sreg
mem,sreg

regle,mem

reglé
mem
reglé,mem
regle,mem

AX,addr8
AX,DX
addr8, AX
DX,AX

reglé
mem
sreglb
imm1l6
regl6
mem
sreglé

Operation

reglé < reglé
reglé < mem
mem € reglb
Reglé € imm16
mem €« imm16

sreg < regl6

sreg & mem

reglé € sreg

mem € sreg

reglé €2 mem

regl6 < value of mem
mem & value of mem
DS:reglé € mem
ES:reglbé € mem

AX € port [addr8]
AX & port [DX]
Port [addr8] & AX
Port [DX] € AX

reglé < [SP]
reglé < [SP

reglé « [SP.

[SP+1] € FLAGS; SP €« SP-2
FLAGS ¢« [SP]; SP &« SP +2

SP+2] € regl6; SP < SP -2
SP+2] € mem; SP & SP-2
SP+2] & sreg; SP & SP-2

SP+2] € imm16;SP &SP -2

3 PSP+ 3
; SP &SP+
; SP €SP +2

x86 Mnemonic

reg8,reg8
regd,mem
mem,regé8
reg8,imm8
mem,imma8

AlL,addr8
AL,DX
addr8, AL
DX,AL

Operation

regd < regd
reg8 €< mem
mem € reg8
reg8 €< imm8
mem €< imm8

AL € port [addre8]
AL & port [DX]
Port [addr8] < AL
Port [DX] € AL

AH & FLAGS
AH & FLAGS
AL & [BX+AL]




Arithmetic Instructions
x86 Mnemonic

ADD
ADD
ADD
ADD
ADD

ADC
ADC
ADC
ADC
ADC

SUB
SUB
SUB
SUB
SUB

SBB
SBB
SBB
SBB
SBB

CMP
CMP

CMP
CMP

CMP

INC
INC
DEC
DEC

NEG
NEG

MUL
MUL
IMUL
IMUL
DIV
DIV
IDIV
IDIV

CWD

reglé,reglé
regle,mem
mem,reglo6
regle,immil6
mem,imm16

regl6,reglé
regle,mem
mem,regleé
regle,immileé
mem,imm16

regl6,reglh
regle,mem
mem,reglé
regle,imml6
mem,imm16

reglo,reglb
reglg,mem
mem,reglé
regle,immil6
mem,imm16

regle,reglb
regle,mem

mem,reglé
regl6,immlé

mem,imml6

regl6
mem
reglé
mem
reglé
mem

reglé
mem
reglé
mem
reglé
mem
reglé
mem

Operation

reglé < regl6 +reglé
reglé < reglé + mem
mem €& mem +regl6
regle < regle +immile6
mem < mem + imm16

reglé < regl6 +regl6 + CF
regle < reglé + mem + CF
mem < mem +reglé + CF
reglé €< reglé + imml6 + CF
mem € mem + imm16 + CF

reglé € regl6 - reglb
reglé € reglé - mem
mem €< mem - reglé
reglé < regl6 - immi16
mem < mem - imm16

reglé < regl6 - regl6 - CF
reglé < reglé - mem - CF
mem €& mem - regl6é - CF
reglé < reglé -imm1i6 - CF
mem € mem - imm16 - CF

regl6 - regl6
reglhé - mem
mem - reglb
reglé - imml6
mem - imm16

Regl6 & regle +1
mem €< mem + 1
reglé < regl6-1
mem <& mem+1
reglé < -reglb
mem & -mem

DX:AX €< AX xreglb

DX:AX & AX x mem

DX:AX € AX x regl6

DX:AX €< AX x mem

AX & DX:AX /reglh, DX&rem
AX < DX:AX x mem

AX & DX:AX x regl6

AX €< DX:AX x mem

x86 Mnemonic

ADD
ADD
ADD
ADD
ADD

ADC
ADC
ADC
ADC
ADC

SUB
SUB
SuUB
SUB
SuB

SBB
SBB
SBB
SBB
SBB

CMP
CMP
CMP
CMP
CMP

INC
INC
DEC
DEC
NEG
NEG

MUL
MUL
IMUL
IMUL
DIV
DIV
IDIV
IDIV

CBW

AAA
DAA
AAS
DAS
AAM
AAD

reg8,reg8d
reg8,mem
mem,reg8
reg8,imma8
mem,imm8

reg8,regd
reg8,mem
mem,regs8
reg8,immas8
mem,imma8

reg8,reg8
reg8,mem
mem,reg8
reg8,imma8
mem,imma8

reg8,reg8
reg8,mem
mem,reg8
reg8,imm8
mem,imm8

reg8,regd
reg8,mem
mem,reg8
reg8,imma8
mem,imma8

reg8
mem
reg8
mem
reg8
mem

reg8
mem
reg8
mem
reg8
mem
regd
mem

Operation

reg8 < reg8 + reg8
reg8 < reg8 + mem
mem < mem + reg8
reg8 < reg8 +imm16
mem < mem + imm38

reg8 < reg8 + reg8 + CF
reg8 < reg8 + mem + CF
mem € mem + reg8 + CF
reg8 < reg8 + imma8 + CF
mem € mem + imm8 + CF

reg8 < reg8 - reg8
reg8 < reg8 - mem
mem < mem - reg8d
reg8 < reg8 —imms8
mem €< mem - imma8

reg8 < reg8 - reg8 - CF
reg8 < reg8 - mem - CF
mem < mem - reg8 - CF
reg8 < reg8 - imma& - CF
mem ¢ mem - imma8 - CF

reg8 - reg8
regd - mem
mem - reg8
reg8 - imma
mem - imma

reg8 < reg8+1
mem < mem + 1
reg8 €< reg8-1
mem €< mem+1
reg8 < -reg8
mem < -mem

AX & AL x reg8

AX & ALX x mem

AX & AL xreg8

AX < AL x mem

AL & AX /regl6; AHérem
AL €< AX x mem

AL & AX xreglb

AL € AX x mem



Logic Instructions
x86 Mnemonic Operation x86 Mnemonic Operation

regl6,regl6 reglé < regl6 » reglé
regle,mem reglé € reglé « mem
mem,reglé mem € mem ¢ reglé
regl6,imm1l6 reglé < reglb » imm1l6
mem,imm16 mem < mem ® imm16

reg8,reg8d reg8 < reg8 »reg8
reg8,mem reg8 € reg8 » mem
mem,reg8 mem €< mem © reg8
reg8,imm8 reg8 < reg8 « imm16
mem,imm8 mem € mem ® imm8

regl6,regl6 reglé < regl6 | reglh
reglé,mem reglé < reglé | mem
mem,regl6 mem €& mem | reglb
reglé,imml6 reglé < regl6 | imm1l6
mem,imm16 mem & mem | imm16

reg8,reg8 reg8 < reg8 | reg8
reg8,mem reg8 ¢ reg8 | mem
mem,reg8 mem € mem | reg8
reg8,imm8 reg8 € reg8 | imm8
mem,imm8 mem €& mem | imm8

regl6,regl6 reglé € regl6 - reglé
regle,mem reglé € reglbé - mem
mem,reglé mem < mem - reglbé
regl6,imm1l6 reglé € regl6 - imm16
mem,imm16 mem < mem - imm16

reg8,reg8 reg8® < reg8 - reg8
reg8,mem reg8 < reg8 - mem
mem,reg8 mem € mem - reg8
reg8,imma8 reg8 €< reg8 —imms8
mem,imma8 mem €< mem - imm38

reglb,reglh reglé » reglé
regle,mem reglé » mem
mem,reglé mem * reglé
regle,immle regle « imml6
mem,imm16 mem * imm1l6

reg8,reg8 reg8 « reg8
reg8,mem regd * mem
mem,reg8 mem * reg8
reg8,imma8 regd » imms8
mem,imm8 mem ® imm8

Shift and Rotate Instructions
x86 Mnemonic Operation x86 Mnemonic Operation

NOT reglé NOT reg8

NOT mem NOT mem

SHL/SAL regl6,count SHL/SAL reg8,count
SHL/SAL mem,count SHL/SAL mem,count
SHR regl6,count SHR reg8,count
SHR mem,count SHR mem,count
SAR regle,count SAR reg8,count
SAR mem,count SAR mem,count
ROL regl6,count ROL reg8,count
ROL mem,count ROL mem,count
ROR reglé,count ROR reg8,count

ROR mem,count ROR mem,count
RCL regl6,count RCL reg8,count
RCL mem,count RCL mem,count
RCR reglé,count RCR reg8,count
RCR mem,count RCR mem,count

ROL ROR
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Control Transfer Instructions

x86 Mnemonic

addrl6
regl6
mem

seg:addrl6
seg:reglb
seg:mem

addrl6
reglé
mem

seg:addrl6
seg:reglb
seg:mem

Operation

IP €& addrl6
IP € reglb
IP €< mem

IP & addrl6; CS ¢ seg
IP < regl6; CS & seg
IP € mem; CS € seg

IP € addrlb
IP & regl6
IP < mem

IP €< addr16; CS € seg; SP € SP -2
IP < regl6; CS & seg; SP & SP -2
IP & mem; CS € seg; SP €& SP -2

IP & [SP]; CS & [SP+2]; SP ¢ SP + 2
IP & [SP]; CS & [SP+2]; FLAGS & [SP + 2];SP &SP +4

v

SAR

x86 Mnemonic

IE/IZ disp8
JL/INGE disp8
JLE/ING disp8
JB/INAE/IC disp8
JP/JPE  disp8
JO disp8
IS disp8
JNE/INZ disp8
JNL/JGE disp8
JNLE/JG disp8
INB/JAE/IJNC disp8
JNP/JPO disp8
INO disp8
JNS disp8
JCXZ disp8

LOOP disp8
LOOPZ disp8
LOOPE disp8
LOOPNZ disp8
LOOPNE disp8

Operation

If condition met:

IP & IP + disp8 - 2
IP < IP + disp8 - 2
IP & IP + disp8 - 2
IP & IP + disp8 - 2
IP & IP + disp8 - 2
IP & IP + disp8 - 2
IP < IP + disp8 - 2
IP & IP + disp8 - 2
IP & IP + disp8 - 2
IP & IP + disp8 - 2
IP < IP + disp8 -2
IP &« IP + disp8 - 2
IP & IP + disp8 -2
IP & IP + disp8 - 2
IP ¢ IP + disp8 - 2

IP < IP + disp8 -2
IP & IP + disp8 - 2
IP & IP + disp8 -2
IP & IP + disp8 - 2
IP & IP + disp8 -2




String Manipulation
x86 Mnemonic | Operation

MOVSW ES:DI €< DS:SI; CX €« CX -1 ES:DI < DS:SI; CX &< CX -1
LODSW AX ¢ DSSI, X €« CX-1 AL€< DSSECX €< CX-1
STOSW ES:DI € AX; CX & CX -1 ESDI< AL CX < CX-1
CMPSW ES:DI-DS:SI; CX € CX -1 ES:DI-DS:SI; CX €< CX-1

SCASW AX-DS:SI CX €« CX-1 AXL- DS:SI; CX € CX -1

REP Repeat prefix
REPE/REPZ Repeat if equal/zero prefix REPNE/REPNZ Repeat if not equal/not zero prefix

Processor Control
x86 Mnemonic | Operation

CF¢0 CF ¢ 1
CF € not CF
DF ¢ 0 DF ¢ 1
IF &0 IF &1

Halt instruction execution Wait if busy line asserted
Escape to processor extension Lock instruction prefix

Notes:

=

reg8 is an 8-bit register: AL, CL, DL, BL, AH, CH, DH or BH
regl6 is a 16-bit register: AX, CX, DX, BX, SI, DI, BP or SP
sreg is a segment register: CS, DS, SS or ES
imm8 is an 8-bit immediate value
imm16 is a 16-bit immediate value
addr8 is an 8-bit port address
addrl16 is a 16-bit memory address
disp8 is an 8-bit offset to be branched to or 8-bit memory address displacement
disp16 is a 16-bit offset to be branched to or 16-bit memory address displacement
10. mem is a memory pointer in any of the following memory addressing modes:
[addrl6], [displ16],
[BX], [Sl], [D1],
[BX + disp8], [BP + disp8], [S| + disp8], [DI + disp8],
BX + disp16], [BP + disp16], [SI + disp16], [DI + disp16],
BX + Sl], [BX + DI], [BP + SI], [BP + DI],
BX +SI + disp8], [BX + DI + disp8], [BP + SI + disp8], [BP + DI + disp8],
BX + S| + disp16), [BX + DI + disp16), [BP + Sl + disp16], [BP + DI + disp16]
11. segis a 16-bit segment selector value

12. count is either 1 or register CL to represent value in CL : number of times = remainder of

S0 . 0l OV 8 S D

valueinCL
8




Appendix B: 8086 Instruction Construction
(Extract)

Mnemonic and

Description Instruction Code
DATA TRANSFER
MOV = Move: 76543210 76543210 76543210 76543210
Register/ Memory to/from Register 100010dw mod reg r/m
Immediate to Register/Memory 1100011 w mod000 r/m data dataifw =1
Immediate to Register 1011wreg data dataifw = 1
Memory 1o Accumulator 1010000 w addr-low addr-high
Accumulator to Memory 1010001 w addr-low addr-high
Register/Memory to Segment Register 10001110 mod 0 regr/m
Segment Register to Register/Memory 10001100 mod 0 regr/m
PUSH = Push:
Register/ Memory 11111111 mod110¢/m
Register 01010reg
Segment Register 000reg110
POP = Pop:
Register/ Memory 10001111 | mod000r/m
Register 01011 reg
Segment Register 000reg111 |
XCHG = Exchange:
Register/ Memory with Register 1000011 w mod regr/m
Register with Accumulator 10010reg
IN = Input from:
Fixed Port 1110010w port
Variable Port 1110110w |
QUT = Qutput to:
Fixed Port 1110011 w port
Variable Port 1110111 w
XLAT = Translate Byte to AL 11010111
LEA = Load EA to Register 10001101 mod reg r/m
LDS = Load Pointer to DS 1100010 1 mod reg r/m
LES = Load Pointerto ES 11000100 mod reg r/m
LAHF = Load AH with Flags 10011111
SAHF = Store AH into Flags 10011110
PUSHF = Push Flags 10011100
POPF = Pop Flags 10011101

Vi




Mnemonic and

Description Instruction Code
ARITHMETIC 76543210 76543210 76543210 76543210
ADD = Add:
Reg./Memory with Register to Either 000000dw mod reg r/m
immediate to Register/Memory 100000sw mod000r/m data dataifs:w = 01
immediate to Acoumulator 0000010 w data dataifw = 1
ADC = Add with Carry:
Reg./ Memory with Register to Either 000100dw mod reg r/m
immediate to Register/Memory 100000sw mod010r/m data dataifss w = 01
immediate to Accumulator 0001010w data dataifw = 1
INC = Increment:
Register/ Memory 1111111 w mod 000 r/m
Register 01000 reg
AAA = ASCII Adjust for Add 00110111
BAA = Decimal Adjust for Add 00100111
SUB = Subtract:
Reg./Memory and Register to Either 001010dw mod reg r/m
iImmediate from Register /Memory 100000sw mod101r/m data dataifsw = 01
Immediate from Accumulator 0010110 w data dataifw = 1
SSB = Subtract with Borrow
Reg./Memory and Register 1o Either 000110dw mod regr/m
immediate from Register /Memory 100000sw mod011r/m data dataifsw = 01
Immediate from Accumulator 000111w data dataifw =1
DEC = Decrement:
Register/memory 1111111 w mod001r/m
Register 01001 reg
NEG = Change sign 1111011 w mod0 11 r/m
CMP = Compare:
Register/ Memory and Register 001110dw mod regr/m
iImmediate with Register/ Memory 100000sw mod111r/m data dataifsw = 01
iImmediate with Accumulator 0011110 w data dataifw = 1
AAS = ASCI| Adjust for Subfract 00111111
DAS = Decimal Adjust for Subtract 00101111
MUL = Multiply (Unsigned) 1111011 w mod 100 r/m
IMUL = Integer Multiply (Signed) 1111011 w mod 101 r/m
AAM = ASCIl Adjust for Multiply 11010100 00001010
DIV = Divide (Unsigned) 1111011 w mod110r/m
IDIV = Integer Divide (Signed) 1111011 w mod1i11¢/m
AAD = ASCI| Adjust for Divide 11010101 00001010
CBW = Convert Byte to Word 10011000
CWD = Convert Word to Double Word 10011001

Vil




Mnemonic and

Description Instruction Code
LOGIC 76543210 76543210 76543210 76543210
NOT = Invert 1111011 w mod 010 r/m
SHL/SAL = Shift Logical/Arithmetic Left 110100vw mod100r/m
SHR = Shift Logical Right 110100vw mod101 r/m
SAR = Shift Arithmelic Right 110100vw mod111r/m
ROL = Rotate Left 110100vw mod000 r/m
ROR = Rotate Right 110100vw mod001 r/m
RCL = Rotate Through Carry Flag Left 110100vw mod010r/m
RCR = Rotate Through Carry Right 110100vw modO011r/m
AND = And:
Reg./Memory and Register to Either 001000dw mod reg r/m
immediate to Register/Memory 1000000 W mod 100 r/m data dataifw = 1
immediate to Accumulator 0010010 w data dataifw = 1
TEST = And Function to Flags, No Resuit:
Register/ Memory and Register 1000010w mod reg r/m
Immediate Data and Register/Memory 1111011 w mod000 r/m data dataifw = 1
Immediate Data and Accumulator 1010100w data dataifw = 1
OR = 0r:
Reg./Memory and Register to Either 000010dw mod reg r/m
Immediate to Register/Memory 1000000 w mod001r/m data dataifw = 1
immediate to Accumulator 0000110w data dataifw = 1
XOR = Exclusive or:
Reg./Memory and Register o Either 001100dw mod reg r/m
immediate to Register/Memory 1000000w mod110r/m data dataifw =1
immediate to Accumulator 0011010w data dataifw = 1
STRING MANIPULATION
REP = Repeat 1111001z
MOVS = Move Byte /Word 1010010 w
CMPS = Compare Byte/Word 1010011 w
SCAS = Scan Byte/Word 1010111 w
LODS = Load Byte/Wd to AL/AX 1010110w
STOS = Stor Byte/Wd from AL/A 1010101 w
CONTROL TRANSFER
CALL = Calk
Direct within Segment 11101000 disp-low disp-high
Indirect within Segment 11111111 mod010r/m
Direct Intersegment 10011010 offset-low offset-high
seg-low seg-high
indirect Intersegment 111 mod011r/m
viii



Encodings for the REG field

reg Forw=0 Forw=1
000 AL AX
001 CL CX
010 DL DX
011 BL BX
100 AH SP
101 CH BP
110 DH SI
111 BH DI

Encodings for the R/M field

r/m For mod =00 For mod =01 For mod =10 Formod=11& w=0 | Formod=11&w=1

000 [BX + SI] [BX + SI + disp8] [BX + SI + disp16] AL AX
001 [BX + DI] [BX + DI + disp8] [BX + DI + disp16] CL CX
010 [BP + SI] [BP + SI + disp8] [BP + SI + disp16] DL DX
011 [BP + DI] [BP + DI + disp8] [BP + DI + disp16] BL BX
100 [SI] [SI+ disp8] [SI+ displ6] AH SP
101 [DI] [DI + disp8] [DI + disp16] CH BP
110 [disp16] [BP + disp8] [BP + disp16] DH SI
111 [BX] [BX + disp8] [BX + disp16] BH DI

Notes:

e Disp8 or disp16 follows 2nd byte of instruction (before data if required).
e 16-bit displacement and data values are encoded in little endian style (reverse order of bytes)

o ifd=1 then destination of operation is specified by reg field; if d = 0 then destination is specified by r/m field
e if w=1 then instruction operates on 16-bit values; if w = 0 then it operates on 8-bit values (bytes)

e if sw=01 then 16 bits of immediate data form the operand; if sw =11 then an immediate data byte is sign extended to

form the 16-bit operand
¢ if v=0then "count"=1;if v=1 then “"count” is reminder of dividing value in CL by 8
e zisused for string primitives for comparison with ZF FLAG
e x=don't care

e Segment override prefixes: ES —26h; CS-1Eh; SS - 36h; DS - 3Eh

IX




ASCII Table

Appendix C
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