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INTRODUCTION

In addition to the answers contained in this instructor's guide, 1 have

prepared a set of IBM PC-compatible disks which contain the source files for:

1.
2.
3.

4,

All the example programs in the text.

All the program answers for end-of-chapter problems.

All the programs for the experiments, except those for a couple of open-
ended exercises.

A program called SDKCOM1.EXE, which can be used to download
binary programs to an SDK-86 board at 4800 Bd.

1 think you will find that having these programs on disks is much more

useful than simply having program listings. because:

1.

2.

You can assemble, link, download, and run these programs for
demonstrations and/or further experimentation.

You can print out listings of selected programs as needed for use in
class discussions. ,

You can give students part of the solution to a problem and let them fill
in the missing pieces. This allows you to adapt the text problems and
experiments to a wide range of student abilities. I initially give an
assignment without hints; then, after students have worked on the
problem for awhile, I give hints or program fragments as needed to
allow the majority of students in a particular class to experience a
feeling of success. This approach helps avoid the tendency of many
students to wait until one of the “sharp” students figures out the
solution and then just copy the solution from him or her without trying
to solve the problem independently.

You can use these “known good” programs to test the hardware
modules used in the laboratory exercises. This last use allows you to
quickly deal with the common student complaint, “My program doesn’t
work; the hardware must be broken.”

I have tried to make this instructor's guide as accurate as possible. If you

find any errors, have any further questions, or have any suggestions for
improving the book or the lab manual, 1 would appreciate hearing from you.

Notes about the Program Disks

1.

2,

The directory called TEXTXMPL contains the socurce code for all the
program examples used in the text. :
The directory called TEXTANS contains the source code for all the
programs required as answers to problems.

The directory called LABANS contains the source code for all the
programs for the experiments,

The SDKCOML.EXE download program is in the root directory, so you
can easily copy it to your hard disk. For all the systems [ tried
SDKCOM1.EXE works perfectly, but the older SDEKDMP.EXE is
included in <LABANS>. Use whichever program works better on your
systems. Also, the source programs and .PRJ file for SDKCOMI are in
the LABANS directory- if you want to experiment with improving the
program.

These programs were all compiled with TASM, MASM, or the Turbo C++
Integrated Environment compiler. To the best of my knowledge, they. all
work. Please let me know about any problems you encounter.

Douglas V. Hall
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CHAPTER 1

COMPUTER NUMBER SYSTEMS,

CODES, AND DIGITAL DEVICES

I 29=1 211 = 2048
21=2 212 = 4096
22=4 213 = 8192
28=8 21%=16,384
2t =16 21° = 32,768
25=32 218 = 65,536
26 = 64 217 = 131,072
27 = 128 218 = 262,144
28 = 256 219= 524,288
29=512 220 = 1,048,576
210 = 1024

2. a. 22 decimal = 10110 binary

a
b. 76 decimal = 1001100 binary
¢. 500 decimal = 111110100 binary

1011 = 11 decimal
11010001 = 209 decimal
1110111001011001 = 61,017 decimal

53 decimal = 35H

756 decimal = 2F4H
011 0110 0010 = 362H
1100001 0111 =617H

D3H = 211 decimal
3FEH = 1022 decimal
44H = 68 decimal

88 decimal = 1000 0110 BCD
62 decimal = 6100 0010 BCD
33 decimal = 0011 0011 BCD

7. The L key produces the pattemOlOl 100 (4CH).
A carriage return (ODH) would give the pattern
00001101,

SN S

TR fewe

o TR

8. The term parity is used to show if a data word
has an even number of 1's. Even parity means
an even number of 1's. Errors in transmitted
data are detected as follows. The sysiem sending
a data word checks the parity of the word. If
there is an odd number of 1's in the word, the
system will set the parity bit {bit 7) to a 1;
otherwise it will reset the parity bit. Either way,
the parity of the word plus the parity bit
becomes even. The data word is transmitted and
the parity is checked at the other end. If the
parity of the word is odd, it can be assumed that
an error occurred in {ransmitting the data.

9. a 10011+ 1011=11110 0011 0111
b. 37+ 25 =62 + 006100101
0101 1100

add 6 because > 9 + 0110
0110 0C10

c¢. 4AH +77H =C1H

14.

11.

12,

13.

14.

Decimal 8-Bit 8-Bit Sign
Magnitude and Magnitude
a +26 0001 1010 001 1010
b. -7 0000 0111 1111 1001
c. -26 0001 1010 11100110
d. -125 0111 1101 1000 0011
Decimal Pencil 2’s Complement
If Sign Bit = 0,
Result +, Ignore
Carry _
a. 7 0111 0111
-4 - 0100 + 1100
3 0011 10011
b 37 0010 0101 0010 0101
-26 -00011010 +111001190
11 0000 1011 1 0000 1011}
c. 125 0111 1101 0111 1101
-93 -01011101 +1010 0011
32 0010 0000 1 0010 0000
. 1001 9 xX3=27)
x 0131
1001
10010
11011
b. 11010 (26 x 5= 130)
% 101
11010
11010 .
10000010
1010 (100/10 = 1Q)
1010)1100100
1010
1010
1010
00000
a. 3AH + 94H = CEH
b. 17AH - 4CH = 12EH
c. 0101 1001 BCD (59 + 42 = 101)

+ 0100 0011 BCD

- 1001 1011

+ 01100110

1 0000 0001

d. 01111001 BCD
+ 01001001 BCD
1100 0010
+01100110

1 0010 1000

{add a correction of 6 6)

(79 + 49 = 128)

(add a correction of 6 8§)

NUMBER SYSTEMS, CODES, AND DEVICES 3




e, 0101 1001 BCPB (59 - 26 = 33)
- 0010 0110 BCD
0011 0011
I 0110 0111 BCD (67 - 39 = 28)
-0QC11 1001 BCD
0010 1110
- 0110 ({subtract a correction of 6)
0010C 1000

15. For the circuit in Figure 1-23:
a. The Y output is active high.
b. The C signal is active high.
¢. TheY output is asserted when A is high, B is
low, and C is high; or when A is low, B is
high, and C is low.

16. When the D latch is enabled, the Q output
follows the D input. In the D flip-flop, the output
ondy follows the I input on the rising edge of the
clock signal.

17. Thirteen address lines are required to address
one of the 8192 bytes in a INS8298. (213 = 8192,
13 address lines, 0 through 12.)

4 CHAPTER1

18,

19.

24,

Most ROMs and RAMs have three-state outputs
(logic low, logic high, and floating high-
impedance states) because usually more than
one device is connected to a bus. Only one device
at a time can have its outputs active on the bus;
all others must be floating.

83 82 S1 S0 M

a A+DB 0 0 0 1 0

b. A-B-1 0 1 1 0 0

c. AB+A 1 o 0 0 0
a. 1010 AND 0111 = 0010
1010 OR 0111 = 1111

b. 1011 AND 1100 = 1000
1011 OR 1100 = 1111

¢. 1101 0111 AND €011 1000 = 0001 0000
11010111 OR 00111000 = 1111 1111

d. An 8-bit number ANDed with 1111 0000 will
leave the upper 4 bits the same and zero
(mask) the lower 4 bits.




- CHAPTER 2 COMPUTERS, MICROCOMPUTERS,
AND MICROPROCESSORS—AN
INTRODUCTION

Advantages of a distributed processing system
over a time-sharing system are as follows: If the
large computer goes down, the local
microcomputers can continue working until it is
necessary to access the large computer; {b) the
burden on the large compuiter is greatly reduced;
and (c) the system can be designed to use a local
microcomputer best suited to the task it has to
do.

The sequence of signals is as follows:

. An address is sent out on the address bus.

b. A memory-read signal is sent out on the
control bus.

¢. The memory outputs the instruction byte on
‘the data bus,

d. The CPU reads in the instruction and
decodes it.

The number of bits & microprocessor's ALU can
work with at a time determines whether the
microprocessor is considered an 8-bit, 16-bit, or
32-bit system.

a. The 8086 has 20 address lines.

b. Twenty address lines allow the 8086 to
access 1,048,576 memory addresses
directly.

¢. Each segment contains 64K bytes within
this 1M-byte range.

The 8088 has an 8-bit data bus, so it can read
data from or write data tc memory and ports
only 8 bits at a time. The 8086 can read or write
either 8 or 16 bits at a time.

a. The 8086 queue holds the next six
instruction bytes from memory.

b. The queue speeds up processing because the
EU reads the next instruction from the
queue. This is much faster than sending out
an address to the system memory and
waiting for the memory to send back the
next instruction byte or bytes.

a. The CS register will hold 7040H.
b, The next code byte fetched from the physical
address = 70400 + 539CH = 7579CH.

a. 4370:561EH represents 43700H + 561EH
48D1EH.

b. 7A32:0028H represents 7A320H + 0028H
7A348H.

The advantage of using a CPU register is that the
data is already in the EU; therefore, it can be

10.

11.

12,

3.

14.

15.

16.

17.

18.

accessed much more quickly than it could in
external memory.

58 = 3000H and SP = 8434H, TOS = 30000 +
8434H = 38434H or 3000:8434.

a. It is very difficult to memorize the thousands
of binary instruction codes for a CPU and
very easy for an error to occur when working
with the long series of 1's and 0's required
by machine language. Assembly language
makes programming easier and less prone to
e1Tor, '

b. When an 8086 executes the instruction ADD
AX, BX, the contents of the BX register are
added to the contents of the AX register and
the result is left in the AX register. BX is left
unichanged.

Programs which require a lot of hardware control
or programs which must run as quickly as
possible are usually best written in assembly
language.

a. MOV BX, 03FFH :Load the number 03FFH
into the BX register.

b, MOV AL, ODBH ;Load the number DBH
into the AL register.

c. MOV DH, CL :The contents of the CL
register are copied intc the DH register. CL
is unchanged.

d. MOV BX, AX ;The contents of the AX
register are copied into the BX register. AX
is unchanged.. :

MOV BP, 7986H
MOV SP, BP
MOV DS, AX
MOV AL, OF3H

Ao &R

EA = 14A3H and DS = 7000H, address produced
by the BIU = 714A3H.

DS = 4000H, physical address for [234BH] =
40000 + 234BH = 4234BH.

MOV [4B2CH]}, DL

MOV AX, 2437H = loads the AX register with the
number 2437H. MOV AX, [2437H] copies the
contents of memory location DS + 2437H into AL
and the contents of memory location DS +
2437H + 1 into AH (i.e., loads the 16-bit AX
register from two 8-bit memory locations).

COMPUTERS: INTRODUCTION 5



CHAPTER 3 8086 FAMILY ASSEMBLY LANGUAGE
PROGRAMMING—INTRODUCTION

1. The main steps in developing an assembly

language program are:

a. Define the problem.

b. Write down, in general terms, the algorithm
for what the program has to do, using a
flowchart, a sequential list, or pseudocode
{i.e., represent the structure of the program
in some way that is very clear to you and to
anyone else who might have to work on the
prograrm).

c. Write an initialization checklist for your
program.

d. Determine the instruction statements
required to do each part of the program.

e. Start writing the assembly language for the
program.

The top-down design approach produces easy to
understand, modular program representations
that may be programmed in either high- or low-
level languages.

A detailed algorithm enables you to break a
programming problem into small modules which
can easily be written, tested, and debugged. The
moere time you spend organizing your programs,
the less time it will take you to write and debug
them.

a. Sequence, Selection, and Repetition {or
Sequence, [F-THEN-ELSE, and WHILE-DO).
b. The advantage of using only these structures
when writing the algorithm for a program is
that the algorithm is easy to understand,
implement, and debug (avoids spaghetti).
Pseudocode:
Look in your kitchen for peanut brittle recipe
ingredients.
IF any of the ingredients are missing THEN go to
the store and buy the missing ingredients.
Find a teaspoon, a l-cup measure, a 1.5-quart
casserole, and a nonstick cookie sheet.
Measure 1 cup of sugar and pour it into the
casserole.
Measure 0.5 cup of corn syrup and pour it into
the casserole,

WHILE not mixed DO stir the contents of the
casserole. :

Microwave on HIGH for 4 minutes.

WHILE microwave still cooking DO sit and read
niewspaper.

Add peanuts.

REPEAT stir the contents of casserole UNTIL
mixed.

Microwave ont HIGH for 4 minutes.

WHILE microwave still cooking DO look out of
the window.

Add 1 teaspoon of butter.

Add 1 teaspoon of vanilla.

REPEAT stir contents of the casserole UNTIL
mixed.

Microwave on HIGH for 2 minutes.

WHILE microwave still cooking DO start to clean
up.

Add 1 teaspocn of baking soda.

WHILE not light and foamy DO gently stir
mixture.

Pour mixture onto nonstick cookie sheet.

WHILE minutes passed < 60 DO go do
something else.

IF mixture not cool THEN wait longer

ELSE break into pieces.

Eat peanut brittle.

6. a Pseudocode: Get number from memory

location and put inte a register.
Subtract 20H from the number in the register.
IF number in register > 25H THEN output
01H to port 3AH.

b. Flowchart: See Figure 3-1.

GET NUMBER FROM
MEMORY AND PUT
IN REGISTER

1

SUBTRACT 20H
FROM NUMBER IN
REGISTER

QUTPUT ¢
TO PORT 3AH

END

FIGURE 3-1. Flowchart for algorithm for question 6.

PROGRAMMING INTRODUCTION 7
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Next instruction fetched from 4000:43E8H
or 443E8H.
TOS address = 7000:0000 or 70000H.

MOV AX, BX;Copy the contents of BX to AX.
AX = BX = 075AH.

MOV CL, 37H;Load CL with 37H. CL = 37H.
INC BX:;Increment BX. BX = 075BH.

MOV CX, {246BH];Copy the contents of
memory at 5246BH and 5246CH into the CX
register.

MOV CX, 246BH;Load CX with 246BH.

ADD Al, DH;Add contents of DH to AL and
leave result in AL. AL = 35 + 33 = 68H, DH =
331

MUL BX:Multiply the contents of AX with
BX; the result is the high word in DX and
the low word in AX. DX = 01E6H, AX =
BOA2H.

DEC BP;Decrement the contents of BP. BP =
2467H.

DIV BL;Divide AX by BL, quotient in AL,
remainder in AH. AX = BC3BH.

SUB AX, BX;AX - BX; result in AX = 4235 -
075A = 3ADBH.

OR CL, BL:CL is ORed with BL; result in CL
= bEH.

NOT AH;Complement AH, AH = 1011 1101.
ROL BX, 1;BX is rotated left once. BX was
0000 0111 0101 1010, BX now 0000 1110
1011 0100, CF = 0.

AND AL, CH;AL is ANDed with CH; AL = 00.
MOV DS, AX;Initialize the data segment at
4235H; copy contents of AX into DS.

ROR BX, CL;Rotate the contents of the BX
register right, 4 times (CL = 4). BX was 0000
0111 0101 1010, BX now 1010 0000 0111
0101, CF=1.

AND AL, OFH;AL is ANDed with OFH; AL =
05H.

MOV AX, [BX]:Copy the contents of memory
in data segment, pointed to by BX, into the
AX register. AX = contents of 5075AH and
5075BH.

MOV [BX][SI], CL;Copy the contents of CL
into memory in data segment at an offset of
BX + SI. Memory at 5535AH will contain
04H.

MOV BH, AX:;Register size doesn't match.
Should be MOV BX, AX or MOV BH, AL or
MOV BH, AH.

MOV DX, CL;Register size doesn’t match.
ADD AL, 2073H:Number is too large for AL:
Should be ADD AX, 2073H.

MOV 7632H, CX;Cannot move a register’s
contents into an immediate number. Decide
if you want to MOV CX, 7632H or if you
want to copy the contents of CX to memory.
IN BL, 04H:Can only transfer from a port to
the Al or AX registers.

§ CHAPTER 3

10.

11.

12.

13.

a. ADD BL, Al
MOV [0004], BL

b. MOV CL, 04
ROR DI, CL

c. ADD AL, BH
DAA

d. MOV BX, 000AH
MOV AL, IBX]

SUB AL, CL
INC BX
MOV [BX], AL

MOV BL, AL
MOV CL, 43H
INC CX

MOV BP, SP
ADD DL, O7H
MUL BL

The RO TR

;BL = BA + 35 = 8FH
;50004H = 8FH

CL=04

;DI = 07D0OH

AL = 35H + 07H = 3CH
AL = 42H

;BX = 000AH

;AL = contents of BOO0AH
= 7CH

AL=7C-04=78H

;BX = O00BH

;5000BH = 78H

;Copies AL to BL

:Loads CL with 43H
Increments CX by one.
;Copies SP to BP

;Adds 07 to DL
iMultiples AL times BL,
result in AX

g. MOV [245AH], AX ;Copies AX to a memory

h. DEC SP
ROL AL, 01

o]

j. MOV [BX], DL

k. AND BL, OFOH
L ORAX 801

m. XOR AX, OFH

location :

;at‘offset of DS:245AH

:Decrements SP by one

:Rotates the MSB of AL

; into the LSB of AL

;Copies DL to memory

location

: pointed to by BX

:Mask lower 4 bits of BL

:Sets the MSB of AX (o 1,

; doesn’t affect other bits

:Inverts lower 4 bits of AL

; but doesn’t affect other
bits

Instruction Binary Code Hex

MOV BL, AL 100010 10 11 011 QOO 8A D8

MOV [BX], CX 100010 01 00 001 111 89 OF

ADD BX, 59H [DI] 000000 11 01 011 101 03 5D 59
59H

SUB {2048H], DH 001016 00 00 110 110 28 36 48 20
48H 20H

XCHG CH, ES:[BX] 0010011¢ 100001 10 26 86 2F
00 101 111

ROR AX, 1 110100 01 11 001 000 D1C8

OUT DX, &L 13101110 EE

AND AL, OFH 00100100 GFH 24 OF

NOP 16010000 90

IN AL, DX 11101100 EC

DATA HERE SEGMENT to DATA_HERE ENDS
sets up a logical segment for the data called

DATA_HERE.




14.

PRESSURE DB O assigns the name PRESSURE
to a byte type variable and initializes that
~ variable with the value of zero. PRESSURE is a
variable in the DATA HERE segment.

PRESSURE_PORT EQU 04H and
CORRECTION_FACTCR EQU 07H gives the
values of 04 and 07 to the constants
PRESSURE_PORT and CORRECTION FACTOR.

CODE_HERE SEGMENT and CODE_HERE
ENDS sets up a logical segment called
CODE_HERE for the code in the program.

ASSUME CS:CODE_HERE, DS:DATA_HERE tells
the assembler which code and data segments are
to be used.

MOV AX, DATA_HERE and MOV DS, AX
Initializes the data segment register with the
starting address of DATA_HERE.

IN AL, PRESSURE_PORT brings a byte of data
into the AL register through the port addressed
by PRESSURE_PORT (04H).

ADD AL, CORRECTION_FACTOR AND MOV
PRESSURE, Al adds a correction of 07H to the
contents of AL, and it is then copied to the
variable called PRESSURE in the data segment
called DATA HERE.

The last line, END, tells the assembler there are
no more instructions to assemble.

An assembly language program is developed and

debugged using system tools in the following

way:

a. Build an algorithm for vour program.

b. Decide on the instructions required to build
the program. '

¢. Build the assembly language source file in
the correct format using an editor.

d. Assemble the source file by using an
assembler which produces an object and list
file.

15,

e. If necessary, correct the source program

using the editor.

Print out the assembler list file,

Use a linker which joins together several

object files, if necessary, and produces a link

file which contains the binary code for the
program.

k. If necessary for your system, use a locator
program to assign the specific addresses in
memory for the object code.

i If your program requires no external
hardware, or requires only hardware
accessible directly from your system, use a
debugger to run and debug your program.

J. M your program is intended to work with
external hardware, use an emulator to run
and debug your program.

R

Pseudocode for flowchart:

REPEAT
REPEAT
Create source file with editor
Assemble source file
UNTIL no assembly errors
Link
Locate
IF external system THEN
Load emulator
Load program
Run and test program
IF errors THEN
use emulator tools to find errors
ELSE do nothing
ELSE Load debugger
Load program
Run and test program
IF errors THEN
use debugger tools to find errors
ELSE do nothing
UNTIL no errors
STOP

PROGRAMMING INTROBUCTION 9



CHAPTER 4 IMPLEMENTING STANDARD
PROGRAM STRUCTURES IN 8086
ASSEMBLY LANGUAGE

e.

f JMP BX;

ROL AX, CL; The accumulator is rotated
left twice (CL = 02), which
leaves AX = 901EH.

IN AL, DX; A byte is copied to AL from port
DX (FFFAH).

MOV CX, [BX]; The contents of memeory in
the data segment at
addresses 324B3H and
324B4H are moved into

CX.

ADD AX, [BX][SI]; The contents in the data
segment of memory at
address 366B3H {BX +
S = 24B3 + 4200 =
66B3H, which is then
added to 30000 to give
the physical address)
and address 366B4H are
added to the AX register.
The result is left in the
AX register.

The contents of the
instruction pointer are
replaced with the value
023AH, and the program
execution jumps to address
2023AH.

The contents of the instruction
pointer are replaced with the
contents of the BX register, and
the program execution jumps to
address 224B3H. |

JMP 023AH;

2. Instruction Binary Code Hex
a. ROLAX, CL 110100 11 11 000 000 D3COo
IN AL, DX 11101100 EC
¢, MOVCX, [BX] 10001011 00 001 111 8BOF
d.  ADD AX, [BXI[SI] 000000 11 00 000 000 Q300
e. JMP 023AH 11101001 0011 1610 0000 0010 E93A02
f.  JMP BX 111111 11 11 100 011 FFE3
3. Inostruction Flag Contents
OF SF 2ZF AF PF CF
a  MOVAL AH: MOV O7,A4 0O 0 0 o0 0o o0
AND BL, CL: AND B3, 02 0 0 G 7 0
c. ADDCL,DH: ADD 02, FF O o 0 1 0 1
d. ORCX, BX: OR 0002, 24B3 0 0 o 2 0 0

1¢.

11.

12.

13.

14,

Each time the loop is executed, BL is loaded
with 72H. Therefore, BL never reaches zero
and execution never leaves the loop.
Cannot mix bytes and words in instructions.
Use either CX, AX or CL, AL, or CH, AL.

JMP needs a word, or for an indirect jump
address, BL is only a byte.

JNZ can only go to a label in the range +127
to -128 from current IP; cannot use indirect

addressing modes,

. a, b. See the program A04-058.ASM.

¢. To add 2 BCD bytes, add the instruction

DAA after the line ADD AL, NUMZ2.
See program A04-06.ASM.
See program A04-07.ASM.
Sece program A04-08. ASM.
See program AQ4-09.ASM.
See program AO4-10.ASM.
See program AQ4-11 ASM.
See program A04-12.ASM.

See program A04-13.ASM.

a. Time for one clock eycle = 1/5MHz = 0.2 us

Number of clock cycles required

500usec/0.2usec = 2600

The following code is used for the delay

loop:

MOVCX, N
KILL_TIME:NGP
LOOP KILL_TIME

;4 clock cycles
; 3 clock cycles

N =(Cq-C,+Dy/C
C, = overhead cycles = 4
C, =mnumber of cycles in loop = 20
C; = total number of cycles wait
= 2500

; 17 or 5 clock cycles

D = difference between LOOP executing

ornot=17-5=12.

Therefore:

N =(2500-4+ 12)}/20 = 125.4 = 07DH

b. See program A04-14.ASM.

8086 ASSEMBLY LANGUAGE
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CHAPTER 5

STRINGS, PROCEDURES, AND
MACROS |

1.

a. See program A05-01A.ASM.
b. See program A05-01B.ASM.

See program A05-02.ASM.
a. MOV AX, 4000H

6. a. Three methods of passing parameters to a
procedure include:

i. Using general memory and named

memory locations. One advantage of

this method is that it makes programs

MOV 55, AX
MOV SP, 80000

. CALL FIXIT ;Call a near procedure, FIXIT.

PUSH BX ;Save BX and BP
PUSH BP :at start of procedure
POP BP ;At end of procedure,
POP BX :notice order of POPs
. RET8 :Return from a procedure and

increment SP by 8.

. See Figure 5-1.

If the POPF instruction was accidentally left
out of the procedure, the RET instruction
would place the contents of the saved flag
registers into the IP register. This means that
execution would continue, not just after the
place where the procedure was called but at
some other place. One way to track down this
problem is to keep a map of the stack. If you
make a mistake with the stack map, you can
run the program to the end of the procedure
and then examine the registers to see if the
RET instruction occurred at the correct SP.
Another way to debug this type of problem is
to use the single-step facility of the debugger,
although this takes much longer.

. The binary code for the instruction which will

call a procedure which is 97 addresses higher
in memeory than the call instruction is
11101000 01011111.

b. RET 4; 11000010 00000100 00000000

ii.

iii.

easier to understand. The disadvantage
is that you cannot use this method for
procedures that call themselves or from
procedures that will be called from a
higher-level language.

Using registers to pass values of
variables. The advantage of this method
is speed—the parameters are immedi-
ately available in the procedure. The
disadvantage is that you cannot pass a
large number of parameters unless you
use a register to just hold a pointer to,
for example, an array of data in
memory. Note: Recursive and reentrant
procedures can use registers, because
the register contents will be pushed on
the stack during each call. Also note
that some higher-level languages for
specific machines do allow a few
paramieters to be passed in registers.
Using the stack to pass values of
variables. One advantage of this method
is that it does not depend on the
architecture of the specific processor, so
it helps make a program “portable.”
Also, this method can be used for
reentrant procedures. The
disadvantages are the time overhead
involved and the complexity of using a
pointer and an offset to access the
passed parameters.

4000 SP SP initialized by MOV SP, 4000H

SFFF  AH

3FFE AL SP - 2 then PUSH AX. AL at SP, AH at SP+1
S3FFD I[P HIGH

3FFC [P LOW SP - 2 then PUSH IP for CALL MULTO
3FFB - F HIGH

3FFA FLOW SP -2 then PUSHF

3FF9 BH

3FF8 BL SP - 2 then PUSH BX

SFF9  POP BX BX = contents of 3FF8 & 3FF9

3FFB
3FFD
3FFF

POPF Flags® = contents of 3FFB & 3FFA
RET IP = contents of 3FFD & 3FFC
POP AX AX = contents of 3FFF & 3FFE

FIGURE 5-1. Stack map for question 4.,

STRINGS, PROCEDURES, AND MACROS 13
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b. The term reentrant means a procedure can
be interrupted by another procedure at any
time, used by the interrupting procedure,
and then pick up where it left off in its first
execution. You must use the stack or
registers to pass parameters to a reentrant
procedure.

7. See program A0B-07 ASM.
8. See program A05-08.ASM.

9. For the algorithm, see Figure 5-28 on page 130

of the text. See program A05-09.ASM.
10. See program A05-10.ASM.

11. a. To tell the assembler to make the label
BINADD available to other assembly
modules, the statement PUBLIC BINADD
would have to be added to the part of the
program calling the label.

b. To tell the assembler to look for a byte type
data item named CONVERSION_FACTOR in
some other assembly module, you would
have to add the statement EXTRN
CONVERSION FACTOR:BYTE, surrounded
by the name of the data segment it was
declared in. For instance, if it was declared in
the data segment DATA_HERE, you would
have to add the lines:

DATA HERE SEGMENT PUBLIC
EXTRN CONVERSION_FACTOR : BYTE
DATA_HERE ENDS

12,

POP_ALL MACRO
POP S5
. POP ES
POP DS
POP DI
POP 81
POP BP
POP DX
POP CX
POP BX
POP AX
POPF
ENDM
b. POP_ALL

THERE ARE NO QUESTIONS FOR CHAPTER 6.

14 CHAPTER D



CHAPTER 7 B086 SYSTENM CONNECTIONS,

TIMING, AND TROUBLESH:!

YOTING

[£1]
B

9.

The start of an 8086 state is measured from the
50 percent peoint of the falling edge of the clock
waveform.

Latehes hold the address information so that the .

8086 can float the address lines and then use
them for data input and output.

The ALE high signal is used to enable the latches

so that the address information is passed
through to the latch outputs. When ALE goes
low, the address information is held on the laich
outputs.

The sequence of events on the 8086
data/address bus and the ALE, M/IO and RD
lines as the 8086 fetches an instruction word is:
a. M/10 goes high so that memory is accessed.
b. ALE goes high to enable laiches.

¢ An address is sent out on the data/address

bus.

d. ALE goes low, the address is latched on the
latch outputs, the latches are disabled, and
the data/address bus is floated.

" RD goes low, causing the addressed device
to put data on the bus.

Data comes in on the data/address bus.

RD gdes high. o
The word or byte is read, depending on BHE
and AO.

o

R

When writing to memory, WR = ¢, RD = 1, and
M/IO = 1. When reading from a port, WR =1, RD
=0, and M/10 =0,

Mi_nirnurn mode’ is used when there is only one
microprecessor on the system buses. Maximum

- mode is used when twe or more microprocessors

share the system buses.

When RESET =-1, DS, $5, ES, IP, and the flag
registers = 0, and CS = FFFFH.

Buffers are often needed on the address/data
lines and control buses in a microprocéssor
system because as more devices are added to the
system,. each device input or output acts like a
capacitance of a few picofarads connected to
ground. To change the logic states up/down. all
of the added capacitance has to be charged/
discharged. The 8086 cannot supply enough

_ current to charge or discharge the circuit

capacitance rapidly, so high-current drive
buffers are added to do the _]ob

a. If the READY input is made low, the 8086
will enter a WAIT state.

16.

11

i2.

13.

15.

14.

o

An 8086 enters a WAIT state after the falling

edge of T,.

c. Information on the buses remains the same
during a WAIT state as it was at the start of
the WAIT state.

d. The 8088 stays in the WAIT state as long as
READY = 0.

e. The 8086 can have any number of WAIT

" states.

J. WAIT states are needed if the system

contains ‘devices which cannot respond fast

enough for the processor.

The DT/§ signal is used to specify the direction
in which the buffers are enabled. DT/R high + -
DEN low = transmit data to memory/ports.
DT/R low + DEN low = receive data from
memory/ports.

The DEN signal i{s used to enable the
bidirectional buffers on the data bus.

The transition at the tail of the arrow causes the
transition at the tip.

See Chapter 7 in the {ext and Figure 7-4 on text
page 169. The clock function tells the analyzer
how often to take samples. The trigder tells the
analyzer when to dispiay the samples stored in
its internat RAM.

For detailed timing measurements, use the logic

analyzer’s internal "‘Ck

a. Use the fa_lmg edge of the d
trigger on address FFFF OH to see the

~ sequence of addresses output after a RESET.

b. Use the rising edge of RD as a ciock signal
and trigger on instruction OEAH to see the
sequence of instructions read in after a
RESET.

c. Use the clock signal as clock {falling edge) to
see both the addresses sent out and the

©words read in. o

d. Clock on the rising edge of RD, clock qualifier
input connect to M/IQ. Set the analyzer to
accept clocks when M/I0 is low.

It is possible for a logic analyzer to display data
that occurred before the trigger because
whenever it receives a clock, it stores samples in
its internal RAM., The trigger position
specification is used to tell the analyzer to
display samples pre-trigger. post-trigger, or
center-trigger.

Wire-wrap jumpers are shown as, for instance,

o

IMING, AND



17.

18,

19,

8.

ZL.

The /& means that this one line represents 8
lines.

Address decoders in a microprocessor system are

¥
Fd

J identifies a jack which a connector plugs into.
P identifies a plug which plugs into another
conector,

used to: 23. The small capacitors are used to bypass high-
a. Produce a signal which selects the device to frequency neise on the power supply lines

be used when you send out an address in {produced by devices switching from one logic

the range assigned for that device, level to anocther). The large capacitors filter out
b. Make sure that only one device at a time is the low-frequency noise on the power lines.

outputting onto the data bus. 25y

24. To enable the 745138 you need G2A (Al5) low,

A memory device with 15 address lines and 8 G2B (RD) low, and G1 (+5Y) high. The SELECT
data outputs connected to it will store 32,768 inputs are A12, A13, and Al4. Figure 7-1 shows
bytes or &-bit words. . the address decoder worksheet.

RD is used as one of the enable inputs of the
8255As give the SDK-86 programmable paraliel ROM decoder to prevent writing to ROM. The
ports which can be used individually to decoder is disabled if RD is high.
input/output parallel bytes or together to — ' . .
input/output words (high byte fo P1A, low byte 25. e-yr(x;lemory map for ROM in Problem 24 is:
to P2A). The 8251A is a UART used for serial 7000 - 7FEFH
data communication. The 8278 is a 6000 - BFFFH
keyboard/display intérface device. 5000 - 5FFFH

4000 - 4FFFH
27B3 indicates that the lines come from zone B3 3000 - 3FFFH
ont sheet 2 of the schematics: 2000 - 2FFFH
Address line numbers Belected
15 {4 13 t2 11 109 8 7 & S 4 2 B | © Address Blocks
0 0 6 0 0 0 0 0 0 0 0 0 0 0 O 9 0000 - OFFFH
¢ 0 01 0 0 O ¢ 0 0 0 © O 0 O O 1000 - {FFFH
o 0 1 © 0 0 6 0 0 0-0 0 O O O © 2000 — 2FFFH
¢ 0 1 1 0.0 0 ¢ 6 0 0 0 0 0 0 0 3000 - FFFH
0 1 06 & 0 0 0 0 0 0 0 0 0 0 0 O 4000 — 4FFFH
4 i 6 1 0 0 0 0 0 © 0 O O 6 O 0 5000 - SFFFH
0O 1 1 0 0 0 © 06 0 0 0 0 O O 0 0O &000 — &FFFH
© 1t 1L 1 0 0 O ¢ O 0 0 0 O @ 0 O 7000 - 7FFFH
4 ¢ ¢t 1 1 f 1 1 1 L 1 1 1 1 t 1 TFFF
FIGURE 7-1. Address decoder worksheets for question 24.
Address line numbers Selected
15 14 13 12 11 109 B8 7 & S & 3 B i © Address Blocks
it 0 00 O 0 0 0 0 0 0 0.0 C ¢ O 8000 - 83IFFH
1 00 0 0 1 ¢ 0 0 0 0 0 0 6 6 ¢ B40O = BIFFH
i1 0 06 0.1 © 0 0 O O & 0 0 0 ¢ O 8BOO - BBFFH
1 00 0 1 1 ©6 6.0 0 O 6 0 0 0O O BCOO - EFFFH
t1 ¢ 0 1 © © 0 0 0 0 0O 0 0 O 0 O 9000 - F3FFH
1 0 01 © 1 © 0 0 0 0 O 0 0 C 0 %400 - F7FFH
t. 0 01t 1 0 0 0 0 0 0 0 0 0 0 O 9800 - 9BFFH
1 o0 1 1 & 0 0 C O 0.0 0 0 0 ¢ 9C00 - FFFFH
(a}
AlZ AL ATG
rasies |
— Y, =3 RAM 2
Ala— GEA
Y,
. Ny e
13 —1G78 YJ §400-BAFFH
Yy —
A5 —G1 i T
Y,
o)

FIGURE 7-2. Address decoder worksheet and circuit for question 26.
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27

£19~415 AF4 Al3

Al3

Ald

AlE—

A8
A17
AlB
A1Q

1000 - 2FFFH
0000 - OFFFH

See Figure 7-2 for the address decoder
worksheet and the circuit.

Many addresses will select one of the port
devices connected to the port decoder in Figure
7-12 a because A6-All are not connected to the
port device or the decoder. They have no effect
on selecting a port, so they can have any value.

Memmory-mapped [/O is done by using a decoder
which translates memory addresses to chip
select signals for port devices. The advantage of
this is that any instruction which references
memory.can be used for I/O to ports. The
disadvantage is that some system memory
address space is used up for perts and is
therefore not available for memory, Direct 1/0
uses d s&pardte address space for /0. It has the
advantage of not using the system memory

Address Block
Bytes select

BHE A0 04 63 02 Cl

g ¢ 0 ¢ 0 1 0 ¢
4] o 1] [ T 1 1 0 1 0 - 1FFF
e o o6 1 ©o 1 1 1 0
0 0 L 0 4] 0 0 & 1
0 Q I G 1 0 1 1 1 2090 - 3FFF
i o 1 i 9 1 Q i 02
(a1
Al DO
RAM
—_ — D7
A12 CS
7 Y] SE—
3 3825
P Al— ||
5 02 RAM
[
7 Al2—y s
8 n3 J

04 b RAM
1
[ Alz— & §— Di5
Al-— n
RAM
AlZ— =
L 1

FIGURE 7-3. Truth table and circuit for question 32.

Rad
BYE)

38,

3L

32

34.

35,

34.

address space and the disadvantage that only IN
and OUT instructions can be used for I/0 of
data.

@ The memory is sct up as 2-byte-wide barks
so that it is possible to read/write either
words or individual bytes.

b. When writing a byte to 04274H, BHE = 1 and
A0 = 0. When writing a word to 04274H, BHE
=0and A0 =0.

¢. Two machine cycles required to write a word
to address 04373H are as follows:

i During the first machine cyele, the 8086
will output the address 04373, make BHE
=0, and £0 = 1. A byte will be written te
04373, WR = 0 and M/I0 = 1.

i, During the second machme cycle, the
8086 outputs the address 04374, makes
BHE = 1, AC = 0. The second byte will be
written to 04374, WR =0, and M/1O = 1

You cannot accidentally write a byte or Word to
ROM because RD = 0 enables the 3625 PROM
decoder. i RD = 1. the decoder is disabled and
ROM. catmot be selected.

Some ROM is put at the top of the address space
because the 8086, when reset, goes to address
FFFFOH to get its first instruction.

o For the tnith table and circuit, see Figure 7-3.

Reading a word frem ports FFFSH and FFFOH
requires the logic levels shown on the following

signals:

BHE = M/IO=RD =0 WR =1
AC-A2 =0
A3-AL5 = 1
Al16-A19 =0

Ports are direct 1/0.
The instructions to do the read operation are:

MOV DX, OFFF8H
iN AX; DX

a. The OFF BOARD signal will be asserted low if
the 8086 is deing a memory operation arid
the address sent is not in one of the ranges
.decoded for the on-board RAM/ROM.

b. The purpose of the OFF BOARD signal is to
enable buffers for devices added to the
expansion area of the SDK-86 board.

There is only one miemory bank in the 8088
system. Because the 8088 has only one memory
bank which contains both odd and even
addresses, the BHE signal is not necessary.

Maximum clock frequency is 8 MHz.
TCLRL = 100 nis.

TCLEX (Data Hold Time) = 10 ns.
TLLAX = TCHCL - 10 =44 - 10 = 34 ns.

L oD

CONNECTIONS, TIMING, AND TROUBLESHOOTING 17




37.

38.

FIGURE 7-4. Routines to test system RAM.

8

For the 27128-25:

tace = 250 ns: t, = 250 ns; tog = 100 ns
Address latches propagation delay = T,=1Zns
Decoder propagation delay = T,=30mns
For the 8086-2:

T, =T, =Ty = state time = 125 ns

TCLAV = 60 ns

TDVCL = 20.ns

TCLRL = 100 ns
Time available for t,. or top:

Ty + T, + Ty - (TCLAV - T, - TDVCL)

=37b-92 =283
This time is greater than t,. or t., required by
the 27128-25, :
Time available for t.: .

T, + T, - [TCLRL - T, + TDVCL}"

-=250 - 150 = 100 ns.

ns

L.

This time equals t... so it is not considered an

adequate available time for memory access for
the 27128-25. The device may not work correctly
in the system. A WAIT state can be inserted to
ensure proper operation.

To troubleshoot the microcomputer system:

> Identify the symptoms. |

Mzke a careful visual and tactile inspection.
Check the power supply.

Check the control signals such as RD, WR,
ALE, RDY, and RESET.

e TR

(a} For question 41. i

(b} For question 42,
sflag

L.

set.

39,

4f.

41,

42,

43,

is written to the RaM at

DSEG SEGMENT

ERROR_FLAG

MEM_LGCS
DSEG ENDS

CEEG SEGMENT

ASSUME CS:

START:

MOV
MoV

-MOY,
C oMoV

NEXTe

Mgy
CMP
JNE
INC

-LBGP

ERROR:

CSES

JMpP
MOV
FIN:
ENDS
END

AX,
Ds,
BX,
(=3

BYTE PYRLBX1, OFFH
BYTE PTRLBX1, OFFH

e. Use a working system to systematically test

the ICs from the nonworking system.

An oscillescepe checks the power supply for
excessive noise or ripple.

Mark each IC from the good system with a wide-
tip, water-soluble marking pen.

See Figure 7-4a for 2 routine to test the system
RAM at addresses 0200-07FFFH,

See Figure 7-4b fer a routine to output
alternating patterns of all 1's and all Os to port
FFF9H over and over,

~a If pin 8 of A15 (2ZD5} is stuck low, the

processor is in a NOT READY state and will
keep inserting WAIT states. The sighals on
the buses will all be at constant logic levels.

I the RESET key is stuck on, DS, ES, SS, IP,
and the flag registers will be zero and CS will
be FFFFH, There will be no activity on the
buses,

i none of the outputs of A29 (BZD7) ever go
low, nothing will be read from or written to
RAM. RAM is never selected.

If pin 6 of A3 [5ZA5) is stuck low. off-board
devices will never be accessed because OFF
BOARD is always high.

& specitic address and the

fcontents of the RAM are then read back to see if it is still
jone. If 0 ie detected, the routine ends and leaves an error

WORD PUBL. IC
DB 00
DB 6&00H DUFP(7)

WORD PUBLIC
CSEG, DS:DSEG
DSEG ) H
AX -
OFFSET MEM_LOCS § Start at beginming
&00H ; Size of memory to test
’
H

Initialize data segment

i Put in 1°s in location
i Is it still 1°s7

ERROR

BX

NEXT i
FIN
ERROR_FLAG, OFFH c3

Continue until done

Leave a error message

€]

(A test routine to ocutput alternating 211 ones &nd éll
jzeres Yo port FFEPH over and over

CSEG SEGMENT

START:

AGAIN:

CSEG

CHAPTER 7

WORD PUBLIC
ASSUME CS : CSER
MOV DX, OFFF9H
MOV AL, 00
ouUT DX, AL
NOT AL 3 flip =11 bits
IMP ABAIN i keep going for ever
ENDE
END

=1




8086 INTERRUPTS ANE 5%?&%&@??

APPLICATIONS

The 8086 will push the flag register on the stack,
disable the single-step function and the INTR
input, and do an indirect far ecall to the start of
the interrupt procedure that was written to
respond to the interrupt.

The 8086 interrupt-vector table stores the
starting addresses of the interrupt-service
procedures.

Type 2 interrupt-vector IP at 00008H. €S at-

0000AH.

Type 4 interrupt-service procedure starting
address is 0010:0082. Put 0019 ai address
00012H and 0082 at address 00010H.

a. The lecations correspond to a type 32
interTupt.

b. The starting address is 0040:4A24 (0O4E24H).
| Bee F‘ig‘ﬁre 8-2 on page 208 of ihe iext.

A type O interrupt is caused when the quotient
from a DIV or IDIV operation is'too large to fitin
the result register. Dividing by zero is a special
case of this.

A type 1, single-step interrupt is enabled when

the TRAP flag is set.

A type Z, nonmaskable 1nterrupt results when
the 8086 receives a low to high transition on its
NMI input pin.

A type 3. breakpoint interrupt is caused by the
execution of the INT 3 instruction.

INT_PROC_HERE  SEGMENT WORD
EXTRN DIV_O_ERROR:FAR
EXTRN POWER_FAIL :FAR

INT_PROC_HERE  ENDS

CODE_HERE - SEBMENT
ASSUME CS:CODE_HERE
MOV AX, 0000
MOV ES, AX

1.

12,

PUBLIC
3 Let assembler know procedures .
i DIV_O_ERROR and POWER_FAIL are in
i another assembly module

A type 4, overflow interrupt is caused when an
INTO instruction executes after an overflow error
sets the overflow flag. If the overflow flag is not
set, INTO acts as a NOP,

PUSH and POP all the registers-used-in the
procedure so that the interrupted program will
resume with its registers the same as they were
before the interrupt.

You should use an IRET instruction because, as
part of its interrupt response, the 8086 pushes
the flag register on the stack and IRET pops the
flag register and the return address off the stack.
RET pops only the return address.

The assembler directive and instructions are
shown in Figure 8-1.

@ The main use of the 8086 type 1 interrupt is
to implement single stepping in a debug

program.

b, PUSHF ;Push flags on stack.
MOV BP, SP ;Copy SP to BP for use as
OR [BP + 0}, 0100H ;an index. Set the TF hit.
POPF :Restore the flag register.

The mainline program is in AQ08-11A.ASM: the
procedure is in A08-11B.ASM,

a. The 8086 INTR tnput is disabled to allow you
to initialize ports, timers, registers, and
interrupt controllers without being disturbed
by interrupts,

b. The INTR mput is enabled by setting the IF
with the STI instruction.

§ Clesr the ES register

iStore address for DIV_0 ERRDR procedure at addresses 00C0: 0000
jAddresses CO000 to O00OZ are where type O interrupt gets interrupt

iservice procedure address.

CS at Q0002 & 00003, IP =2t 00C00 &% 00001 .

MOV WORD FTR ES:Q008H, SES DIV_O_ERROR
MOV WORD PTR ESEOOOOH; OFFSET DIV_O_ERROR

$Stere address for POWER_FAIL procedure starting at¢ address 0000:0008
MOV WORD PTR ES:000AM, SEG POWER _FAIL
MOV WORD PTR ESt0008H. OFFSET PDWER _FalIL

i Rest of code here for program goes in here

CODE_HERE ENDS
END

FIGURE §-1. Assembler directives and instructions to initialize an interrupt pointer

table for a type 0 and a type 2 interrupt.
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13

14.

8.

20

c. The CLI (Clear Interrupt) instruction will
disable the INTR input.

d. Disabling INTR ensures that the INTR input

signal does mnot cause the 8086 to
continuously interrupt itsetf.

¢, The INTR is automatically reenabled by the
IRET instruction, which restores the flags to
the condition they were in before the
procedure.

The 8086 will push the flags on the stack, clear
TE and IF, push the return address on the stack,

and go to the start of the divide error {type 0} -

service procedure, The 8086 will then respond to
the NMI (type 2} interrupt. When the 8086
finishes the NMI procedure, it will return to the
divide error procedure, finish executing that
procedure, and then return to the mainline
program.

The algorithm and mainline program are in A08-
144.ASM; the procedure is in A08-14B.ASM.

The algorithm and mainline program are in AOS-
18A.ASM; the procedure is in A08-15B.ASM.

The algorithm and program are in A08-16.ASM.

[

e

=gl ot

HERE:JMP HERE to see if the vecior table is

initialized correctly.

whe start of the interrupt procedure 1o see if

execution gets there,

¢ after AND AL, 7FH to see thé character
ioaded into the buffer.

d.  after POP AX to see if the return address is
correct.

a. The hase address for the added 8254 will be
FFOSH. '

b. The eight data lines should be connected to
the upper half of the 8086 data bus (A0 = 1).

e. Counter O—address FFO8H; counter 1—
address FFOBH,; counter 2—address FFODH;
control word—address FFOFH.

. The control word is 01 11 011 1.

e

&

g

MOV AL, 77H ;Control word 01110111
MOV DX, OFFOFH ;Point at control register

OUT DX, AL . 1Send control word

MOV DX, OFFOB  ;Point at couner 1 register
MOV AL, 56H ;Load LSB

OUT DX, AL ;Send LSB to counter 1
MOV AL, O3H ;:Load MSB - '

OUT DX, AL iSend MSB to counter 1

J. Assuming the GATE input is high, the count
ig loaded on the next falling edge of the CLK
input after WR goes high. The counter will
start eounting down in MODE 3 on the next
clock pulse after that.

g. The waveform will be a symmetrical square
wave {the number is even) with a freguency of
2 kHz (712000/356 Hz}, a period of 0.5 ms
(1/2000 secs), and a 50 percent duty cycle.

CHAPTER 8

1%,

21,

22,

h. This control word will set counter 2,
read/write LSB only, MCDE 0 {interrupt on
terminal count), with a binary count.

The calculation to find the value to be written to
the counter is:

Clock signal = 2.456 MHz
= 2,456,000 Hz
Frequency Required = [/0.0012 Hz
=833.333 Hz

Count Required = 2,456,000/833.33 = 2947
MODE 1 {one shot), write LSB and MSB, count
in BCD,

Controi word =10110011-

MOV AL, 0B3H ;Load control word

MOV DX, OFFO7H ;Point at control register

QUT DX, AL :Send control word

MOV DX, OFFO5H ;Point at counter 2 register

MOV AL, 47H ;Load LSB of count
OUT DX, AL ;and send to counter 2
MOV AL, 29H ;Load MSB of count
CUT DX, AL

;and send to counter 2

Assuming the 8254 was programmed for
read /write the LSB and MSB when initialized:
MOV AL, 01000000B ;Counter 1 latch command
BICV DX, OFFQ7H ;Point at control register
QUT DX, AL :Send lateh command
MOV DX, OFFO3H  ;Point at counter 1 address

IN AL, DX ;Read LSB of latched count
MOV BL, AL ;and save in BL :

IN AL, DX ;Read MSB of latched count
MOV BH, AL ;Count now in BX

When an 8259A receives an interrupt signal en
its IR2 input, (assuming IR2 is unmasked in the
8252A and the 8086 INTR input has been
cnablied with an STI instruction), the priority
resolver checks the bits in the IRR {interrupt
request register]) to see if the interrupt is
unmasked. As IR2 Is unmasked, the priority
resolver checks the ISR (in the service register) to
see if a higher-priority input is being serviced.
IR2 has the highest priority (all other interrupts
are masked), so the priority resolver sets bit 2 in
the ISR and activates the circuitry, which sends
an INT signal to interrupi the 8086, When the
8066 sends out an INTA pulse in response fo
this interrupt, the 8259A responds with the type
number for the IR2 service procedure. The 8086
uses this type number to find and execute the
IR2 service procedure,

The cascade pins (CASO, CAS1, CAS2) from the
master 8258A are connected to the
corresponding pins of an 8258A slave. For the
master these pins function as outputs, and for
the slave they function as inputs. When the
master recetves the first INTA pulse from the
8086, it outputs a 3-bit slave identification
number on the CAS lines to enable the slave that
has been given that ID number with an ICW3



]

Assuming a fixed priority for the IR inputs, the
82584 wiil service an Interrupt on its IR3 input
before it services an interrupt on its IR5 input
even: if they are received at the same time. If two

24. An EOI command resets the in-service register so

that the higher-priority interrupts may be
serviced.

interrupt signals occur at the same time, the 2. Syee dFlgué‘ei 85*,:[12-1,1&;;‘01226 sequence of command
8253A will service the one with the higher words and in € ' .
priority first, assulming both inputs are 26. The advantage is that you don't need to worry

unmasked. If the 8259A is servicing an IR5
interrupt and an IR3 interrupt occurs, the
priority resolver will check to see if the IR3 is
unmasked. It then checks to see if a higher-
priority interrupt is being serviced. As the new

about the absolute address where the procedure
actually resides or about trying to Iink the
procedure into your program. All you have to
know is the interrupt type for the procedure and
how to pass parameters to the procedure,

interrupt has higher priority, the priority resolver
sets the appropriate bit in the ISR and activates
the gircuitry, which sends a new INT signal to
the 8088, If the 8086 INTR Input was reenabled
with an STI instruction at the start of the IRB
service routine, the IR3 will interrupt the IR5
service subroutine, When the TR3 subroutine is
OVET, cotitro! is returned to the IR5 routine.

Bace address FF10K
edge triggered

an 8086 system narmal ECGI
non-huffered mode IRl and IR3 unmasked
interrupt type 40 corresponds to IRO input

not special fully nested mode '

only ane B2594

ICwWi Q00 1006 3
HTH [ ICWG needed, B0BE . system
HER LI not cascaded, single 82594
HE I I don’t care, so set at zero
R o edge triggered
i e this bit always 1
e not applicable to 80a3

ICW2 0010 1000 40 = lowest type interrupt

for a IRO interrupt type

ICW3 NONE, no slaves

ICW4 000 Q0¢ 1
[ [ 8086 mode
HE ] E normal &0I
i L non buffered _
P O not speciai fully nested moge
L no choice, 0’s

BCWE 1111 €101 unmask IRI and IR3 with O’<

The base address ig FF10H, so the two system addresses are
FFIOH and FF12H. ’

i instructions fer initializing 825%8 for tonditions above
MOV AL, 0Ogl0011B ICW: command word
MOV DX, OFF10QH Foint at 859 control reg
OUT DX, AL send. ICW1
MOV AL, 001010008 Type 4C is IRQ type
MOV DX, OFF18H Paint 2t ICW2 address

Sh e WE e an s

ouT DX, An send ICWE

MOY AL, 000C0001B i ICW& command ward for 808s
OUT DX, AL i send ICW4

MOV ALs 111101C1E 5 BOW1 to unmesk IR!I and IRS
auT DX, AL i send OCW1

FIGURE 8-2. Command words and instruc_tl'ons to initialize an 8259A,
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CHAPTER 9 DIGITAL INTERFACING

1. Data is sent on: a handshaXke basis to prevent the
sending system from sending data bytes faster
- than the printer can read them.

2. a. The sending device asserts its STB signal; the
receiving device asserts its ACK signal.

b. The sending device asserts its STB signal low
to deterinine if the receiving device is ready.
The receiving device indicates it is ready by
raising its ACK signal. The sending device
then sends a byte of data and raises its STB
high to mdicate that valid data is on its way.
After the receiving device has read in the
data, it drops ifs ACK line low to tell the
sending system that it has the data and is
ready for more.

3. Port lines are Inputs on reset to prevent poris
from outputting into the outputs of a device
conmnected to the port and possibly destroying
one or both cutputs.

4, Port A—FFFOH; port B—FFFBH,; port C—FFFDH;
control—FFFFH

a. Mode-set contrel word: Port A—handshake
input; port B—handshake output; port
C—FPC8 and PC7 outputs

i
3

B handshake
Port C lower not used

Dmned T ;enatamand
LU S Ul

Port B mode 1

PC8 PC7 cutputs
Port A input

Port A mode 1
Mode set flag active

b. Input controi sign_al definition: INTR A controiled
by bit set/reset of PC4

00001001
L Bit set (enable interrupt)
Set bit PC4 :
Don't care
Bit set/reset flag active

Output conirol signal definition: INTR B

controlled by bit set/reset of PC2

.0
|

"‘O

{!) 1

[ | “—sit set (enable interrupt)
‘ 1 Set bit PC2
Don't care

Bit set/reset flag active

Lo
MOV DX, OFFFFH :Point fo 82585A conirol
register

MOV AL, 101101008  ;Ports control mode-set word

CUT DX, AL _ .
MOV AL, 000010G1B  :Set/reset word for INTR A
OUT DX, AL
MOV AL, 0000C1015  ;Set/reset word for INTR B
OUT DX, AL ‘

d. i Set up an interrupt jump lable for ihe

irterrupt procedure.
fi. Initalize the 8258A, edge triggered, ADI =
X, single,
i, ICW4 = 8086 meode.
iv. Unmask the IR3 input.
v. Enable 8088 INTR mput with 8T1
instruction.
e.
MOV DX, OFFFFH
MOV AL, 000011018
OUT DX, AL

:Poinit DX at control register
;Set/reset word {set PC6}
;Send set/reset word

#. The tape reader sends a byte of data to port Aon
its 8 data line. It then asserts its SIB signal low
to tell the 82554 that a new byte of data has
been sent. In response, the 8255A raises its IBF
signal an PCS high to tell the tape reader it is
ready for the data. When the tape reader sees the
IBF is high, it raises its S1B signal high again.
The rising edge of this signal causes the data to
be latched on the input latches of the 8255A
and, if the interrupt signal ocutput has been
enabled, causes the 8255A to output an
intermupt reguest signal to the 8086 on bit PC2.
The tape reader can then remove the data byte in

-preparation for the next data byte. When the
8086 reads a byie of data from the 8255, the .
falling edge of RD causes the 8255 to reset its
INTR output. The rising edge of RD causes the
8255 to reset the IBF signal, telhng the tape
reader to send the next byte.

7. When connecting per1phera1 devices to a
computer, connecting the logic and chassis
grounds together only at the computer prevents
large noise currents from ﬂowing in the logic
ground wire.

STROBE computer -> printer; character
availabie.

8 a

b. ACKNLG printer -> computer data acceptu
ready for the next character.

¢. BUSY printer -> computer; not ready to
receive character {e.g., out of paper).

d. INIT computer -> printer; perform prinier
internal initialization sequence.

%. For the algorithm, see Figureg—lﬁa on page 256
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of the text. Programs A09-09A.ASM and A02-
0oB.ASM show the printer driver mainline and
printer driver procedure.

i0. Yes. There has to be a 0.5 ps wait before the
STROBE is asserted low. The instructions to
assert the STROBE low take’ 16 clock cycles.
(MOV DX, OFFFH = 4, MOV AL DO0000110 = 4,
and OUT DX, AL = 8 clock cycles) -
The time for 1 clock cycle with an 8-MHz 8086 =
0.125 ps. _
The time for 16 clock cycles = 2 ws. which is
greater than the minimum time required {0.5 ps)
before asserting the STROBE low.

1.

MOV DX, OFFFDH :Point at port C
IN AL, DX ‘Read status word from C

AND> AL, 00111111B -Mask o/p lines of status
word

13, The three major tasks are detect, debounce, and
encode.

i3, The compare method works as follows. The '

keypress codes are placed in a table in the order
of the hex codes they represent. Onee a code is
nhteined for the keypress row and eolurmn, that
cade is compared with each value in the table
until a match is found. A counter is used to keep
trarck of how far down the table you have 1o go to
find a match for a particulay input code. When a
mateh is found, the counter will contain the hex
code for the key pressed.

14. Error frapping is necessary in real code-
conversion programs so that, if no match is
found when all code comparisons have been
made, the program gives an error message rather
than continuing to compare. after it has reached
the end of the code table. In the program in
Figure 9-20 in the text, if BX ts decremented
below zero, the sign flag will be set (BX =
FFFFH). The program will fall through the JNS
instruction and the error code loaded in AH (AH
= 0l—invalid code, AH = 00—wvalid code). AX is
returned to the calling program, which checks to
see if the code Iin AL is valid by checking the
contents of AH.

15. See program A09-15.ASM. XLAT is more efficient
because it requires the execution of only two
loads and one XLAT instruction. The compare
method would have to scan the table until it
found a matching entry.

6. a The answer is 77{. The calculation is as

ioilows.
1 = 40 mA per segment
voltage drop across LED whenlit= 1.5V
output low voltage for 7447 is max 0f 0.4V
@ 40 mA
Ve VoV, ~Vg=5.0-15-04=381V
R = required resistance = Vel/l'= 77.80 {approx. 7781
‘B, The answer is approximately 160 mA. The

R
EE
1

72 CHAFTERS

csaleunlation is as follows:
V=15 Vpnp =0.8 Vipn = 0.4
V. Lmiting resistor, R =220
VR = VCC—_Vd_vpnpﬂvnpn

5— 1._5—0.8—0.4 =23V
Va/R .
2.3 V/220 = 100 mA approx.

i7. a. See programA09—17A.ASM.

5. See programs AO09- 17A.ASM and A0B-
17E.ASM. The procedure is called every 2 ms
by an interrupt signal to TR4 of an 82594

18. See programs A09-18A.ASM and A03-18B.ASM.

19. a. Look at the output line from the ULN2003A
(A34) to see if it changes. Also, try another
LED: that segment could be burnt out.

h. A low may never be sent to the digit-driver
transistor on line. 07 from the 7445, Put a
scope on the digit-8 lne out of the 7445 (A32)
to see if it ever goes low. If a signal is present
on 07, check to see if the collector of the PNF
driver transistor goes to approximately +4.2
v, iridicating that the transistor is on.

e All the digits must be lit at the same time.
Check the outputs of the 7445 to see if any
are O's. If they are all O's, all digits are being
griven. An alternative possibility is that the
hlanking code of FFH is not being sent, This
would produce a ghosting effect on the LEDs.

i

30. See Figurs 9-1 on the next page.
31, See program A09-21.ASM.

33, LCD displays deteriorate rapidly if the backplane
and segment-line signals are not pulsed.

2
2

The circuit in Figure 8-36 on page 279 of the text
can be attached to an 8255A port B pin to drive
a2 1-A solenoid valve from a +12 V supply if a 10-
k{€M resistor is connected from the input base 10
+12 V and the transistor is mounted on 2
heatsink. ' '

34. This placement of reverse-biased diodes is
necessary to stop the induced voltage (nductive
kick) caused by the collapsing magnetic field,
which will usually be larde encugh to break
dovm the transistor. :

35, @ MOSFET = metal oxide semiconductor field
ffect transistor; IGBT = isolated gate bipolar
transistor: ’

b. These devices have high-input impedances,
ga they require only an mpuit voltage to turn
them on. Darlington bipolar transistors
require an inpit current.

36, . Disadvantages of mechanical relays inchad

arcing between contacts and switching on/off

2t any point in the ac cycle. -

i Solid-siate relays produce less EMI, have no
mechanical contacts to arc, and are easily
Ariven from MICrOProcessor. Ports.



27. a. Eleetrical isclation is achieved optically. 29. a. When reading the shaft position, gray code
b. The zero-crossing detector turns on the reduces the size of the largest possible error
current at the zero voltage point of the ac to the value of the least significant bit.
cycle. b. The angular resolution is 360/26 = 360/64 =
€. A snubber circuit prevents dv/dT turning on 5.625°.
the triac. 3. a The waveforms represent clockwise rofation.
b. See program A09-30B.ASM.
28, See program A03-28.ASM. ¢. See program AQ9-30C.ASM.

a.
Eeyboard/display mode set command word 000 DD KKK
18-character display, left entry DD 01

Encoded scan keyboard, N-key rollover KKK = 010

Program clock command word = Q01 PPPPP
1 MHz clock divided by 10 PPPPP = 01010
Clear Control Word = 110 CCC.Oo11
Blanking character of 11 CCC = 000
Data address = 80H
= 82H

Control address

MOV AL, 000010108 iLoad Reyboard/Display command word

OUT 82H, AL ; and send to 8279 control .
MOV AL, 001010108 ;Load program clock command word
OUT 82H, AL ; and send it to 8279 control

;Load blanking command word
; and send it

MOV AL, 110000008
OUT BZH, AL

b. _

iWrite 99H to first location in display RAM

:and auvtoinerement display RAM pointer, )

MOV AL, 10010008 iLoad write display RAM control

OUT 82H, AL :word and send to 8279 control
MOV AL, 9911 ;Load 7-segment code for 99 and
OUT 80H, AL ;send to display RAM data address

c.

:Read first byte from 8279 FIFO RAM.
MOV AL, 010000008 ;Load read FIFO RAM control word

OUT 82H, AL ;and send to 8279 control
IN AL, 80H :Read FIFO RAM
d. .
Segments to be lit: H = gfech, E = gfeda, L = fed, P = gfeba
Code on data .gfe deba )
lnes for H = 0111 0110 = 76H

E = 0111 1001 = 79H

L = 0011 1000 = 38H

F = 0111 0011 = 73H

e
:Clear control word = 110 ,
;CdCACd = blanking code = 100
:Cf 2 Clear FIFO = 1
:Ca = Clear all‘=' 1
MOV AL, 110100118
OUT 82H, AL,

; Clear mode word
: Send to 8272 control address

FIGURE 9-1. Answer to question 20.
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APTER 10 ANALOG INTERFACING AND

INDUSTRIAL CONTROL

a. The comparator will output-(+15 — 1}V =14 V.

b. Closed-loop voltage gain = Ay, = (R1 +
R2}/R1 = 20.

Veur = VIN KAy = 0.03V X 20=08V.

Vi = Voltage on inverting input = 0.03 V.
If R2 = 040, then Ay, = (10k + 0)/10k = 1.

¢ Aye = B/R1 =75k/10k = 5.
Vour = ~Viy X By = —0.73 X 5=-3.65V.
Zero volts is always measured on the
mv_erting input of this amplifiér.

d Vour = V2 - VIJR/RL = (5.1 — 4.9}1M/100k
=2V,

e. The mstrumentatlon amphifier provides better
rejection-of the common-mode signal.

f The closed-locp bandwidih s f, = 1 MHz/20 =
50 kHz. In part 2 of guestion 10-1b, f, =
1 MHz/1.

The eircuit is shown in Figure 10-1.

410\1 : Y

10 K
+.
@ -Y

-1V

FIGURE 10-1. Circuit for question 2.

Voltage on inverting input = —2 V. An FET input
amplifier should he used because the photodiode
Jeakage current is very small and the FET input
amplifier does not require an inpui-bias current.
The electrons will flow from the output of the
amplifier through the resistor and then through
the photodicde to ground. This current is the
leakage current for the diode.

A temperature-dependent current device would

be used for applications where long wires are

necessary for conmecting the device to the rest of

the cireuit. A temperature-dependent voltage

device would not suit these applications because
- of the voltage drop along the wires.

Asecond junction provides a reference, and that
reference is held at a constant temperature. The
nonlinearity can he corrected with analog
circuitry which changes the gain of an ampiifier
. according to the value of the signal or by using a
lookup table in ROM.

Strain gages are usually connected in a bridge
configuration so that temperature-caused
changes in the unstressed gage compensate for

temperature-caused changes in the stressed
gage. You use a differential amplifier because
you want to amplify the difference in voliage
between the reference strain gage and the
measuring strain gage.
The full-scale output voltage is:
Vour = Vigar (L/RL + 1/R2+1/R3 + I/RE) X
« 5 V(1/100k + 1/60k + 1/25k +
1/12.5k) X 10k '
= 5{C.01 +0.02+0.04+0.08 X 10V
= BX015X 10V
= 7.5V

The resolution is 1 part in 2% = 0.012 percent.
The size of each step is 10.000/8192 = 1.22 mV.
The actual maximum output voitage = {10.000 —
1.22 mV) = 9.9988 V. The converter should have
an accuracy of (100 X 0.5 X 0.00122/10) = 0.01
percent. '

Latches on D/A inputs prevent incorrect ouiput
values caused by the time between the two
writes required to get all of the information to the
D/A.

See the section Parallel Comparator A/D
Converter on page 304 of the text, The main
advantage is speed of conversion. The main
disadvantage is that this type of converter has
many parts and so is relatively expensive.

The number of counts displayed is directly
_3__)1 oportional t the input voltage. An input of 1V

= 1000 counts; therefore, an input of 2.372 V =
237 2 counts. The resolution of a 4.5-digit, slope-
type A/D converter is 1 part in 19, 999 or

“between 14 and 15 bits.

The conversion requires 12 clock cycles. Note:
Some converters use one additional clock pulse
for internal housekeeping. :

The number of clock cycles reguired for a 12-hit,
dual-slope type has different values in different
systems, but is fixed for a given system.

Assume 5.12 V full scale:

Clock cycles = full-scale count X Vi /Visiscare

For 0.1 V, clock cycles = 4096 x 0.1 /5.12V

' = 80 counts
For 5V, clock cycles = 4096 x 5.0 /5.12V
= 4000 counts

a. See program Al10-13A.ASM.
b. See program A10-13B.ASM. The successive-
approximation algorithm is much faster,

hecause it only takes 8 cycies through the
conversion loop to do an 8-bit conversion.
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14. The algorithm is as follows:

15.

1s.

28

Poll digit 1 (MSD} strobe until high
Read in MSD

Rotate BCD nibble to high nibble
Mask low nibble

Move to BH

Polt digit 2 strobe until high

Read in digit 2

Mask upper nibble

OR with digit 1 in BH

Poll digit 3 strobe until high

Read i digit 3

Rotate BCD nibble fo upper nibble
Mask lower nibble

Move to BL

Poll digit 4 strobe until high

Read in digit 4

Mask upper nibble

OR with digit 3 nibble in BL
RESULT in BX

01011011 will represent —1.44 V.

Output code =64 + 16 + 8 + 3 =91

0.0321 V = 1 least significant bit, so V = — 5.000V
+ (91X 0.0391)= ~1.44V
You could convert to -2's complement

representation by inverting the MSB of the _

output code.

See the program AlQ-16.ASM.

17,

18.

19.

21,

22

The voltage measured on the inverting input of
the LM308 should be 6.3 V. With no load.the two
input voltages should be +5 V; the output voltage
should be O V.

See program A10-18.ASM.

See the section Overview of Indusirial Process
Control on page 317 of the text.

Integral feedback helps eliminate residual error,
but the effect of infegral feed is slow. Derivative
feedback is added to give a quick response to an
error signai.

The major advantage of a microcomputer-
controlled loop is versatility. Process variables,
the rate at which control loops are serviced, and
the feedback algorithms can be adjusted by
simply changing the program.

a. See Figure 10-2a.
b. See Figure 10-2b.

c. A lookup table could be used to determine
" the feedback value by subtracting the actual
speed irom the setpoint and using the
difference as a pointer into a table to
determine the new value to bz sent to the

D/A.

i~V CONVERTER

Do )
uc
PORT B/A
D7 b7
ADC 0808
INPUT1] O
s
{2}
REPEAT

Do A/D conversion for Techometer input of A/D
Compare ta:h'uptput value to setpoint

If lower THEN

increment control byte

output to D/A
IF higher THEN

decrement control byte

outiput to B/A
Wait for respeonse
UNTIL. Techometer output =

(£

s=tpoint

FIGURE 10-2. Question 22 {a) Circuit. (b) Algorithm.
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23, @, b. See the section Time-domain and Freguency-

24.

25.

domain View of a Square Wave on page 337
of the text.

See the section Digital Filters on page 338 of

s Foert
Al LA

. The output value of an IR filter is saved to be

used in computing feedback terms. In the FIR

filter, the samples from the A/D converter are

directly saved to be used in later
computations.

See the section Digital Filter Hardware on

" page 339 of thé text.

Features of a digital signal processing
microprocessor include sizable amounts of
on-chip registers, ROM and RAM; separate

‘puses for code words and for data words; an -

optirmized muitiplier; a 32-bit barrel shifter; a
16-bit or 32-bit CPU, an instruction set

. optimized for DSP applications; and,

sometimes, a floating-point processor.

27..

a. The sampling theorem says 2 samplss/cycle,
but the more samples per cycle, the easier it
is to reconstruct the sine wave.

b. An analog iow-pass filter prevents aliasing by
filtering out signals that have a frequency
greater than half the sampling rate.

¢. The sample-and-hold cireuit is used to keep
the value on the input of the A/D constant
during the conversion cycle.

In writing the program for a digital filter,
determine the coefficients that the terms in the
equation will be muitiplied by to implerment the
desired filter. Write a program which reads in
values from the A/D, computes an output value,
and sends the computed value to the D/A
converter at the right time.
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77

FOOLS

DAA, DRAMs, CACHE MEM
COPROCESSORS, AND Ei

RIES,

Pt
<

[N

Feripheral expansion slots let you easily
customize the system hased on your application
and finaneial state. Then you won't have to pay
for features you won't use.

In an 8086 operating in maximum mode, the
control bus signals are sent out in.coded form on
the status line S0, 1, and 52. An external
controller, such as the Intel 8288, decodes these
lines to produce the required conitrol bus signals,

DMA data transfer is faster because the data
does not have to go through the microprocessor;
it is transferred directly betweeén the peripheral
and memory.

The series of actions performed by a DMA
conttroller is as follows:

a. If that channel of the DMA is unmasked, the
DMA controller sends a hold request (HRQ) to
the microprocessor HOLD input.

b. The micréprocessor floats its buses and
sends out a hold acknowledge (HLDA) signal
to the DMA controller.

¢. The controller outputs on the address bus
the memory address for the data to be
transferred.

d. The controller then sends a DMA
~ acknowledge signal (DACKO) to the peripheral
device to tell it to get ready to output a byte.

e. The controller asserts MEMW to enable
addressed memory for writing data to it.

J. The controller then asserts I0R to enable the
peripheral device to output data. The data is
then transferred.

The 20-bit address is produced as follows:

a. The DMA controller disables Ul so that
address lines A7-A0 no longer come from the
8086 bus. The controller directly outputs
these bits of the memory address:

b. The controller then outputs bits A15-A8 of
the memory address on its data bus pins and
lztches this address on the outputs of U2.
Bits A19~A16 are produced either by hard
wiring the inputs of U3 to give fixed values
for these addresses or by specifying the hits
under program control by connecting the
inputs of U3 to an cutput port,

I

[an T

devices U5 and U6 act as a switeh which
can reute data to/from the disk controlier

e
Jreak

.@‘D

from/to either odd or even addresses in memory.
AQ determines which half of the data bus is
connected to the eight disk controller data pins.

The sequence of signals is shown in Figure 11-8
on page 354 of the text.

The major tasks to be done when using dynarmic
RAM in a microprocessor system are:

@ To refrésh each RAM location at the proper
time interval,

B. To funmel the two halves of the address into
cach device with the appropriate RAS and
CAS strobes.

¢. To ensure that a read or write operation and
a refresh operation do not take place at the
same time. ’

To. provide a read/write control signal to
enable data into/out of the devices.

The dynamic RAM controller will hold AACE high
i the 8088 iries to access memory, This causes
the 8086 to insert a2 WAIT state which gives the
controller enough iime to finish its refresh cyele.

a. The time parameter is the read-cycle time,
tw(RH):

b. H successive data words are read from
locations in the .same page (row}, no
precharge time is required. Also, if successive
data words are read from the same page, the
row address is the same, so a new row
address does not have to be sent out and
strobed m with another RAS signal. With the _
proper controller, these two factors make it
possible to read data from a page without
WAIT states.

¢ In page mode operation, as long as the
microprocessor continues fo access memory
locations in' the same page, the controller will
hold RAS low, send out the column part of
the addresses to the DRAMSs, and pulse CAS
low for each new column address. Static
column mode operation operates like page
mode for the first memory accéss. If the next
address is in the same row, the DRAM
controller will hold both RAS and TAS low
and send out a seguence of column
addresses. '

& ESee the section Cache Mode DRAM Systems

on page 358 of the text,
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12,

13.
14,
15,

6.

17.

b. A cache coniroller uses a cache tag RAM
{cacke directory) to keep track of which
blecks from the main memory are present in
the cache.

¢ Each entry in the cache tag RAM contains
the upper bits or base address of a page in
the main memory. In the case -of the Intel
82385 cache coniroller, each directory entry
also contains a tag valid bit and eight line
valid bits for the eight lines represented by
that entry.

d. The two-way set associative cache approach
sets up two separate caches and two separate
directories so that the same lines from two
different pages can be cached at the same
time.

In'microcomputers such as the IBM PC, the
DRAM memory banks are 9 bits wide. A parity
generator/checker circuit determines the parity
of an 8-bit data word as it is being written to a
memory location. A parity bit is generated such
that the overall parity of the 8 data bits plus the
parity bit is always, for example, odd. When the
data byte and parity bit are read from memory,
the parity of the 9 bits is checked. If the parity of
these bits is not as it should be, an error has
been introduced somewhere.

The major shortcoming of this method of error
detection is that fwo errors in a data word can
cancel each other. Also, you know only that an
error has occurred, not which bits are in error.

Seven'encoding bits are requiréd to detect and
correct & single-bit error in a 64-bit data word.

The 8088 is configured in maximum mode
because the MN/MX pin is tied to ground.

You would iook on schematic sheet 2 to see how
the AEN signal is produced.

Coprocessors are specialized microprocessors. A
standard microprocessor instruction set is
general purpose. A standard microprocessor can
operate alone, whereas a coprocessor needs a
standard processor as a host.

a. Binary: 2435.5625 = 100110000011.1001

MNormalized  Dbinary: 2435.B625 =
1.6G3110000011 1001 E11 (OBH)

Long-real format: 2435.5625 = 40A3 0720
/000G 0000 {Exponent = 3FF + OBH = 40AH;
magnitude = 011 0000 0111.0010 + 36 zeros)

Temporary-real format: 2435.5625 = 4004
8832 0000C COCO 0000 (Exponent bits = OBH
+ SFFFH = 400AH: number = 1001 1000
0011 10071 + 48 zeros. Note: MSB = 1)

b Most floating-point numbers
approximations because you need an infinite
rnumber of digits to represent some of the
mambers you work with.

32 CHAPTER 11
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18.

9.

20.
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t. Register O is TOS after the 8087 is reset,

Register 7 will be ST after one data item is
read.

c. The contents of the ST(3) location are added
to the contents of the ST(2) location. The
resuli is left in the ST{2} location.

d. The stack will be popped once after the
instruction. The result will be in ST(1}.

a. FLD TAX_RATE: Decrements pointer and
pushes the contents of memory called
TAX RATE on stack at new ST(0).

b. FMUL INFLATION_FACTOR: ST is multiplied
by INFLATION_FACTOR, and the result is
placed in 3T.

¢. FSQRT: Replaces contents of ST with sguare

" root of ST. '

d. FLDPL Decrements pointer and pushes the
value of = on the stack, . .

e. FSTSW CHECK_ANSWER: Copies 8087

status word to CHECK_ANSWER and

increments pointer. '

FPTAN. Produces tangent ratio (Y/X) for

angle in ST! Y value replaces the angle, X is

pushed on. the stack. Therefore, X ends up at

ST(0) and Y at ST(1).

The assembler Inserts 9BH to allow the 8087 to
finish the instruction before allowing the 8086 to
continue with its next instruction.

See program A11-21.ASM.

R

a. The standard microprocessor and the
coprocessor share status, @351-QS0, address,
and data lines, so they have to be connected
together. The fact that the status and queue
status lines are connected allow the 8087 to
track the 8086 queue.

b. The 8087 coprocessor gets its instructions
from memory as they are fetched by the 8088
and puts them in its own queue.

¢. The main processor distinguishes its
instructions from those for the 8087 by the

fact that the 8087 instruction codes have
11011 as thé most significant bits of their
first code byte. ) '

d. To load a long-real data item from memory to
the 8087 ST, the 8086 outputs the address of
the first data word on the address bus and

outpuis the appropriate control signals. The
8087 reads a data word from the data bus
and the 20-bit physical address cutput by
the 8086, The 8087 then takes over the bus
from the 8088 to transfer the remaining data
words it needs from memery directly to the
8087.

e. The 8087 sends out a low-going pulse on its
RG/GTO pin to signal the 8088 that it needs
to use the buses. )

f. You can prevent the 8088 from going on with
its next instruction before the 8087 has
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completed an instruction by putting an
FWAIT instruction before the 8087
instruction in your program. The FWAIT
Instruction causes the 8688 to sit in a loop
until its TEST input is asserted low when the
8087 unasserts its BUSY signal.

See the section Initial Design and Schematic
Generation on page 379 of the text.

A circuit diagram can be easily and quickly
modified and resimulated. Also, a design file
containing the logical and timing parameters
for the devices is created.

Software breadboarding means using a
simulator to test the operation of a circuit.

Simulation allows you to change the design
and resimulate the circuit in a shorter time,
Also, you ecan pick out marginal timing
errors, don't have to wait for parts, and can
generate complex test signals easily.

¢ A simulation model for a device contains a

software. description of the characteristics of
the device. These include a picture file with
the schematic symbol, the logical
characteristics (truth table), and the timing
parameters,

See the section A Microcomputer Stmulation
Exampie on page 383 of the text.

Simulation tells you if the circuit connections
and the timing of the cirenit are correct.

25. See the section Design Jor Test beginning on page
384 of the text.
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The index value of the first element is zero.
During the second execution of the loop
index = 1, so the second element in cost will
he accessed.

The #include<stdio.h> directive tells the
compiler that the declaration for any
predefined functions used are in the file
stdio.h.

The word printf, followed by parentheses,
calls the predefined printf function to display

the information passed to the function in

parentheses on the screen.

The integrated environment saves the time
required io switch among the different tools
and displays error messages on the screen
with the program you are working on..

The IDE compiler displays error messages in
a window at the bottom of the screen. It
highlights one error message at a time and
highlights ihe program line which caused
that error.

When you put a watch on a Vanable in the te
environment, the value of that variable is
displayed in the watch window as vou step
through the program.

Range dctually depends somewhat on the
compiler .and machine used, but most common

values are:
a. Char -128-> + 127
b. Int -32.768 -> + 32,767
¢. Unsigned int 0 -> 65,535
d. Long -2,147,4853,648 -> +2,147,483,647
e. Float 3.4F -38 -> 3.4E + 38
a. int total_boards;
b. charnos="n"
-c. float body_temp = 98.6;
d. int scores[b];
e. int scores[8) = (95, 89, 84,-93, 92}
. int *ptr = scores;
g. char screenf25}{80];
h. char screen buffer [4}{25](80];
i. unsigned int monitor_start = OxFEQQ;
J. char *answer;
k. int *pir = &setpoint; '
L float *wplr = net_weights:
a. Multiply 4 by 7, divide result by 9. subtract
quotient from 5.
b. Add 4 to a, multiply sum by 17, subira
gquotient of B/2, add 6 to resuli.
c. Add y {o x, increment y by one.
. Decremen ibtract decremented value of

Decrement _y y SUDLW

y from x.

Foen

6, a.

c.
d.

Count = count +4. add 4 to value of count
AND value of strobe_val with 0001H.

Rotate the a value 4 bit positions to the right
and assign the result to y.

Remainder produced by dividing 39 by 4 is
assigned to b. The value of b then is 3.

The value of ch is compared with the ASCII
codes for Y and y. If ch is equal to either
code, execution will go the statement at the
label start. If ch is not equal to either code,
execution will simply go on to the next
prograrn statement.

printf{"%d” ,eournt);

printf(*Please enter your weight in Kg, and
press enter.”) .

print(*9610.4f" conversion_factor);

printf{*%e” average_lunar_distance);

7. See program A12-07.C on the disk.

\* Program to average 4 numbers and print result */
#include<stdio.h>

imt index, sum = 0, av;

it numsl|] = {45, 65, 38, 721

main()

{

forfindex = 0; index < 4; index++)

sum = sum + numsfindex];

av = sum/4;

printf{“The average of 45, 65, 38, and 72 is
%d. \n",av);

8. See program Al12-08.C on the disk.

/* Program to read and average 5

test scores *'/

int scoresi6];
int *spnir = scores;
int i, sum = 0;

main()

{

printf(*Enter B scorés. After each score press space oT

enter.\n
for (i=0; 1 < B I++");

!

.

scanf{*%d", spntr);
spiti++;

sprir = scores; /* reset pointer to start of array */
for (1=0: i < 5; i+4) '

{
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sum = sum + *spnir;
spntr++;
I
*spnir = sum/5;
spritr = scores; /* reset pointer to start of ayray */
printf(“For scores of %d. %d, %d, %d, and %d the
average” “ is %d.\n",*spntr, *(spntr+1),
*(spnir+2), “(spntr+3), *(spnir+4), *spntr+5));
}

9. See program A12-08.C and alternate A12-08B.C
on the disk.

18. a. See program A12-10A.C on the disk.
b, See program A12-10B.C on the disk.
/% program section to read up to 1000 characters and
. put in array */
#include<stdio.h>
char buffer{1000];
char ch = 0x00;
int index =0;
main()

{

prmtf[ Enter up to 10 characters. Enter AZ to .

exit.\n"); for{index=0; index < 10; index++)

{

ch—ge{char( );
floh==F0QF}

{ .
printf"Goodbye. \n");
et )

CEILL ).

'

hufferjindex} = ch;

ch=getchar(}); /* clear carnage return from
buffer_ */

printf{“Buffer full.\n"};
forfindex = 0; index < 10; index++}
printfi“%e”, bufferindex]);

i1, See program A12-11.C on the disk.
12. See program A12-12.C on the disk.
13, See program A12-13.C on the disk.

14, Formal arguments are declared in the function
definition header. They identify the variable that
will receive the values passed during the
function call. Actual arguments are the values
passed to the function during the function call.

15, See program A12-15.C on the disk.
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See program Al2-16.C on the disk.

See program A12-17.C on the disk,
See program Al2-18.C on the disk.

a. program, global

program, global

program, global

program, this source module ornly
program, this function only

this function only, this function only
this function only, this function only

Qe oo o

See program Al2-20.C on the disk.

The main advantage of using predefined C
library functions is that these functions have
already been written, tested, and debugged. All
you have to do is call them and make sure the
libraries containing the functions are available to
the linker. The main disadvantage is that the
predefined functions often do not perform the
exact task you need done. The solution fo this
problem is to obtain a copy of the source listing
for the desired function and generate a modified
version that meets your needs.

See program A12-22.C on the disk.

Identify the function as extern in the C module,
maintain the segment naming structure in the
assembly language module, declare the assembly
language procedure public in the assembly
language module, access parameters on stack,
retum value in AX. :

a. Tiny, small, medium, compact, large, and
huge.

b. The distinguishing features are the number
of segments and the size of the pointers used
for code and data references.

¢. Small model: One 64-Kbyte code segment,
one 84-Kbyte data segment shared by data
segment, stack segment, and extra segment.

d. DOSSEG .

MODEL SMALL
.CODE
DATA

See the discussion on page 432 of the fext.

See programs Al12-26.C and A12-26.ASM on the
disk,



CHAPTER 13 MICROCOMPUTER SYSTEM
PERIPHERALS

NOTE: The end-of-chapter questions for this chapter
relate mostly to factual information from the text. The
experiments manual contains more complex
programming problems based on the concepts and
examples in the chapter.

i, a. Scanf and getche are not always suitable
because they read codes only in the range
O0H-~7FH.

b, See program Al3-01B.C on the disk.

2. A noninterlaced raster is produced on.a CRT as
follows. An electron gun at the rear of a vacuum
tube produces a beam of electrons directed
toward the front of the tube. The inside surface
of the front of the tube is coated with a phosphor
substance which gives off light when struck by
electrons. The beam is swept back and forth
from the top to the botiom of the screen, as
shown in Figure 13-4b on page 439 of the text.
Te produce an image, the electron beam is
turned on or off as it is swept across the screen.
For a more detailed explanation, see pages
438-440 of the text.

3. Refer to Figure 13-5 on page 440 of the text. As
the beam sweeps across the first scan line of the
character row containing the X, it is turned on to

produce the dots at the upper corners of the X. -

On the next sweep of the beam, the beam is
turned on to produce the two dots for that scan
line of the X. The process.continues until all the
scan lines of the X have been swept out. When
all of the rows of the characters have been swept
through, the beam is retraced to the top of the
sereen to start over.,

4.  Refer to Figure 13-6 on page 441 of the text
when reading the answers to this problem.

a  The purpose of the RAM in this circuit is to
hold the codes for the characters to be
displayed.

b. The address iniputs of the RAM are changed
with each move from one character to the
next along a scan line, each horizontal
retrace, each increment to the next row of
characters, and each vertical retrace.

c. The RO-R3 address inputs of the character

generator ROM are changed when the det--

row counter changes.

d. The shift register on the output of the
character generator ROM is used to convert
the parallel data from the ROM into serial

0]
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the screen, that is, retrace at the end of a
scan line,

[ Vertical-sync pulses are produced when the
beam reaches the bottom of the screen and
needs to be retraced back to the top.

NOTE: This problem uses 3 character times for

horizontal overscan, but a more reasonable

figure is 20 character times.

a. 80 + 3 overscan = 83 character timmes per
TOW,

b. (12 lines/charactér X 25 rows) + 120
overscan = 420 scan lines per frame.

c. 60 frames/second X 420 ].11135/11’&11’]8 =
25,200 lines per second.

d. 25,200 lines/second X 83 characters/line X

9 dots/character = 18,824,400 dots/second.

9.5-10 MHz minimum bandwidth.

25,200 lines/second X 83 characters/line =

2,091,800 characters/second = 1

character/478 ns.

P

o (14,000,000 dots/second)/15,750
lines/second = 889 number of dot times per
scan line.

b. Active display. = 80 characters x 8
dots/character = 640; 889 total dots/line ~
-640 dots/line active = 249 dot times left for
horizontal overscan.

c. (15,750 lines/second) /(60 frames/second}
262 scan lines per frame + overscan..

d. Active scan lines = 25 rows X 8 lines/row =
200; 262 lines — 200 active = 62 left for
vertical overscarn. :

If the 6845 CRT controller and the
microprocessor want to access the display RAM
at the same time, the CRT display system in
Figure 13-8 of the text arbiirates the dispute by
interleaving the 6845 accesses and CPU
accesses. The character clock signal going to the
6845 and the multipiexers allows the CPU to
access the RAM only during one half of the clock
signal and the 8845 only during the other half of
the clock signal. If the CPU tries to access the
display RAM during the controller’'s half of the
character clock cycle, a not ready signal from the
CRT controller will cause the processor to insert
WAIT states until the half of the character clock
signal when it can access the display refresh
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The memory required to store the pel data for a
bit-mapped dispiay of 640 X 480 is (640 x
480)/8 = 38,400 bytes, or about 40 Kbytes.

Three electron beams are used to produce all
possible colors on a color CRT screen by using
different intensity ratios for each beam. See
Figure 13-10 on page 444 and Figure 13-11 on
page 445 of the text.

a. Eight bits are required to specify one of 256

. colors for a pixel.

b. 1024 X 768 = 786,432 pixels. 786,432 pixels
X 4 bits/pixel = 3,145,728 bits = 393,216
bytes, or about 400 Kbytes. :

¢. See Figure 13-12 on page 446 of the text. In
packed pixel storage, all data for the pixel is
in-one nibble of a memory location. In planar
pixel storage, data for the pixel comes from
four bytes in four different areas of memory
{planes}.

Ses Figure 13-17 on page 449 of the text. Four

- data bits for a pixel select one of 16 locations in

the palette register. The palette Tegister contaimns
a 6-bit code for 6 color outpuis. Only 16 of 64
possible colors are in the palette register at one
time, so only 16 enlors are produced.

a. Eighteen bits are required for one of 258K
colors.

b. There is too much memory, and the memory
access rate is too high.

¢ See Figure 13-18 on page 450 of the text.
Eight-bit pixel data selects one of 256 color
registers. Color registers contain 18-bit codes
for 256 out of 256K possible colors.

d. A B-bit D/A converter is used to convert each
group of § bits te an equivalent analog value
which is used to drive a color gun.

See program A13-14.ASM on the disk.

a. Initialize the grapmcs adapier board for 640
X. 480 X 16 color mode.

h. Call the windowsize finction to determine the
number of bytes requlred to save pixel data
for desired window,

c. Save a copy of the pixel data for the window
area in a memory buffer named
window_buffer, which was with
malloc.

d. Restore the orlglnal display for the area
covered. by the window.

¢. Release the memory.  allocated to
window_buffer by malloc so that it can be
reallocated to seme other use.

A

LJCLd

a. - Complex grapmcs images require so much
computaticn that if the main processor were
used, it would not have tiine to do anything
else.

b. Maniputation of complex graphics images
::eq; ires many ilealting-point computations,
g0 & mmath ceprocessor is included to handle
these computations efficiently.
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17. The major advantages of LCD displays are that

18.

i9.

2L

22,

they require very low power, are lightweight, and
are flat. Disadvantages are higher cost and the
need for back lighting.

See programs Al3-18A.ASM and AIS 18B.ASM
on the disk.

To make an image sensor, several hundred CCD
shift registers are built in parallel on the same
chip. A photodiode is doped in under every gate.
When all of the gates with photodiodes under
them are made positive, potential wells are
created. A camera is used to focus an image on
the surface of the chip, and light shining on the
photodiodes causes a. charge proportional to the
light intensity to be put in each well that has a
diode. These charges can be shifted out to
produce the dot-by-dot values for the scan lines
of a picture. The video information must then be
passed through an A/D converter to convert it to
digital mformation so that it can be-stored in
memory.

a. The reaa/vmte head for a disk drive is moved
into position over a specified track using a
stepping motor. See also Figure 13-32 on
page 466 of the text.

b. The rigid medium allows tracks to be closer
tegether so that more data can be stored. It
also aliows the disk to be rotated faster,
permmitting the data to be read off the disk
faster.

¢. The actual rate at which data is coming off
the disk varies with the position of the head
on the disk and changes in disk speed, A
phase-locked loop circuit is reqguired to
produce a clocking signal which is
synchronized with the data being read.

d. RLL 2,7 encoding allows more data to be
stored inn a given track than MFM does.

a. The main improvement of an ESDI interface
is a greater data rate and the ability to
interface with larger hard disks.

b. See Figure 13-39b on page 472 of the text for
a separate I/0O bus which can be Lsed for
disks and other peripherals.

a. Use to check whether there are any errors in
he data read from the block. If an error is
1ound another attempt to read the block can

be made. :

b. Put a disk in, for exampie the A: drive, type
FORMAT A:, and press the Enter key.
e 1. Use DEBUG to do the low-level format.
ii. Use the DOS FDISK command to
partition the disk inte logical drives
such as C:, D, E, efc.
. Use the DOS FORMAT command to
format edch partition,
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24,
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¢ The file allocation table keeps track of which
clusters are allocated to which file and which
clusters are available.

b. The first FAT entry for a file contains the
number of the cluster which contains the
next séction of the file; the FAT entry for the
second section of the file contains the
number of the cluster which holds the next
section of the file; etc.

c. Types of information include Filename,
extension, file attribute (read, hidden,
sysiern, volume), timie, date, starting cluster,
and size in bytes. : ’

See program A13-24.A5M on the disk.
See program A13-25.ASM on the disk.

o FILE *fp; declares fp as a special type of
pointer called a file pointer, which points to a
data structure which duplicates the file
control block.

b. fopen {filename,"wt”) opens the specified file
for write operations. If the function cail
returns a 0 to fp, an error occurred during
the attempt to open the file. In this case, the
predefined function perror is called to write
an error message to the screen.

c. Marks the file represented by file pointer ip
closed and closes the stream associated with
p.

. While not end of file reads a character from
the file stream with the fgete() function and
sends the returnied character to the screen
{sdtout) with the fputel} function..

a. A RAM disk program configures a section of
RAM as a virtual disk drive so that data can
be read from it and written to it using the
same procedures used for magnetic disks: A
RAM disk is much faster than a magnetic
disk drive because it does not have the
mechanical access time.

b. A disk cache functions similarly to the way
an SRAM cache does for a DRAM system.
When. a program requests, for example, the
first few blocks of a file, the cache program
reads a large part of the file into the cache.
Then, when the program needs the next part
of the file; it will already be present in the
cache and a new read from the hard disk will
not be needed. A RAM disk is referred to as
D:, etc. A disk cache is transparent to the
user.

« With an optical disk, data is read by

bouncing a tiny laser beam off the track as
the disk rotates. One advantage of this
method is that there is no chance of the head
“crashing” on the disk and destroying it.

b, Advantages of optical disk storage include a

greater amount of siorage capacity per
system, removability, and imperviousness to
magnétic fields and humidity.

28.-

38.

32.

33,

¢. Data bits are recorded in magneto-optic
read/write optical disk systems using a disk
coated with an exotic metal alloy which has
the required magnetic properties. The
read/write head has a laser diede and a coil
of wire. A curtent is passed through the coil
to produce a magnetic field perpendicular to
the disk. To record a 1 at a spot in a data
track. a pulse of light from the laser diode is
used to heat up that spot. Heating the spot
makes it possible for the applied magnetic
field to flip the magnetic domains arcund at
that spot and create a tiny vertical magnet.
When heated with no field present, the
magnetism of the spot will flip around in line
with the horizontal field on the disk.

A human brain can store about 10% bits of data
and has an access time of about 1 second.
Optical disksystems such as the Maxtor Tahiti
store 109 hits with an access time of about 30
ms and transfer data at a maximum rate of
about 10 Mbits/second.

For a descr’iption.of the print mechanisms and
their advantages/disadvantades, see pages 479-
481 of the text.

Figure 13-45 on page 481 of the text shows a
block diagram of a waveform-modification type of
speech synthesizer. LPC synthesizers use a
dgigital filter to modify the signals from a puise
and a white-noise source. Formant synthesizers
use several resonant filters to massage the
signals from a variable-frequency signal source
and a white-noise source. In phoneme
synthesizers, a 6-bit code controls the
characteristics of some formant filters. The major
difference between an LPC and a formant
synthesxzer is the. type of filter used to modify the
signal.

In a direct digitization speech synthesizer, an
A/D converter is used to take samples of actual
speech signals from a microphone. These
samples are stored in memory. To reproduce.
speech, the samples from memory are applied to
the inputs of a D/A converter. The advantage of
this method is very accurate reproduction. The
disadvantage is the large amount of data that
must be stored to record even a small amount of
speech.

a. The main storage technique is data’
compression. For both audio and video
information, only the changes from previous
values are stored, so much less data storage
is required.

b. The system uses signals from controls vou
operate to choose “out the window” view and
instrument displays. The system can he
programmied to insert emergency conditions
that you must respond to. '
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CHAPTER 14 DATA COMMUNICATION AND

NETWORKS

The bit format used for asynchronous serial data
is shown in Figure 14-1 on page 488 of the text.

a. If a terminal is transmitting asynchronous
serial data at 1200 Bd, the bit time is 0.833
ms {1/1200):

h. Assuming 7 data bits, I parity bit, 1 start bit,
and 1 stop bit, it takes (0.833 X {7+ 1+ 1 +
1) or 8.33 ms to transmit one character.

The matn-difference between & UART and a
USART is that a UART can only do asynchronous
communication, while a USART can be
programmed to do either asynchronous or
synchronous communication.

A modem, which stands for modulater-
demodulator, is a device used to convert digital
signals to audio frequency tones (in the
frequency range which phone lines can transmit)
and to convert transmitted tones back to digital
information. A modem is needed to send digital
data over standard switched phone lines because
thege phone lines have a bandwidth of only
zbout 300-3000 Hz. This is not encough
bandwidth to transmit digital signals directly.

After the terminal power is tumed on and the
terminal rmuns any self-checks, it asserts the DTR
signal to tell the modem it is ready. When it is
powered up and ready to transmit or receive
data. the modem asserts the DTR signal to the
terminal. When the terminal has a character to
send, it asserts an RTS signal to the modem. The
modem then asserts its CD to the terminal to
indicate that it has made contact with the
computer. When the modem is ready to transmit
data, it asserts the CTS signal back to the
terminal, The terminal then sends serial data
characters to the modem. When the terminal has
sent all the characters it needs to, it makes RTS
high, which causes the modem to unassert its
CTS signal and stop transmitting. See alsc
Figure 14-2 on page 489 of the text.

MODE WORD:
VNN N N
NN NN

01111011
\

In order for an 8251A to transmit data at 4800 Bd
with a baud rate factor of 186, the transmit clock
frequency must be (4800 X 16), or 76,800 Hz.

a. The bit patterns for the mode and command
words for the 8251A are shown in Figure 14-1.

b. The sequence of instructions required to
initialize an 8251A at addresses S80H and
81H are shown in Figure 14-5 on page 492 of -

" the text. '

¢. See Figure 14-6b on page 493 of the text for
the seguence of Instructions that can be used
to poll-this 8251A o determine when the
receiver buffer has a character to be read.

d. You can determine whether a character
received by an 8251A contains a parity error
by checking the D3 bit in the status word. A
1 inr this bit indicates a parity error.

e. The freguency transmit and receive clock
reguired to send data at 2400 Bd using this
8251A with a baud rate factor of 64 is
153,600 Hz.

" f. Characters can be sent to and read from the

82514 on an interrupt basis. To send
characters on an interrapt basis, the TxRDY
pin of the 8251A is connected {o an interrupt
input on the processor or an IR input on an
82564 priority inierrupt controller.

RS-232C logic high-voltage range = -3 10 —15V
under load
RS-232C logic low-voltage range = 3 to 15 V
under locad

2. a. When you attempt to connect together two

RS-232C devices that are both configured as
DTE, the TxD pin on one device will drive
data into the TxD pin on the other device.
Likewise, the RxD pins and the handshake
signal pins will be mismatched.

b. The problem can be solved by zhé.king'an _
adapter called a null modem as shown in
Figure 14-10 on page 496 of the text. -

baugd rste factor = 64
7 bits/character.
even parity enabled

I stap bit

COMMAND WORD = 0110111t

Transmit int. enabled
DTR asserted low
Receive int, esnabled

NONON N N normel op, no break char
NN N N Resgt 211 error flags
NN N RTS zsserted laow
NN Mo internal reset

5, Mo Rumt mode
) Mo hunt moces

FIGURE 14-1. Bit format for the mode and command words for question 14-7a.
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. The two ground pins on an RS-232C
connector are connected together only at the
power supply in the terminal or the computer
to prevent large ac-induced ground currents
on the signai ground.

b. If the wire connected to pin 5 of an RS- 2320

terminal is broken, the clear-to-send signal

will not be received. Most terminals will send
no data unless they receive the CTS signal.

ii. The higher transmission rate of the RS-422A is
possible because the differential lines are

terminated by resistors, so they act as proper

transmission lines instead of simply as open
wires. The RS-423 also uses a transmission line,
so it too can transmit at higher rates.

12. « An FSK modem uses one fone to represent a
0 and another tone to represent a 1 in the
signal it sends out on a phone line.

b. Full-duplex communication over standard
phone lines can be achieved by using one
pair of tones for communication in one
direction and a différent pair of tones for
communication in the other direction.

¢. The maximum FSK data rate is about 1200
Baud.

i3. a. Figure 14-2 shows the wavelform of a signal
that 2 simple PSK modem will send out to
represent the binary data 011010100.

TIATAYAVAN
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FIGURE 14-2. Waveform of a sighal that a simple PSK
modem will send out for the binary data
011010100. (Answer to question 14-13a.)

b. Use four different phase shifts to represent
the four possible combinations of two data
bits as shown in Figure 14-15a on page 499
of the text.

¢. Eight different phase angles and two
amplitude values are used to represent 18
possible combinations of a group of 4 data

bits. See Figure 14-16 on text page 500.

14, a. Digital signals have much betier noise

rejection than analog signals and can more

easily be regenerated as needed along the
fine.

b. Codec stands for coder- decoder The coder is
an A/D comverter that converts the analog
signal into digital form. The decoder'is a D/A
converter that converts the digital szgnal back
to analog.

Codecs are designed with a nonlinear
esporise fsmall steps for small signals, large

teps for large signals) to reduce the dynamic

&
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range of the signals and provide greater

sccv J:J for small signals with 3 minimum
number of converter bits.

d. Telephone companies use time division
multiplexing or frequency division
multiplexing to transmit many signals on the
same wire, fiber, or radio channel.

a: The ISDN converts analog voice signals to
digital form at the user's site mstead of in the
local branch office. A basic service supplies
two 64 Kbit/s data channels and a 16
Kbits/second control channel.

b.. The significance of the ISDN for computer
communication is that the ISDN allows
compuiers to communicate directly in digital
form instead of using modeins with audio
tones. This provides hlgher speed and better

eITor rates.

. See Figure 14-22e on page 506 of the text.
LEDs and ILDs {infrared injection laser
diodes] are two types of devices used to
produce the light beam for a fiber optic cable.
Darlington photodetectors {i.e., the MFOD73)
or avalanche photodiodes (APDs) are used to
detect the light at the-receiving end of the
fiber. '
¢. You should never look into the end of a fiber
optic cable because the light beam may be
strong enough to permanently damage your

£ye.

o

©d. A fiber with a diameter large enough to allow

beams with several different entry angles to
propagate through it is a multimode fiber,
Single-mode fibers only allow beams very
nearly parallel to the axis of the fiber to be
transmitted through them. The multimode
fibers are easy to make but have problems at
high data rates. The single-mode fibers can
transmit at very high rates, but it is difficult
to make low loss connections with-the tiny
fibers. See page 506 of the text.

e. The major advantages of fiber optic cables
over metallic conductors are that they are
smaller, are immnune to electrical noise, send
longer distances without repeaters, and can
accommodate a large number of fibers.

See program Al{l;l?.ASM on the disk.

See program A14-18.ASM for the answer to this
problem. This would be inserted in the program
of Figure 14-25 after the INT 16H., just below the
RDEKY: label. .

A circuler buffer is a speelal type of queue that
has a tail pointer which is used to keep track of
where the next byte is to be written to the buffer -
and a head pointer to keep track of where the
next character to be read from the buffer is

‘located. The buffer is circular because when the

tail pointer reaches the highest location in the
memory space set aside for it, it is wrapped
around to the beginning of the buffer again. The
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buffer-empty condition is indicated when the
head pointer is equal to the tail pointer. The
buffer-full condition is indicated when the (tail
pointer + 1) is equal to the head pointer. See
Figure 14-29 on page 517 of the text.

it is necessary to disable thg UART interrupt
input of the 8259A during part of the
CHE_N_DISPLAY procedure so that an interrupt
from the UART cannot call the SERIAL_IN
procedure while CHE_N_DISPLAY is using the
head and tail pointers of the circular buffer.

a. When changing a bit in a control word or
interrupt mask, you should not change the
other bits because it would change (mask or
unmask} other interiupts.

b. The assembly language instructions to
unmask IR5 of an 8259A at base address
80H without changing the interrupt status of
any other bits are as follows:

IN AL81H ;Read 8259A mask register
AND AL, 110111118 ;Unmask [R5
OUT 81H.AL ;Send new mask register

; to 8258A

No start or stop bits aré needed for individual

datz characters in synchronous serial data
communication because the receiver
automatically knows that every 8 bits received
after synchronization represents a data
character. This is more efficient than
asynchronous serial transmission, which
requires a total of 10 bits to be sent for each 8-
bit data character, henee wasting 20 percent of
the {ransmission time.

a. If an 8231A is being used in synchronous
mode for a BISYNC data link, the additional
initialization words to send to the device are

the desired sync character(sj—depending orr

whether the mode specified one or two sync
characters—to the control address.
b. The 8251A detects the start of a message by

detecting a sync charactér, SOH, STX, ENG,

ETX, and BCC bytes.

c. The 8251A asserts its' SYNDET output pin
and- sets bit 6, the SYNDET bit, in its status
register.

d. The receiving station in a BISYNC link
indicates that it found an error in the
received data by sending out an NAK
message. See Figure 14-30 on page 518 of
the text.

a. The start of a message frame is indicated in a
hit-oriented protocol such as HDLC by
detecting a specific pattern, 01111110, called
a flug. See Figure 14-32 on text page 521.

A special circuit stuffs zeros in any data
bytes that contain more than 5 1l's in a
sequence. The extra zeros are Temoved when
the data is received.

o

&

The receiver in an HDLC system tells the

26.
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transmitter that an error was found in a
transmitted frame by sending an S frame
containing the number of the last information
frame that was correctly received.

a. See Figure 14-33 on page 522 of the text for a
diagram of the network topologies.
b. The commercial systems that use the
topologies are as follows:
Star: PABX phone system
Loop: GPIB
Ring: Apollo/HP Domain
Tree: Wangnet .
Common-bus: Ethemnet

Baseband transmission transmits one digital
data signal directly. Broadband transmission
allows voice, data, and video signals to be
transmitted at the same time throughout the
network by modulating a carrier frequency .
signal. See Figure 14-33 on page 522 of the text.

a. See Figure 14-34 on text page 523. The seven
layers of the ISO open systems model are
application, presentation, session, wansport,
network, data link, and physical.

h. The data-link layer of the protocol is
responsible for assembling messages into
frames or packets. :

¢. The transport layer of the protocol is
responsible for ensuring that a message is
transmitted and received correctly.

a. Ethernet is implemented in a common-bus.
topology with a single 50-olim coaxial cable
using baseband transmissien at 10
Mbits/second. '

b. The method used by a unit on Ethernet to
gain access to the network for transmitting &
message is called CSMA/CD (carrier
sense—-multiple access—collision detection].
The unit looks at the coax to see if a carrier is
present. If there is no carrier on the line, the
unit starts transmitting. If a carrier is
present, the unit waits for a time and tries
again.

c. If a transmitting station finds that another
station starts transmitting after it starts, it
will stop transmitting and try again after a
random peried of time.

d. The condition that occurs when two units

transmit at the same time is.called a
collision.

a. The method used by 2 unit on a token-
passing ring to take control of the network for
transmitting & liLCSbcLSC frawme’is as LGLLOW’S It
withdraws the not-busy token and changes it
to a busy token, which it sends on around

the 1‘11'\g The transrittin, ig uri it then sends a

frame of data around the ring to the intended

[ gy
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receiver.

. The advantage of this scheme over the

method used in Ethernet is that because
signals travel in only one direction around
the ring, it is ideally suited for fiber optic
transmission. :

. If a token is lost while being passed around

the ring (i.e., a token in the daia stream is
not detected in a specific period of time), the
token ring network assumes the token was
lost and recovers by clearing any leftover data
from the ring and sending out a new not-
busy signal.

. See Figure 14-39a on text page 528. The

interceptor determines that the file {s in the
workstation, so the request is passed on to
DOS to read the file into memory.

. Figure 14-38h. The interceptor par.t of the

user sysiem determines that the requested
file is in the file server. The request is
formatted and sent by netbios to the file
server over the network. If the requesting
user has access rights to the file, the file
server will convert the file to packets and
send the packets back to the user over the
network. '

. The GPIB was designed to interface smart

test instruments with a computer, See page
529,

. The three types of dévices which the GPIB

defines are listeners, talkers, and controllers.
See page 530. '
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¢. The three signal groups of the GPIB are data

bus, data byte iransfer control, and general
interface management. The data bus
transfers data, addresses, commands, and
status bytes among instruments. The data
byte {ransfer control group consists of three
handshake lines that coordinate the transfer
of data bytes on the data bus. The general
interface management lines are used to reset
all units, reguest use of the bus, etc, See
Figure 14-40 on page 530 of the text.

d. The sequence of handshake signals that take

place when a talker on a GPIB transfers data
to several listeners is as follows. When all
listeners have released the NRFD line, the
talker asserts the DAV line low to indicate
that a valid data byte is on the bus. All the
addressed Hsteners then pull NRFD low and
start accepting the data. When- the slowest
listener has accepted the data, the NDAC line
will be released high. The talker senses NDAC
becoming high and unasserts its DAV signal.
All the lsteners pull NDAC low again, and

the sequence is repéated until the talker has

sent all of the data bytes it has to send. This
handshake scheme allows talkers and
listeners with very different data rates to
operate correctly because the rate of data
transfer is determnined by the rate at which
the slowest listener can accept the data. See
Figure 14-40 on text page 530.
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APTER 15

THE 80286, 80356, AND 80486

MICROPROCESSURS

1.

a. When a TSR program is loaded into memory
and run, it remains resident in memory when
it terminates. In other words, the memory
allocated to the program when it was loaded

is not deallocated when the program is’

terminated. This medns the program can be
run again by simply. pressing some “hot key”
sequernce which vectors to the program
through the keyboard interrupt handler.
Figure 15-1b on page 535 of the text shows a

memory map of how a TSR is loaded into the

DOS system.

b. Figure 15-2a on text page 536 shows how a
passive TSR gets executed. Basieally a
passive TSR intercepts the keyboard
interrupt, calls the keyboard réad procedure,
and interrupts the key code passed back
from the keyboard procedure. If the keycode
is a “standard” code, execution is simply
passed back to the program interrupted by a
keypress. f the code is a “special” code, the
TSR carries out the action specified by that
cede and then returns execution fo the
interrupted program.

The two types of scheduling commonly used in
multiuser/multitasking operating systems are
time-slice and preemptive priority-based
scheduling. In time-slice scheduling, the CFU
executes one task.for perhaps 20 ms, then
switches to the next task. After all the tasks have
had their turn, execution returns to the first. In
the preemptive priority-based scheduling
method, an executing task can be interrupted by
a higher-priority task.

If two users in a time-share computer system
each want to print out a file, a flag in memory is
used to indicate if the printer s in use. If the
printer is in use, the printing task becomes
blocked and the users will have to line up to use
the printer, i.e., join the queue of tasks.

Deadlock occurs when two tasks each control a
resouree that the other task needs to complete
some action. For example, one task controls the
printer and another task controls the disk drive,
and each needs both resources to print z file.
Cne way to prevent deadlock is to link resources
together under one semaphore so that the two
resources are accessed with a single action.
Another way to prevent deadlock is o set up a
hierarchy among tasks so that if deadlock
oceurs, the higher-priority task can gain access
to all of the resources it needs.

3.

A critical region is a piece of code for an
operation that must be protected from access by
other tasks until the operation is completed. A
technique called mutual exclusion is used to
prevent two tasks from accessing a critical region
at the samne time. Figure 15-3 on page 538 of the
text shows assembly language instructions

-which use a semaphore to protect a critical

region.

An overlay scheme is used to run programs,
such as compilers, which are too large to be

loaded into physical memory all at once. The

compiler is written in modules, and its executive
module ‘is initially loaded into memory, An
additional memory. space, the overlay area, is
then loaded with the module that the compiler
requires at a particular time. When the compiler
needs another module, that medule is loaded
into the overlay area,

a. An cutput port is used to enable one of
-several hanks of physical memory at a time
{see Figure 15-5 on text page 340]. Each
block maps into the same system address
space when enabled. Thus, many blocks can
be mapped into the system address space,
one block at a time.

b, LIM 4.0 allows 16-Kbyte blocks of memory to
be bank switched into address spaces within
the basic 1-Mbyte addressing range of the
8086 and 8088. The primary address
windows used are the four pages between
system address C800H and D80OH. This
effeciively increases the amourt of memory
available for large programs, bécause
megabytes of memory can be switched, in
four pages at a time, as needed.

c. Expanded memory involves switching blocks
of memory into windows within the basic 1-
Mbyte addressing range of the 8086 as
deseribed in part b. Extended memory means
directly addressing memeory in the address
space above the basic 1-Mbyte space. An
80286 operating in protected mode activates
24 address lines, so it can directly address
up to 16 Mbytes of memory. An 80386
operating in protected mode activates 32
address lines, so it can directly address up to
4 Gbyvtes of memory. '

a. Virtual memory that can be logically referred
to in programs, but is not all presentin
physical memory at one time, Segments or
pages of virtual memory are loaded from disk

80286, 80386, 80486 45
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into the actual physical memory as needed to
execufe a program. Figure 15-8 in the text
shows how a logical address is converted to a
physical address by a memory management
unit using .a descriptor table. The selector in
the logical address is used to access a
descriptor in a table of descriptors in
memory. The descriptor contains the physical
base address, the privilege level, and some
control bits for the segment. This base
address is then added to the segment offset
to produce the physical address.

b, If the MMU finds that a requested segment or
page is not present in physical memory, it
sends an interrupt to the CPU, which will
then read the desired code or data segment
from a disk or other secondary storage and
Ioad it into the physical memory. The MMU
then computes and outputs the physmal
address.

¢, Two other major advantages provided by
indirect addressing are privilege levels and
program protection.

The four main processing units in the 80286 are
the bus unit, the instruction unit, the execution
unif, and the address unit. The bus unit
periorms all memory reads and writes. The
insiruction unit fully decodes up to three
prefetehed instructions and holds them in a
gueue. The execution unit sequentially executes
instructions it receives from the instruction unit.
The address unit computes physical addresses in
the real address mode; in the PVAM mode, it acts
as an MMU. See Figure 15-8 on text page 542.

When an 80286 is operated in its real address
mode, physical memory addresses are produced
directly by adding an offset to a segment base,
just as the 8086 does. In this mode, the 8086
acts like a “souped-up” 8086. [n protecied mode,
the 80286 uses the selector part of the logical
address to access a descriptor for a segment in a
descriptor table. The descriptor contains the
physical base address for the segment and the
privilege level for the requested segment. If the
user program has a high enough privilege level
and the segment is present in physical memory,
the address unit in the 80286 will add the
segment base from the descriptor to the offset
from the original instruction to produce the
physical address. '

An interrupt is caused by some. external
conditien: applied to INTR or NMI input. An
exception is caused by an error cendition during
execution of an instruction. A faul? is detected
and signaled before an instruction executes (e.g.,
segment not present exception). A trap is
detected and signaled after an instruction
executes {e.g.. divide by zero exception).

An 80286 may be swiiched from real address
mode to PVAM operation by setting the

"CHAPTER 15
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protection enable bit of the machine status word.
The MSW is transferred from a register or
memory location to the B0286 with the LMSW
instruction. The only way the 80286 may be
switched back to real address mode operation is
by resetting the system.

a. Fourteen bits in the selector part of the
logical address specify one of 16,384 possible
segment descriptors. The offset part of the
logical address contains 16 bits, so each
segment can be up to 65,536 bytes in length.
18,384 segments X 65,536 bytes/segment =
1 Ghyte virtual memory.

b. In real mode only 16 address lines are active,
s0 only 1 Mbyte of memory can be accessed.
In PVAM 24 address lines are active, so up to
16 Mbytes of physical memory can be
addressed. Of course, the actual memory
addressable is limited by the amount of
physical memory present in a given system.

a. Three major advantages of the 80386 over -
the 80286 are: (1) it executes instructions
faster due to a faster clock and more
extensive pipelining; (2) for the DX version, it
can address about 4 Gbytes of physical
memory and about 64 Thytes of virtual
memory: and (3) it can-access virtual memory
onn a demand paged basis as well as on a
segment basis,

b. The 386DX has a 32-bit address bus and 4
32-bit data bus, so it can directly access 4
Ghytes of physical memory and directly
read/write 32-bit data words. The 3865X is a
lower-cost version which has the same
instruction set and basic internal
architecture as the DX, but has a 16-bit data
bus and a 24-bit address bus. The reduced
buses mean it can directly access only 18
Mbytes of physical memory and can
read/write at most 18- rather than 32-bit
words.

¢. The BEO-BES3 signals are the bank enable
signals. The memory for a 386DX system is
set up as 4 byte-wide banks, and these
signals are used to enable individual banks
s0 the processor can redd byies, words, or
double words.,

a. ‘The main difference is that the ISA has 24
address lines and 16 data lines, whereas the
EISA has 32 data lines and 32 address lines.

b. MCA boards are smaller and use differerit
edge connectors than those on an EISA
board. See Figure 15-18a on text page 550
and Figure 15-19 on text page 552,

c. With the EISA. a master asserts an mdividual
MREQ line if it needs to useé the buses, If it is
the highest master requesting service, the
bus controller will respond with a MACK
signal to tell that master it can use the.
buses.
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With the MCA, any master can assert a
common PREEMP line low to reguest use of
the buses. The central control circuitry
asserts the ARB/GNT line, and then each
master attempts to put its preassigned
arbitration code on the common ARBO-ARB4
lines. The master with the lowest arbitration
code will be granted control of the buses.

Fourteen bits in the selector part of a virtual
address specify one of 16,384 segments. The
offset part of the virtual address is 32 bits, so
each segment can be as large as 4 Gbytes.
16,384 segments X 4 Gbyteés/segment =
about 64 Thytes of virtual memory.

In real mode only the lower 20 address lines
are active, so a 386DX or 38635X can access
only-1 Mbyte of physical memery. In
protected mode all 32 address lines of a
388DX are active, so about 4 Gbytes of
physical memory can be accessed. A 3865X

in protected mode activates all 24 address

lines, so up to 16 Mbytes of physm&l memory
can be accessed.

The two parts of an 80386 virtual address are
the selector and the offset.

The 83388 automatically multiplies the index
value in the upper 13 bits of the selector by 8
and adds the results to a descriptor table
base address. If the TI bit in the selector is a

0, the result will be added to the global -

descriptor table base contained in the global
descriptor table register. If the Ti bit in the
selector is a 1, the result will be added to the
local descriptor table base address contained
in the local descriptor table register. The
80386 then fetches the indexed segment
descriptor from the specified descriptor table
and loads it into the hidden part of the
segment register. The 32-bit segment base
address, loaded in as part of the descriptor,
is added directly to the 32-bit offset part of
the virtual address to produce the physical
address of the desired byte or word.

If the memory location is in the global
memory area, the 80386 will use the same
overall method of accessing it, except that the
index value multiplied by 8 will be added to
the global descriptor table base address in
the GDT register instead of to the base
address in the LDT register.

The 386 holds the base address for the global
deseriptor table i the global descriptor table
register. The base address for the currently
used local descriptor table is held in the local
descriptor table register. _

The length of a segment is contained in the
segiment descriptor, so the 386 can generate

an exception if a program instruction.

attempts to access a location outside the
segiment.

18.
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User tasks are protected from one another in an
80386 system by the fact that a task cannot
directly access descriptors in the local descriptor
table that belongs to another task.

In an 80386 protected-mode operating system,
kernel procedures are put at the highest privilege
level. Application programs operate at a lower
privilege level. A task operating at a lower
privilege level canmiot directly access a procedure
at a higher privilege level. Access to a higher
privilege level can be done only through some
controlled mechanism such as a call gate.

The mechanism used to allow a task at a level 2
privilege to call a procedure at a higher privilege
level is referred to as a gate, A gate is simply a
special type of descriptor. When a call is made to
a procedure at ancther privilege level, the
selector is loaded into the CS register and a call
gate descriptor is loaded into the hidden part of
the CS register. I the call is legal, the selector for
the procedure {contained in the call gate
descriptor) is loaded into the CS register and the
actual descriptor for the segment containing the
procedure is loaded into the hidden part of the

. C8 register. The procedure is then accessed. This

indirect call through the gaie descriptor aliows
the access 10 he limited to tasks having a higher
priority level than a privilege level specified in the
gate descriptor.

a. Descriptors for each fask state segment are
kept in the global descriptor table, The task
register inn the 80386 holds the selector and
the descriptor for the task which is currently
executing. During a task switch, the task
register is automatically loaded with the
selector and the descriptor for the new task.

b. When the 386 does a far jump cr call to
switch tasks, the privilege level of the call is
checked. The RPL of the CALL selector and
the CPL of the current task must both be less
than the DPL of the desired segment or a
privilege level exception will be generated. If
the privilege level is high enough, the 386 will
store all the register values for the executing
task in its task state segment. It will then
load the task register with the selector and
the descriptor for the new task. Then it will
copy the register values for the new task to
the appropriate registers. Execution will
continue with the segment and EIP values
lpaded as part of this operation. .

a. Register CR3 in the 386 holds the 32-bit base
address for a page directory in memory. The
upper 10 bits of the 32-bit linear address
from the segmentation unit are used to
access one of the entries in the page
directory. This 32-bit entry in the page
directory is the base address of a page table

10 bits of the linear

address from the segmentation unit are used
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to select one of the entries in this page table.
The selected entry in the page table contains
the 32-bit starting address for the desired
page. The lowest 12 bits of the linear address
from the segmentation unit select the desired
byte werd, or double word, in the selected
page.

b. Pages are usually much smaller than
segments, so they can be swapped in and out
of physical memiory much faster than
segments can.

¢ In the simple flat addressing model, all 386
segments start at address 0 and extend

through the fult 32-bit address range of the -

80386. All code and data words are accessed
with 32-bit offsets from the same segment
base address, 0. This mode effectively
eliminates segmentation. _

In the paged flat miemory model, all the
segments are initialized to start ai absolute
address 0 and extend through the full 32-bit
address space of the 386, thus effectively
turning off segmentation. However, paging is
enabled to provide virtual memory capability
and some degree of protection.

TE T b

f the FM bit in the EFLAGS register for the
new. task is set when the 386 does a task
switch, the 386 will switch to virtual 8086
mode to execute the new task.

b. The INT 21H instruction will cause a task
switch to the virtual machine monitor, which
operates in protected mode. The VMM
monitor will call the equivalent protected-
mode operating system function and then
return execution to the virtual 8086 task.

]

See program A15-24.A5M on the disk.
Algorithm: (Uses 80386 shld instruction)

Copy operands into two 32-hit registers. _

Shift 8 bits of upper double word left into a
* third register.

Shift 8 bits from lower double word into upper

double word.

Rotate 8 bits saved in third register 24 bits left.

Shift 8 bits from third register left into lower

word.

. The 80486 has an on-bbard, 8-Kbyte data and

mstruction cache, a buift-in floating-point math
coprocessor, and more extensive pipelining,
which allows several instructions to be in various
stages of decoding and execution at the same
time.

Features of a RISC-based computer include the

following: - _

a. The instruction set is limited to simple types,
so instruction decoding is simpler and
faster.

CHAPTER 15
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b. Tt uses extensive pipelining, so several
instructions can be fetched, decoded, and
executed at the same time.

c. Next instructions are fetched from both the
sequence after the jump instruction and the
jump destination instruction. This
eliminates the usual delay when the jump is
taken.

d. It contains a large number of on-board
registers because register-register operations
are faster than register-memory and
memory-memeoery operations,

The major advantage of parallel processor
configurations is that different processors can
work on different parts of a program at the same
time rather than on the parts in series. A
disadvantage of parallel processing computers is
that writing programs to run on them is
currently somewhat more difficult.

a. If the sum of the signals on the inputs is
greater than a specified threshold value, the
neuron fires and outputs a signal to other
neurons.

b. A neural network is trained to produce the
correct résponse rather than programmed. A
set of input conditions {s applied to the
mputs, and the network “learns” by adapting
the weights of the interconnections until the
cutput response is correct. If several different
sets of input conditions are applied in
sequence, the network will generalize its
response so that it responds correctly for new
but similar input signals.

¢ Advantages of neural network-type
computers are that they can be taught rather
than programmed; they can learn; input data
does not have to be precise, because the
network averages out the effect of any one
signal value; and information is stored in a
distributed manner, which is highly fault
tolerant. :

d. Neural networks are ideally suited to
applications such as weather forecasting,
stock market ‘analysis. and speéch
recognition where neither the data nor the
rules for processing the data are precisely
knowmn. ’

a. A traditional digital logic control system can
work only with the fixed values 0 and 1. In a
fuzzy logic system, the variables can have
values other than O and 1, so the controller
can recognize many combinations of the
input variables which represent a given state.

" See Figure 15-35 on page 574 of the text.

" Advaritages of fuzzy logic control systems are
that they can use imprecise values such as
hot, warm, light, and dark and can provide
very smooth control of mechanical systemnis.

o
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Experiment T Infroduction fo the SD#

L Device intel SDK-88
a. Cru 1 — 8086
b. ROMs _ 4 —2716s or 2616s
c. RAMS 4o0r8-—2142
: 2K or 4K
d. [/O ports 2 — 8255As
e. ' Keypad/display 1—8279
2. Intel SDK-865 URDA SDE-88
a 2K ending at Q07FFH 18K ending at O03FFFH
b, 00100H first user RAM  Q0100H first user Ram
c. COGFFH bytes of RAM Q3EFFH bytes of RAM
d. 8K bytes of ROM 8K bytes of ROM

Program on disk:
P1.ASM Incrementing Hex Count -

icroprocessor Development Board

URDA SDE-86
1 — 8086

1 —2732As
1-—16K 6264
2 — 8255As
1— 8279

Experiment 2 Debugging P

86 Keypad Monitor

Using the Single-Step Command

5. The problem with single-stepping all the way
through this program is that you have to press
the *,” key about 195,000 times to get past the
loop containing the PAUSE label (65,000 x 3.

Maditying the Operation of a Program

I
4.

5.

The number in the SI register should be ¢ at
offset OC3AIL

The EW command can be used to change the
word loaded into the SI register.

- The address in memory of the FFFFH part of the

MOV 81, OFFFFH instruction is 0000:134F.
The new value will make the display change more
quickly.

Experiment 3 A Simple 8086 Arithmetic Program

1., The algorithm is as foliows:
Load AH and AL with required numbers
Add AH and AL, leave resuli in AH
Put the resulf into the BL register
Move the carry flag into the LSB of BH
Zero all but the LEE of BH
STOP

58 EXPERIMENTS 1,2, 3

5.

@ You would want to use the ADD instruction,
because you don't want to add the status of
the.carry flag to the result.

b. You can use the instruction MOV BL, AR

¢.- You can use the instruction RCL BH, 01.

d. You can use the insfruction AND BH, 01.

LT RIS RGOLION AINDE S



4, ADD AH, AL AH = AH + AL 10,

5 O02EC
6 02EO ADD AH, AL AH = AH + AL

8 ADC MOV BL, AH :BL = AH i4.

DO D7 RCL BH, 01 :Save carry flag
80 E7 01 ANDBH, G1 ;Zero all but LSB
CC INT 3 :INT 3 break point

AH = 42H, AL = 35H

Results; AH = 77H, AL = 35H, BH =0,
BL = 77H

A = 9AH, AL = 738H

Results: AH = 12H, AL = 78H, BH =1,
BL = 12H

Experiment 4 Whriting a Program Which Accesses

Data in Memoary

1. Offset 3.

0000 — NUMBER 1
0001 — NUMBER 2
0002 — SUM .
0003 — CARRY

2. The algorithm is as follows:
Add NUMBER 1 to NUMBER 2
Adjust for BCD
Put the result into SUM
Put the contents of the carry flag into CARRY
STOP

3. a The following instructions are needed to
initialize the D& register so that program
instructions can aceess the data locations in
MEmory:

MOV AX, DATA_HERE
MOV DS, AX

4. 104H is the offset of the first instruction of the prograr.
Listing of Program

' 0100 46 NUMBER 1 DB46H'
0101.38 NUMBER_2 DB 38H
0102 00 SUM DB 00
0103 00 CARRY DB 00
0104 B8 1000 MOV AX, DATA_HERE
0107 8E D8 MOV DS, AX
0109 A0 00 00 MOV AL, NUMBER_1
010C 02 08 01 00 ADD AL, NUMBER_2
011027 DAA
0111 A2 02 00 '~ MOV SUM, AL
0114 DO 16 03 0 RCL CARRY, 01
0118 CC INT 3

9. NUMBER 1 = 89H, NUMBER 2 = 93H, SUM
= 80H, CARRY = 01H

continued :

b. The ADD instruction is more reasonable to
use in this program because you don't want
the value of the carry fiag added to the result.

c. The DAA insiruction must e used to adjust
the sum to the correct BCD form.

d. The following instructions can be used to

copy the cairy flag into the least significant
bit of a byte and save zeros in the upper 7
bits of the byte:

MOV CARRY, C
RCL CARRY, {1

e. The INT 3 instructon cari be used at the end

of the program to prevent accidentally
executing the random contents in RAM after
the program.

result = 84
searry = O
:Initialize the

; DS register

;AH = NUMBER 1
(AH = SUM
:Adjust for BCD
:Save the result
:Save carry flag

EXPERIMENT 4 - 5%



18, a To do the subtraction, you can use the SUB AL,
NUMBER_Z2 instruction.

b, The DAS instruction is needed to adjust the
result of the subtraction to BCD form.

Listing of Subtraction Program
0100 81 NUMBER_1 DB 81H

0101 67 NUMBER_2 DB &7H
102 00 RESULT DB 00 result = 14

- 0103 00 CARRY DB 00 ;carry = 0
0104 B8 1000 : MOV AX, DATA_HERE ;Initialize the
0107 8E D8 MOV DS, AX ;DS register
0109 A0 00 00 MOV AL, NUMBER_1 ;AH = NUMBER 1
010C 24 06 01 00 SUB AL, NUMBER _2 _ AN = SUM

- 0110 2F DAS ;Adjust for BCD
0111 A2 02 00 MOV RESULT, AL :Save the result
0114 DO 16 03 00 RCL CARRY, 01 - :Save carry flag

0118 CC INT 3

Experiment 5 Using a Computer 5@ @e@’eé"@g@
Assembly Language Programs

Program on disk:
P5.ASM Averaging Two Temperatures

Experiment 6 Using DEBUG to Execute and

Debug Programs

11. The new value of AV_TEMP is 38H.

4. MOV AX, DATA_HERE -
MOV DS, A3
MOV AL, HI TEMP AL = 92H
ADD AL, LO_TEMP ‘AL = E4H
MOV AH, 00H :AH = 00H
ADC AH, 00H :AH = O0H
MOV BL, 02H ;BL = 02H
DIV BL ;BL = 02H, AL = 72H, AH = Q0H
MOV AV TEMP, AL : '

Program on Dk

PB.ASM  Averaging Two Temperatures

52 EXPERIMENTS 5, 6



Experiment 7 Using TURB
‘and Debug Programs

DEBUGGER fo Run

There are no gquestions in this experiment.

Experiment 8 Downloading Programs te the

SDK-86 for Execution and Debugging

14. With HI_TEMP equal to 20 and LO_TEMP equal to
© 40H, AV_TEMP will equal 30H.

Experiment 9 Reading Characters from a
Keyboard on a Polled Basis

o

. It ig necessary to poll the keypressed strobe

until it is unasserted before looping back to
look for a high sc that you don't keep reading
in the same key code while the strobe is still
high.

. A programming structure to use to represent

polling the keypressed strobe until it is
asserted or unasserted is REPEAT UNTIL.

. A way to indicate in thé algorithm that you

want to input the codes for ten pressed keys
and then stop is to use a REPEAT UNTIL or a
FOR_LOQP structure. '

. You can use the folloWing instructions to

determine if the strobe signal in the LSB
position is asserted and loop until it is
asserted:

LOOK_STROBE_HI: IN = AL DX
AND AL, 01
JZ  LOOK_STROBE_HI

d. You can use the following instructions to

determine if the strobe signal in the LSB
position is unasserted and loop until it is
unasserted: '

LOOK_STROBE_LO: IN AL, DX
AND AL, 01
JNZ  LOOK_STROBE_LO

. You can use the following instructions to

o T T T Ty ae rodeo

make the program read in {en key codes
before going on:

MOV
MOV

LOOK_STROBE_HI: IN
AND
Jz
MOV
IN
AND
MOV
INC
MOV

LOOK_STROBE_LO: IN
AND
JNZ

X, OFFSET TABLE
CX. 10,

AL, DX
AL, 01
LOCK_STROBE_HI
DX, OFFFSH

AL, DX

AL, 7FH

[BX], AL

BX
DX, OFFFAH
AL, DX

AL, 01 -

LOOE_STROBE_LO

LOOP LOOK_STROBE HI

Program on disk:

P9.ASM input Characters from Keyboard

EXPERIMENTS 7, 8,9 53



Experiment 160 ASCli-to-Hex Conversion

Algorithm for Lab 10:
IF number < 30H THEN error
ELSE
If number < 3AH THEN subtract 30H {t's a number 0-9)
ELSE {(number is >38H)
IF number < 41H THEN error {number in range 3AH-40H)
TLSE ’
IF number < 47H THEN subtract 37H {it's a letter 41-47)
ELSE error

Program on disk:
P1OASM ASCIil-to-Hex Conversion

Experiment 11  Generating Digital Waveforms on
an Ouiput Port

2. The waveform is high for 71 microseconds and low
for. 71 microseconds. '
3. The program algorithm is as follows:
Initialize ports
Point to output port
Initialize AL low
REPEAT
OQutput AL
Wait'time delay for one half cycle
Change value of LSB of AL
UNTIL FOREVER '

4. The assembly language program is as follows:

CODE_HERE SEGMENT
- ABSUME C3:CODE_HERE
START: MOV DX, OFFFFH ;Point DX to port control register
MOV AT, 9O ;Control word to set up PIB as output
ouT DX, AL P14, P1C inputs, send control word
MOV . DX, OFFFBH ;Point to output port
MOV AL, O ) JInitialize AL low
;Start outputting waveform
AGAIN: INC AL ' - ;Change value of LSB of AL
ouT DX, AL ;Cutput it to port
MOV CX, O7H :Set up counteér for wal
DELAY1: NOP . ;Now wait :
LOGCP DELAY1 - ; '
JMP AGAIN :Send next half cycle
CODE_HERE ENDS
END | START

£ T e R o T
e LG CULITELILCL & LG

io
1/(2.45 x 108Hz) = 0.

a
408 ps.

54 . EXPERIMENTS 10, 11



¢ The number of CPU clock cycles for each half-

cycie of the weaveiorm is 142 microseconds/
{2 x 0.408 microseconds) = 174 clock cycles
().

AGAIN: INC AL 3 clock cycles
OUT DX, AL 8 clock cycles
_ MOV CX, 07H 4 clock cycles
DELAY1: NOP 3 clock cycles
LOOP DELAY1 17 or 5 clock cycles
JMP AGAIN 15 clock cycles
8. AGAIN: INC AL 3 clock cycles
OUT DX, AL 8 clock cycles
MOV CX, 07H 4 clock cycles
JMP AGAIN 15 clock cycles

C,, = 30 clock cycles

i,

17.

18.

DELAY1: NOP 3 clock cycles
LOCP DELAY!D 17 or 5 clock cycles
€, =20 or 8 clock cycles
N = {Cp-Co+D)/C, '

N {174 - 30 + 12)/20}
N = 7.8

i

The frequency on D1 is one-half the frequency on
DO.

The program produces all these different
frequencies because the port lines sunulate an 8-
bit binary counter.

Program on dislc:
P11.ASM 7040-Hz Square Wave

Experiment 12 Working with Strings

Algorithm for part i:

™ oa Ao ey

Setup address pointers to each siring
Set up character count
REPEAT '
Maove chzrascter of ﬁource string to
destination siring
Increment pointers
Decrement character count
UNTIL character count = 0

See program P12-1.ASM on the disk.
Algorithm for part 2:

Set up pointer to start of character strmg
Set up counter with length of string
REPEAT

Compare the character with a carriage

return character

Decrement count
UNTIL count = O OR carriage return is found
IF carriage return is found THEN

put string length in AL
ELSE put 560K in AL

See program P12-2.ASM on the disk.
Algorithm for part 3:

Set Lip cournter
Set up peinter 1o name string
REPEAT

Compare the character in source string

. with a period
Decrement counter
UNTIL counter = 0 OR character = period
IF period not found THEN error condition, do no
more
Increment pointer to next character

Compare next character with space-character
1F space not found THEN error condition, do no
. more : :
Increment pointer o next character (start of
TUNA)
Decrement counter
Save the state of this counter
Set up pointer for destination string
REPEAT
Move character to destination string
Decrement count
UNTIL counter = 0
Move a comma character to the destination
stririg '
Increment the destination pointer
Set up pointer to beginming of source string _
Set up counter = number of characters in name -
length of second name (saved above)
Decrement counter {for space not moved)
REPEAT '
Move character to destination string
Decrement character count
UNTIL counter = G

. See program P12-3.ASM on the disk.
1i.

Algorithm for part 4 {optionall:

initialize pointer to end of source string _
Initialize pointer to end of destination string =
end. of source string + 4

Put number of characters in source string into
counter

Make peinters decrement when move is being
done

EXPERIMENT 12 553
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UNTIL character count =0

Programs on disk:
P12-1.ASM MMove a String

..... Seerch a Siring
Pl2—3.ASM Move and Change a String
P12-4 ASM Move a String with Overlap

Experiment 13  Procedures—Nested Loops and
Microcomputer Music

E”an‘t 1

2.

Algorithm for part 1:

Initialize output port

Point to output port

REPEAT
Output the 2.5-Hz signal low
Wait one half-period '
Output the 2.5-Hz signial high

Wait one half-period

UNTIL FOREVER

3. Bee program Pi13-1.A8M on the disk.

4, See program P13-1.ASM on the disk.

5. Time reguired for 1 clock cycle using 2.45-MHe.
PCLE = 0.408 ps.

6 0.2 us per half-cycle/0.408 ps per clock =
490,196 clock cyeles.

8.  See program P13-1.A5M on disk,

Part 2
I Algorithm for part 2:

Initialize the stack segment and stack pointer

2.

-3

Set up an output port
Point to output port
REPEAT
output 704G Hz signal for 0.2 sec.
output constant low for 0.2 sec.
UNTIL FOREVER :

See program P13-2.A5M on the disk,

. To change the time for which a note plays,
increase the outer loop constant.

b. To change the frequency of the note, change

the inner Inon constant,

¢. The delay constant for the frequency of the
note affects the constant required for the
tme the note plays.

Part 3 (Opticnal)

See program P13-3.A5M on the disk.
Programs on disk:

P13-1.ASM 2.5-Hz Square Wave
P13-2.ASM Pulsed 7040-Hz Square Wave
P13-3.ASM Tune

Experiment 14 Procedures—Measuring Reaction

Time with a Microcomputer

The algorithm is as follows:

Initialize data segment

Initialize stack segment
Initialize input and ocutput ports
Call WATT-253

Initiatize counter

Set R_TIME to O

-Point to output port

Light 12D
s s

Point to inpu i port

EXPERIMENTS 13, 14

REPEAT -
Wait 1MS
Increment counter
Check switch
UNTIL switch high

Turn off LED




See program Pl4-1.A8M on the disk.

Programs on disk:
P14-1.ASM Measuring Reaction Time
P14-2 ASM Test Program

Experiment 15 Microcomputer Circuits and

Signals

3ers

=

19,

12,

b.

.

nw

DEF QR

Function _ Part Humber
Intel SDK-86 URDA SDH-88
CPU 8086 8086
ROM ' _ 22616 2—2732A
3—2716
RAM 4 or 82142 1—5264
Parallel ports 82B5A-b B25BA
Address bus latches 745373 745373
Data bus transceivers 8286 8286
Clock generator 8284 8284
CLE = £.9152 MHiz; PCLK = 2.4576 Mbz
Jumper on W40, PCLK = 2.45 MHz
Jumper on W41, PCLK = 4,92 MHz AD1?
0100 for first ALE ATEe
0102 for second ALE ov £
2104 for third ALE 18 :
The 8086 outputs these three addresses
during the instruction execution to fetch the
instructions for the queue. AT
See Figure 15-1. " A14(B)
Al4 is the address latch which demultiplexes :
the address bit from the D1 line. ov
AD1 enters A14(7) and Al exits AL4(8), 1ps
See Figure 15-1.
See Figure 15-1. )
The RD pulses are interleaved between the 3 ﬁ:—?(m
ALE pulses because you have to enable the
address latches with ALE before you can read ov
from an address. ’ 1ps
a. FEEB 9080 5504. _ :
The three words represent the data. fetched 2v i —
during each memory read. If you write the - e (32)
words as bytes (LSB first), you will see the
instructions for the program. Note the av !
random information bétween the read and 1 ps ! i it
the next instruction. : R
FIGURE 15-1.

The W2Z7-W34 jumper pins specify how many
WAIT states are inserted.

EXPERIMENT 15 57




Experiment 16  Address Decoders, I/O

Operations, and WAIT Stafes

3. The 01 output, A26(14}, enables the kevpad
monitor ROMs,

4. ROM decoder (3625)

~  A26
- Reypad monitor ROMs — A27 and A30
ALE — Al7(2B)
ROM deceder output —  A26(14)
5. See Figure 16-1.
2v gf /. 01
— : DECODER
! OUTPUT
‘ A6 (14)
ov
A{ 1 }1.15
;
— aLE
A17 {25)
ov 5
s
FIGURE 16-1.

6. The 02 output, A26(13), (which enables the serial
monitor ROMs A38, A37), is constantly high (ot
asserted} because the keypad monitor program is
running.

7. When the serial monitor program is running,
there will be pulses present on the address

decoder output, A26(13}.

a.
b.

oo

c.

See Figure 18-2.

A38 and A4l contain the byte at address

OC100H.

A43 and A45 contain the byte at address

O0101H.

The RAM address decoder PROM outputs 01
and 03 are connected to the even byte

devices.

QDD

A4E

Add

A4S

A4S

FIGURE

58 EXPERIMENT 14

16-2.

OOFFF

Gosti
007FF

EVEN
Q0FFE
A4z A38
\ 60800
0o7FE
A1 A38 '
r 00330

D7 — D4aD3 - DO

€. The RAM address decoder PROM outputs 02
and 04 are connected to the odd byte
devices.

18. a. See Figure 16-3. _
b. Both decoder cutputs are enabled when
words are read from memory.

11. The 04, A22(11), enables port P1A.

. 02 0DD
oV ADDRESSES

' A26 {13}

2¥ | | — ﬁ % 01 EVEN
. ADDRESSES

ov : 1 AZ6 [14)

10 sk . 3 £ i
mi | T

FIGURE 16-3.

12, ‘The codes for the instructions are BA FB FF EC
EB FA.

13, See Figure 16-4.

v
04 SIGNAL
A22 111}
oy P
2_1,us . | E
FICURE 16-4,

4. The W27-W34 jumper pins specify how many
WAIT states are inserted.



i7.

19,

24.

23.

22.

a. See Figure 16-5.
b. Twenty-four clock cycles are required for one
loop execution

See Figure 7-1b in the text and add seven WAIT
states after T3. Now 31 clock cycles are required
for one loop execution. The extra cycles are
inserted after RD does low to allow the input port
more time to present data on its data lines.

Twenty-six clock cycles are now required for one
loop execution.

Thirty-two clock cycles are now required for one
loop execution.

The WAIT state denerator is now adding WAIT
states for every read and write operation as well
as for every 1/0 operation.

T T T T
L AuE R
| et ey
- CLK
L EHL A17 (19)
UV?_" T ; iﬁ:
2 ps %
i
5 M0
A17 (28)
oV
2ys e : :

FIGURE 16-5.

Experiment 17 Looking at Microcon

with a Logic Analyzer

puter Signals

[
EJJ

16.

28.

Set analyzer to clock on falling edge of ALE,
because address is valid on data bus at that
time.

One sequence of addresses should be 0100,
0102, and 0104,

Clock the analyzer on the rising edge of the RD
signal, because data from memory is valid on the
data bus at that time.

One sequence of data words should be FEEB,
9090, and 5504,

23.

27.

28,

Clock the analyzer on the rising edge of the WR
signal, because valid data from the 8086 is
present on the data bus at that time.

The M/IO signal indicates whether the 8086 is

doing .a memory or port operation. If this signal
is low, a write to port is oceurring.

The correct sequence of data bytes written to the
port is 00, 01, 02, 03, 04, 05, 06, 07, 08, and 09.

The first 10 data bytes written to memory should
all be 55.

Experiment 18 Further Practice with a i@gm
Amgyz@?

]

Usge CLK, A17(19)

{falling edge}.

Trigger word = FFFO.
FFFO 9CEA
FFF2 0000
FFr4 FFFF
FFFG 0001
FO9C 2EFA

zs the =xternal elock signal

FOCE 188K
FOAO 0088
FOAZ 30BC
FOA4 8600
FOAG ZEEC

The first instruction that is-being fetched from

mamary gtarfing ot address FRERFD iq Ta OGO NN
mMEmory, salllily al aluless roirry, 18 a oo vu

00 FF. This is an intersegment jump to FFOSCH,

EXPERIMENTS5 17,18 59



2,

1.

15,

The 8086 outputs address FFFO8 and fetches =
data word from that addrcss as part of its
prefetch operation.

The destination address for the JMP instruction
is FFO9CH. The data word at FFO9H is 2EFAH.
The low byte, FATH, is the CLI instruction.

You would expect to see 10 or more samples of
the address FFFOH. If the logic analyzer clock
pulses take 40 ns each and a processor clock
cycle takes 408 ns, then 10 (408/40) samples
are taken of the bus during one processor clock
cycle. If the trigger word is present for 10 logic

16,

18,

28.

snalyzer clock cycles, which represents 10 X 40
ns = 0.4 ws, the resclution is 40 ns.

SCEA is on the bus for 27 logic analyzer cycles.
This represents 27 X 40ns = 1.08 us.

There are 21 logic analyzer clock cycles between
RD going low and valid data appearing on the
outputs of the monitor ROMs (i.e., RD going high
again). This represents 21 X 40 ns = 840 ns. The
resolution of this measurement is 40 ns.,

The greater resolution in this mede gives a more
accurate value.

- Experiment 19

icrocomputer Troubleshooting

(]

o The 2088 RDY is continucusly low; check
8284, 74L5164, 741304, 74L310. .

b. The 8086 RST is continuously high; check
8284, 741504, 74L5184.

¢. Check address latches 745373 and processor
ALE.

7.

d. No enable on monitor ROMs: check 3625.
e, LEDs 2ll &8s, check 7445,

See program P18.ASM for algorithm and
program,

Program on disk:
PI19.ASM Memory Testing

Experiment 2

(}

A Real-time Clock

Using 8086 Interrupts—

Hardware

Z,

I you commect the 1-Hz signal to the NMI before
you are ready to test your program, an interrupt
will occur before the interrupt procedure address
is-in place. Program execution will jump to
whatever C8 and [P addresses are in the
locations O000AH and 00008H.

¢ * EXPERIMENTS 19, 20

Software

3

Interrupt service procedure algorithm for clock
{update clock): _
Increment seconds count

IF seconds count = 60 THEN
seconds = 0
Increment minutes
IF minutes count = 60 THERN
minutes =0
increment hours count
, IF hours = 24 THEN hours = ¢
Update clock display on LEDs

Programs on disk:

P20AASM

Reai-time Clock Main Module

P20B.ASM - Clock Procedure Module
DISPLY.ASM  Display Procedure Module



Experimernt Z1

time Clock Interrupts

Using an 8254 to CGenerate Real-

Answers to guestions can be found in program
P21B.ASM.

- Programs on disk:

P21AASM  Real-time Clock Main Module with
8254 Init

P21B.ASM KHz Input Clock Procedure
I\fodule

DISPLY.ASM = Display Procedure Module

Experiment 22
Priority Interrupt C ontrofier

mgmﬁgzmg and Using an 8259A

Answers to questions can be found in program
P218.ASM.

Programs on disk:

P22A ASM - Regl-time
S2ESA Init :

P22B.ASM 1 KHz Input Clock Procedure
Module with EOI

DISPLY.ASM  Display Procedure Module

Clock Main Module with

Experiment 23

Interfacing an Unencoded

Keyboard to a Microcomputer

14,

SRC =0000C 001 for shift + B

The shift + B code will be the second in the

table.

¢. The ASCII code for B {42H]) should be second
.in the table, See the program for how the
codes are placed in the table.

d. SRC = 01 000 000 if you press the A key (no

shift). The ASCII code for “a” (61H) should be

placed at an offset of 40H (the 65th position)

int the table, '

R

12, a. Using the control key would double the size

of the table.
b. - Put EBCDIC codes in the table instead of
ASCII codes.

Programs on disk:

P23AASM Unencoded Kevboard Main Module

P2Z3B.ASM. - Detect, Debounce, Encode
Procedure Module

DISPLY.ASM  Display Procedure Module

EXPERIMENTS 21, 22, 23 6%



Experiment 24

Data Output

Speech Synthesis and Handshake

. To determine if execution ever gets to the

interrupt-service procedure, put a break
point just inside the procedure.

To determine if the 8255A ever sends an

e. Lock at the data inputs of the Digitalker to

see if the codes being output from the 8255A
get there.

Prograrns on disk:

interrupt signal to the 82594, look for 51gna.1 P24-1.ASM Digitalker Using Only SSR1 and

on TRO with a scope. S8R2
¢. To determine if an interrupt signal gets to the P24-2.A5M gé}g;;:glker Using All Four SSR

8086, look for a signal on the INTR pin.

d. To determine if the 8086 responds to the
interrupt from the 82594, put a scope on the
INTA pin of the 8086 to see if it pulses, If it
pulses, it is acknowledging the interrupt.

d

L -fgssef et 2.%

Matriv—TEnea

éifgééﬁgg@g an LED

Programs on disk:
P25-1.A5M Light Top Corner LED
P25-2.ASM Light Each Row in Turn

1. a Alogic high is required to turn on a row,

B. Alogic high is required to turn on a column.

c: Qutput O1H to port A and OFFI to port B to P25-3.ASM  Light X Pattern
light the entire top row of LEDs. P25-4AA8M  Use Interrupts to Light X Pattern
(Mainiine)

d. Output OFFH to port A and 80H to port B to

- P25-4B.ASM Display Update Module
light the entire leftmost column of LEDs.

P25-5A.ASM  Displaying Characters on LEDs
(Mainline) .
P25-5B.ASM  Display Scroll Module

Experiment 26  Analyzing the SDK-86 Keyboard
and Display Circuitry Operation |

[

ec program P26.ASM on the disk. 6. See Figure 26-2 on the
a. The rightmest digit g
refresh sequence.
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FIGURE 26-1.

b, No two digits are ever turmed on at the same
tme.

¢. Each digit is turned on once every 10 ms.

Note that the 7445 on the SDK-86 board is

connected to all four 8L outputs of the 8279,

so it must cycle through all 16 values before

00 goes low again. '

The muitiplex rate is 1/10 ms = about 100

Hz.

e. Each digit is frned on for ' 0.64 ms during a
refresh cyele.

(e

See Figure 25-3. The low blanking codes are
present between the actual seven-segment codes,
The reason the lows on the seven-segment codes
appear larger than the highs is that the low
blanking codes on each side of them look like
part of the segment code.

The 2Y0 output cannot go high because there is
‘ne pull-up resistor connected to these outpuls
until a key is pressed. (Pull-up resistors are built
into the 8278). Pressing the EB key connects a
pull-up resistor to the 2YQ output. The waveform
shows a low-going pulse every 5.1 ms, so this is
the rate at which keypresses are being checked
for.

Program on disk:
P26.ASM  Test Program for Lab.
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Experiment 27 Stepper Motors

L

See program P27-1.ASM on the disk.

Programs on disk:

P27-1.ASM  Stepper Motor Driver (Delay Loop)
P27-2A.ASM  Stepper Motor (Interrupt Mainline}
P27-2B.ASM  Stepper Interrupt Service Procedure

Experiment 28

Using a B/A Converter with a

Microcomputer

1.ASM on the disk.

Voltage on op amp sutput pin 2 = -5 V.

a. Resolution of 8-bit /A converter = 1 /2586, or
0.38 percent.

b. Resolution of D/A in volis = 10/256 = 39 mV.

¢ Full-scale output is always 1 LSB less than
the named value of the converter = 10 -
1/256-5=4.961 V.

d. For 0V output 80H (128).

See program P28-2.ASM on the disk.

See program P28-

The waveform should be sawtooth ramping from
-5 V to +4.96 V. The factors that limit the
frequeney of the waveform are the processor
frequency, the number of msmmcmons in the loop

cutputting the inerementing count and the
number of bits inn the D/A.

Incrementing the count by 2 almost doubl
frequency.

ed the

Decrementing the count produces a reverse
sawtooth ramp, from +5V to -5 V.

See pfogram P28-3.A5M on the disk.
See program P28-4.ASM on the disk.

Programs on disic

P28-1.ASM Output Zeros to D/A (Port P1C)
P28-2.A5M OQutput Sawtooth Waveform
P28-3.ASM  Output Triangular Waveform
P28-4 ASM  Qutput Sine Wave

Experiment 29

Analog-to-Digital Conversion with

a Microcamputer Counter-Type A/D Converter

w g

L=

oo

&4

See program P29-1.ASM on the disk
Comparator sutput is low V from D/A > input V.
ASM on the disk.
ASM on the disk.
2V -33H.

See program P28-2
See program P29-
Expected values ave 2

The resolution is ICV/ 256 = 0.038 vV

EXPERIMENTS 27, 28, 28

10,

The time required for each conversion. w1th V
10.0V is 7.2 ms. The number of conversions per
second is 1/7. 2 ms, or 138.

With V;, at 5 V , the conversion time is aﬁaut
3.6 ms.



Successive-Approximation-Type A/D
Converter

2.

3
4
5.
7

See program P23-3.ASM on the disk.
See program PZ8-3.A5M on the disk. -
Expected values are 2 V - 33H,

The resolution is 10V/256 = 0.039 V.

Eight steps are required fo complete a
conversion, About 2000 conversions occur per
secend for 10 V input, See Figure 29-1.
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FIGURE 29-1.

8.

10.

See Figure 28-2. Eight steps are required to
complete a conversion; same as with Vi, of 10V,
2000 conversions per second.
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FIGURE 29-2.

Counter-type 10V = 7.2 ms per conversion.
SuccesSive*apprcximaﬁon_-vtype 10V = 0.45 ms
per conversiorn. :
Advantage—doesn't require SAR; disadvantage
—ties up the nderoprocessor.

Programs on disk:

P29-1.ASM  A/D Calibrate
PI8-2.A8W  A/D Using Incrementing Count
P29-3.A8M  A/D Using Successive
: Approximation
DISPLY ASM SDK-86 Display Procedure

Experiment 30 8087 Programming

18.
i2.

See program listing.
Volume = 4/3 % m X 2% = 33.510321.

The major advantage of using an 8087 to do

numerjcal computations in a program is that it

increases the speed of the program’s execution.

Program on diskc
P30-1.ASM Find Volume of Sphere

Experiment 31 Infroduction lo the TURBO C++
Integrated Development Environment |

here are no guestions in this experiment,
Juestior yperimen
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Experiment 32 € Programiming Praciice

Index Method ' Pointer Method
1. See program P32-1.C.- i. See program P32-2.C.
2. Sec program P32-1.C. 2. See program P32-2.C.

4. See program P32-1.C. Programs on disk:
' . P32-1.C  Solution #1 for Experiment 32

P32-2.C Solution #2 for Experiment 32

Experiment 33  Displaying Characters on an IBM
PC Screen

- mmtiaes s dem dlado AvTiariTer
ueations i this experiment.

Programs on disk:

P33-1.ASM Fill Screen with Diamonds (Just for Fun}
P33-2.ASM Display Name in Center of Screen
P33-2.ASM Dispiay Name Using BIOS Calls

Experiment 34 Assembly Language Color Graphics

3, Pixel data byte for four blue dots = 55H. " Programs on disk:
Fill command = FO 200 55, : P34-1.ASM Draw Rectangle on Screen
£ Debug com = o T ' . : P34-2.ASM TUse Cursor Keys to Draw Lines
. Debug command to point DS at odd scan line P34-3.ASM  Changing Screen Colors
region of display RAM: P34-4ASM Expanding Colored Rectangle (Just
RDE<CR-BASG<CR>. for Fun) :

Fill command for magenta dots: FO 200 AA<CR>.,

7. Fill command to draw single blue line: F1400
144F 55. i

Experiment 35  C Graphics Programming
Thére are no guestions in this experiment.
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Experiment 36 Vector Graphics with D/A
Converlers

6. Square = 0,0; 0,64H; 64H, 641, 64H,0. 11. As the sides of the square increase, more counts
have to be output from the D/A to produce that
REPEAT side.
Increment y count to 64H
Increment x count to 64H Programs on disk:

P36-1.ASM Displays Square on Oscilloscope

Decrement y count to O
P36-2.A5M Displays Enlarging Square

Decrement x count to 0

FOREVER

Experiment 37 A Text Editor—Using DOS
Function Calls to Manipulate Disk Files

There are no guestions in this experiment.

Programs on disk:

P37-1.ASM Write Text to a File
P37-2.ASM Open and Read a File
P37-3.A8M Open and Write File to Printer
P37-4.A8M Text Editor

Experiment 38 A Text Editor Using C Functions

There are no questions in this experiment.

Program on disk:
P38.C Simple Editor with Backspace Erase
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There are no questions in this experiment.

Programs on disic:
P38-1.ASM Incrementing Count on SDK-386 Using

Delay Loop
P38-2.ASM  Counting and Displaying the Number of
Interrupts

Experiment 40  Putting it Alf F’@g@ﬁf@%—-—%ﬁé
Programming on a PC

There are no questions in this experiment. You're on your own. Good luck!
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