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CHAPTER 1
Section 1.1

Crigind 1BM PC.

A system whose functiondity expands by smply adding specia function boards.
I/O channd.

Persona computer advanced technology.

Industry standard architecture.

Peripheral component interface (PCl) bus

7. A reprogrammable microcomputer is a genera- purpose computer designed to run
programs for awide variety of applications, for instance, accounting, word processing,
and languages such as BASIC.

8. Mainframe computer, minicomputer, and microcomputer.

9. The microcomputer is Smilar to the minicomputer in that it is designed to perform
generd- purpose data processing; however, it issmaller in Size, has reduced capabilities,
and cogt less than a minicomputer.

10. Vey large scde integration.

SukhwbdE

Section 1.2

11. Input unit, output unit, microprocessing unit, and memory unit.

12. Microprocessing unit (MPU).

13. 16-hit.

14. Keyboard; mouse and scanner.

15. Monitor and printer.

16. Primary storage and secondary storage memory.

17. 360K bytes, 10M bytes.

18. Read-only memory (ROM) and random access read/write memory (RAM).
19. 48K bytes; 256K bytes.

20. The Windows98R program is loaded from the hard disk into RAM and then run. Since
RAM isvolétile, the operating system is lost whenever power is turned off.

Section 1.3

21. 4-hit, 8-hit, 16-bit, 32-hit, and 64-hit.

22. 4004, 8008, 8086, 80386DX .

23. 8086, 8088, 80186, 80188, 80286.

24. Million ingtructions per second.

25. 27 MIPS

26. Drystone program.

27. 39; 49.

28. 30,000, 140,000, 275,000, 1,200,000, 3,000,000.

29. A specid purpose microcomputer that performs a dedicated control function.
30. Event controller and data controller.



31. A multichip microcomputer is congtructed from separate MPU, memory, and I/O
ICs. On the other hand, in a single chip microcomputer, the MPU, memory, and 1/0
functions are al integrated into one IC.

32. 8088, 8086, 80286, 80386D X, 80486DX, and Pentium® processor.

33. Red mode and protected mode.

34. Upward software compatible means that programs written for the 8088 or 8086 will
run directly on the 80286, 80386DX, and 80486DX.

35. Memory management, protection, and multitasking.

36. Floppy disk controller, communication controller, and local area network controller.

Section 1.4

37. MSB and LSB.

38. 22=1/4

39. 1and 2°=1640; 1and 2* = 1/16

40. (a) 610, (b) 2110, (C) 12710.

41. Min = 00000000, = 019, Max = 11111111, = 255,,.

42. (a) 000010015, (b) 00101010, (c) 01100100,

43. 0000000111110100,

44. (a) .1, (b) .01, (c) .01011,
45. C and 16" = 256,

46. 16" = 65,5361

47. (a) 39H, (b) E2H, (c) 03A0H.

48. (a) 011010115, (b) 111100115, (c) 0000001010110000,.
49. C6H, 198,o.

50. MSB=1,LSB=0.

51. 8005AH, 1,048,66610.

CHAPTER 2
Section 2.1

1. Businterface unit and execution unit.

2. BIU.

3. 20 hits; 16 bits.

4. 4 bytes, 6 bytes.

5. Generd-purpose registers, temporary operand registers, arithmetic logic unit (ALU),
and status and control flags.

Section 2.2

6. Aid to the assembly language programmer for understanding a microprocessor's
software operation.

7. There purpose, function, operating capabilities, and limitations.

8.14

9. 1,048,576 (1M) bytes.



10. 65,536 (64K) bytes.
Section 2.3

11. FFFFF;6 and 0000046.

12. Bytes.

13. 00FF6; aigned word.

14. 4433221136, misdigned double word.

15. Address Contents
OAOO3H CDH
OAO04H ABH

aigned word.

16. Address Contents
OAO01IH 78H
OAO02H 56H
OAO03H 34H
OAO04H 12H

misdigned double word.

Section 2.4

17. Unsgned integer, Sgned integer, unpacked BCD, packed BCD, and ASCII.
18. (a) 7FH
(b) F6H
(c) 80H
(d) 01F4H
19. (OAOOOH) = F4H
(OA001H) =01H
20. -1000 = 2's complement of 1000
= FC18H
21. (a) 00000010, 00001001; 00101001
(b) 00001000, 00001000; 10001000
22. (OBOOOH) = 09H
(OBOO1H) = 02H
23. NEXT |
24. (0CO00H) = 34H
(0C001H) = 33H
(0C0O02H) = 32H
(0C003H) = 31H

Section 2.5

25. 64Kbytes.

26. Code segment (CS) register, stack segment (SS) register, data segment (DS) regigter,
and extra segment (ES) register.

27. CS.



28. Up to 256K bytes.
29. Up to 128K bytes.

Section 2.6

30. Pointers to interrupt service routines.

31. 8046 through FFFEF 6.

32. Indructions of the program can be stored anywhere in the generd-use part of the
memory address space.

33. Control transfer to the reset power-up initiaization software routine.

Section 2.7

34. The ingruction pointer isthe offset address of the next ingtruction to be fetched by
the 8088 relative to the current valuein CS.

35. The indruction is fetched from memory; decoded within the 8088; operands are read
from memory or internd registers; the operation specified by the ingruction is performed
on the data; and results are written back to either memory or an interna register.

36. IPisincremented such that it points to the next sequentiad word of instruction code.

Section 2.8

37. Accumulator (A) register, base (B) register, count (C) register, and data (D) regidter.
38. With apogtscript X to form AX, BX, CX, and DX.

39. DH and DL.

40. Count for string operations and count for |loop operations.

Section 2.9

41. Offset address of amemory location relaive to a segment base address.

42. Base pointer (BP) and stack pointer (SP).

43. SS

44. DS

45. Source index register; destination index regigter.

46. The addressin Sl isthe offset to a source operand and DI contains the offset to a
destination operand.

Section 2.10

47. Flag Type
CF Status
PF Status
AF Satus
ZF Saus
SF Status
OF Status



TF  Control

IF  Control

DF Control
48. CF = 1, if acarry-out/borrow-in results for the MSB during the execution of an
arithmetic indruction. Elseit isO.
PF =1, if the result produced by execution of an ingtruction has even parity. ElseitisO.
AF =1, if thereis a carry-out/borrow-in for the fourth bit during the execution of an
arithmetic indruction.
ZF =1, if the result produced by execution of an indruction is zero. Elseit isO.
SF =1, if the result produced by execution of an indruction is negetive. Elseit isO.
OF =1, if an overflow condition occurs during the execution of an arithmetic ingruction.
ElseitisO.
49. Ingructions can be used to test the State of these flags and, based on their setting,
modify the sequence in which ingtructions of the program are executed.
50. Trap flag
51. DF
52. Ingructions are provided that can load the complete register or modify specific flag
bits.

Section 2.11

53. 20 hits.

54. Offset and segment base.

55. (@) 11234H
(b) OBBCDH
(c) A32CFH
(d) C2612H

56. (a) ?= 0123H
(b) ?= 2210H
(c) ?= 3570H
(d)y ?= 2600H

57. 021AC16

58. A000s6

59. 123446

Section 2.12

60. The gack isthe area of memory used to temporarily store information (parameters) to
be passed to subroutines and other information such as the contents of IP and CSthat is
needed to return from a called subroutine to the main part of the program.
61. CFF00;6
62. 128 words.
63. FEFEH ® (SP)

(AH) =EEH ® (CFEFFH)

(AL) =11H ® (CFEFEH)



Section 2.13

64. Separate.
65. 64-Kbytes.
66. Page 0.

CHAPTER 3
Section 3.1

1. Software.

2. Program.

3. Operating system.

4. 80386DX machine code.

5. Ingtructions encoded in machine language are coded in Os and 1s, while assembly
language indructions are written with aphanumeric symbols such asMOV, ADD, or
SUB.

6. Mnemonic that identifies the operation to be performed by the ingtruction; ADD and
MOV.

7. The datathat isto be processed during execution of an instruction; source operand and
dedtination operand.

8. START,; ;Add BX to AX

9. An assembler isa program that is used to convert an assembly language source
program to its equivaent program in machine code. A compiler is a program that
converts a program written in ahigh-level language to equivaent machine code.

10. Programs written is assembly language or high level language statements are called
source code. The machine code output of an assembler or compiler is called object code.
11. It takes up less memory and executes faster.

12. A red-time gpplication is one in which the tasks required by the application must be
completed before any other input to the program occurs thet can alter its operation.

13. Hoppy disk subsystem control and communications to a printer; code trandation and
table sort routines.

Section 3.2

14. Application specification.

15. Algorithm; software specification.

16. A flowchart isapictoria representation that outlines the software solution to a
problem.

17.




18. Editor.

19. Assembler.

20. Macroassembler.

21. Linker.

22,

(a) Cresating a source program

(b) Assembling a source program into an object module
(¢) Producing arun module

(d) Veifying/debugging a solution

23.

(a) PROG_A.ASM

(b) PROG_A.LST and PROG_A.OBJ
(c) PROG_A .EXE and PROG_A.MAP

Section 3.3

24. 117.

25. Daatrangfer ingructions, arithmetic ingructions, logic ingtructions, string
manipulation ingructions, control transfer ingtructions, and processor control
ingructions.

Section 3.4

26. Execution of the move ingruction transfers a byte or aword of data from a source
location to a destination location.

Section 3.5

27. An addressing mode means the method by which an operand can be specified ina
register or amemory location.
28. Register operand addressing mode
Immediate operand addressing mode
Memory operand addressing modes
29. Base, index, and displacement.
30. Direct addressing mode
Regigter indirect addressng mode

Based addressing mode
Indexed addressing mode
Based-indexed addressing mode
31. Indruction Dedination Source
@ Register Register
(b) Register Immediate
(© Regigter indirect Register

(d) Register Regigter indirect



(e Based Register
) Indexed Regigter
(9) Based-indexed Register

32.

() PA =0B20046

(b) PA =0B10046

(c) PA =0B70046

(d) PA =0B600s6

(e) PA =0B900s6

CHAPTER 4
Section 4.1

1. 6 bytes.

2. 0000001111000010, = 03C2H

3. (a) 1000100100010101, = 8915H; (b) 1000100100011000, = 8918H;
(c) 100010100101011100010000, = 8A5710H

4. (a) 000111107 = 1EH; (b) 11010010110000115 = D2C3H;

(c) 110000011000110100000100102 = 03063412H

Section 4.2

5. 3 bytes.
6. 24 bytes.

Section 4.3

7. The DEBUG program alows us to enter a program into the PC's memory, execute it
under control, view its operation, and modify it to fix errors.
8. Yes.

9. Error.

10.

-RCX ()

CX XXXX

:0010 (&)

11.

-RF ()

NV UPEI PL NZNAPONC -PE (¢)

12.

-R )
Section 4.4

13.
-D CS:0000000F (¢



14.

-ECSO0 )

1342:0000 CD. 20. 00. 40. 00. 9A. EE. FE.

1342:0008 1D. FO. F5. 02. A7. OA. 2E. 03. ()

After abyte of datais displayed, the space bar is depressed to display the next byte. The
vaues displayed may not be those shown but will be identica to those displayed with the
DUMP command.

15.

-E CS:100 FF FF FF FF FF )
16.

-ESS.(SP) 0.....0 (32 zeros) ()

17.

-FCS10010511  (¢)
-FCS10610B22  (¢)
-FCS10C 11133  (¢)
FCS11211744  (¢)
"FCS11811D55  (¢)

-E CS:105 (&)
CS.0105 XX.FF ()

-ECS113 ()
-CS:0113 XX.FF ()
-D CS:100 11D )

-SCS:100 11D FF  (¢)
Section 4.5

18. Input command and output command.

19. Contents of the byte-wide input port at address 0123, isinput and displayed on the
screen.

20.

O 1245A  (¢)

Section 4.6

21. The sum and difference of two hexadecimad numbers.
22. 4digits.

23.

HFA A (¢)

Section 4.7

24,
-E CS:100 32 OE 34 12 )

-U CS:100 103 3
1342:100 320E3412 XOR CL,[1234]



“W CS:1001501 ()

25,
L CS4001501 ()
-U CS:400 403 )

1342:0400 320E3412 XOR CL,[1234]

Section 4.8

26.

-A CS:100 (&)
1342:0100 MOV [DI], DX  (¢)
1342:0102 ()
27.

-A CS:200 )
1342:0200 ROL BL,CL ()
1342:0202 (¢)
-U CS:200 201 (&)

1342:0200 D2C3 ROL BL,CL

Section 4.9

28.

-L CS:3001501 ()
-U CS:300 303 )
-RCX ()
CX XXXX

:000F ()
-EDS: 1234 FF ()
-T =CS:300 )
-D DS:1234 1235 ()
29.

-N A:BLK.EXE ()
-L CS:200 (&)
-RDS ()
DS 1342

:2000 (&)

-FDS100 10FFF  (¢)
"FDS12012F00  (¢)

-D DS:100 10F ()
2000:0100 FF FF FF FF FF FF FF FF-FF FF FF FF FF FF FF FF
-D DS:120 12F ()

2000:0120 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00
-RDS ()



DS 2000

11342 )

-R (¢)

AX=0000 BX=0000 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 DI=0000
DS=1342 ES=1342 SS=1342 CS=1342 1P=0100 NV UPEI PL NZ NA PONC
1342:01008915 MOV  [DI],DX DS:0000=20CD

-U CS:200 217 )

1342:0200 B80020 MOV AX,2000

1342:0203 8ED8 MOV DSAX

1342:0205 BEO0OOL MOV SI,0100

1342:0208 BF2001 MOV DI,0120

1342:020B B910000 MOV CX,0010

1342:020E 8A24 MOV AH,[S]

1342:0210 8825 MOV [DI],AH

1342:0212 46 INC S
1342:0213 47 INC DI
1342:0214 49 DEC CX
1342:0215 75F7 JNZ 020E
1342:0217 90 NOP

-G=CS200217  (¢)

AX=FF00 BX=0000 CX=0000 DX=0000 SP=FFEE BP=0000 S|=0110 DI=0130
DS=2000 ES=1342 SS=1342 CS=1342 |P=0217 NV UP El PL ZR NA PE NC
1342:0217 90 NOP

-D DS:100 10F ()
2000:0100 FF FF FF FF FF FF FF FF-FF FF FF FF FF FF FF FF
-D DS:120 12F )

2000:0120 FF FF FF FF FF FF FF FF-FF FF FF FF FF FF FF FF
Section 4.10

30. A syntax error isan error in the rules of coding the program. On the other hand, an
execution error is an error in the logic of the planned solution for the problem.

31. Bugs.

32. Debugging the program.
33.

-N A:BLK.EXE )
-L CS:200 (&)
-U CS:200 217 ()

1342:0200 B80020 MOV AX,2000
1342:02038ED8 MOV DSAX
1342:0205 BEOOOL MOV SI,0100
1342:0208 BF2001 MOV DI,0120
1342:020B B91000 MOV CX,0010
1342.020E8A24 MOV AH,[SI]
1342:0210 8825 MOV [DI],AH
1342:0212 46 INC S



1342:0213 47 INC DI

1342:0214 49 DEC CX
1342:0215 75F7 IJNZ  020E
1342:0217 90 NOP

-RDS (&)

DS 1342

12000 (@)

-FDS10010FFF  (¢)
-FDS12012F00  (¢)

-RDS (&)
DS 2000
11342 (&)

-G=CS20020E  (¢)
AX=2000 BX=0000 CX=0010 DX=0000 SP=FFEE BP=0000 S|=0100 DI=0120
DS=2000 ES=1342 SS=1342 CS=1342 |P=020E NV UP El PL NZ NA PO NC

1342:020E 8A24 MOV AH,[SI] DS:0100=FF
-D DS:120 12F ()

2000:0120 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00
-G 212 ()

AX=FF00 BX=0000 CX=0010 DX=0000 SP=FFEE BP=0000 SI=0100 DI=0120
DS=2000 ES=1342 SS=1342 CS=1342 IP=0212 NV UP EIl PL NZ NA PONC
1342:0212 46 INC S

-D DS:120 12F ()
2000:0120 FF 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00
-G 215 ()

AX=FF00 BX=0000 CX=000F DX=0000 SP=FFEE BP=0000 SI=0101 DI=0121
DS=2000 ES=1342 SS=1342 CS=1342 |P=0215 NV UP El PL NZ AC PE NC
1342:021575F7  JNZ 020E

-G 20E @)

AX=FF00 BX=0000 CX=000F DX=0000 SP=FFEE BP=0000 S|=0101 DI=0121
DS=2000 ES=1342 SS=1342 CS=1342 |P=020E NV UP El PL NZ AC PE NC
1342:020E8A24 MOV AH,[SI] DS:0101=FF

-G 215 )

AX=FF00 BX=0000 CX=000E DX=0000 SP=FFEE BP=0000 S|=0102 DI=0122
DS=2000 ES=1342 SS=1342 CS=1342 |P=0215 NV UP El PL NZ NA PO NC
1342:021575F7  JNZ 020E

-D DS:120 12F ()
2000:0120 FF FF 00 00 00 00 00 00-00 00 00 00 00 00 00 00
-G 20E ()

AX=FF00 BX=0000 CX=000E DX=0000 SP=FFEE BP=0000 S|=0102 DI=0122
DS=2000 ES=1342 SS=1342 CS=1342 |P=020E NV UP El PL NZ NA PONC
1342:020E 8A24 MOV AH,[SI] DS:0102=FF

-G 217 ()

AX=FF00 BX=0000 CX=0000 DX=0000 SP=FFEE BP=0000 S|=0110 DI=0130
DS=2000 ES=1342 SS=1342 CS=1342 IP=0217 NV UP El PL ZR NA PE NC



1342:0217 90 NOP
-D DS:120 12F )
2000:0120 FF FF FF FF FF FF FF FF-FF FF FF FF FF FF FF FF

CHAPTER 5
Section 5.1

1

(a) Vdue of immediate operand 0110H is moved into AX.

(b) Contents of AX are copied into DI.

(c) Contents of AL are copied into BL.

(d) Contents of AX are copied into memory address DS:0100H.

(e) Contents of AX are copied into the data segment memory location pointed to by
(D90 + (BX) + (D).

(f) Contents of AX are copied into the data segment memory location pointed to by
(DS)0 + (D) + 4H.

(g) Contents of AX are copied into the data segment memory |ocation pointed to by
(DS)0 + (BX) + (DI) + 4H.

2

(a) Vadue 0110H is moved into AX.
(b) 0110H is copied into DI.
(c) 10H iscopied into BL.
(d) 0110H is copied into memory address DS:0100H.
(e) 0110H is copied into memory address DS:0120H.
(f) 0110H is copied into memory address DS.0114H.
(g) 0110H is copied into memory address DS.0124H.
3. MOV AX,1010H
MOV ESAX
4. MOV [1000H],ES
5. Degtination operand CL is specified as a byte, and source operand AX is specified asa
word. Both must be specified with the same size.
6.
(a) Contents of AX and BX are swapped.
(b) Contents of BX and DI are swapped.
(c) Contents of memory location with offset DATA in the current data segment and
register AX are swapped.
(d) Contents of the memory location pointed to by (DS)0 + (BX) + (DI) are swapped
with those of register AX.
7. 10750H + 100H + 10H = 10860H.
8. AL isloaded from the physical address 10000;6 + 010016+ 001016= 10110s6.
9. LDS AX,[0200H].

Section 5.2

10. (a) 00101101,. (b) 100101011,.



11. 1100110002, 198H, 4080.
12. (a) 00000011;. (b) 100011015.
13. (a) 00001001,. (b) 01101001,.
14. 00001111,, OFH, 15;.
15.
(a) O0FFH is added to the value in AX.
(b) Contents of AX and CF are added to the contents of Sl.
(c) Contents of DS:100H are incremented by 1.
(d) Contents of BL are subtracted from the contents of DL.
(e) Contents of DS;200H and CF are subtracted from the contents of DL.
(f) Contents of the byte-wide data segment storage location pointed to by (DS)0 + (DI) +
(BX) are decremented by 1.
(9) Contents of the byte-wide data segment storage location pointed to by (DS)0 + (DI) +
10H are replaced by its negative.
(h) Contents of word register DX are signed-multiplied by the word contents of AX. The
double word product that resultsis produced in DX,AX.
(i) Contents of the byte storage location pointed to by (DS)0 + (BX) + (Sl) are multiplied
by the contents of AL.
(j) Contents of AX are signed-divided by the byte contents of the data segment storage
location pointed to by (DS)0 + (SI) + 30H.
(k) Contents of AX are signed-divided by the byte contents of the data segment Storage
location pointed to by (DS)0 + (BX) + (S1) + 30H.
16.
(@ (AX)=010FH
(b) (Sl)=0111H
(¢) (DS:100H) =11H
(d) (DL) =20H
(e) (DL)=0FH
(f) (DS:220H) = 2FH
(9) (DS:210H) = COH
(h) (AX) = 0400H

(DX) = 0000H
(i) (AL) =FOH

(AH) =FFH
() (AL)=02H

(AH) = 00H
(k) (AL)=08H

(AH) = 00H
17. ADC DX,111FH
18. SBB AX|[BX]
19. ADD Sl,2H,

or
INC S|
INC S

20. (AH) = remainder = 3;6, (AL) = quotient = 12;¢, therefore, (AX) = 03124.
21. DAA.



22. AAS.

23. (AX) = FFAOH.

24. (AX) = 7FFFH, (DX) = 0000H.

25. Let us assume that the memory locations NUM 1, NUM2, and NUM3 are in the same

data segment.
MOV AX,DATA_SEG ;Establish data segment
MOV DS, AX
MOV AL, [NUMZ] ;Get the second BCD number
SUB AL, [NUM]] ;Subtract the binary way
DAS :Apply BCD adjustment
MOV [NUM3], AL ;Save the reault.

Note that storage locations NUM 1, NUM2, and NUM3 are assumed to have been
declared as byte locations.

Section 5.3

26. (a) 00010000,. (b) 01001100;.
27. (a) 00011101,. (b) 11011111,.
28. 01010101,, 55H.
29. 000110007, 18H.
30.
(a) OFH is ANDed with the contents of the byte-wide memory address DS;300H.
(b) Contents of DX are ANDed with the contents of the word storage location pointed to
by (DS)0 + (S).
(c) Contents of AX are ORed with the word contents of the memory location pointed to
by (DS)0 + (BX) + (DI).
(d) FOH is ORed with the contents of the byte-wide memory location pointed to by
(DS)0 + (BX) + (DI) + 10H.
(e) Contents of the word-wide memory location pointed to by (DS)0 + (S1) + (BX) are
exdusve-ORed with the contents of AX.
(f) The bits of the byte-wide memory location DS:300H are inverted.
(9) The bits of the word memory location pointed to by (DS)0 + (BX) + (DI) are inverted.
31.
(@) (DS:300H) = 0AH
(b) (DX) = AOOAH
(c) (DS:210H) = FFFFH
(d) (DS:220H) = F5H
(e) (AX) = AA55H
(f) (DS:300H) = 55H
(9) (DS:210H) = 55H, (DS:211H) = 55H
32. AND DX,0080H
33. AND WORD PTR [100H],0080H.
34. The new contents of AX are the 2's complement of its old contents.
35. XOR AH,80H.
36. MOV AL,[CONTROL_FLAGS]
AND AL,81H



MOV [CONTROL_FLAGS],AL
37. Thefirg ingruction reads the byte of data from memory location
CONTROL_FLAGS and loadsit into BL. The AND ingtruction masks dl bits but Bs to
0; the XOR ingruction toggles bit Bs of thisbyte. That is, if the origind vaue of Bz
equaslogic O, itisswitchedto 1 or if it islogic 1 it is switched to 0. Findly, the byte of
flag information is written back to memory. This ingruction sequence can be used to
seectively complement one or more bits of the control flag byte.

Section 5.4

38.
(a) Contents of DX are shifted left by anumber of bit positions equd to the contents of
CL. LSBsaefilled with zeros, and CF equds the vaue of the lagt bit shifted out of the
MSB pogtion.
(b) Contents of the byte-wide memory location DS:400H are shifted |eft by a number of
bit positions equd to the contents of CL. LSBs arefilled with zeros, and CF equalsthe
vaue of the lagt bit shifted out of the MSB postion.
(c) Contents of the byte-wide memory location pointed to by (DS)0 + (DI) are shifted
right by 1 bit postion. MSB isfilled with zero, and CF equds the vaue shifted out of the
LSB pogtion.
(d) Contents of the byte-wide memory location pointed to by (DS)0 + (DI) + (BX) are
shifted right by a number of bit positions equa to the contents of CL. MSBs arefilled
with zeros, and CF eguals the value of the last bit shifted out of the LSB position.
(e) Contents of the word-wide memory locetion pointed to by (DS)0 + (BX) + (DI) are
shifted right by 1 bit postion. MSB isfilled with the vaue of the origind MSB and CF
equals the value shifted out of the LSB position.
(f) Contents of the word-wide memory location pointed to by (DS)0 + (BX) + (DI) + 10H
are shifted right by a number of bit positions equd to the contents of CL. MSBs arefilled
with the value of the origind MSB, and CF equds the vaue of the last bit shifted out of
the LSB pogtion.
39.
(@) (DX) =2220H, (CF) =0
(b) (DS:400H) = 40H, (CF) =1
(c) (DS:200H) = 11H, (CF) =0
(d) (DS:210H) =02H, (CF) =1
(e) (DS:210H,211H) = D52AH, (CF) =1
(f) (DS:220H,221H) = 02ADH, (CF) =0
40. SHL CX,1
41. MOV CL,08H

SHL WORD PTR[DI],CL
42. Theorigind contents of AX must have the four mogt significant bits equa to O.
43. (AX) = F800H; CF =1.
44. Thefirg ingruction reeds the byte of control flagsinto AL. Then al but theflag in
the mogt significant bit location B; are masked off. Findly, the flag in B; is shifted to the
left and into the carry flag. When the shift takes place, By is shifted into CF; dl other bits



in AL move one hit postion to the left, and the LSB locations are filled with zeros.
Therefore, the contents of AL become O0H.

45. MOV AX,[ASCII_DATA] :Get theword into AX
MOV BX,AX ;and BX
MOV CL,08H ;(CL) = bit count
SHR BX,CL ;(BX) = higher character
AND AX,00FFH :(AX) = lower character
MOV [ASCII_CHAR L],AX ;Save lower character
MOV [ASCII_CHAR H],BX ;Save higher character

Section 5.5

46.

(a) Contents of DX are rotated left by a number of bit positions equa to the contents of
CL. Aseach bit isrotated out of the MSB position, the LSB position and CF arefilled
with thisvaue.
(b) Contents of the byte-wide memory location DS:400H are rotated left by a number of
bit positions equa to the contents of CL. As each bit isrotated out of the MSB position, it
isloaded into CF, and the prior contents of CF are loaded into the LSB position.
(c) Contents of the byte-wide memory location pointed to by (DS)0 + (DI) are rotated
right by 1 bit position. Asthe bit is rotated out of the LSB position, the MSB position and
CF arefilled with this vaue.
(d) Contents of the byte-wide memory location pointed to by (DS)0 + (DI) + (BX) are
rotated right by a number of bit positions equa to the contents of CL. Aseach bit is
rotated out of the LSB paogition, the MSB position and CF are filled with this value.
(e) Contents of the word-wide memory location pointed to by (DS)0 + (BX) + (DI) are
rotated right by 1 bit position. Asthe bit isrotated out of the LSB locetion, it isloaded
into CF, and the prior contents of CF are |oaded into the MSB postion.
(f) Contents of the word-wide memory location pointed to by (DS)0 + (BX) + (DI) + 10H
are rotated right by a number of bit positions equd to the contents of CL. Aseach bitis
rotated out of the LSB position, it isloaded into CF, and the prior contents of CF are
loaded into the MSB position.
47.
(@) (DX) =2222H, (CF) =0
(b) (DS:400H) =5AH, (CF) =1
(¢) (DS:200H) = 11H, (CF) =0
(d) (DS:210H) = AAH, (CF) =1
(e) (DS:210H,211H) = D52AH, (CF) =1
(f) (DS:220H,221H) = AAADH, (CF) =0
48. RCL WORD PTR[BX],1
49. MOV BL,AL ; Movehbit 5to hit O position

MOV CL,5

SHR BX,CL

AND BX,1 ;Masktheother bit
50. MOV AX,[ASCII_DATA] ;Get theword into AX

MOV BXAX ;and BX



MQV
ROR

AND
AND
MOV
MOV

CL,08H
BX,CL
AX,00FFH
BX,00FFH

[ASCII_CHAR L],AX
[ASCII_CHAR_H],BX

Advanced Problems:

51 MOV
MOV
MOV
MOV
XLAT
MOV
MOV
MOV
XLAT
MOV

52. MOV
MOV
MOV
MOV
ADD
MOV
MOV
SUB
ADD
MOV
MOV
MUL
ADD
MOV
ADD
MOV
MOV
DIV
ADD
MOV

53.

AX,DATA_SEG

DSAX
AL,[MEM1]
BX,TABL1

[MEM1],AL
AL,[MEM2]
BX,TABL2

[MEM2],AL
AX,0
DSAX
BX,0A10H
DX,[0AQOH]
DX,[0AO2H]
[BX],DX
DX,[0AQOH]
DX,[0AO02H]
BX,2
[BX],DX
AX,[0ACOH]
[OAO2H]
BX,2
[BX],AX
BX,2
[BX],DX
AX,JOAOCH]
AX,[0A02H]
BX,2
[BX],AX

:(CL) = bit count

;Rotate to position the higher character
;(AX) = lower character

:(BX) = higher character

;Save lower character

;Save higher character

;Establish the data segment
:Get the givencode at MEM 1
Trandate

;Save new code at MEM 1
;Repeat for the second code at MEM 2

:Set up the data segment

:Set up pointer for results
;Generate the sum

:Savethe sum
‘Generate the difference

;Save the difference
:Generate the product

;Save LS part of the product
:Save M S part of the product
;Generate the quotient

;Save the quotient

. (RESULT) = (AL) - (NUM1) + (AL) - (NUM2---) + (BL)

NOT
MOV

AND CL, [NUMZ]

OR

AND AL, [NUM1]

[INUMZ]
CL, AL

CL, BL

:(NUM2) = (NUM2---)

(CL) = (AL) - (NUM2---)
(CL) = (AL) - (NUM2---) + (BL)
(ALY = (AL) - (NUM1)



OR AL,CL

MOV [RESULT],AL :(RESULT)=(AL)- (NUM1)+(AL)- (NUM2---)+(BL)
54. Assumethat dl numbers are smal enough o that shifting to the left does not
generate an overflow. Further we will accept the truncation error due to shiftsto theright.

MOV DX,AX {(DX) = (AX)

MOV CL,3

SHL DX,CL

SUB DX,AX

MOV SI,BX :(S) = 5(BX)

MOV CL,2

SHL SI,CL

ADD S,BX

SUB DX,SI ;(DX) = 7(AX) - 5(BX)

MOV SI,BX (8) = (BX)/8

MOV CL,3

SAR SI,CL

SUB DX,Sl :(DX) - 7(AX)- 5(BX)- (BX)/8

MOV AX,DX (AX) = 7(AX)- 5(BX)- (BX)/8



CHAPTER 6
Section 6.1

1. Executing the first ingtruction causes the contents of the status register to be copied
into AH. The second ingtruction causes the vaue of the flags to be saved in memory
location (DS)0 + (BX) + (DI).

2. Thefirg ingruction loads AH with the contents of the memory location (DS)0 + (BX)
+ (S1). The second ingtruction copiesthe value in AH to the status register.

3. STC; CLC.

4. CLI

5. CLI ;Disable interrupts
MOV AX,0H ;Establish data segment
MOV DSAX
MOV BX,0A000H ;Establish destination pointer
LAHF .Get flags
MOV [BX].,AH ;and save at 0OAOOOH
CLC ;Clear CF

Section 6.2

6. Both ingtructions subtract the operands and change the flags as per theresult. Ina
compare ingtruction, the result of the subtraction does not affect either operand.
However, in asubtract ingtruction, the result of the subtraction is saved in the destination
operand.

1.

(a) Thebyte of datain AL is compared with the byte of datain memory a address
DS:100H by subtraction, and the status flags are set or reset to reflect the result.

(b) Theword contents of the data storage memory location pointed to by (DS)0 + (Sl) are
compared with the contents of AX by subtraction, and the status flags are set or reset to
reflect the results.

(c) Theimmediate data 1234H are compared with the word contents of the memory
location pointed to by (DS)0 + (DI) by subtraction, and the Status flags are set or reset to
reflect the results.

8.
Ingtruction (ZF) (SF) (CF) (AF) (OF) (PF)
Initid gate X X X X X X
(a) CMP [0100H] AL 01 0 1 0 0
(b) CMP AX,[S] O 0 0 0

1 1
(c) CMP WORD PTR[DI],1234H 1 0 0 O 0 1
9. Instruction (ZF) (Ch)
Initid sate 0 0
After MOV BX,1111H 0 0
0 0
0 1

After MOV AX,0BBBBH
After CMP BX,AX



Section 6.3

10. When an unconditiond jump instruction is executed, the jump aways takes place. On
the other hand, when a conditiona jump ingtruction is executed, the jump takes place
only if the specified condition is satisfied.
11. 1P, CSand IP.
12. 8-bit; 16-hit; 16-bit.
13. Intersegment.
14.
(@) Intrasegment; Short-labd; The value 10H is placed in IP.
(b) Intrasegment; Near-labe; The value 1000H is copied into IP.
(c) Intrasegment; Memptrl6; The word of datain memory pointed to by (DS)0 + (S) is
copied into IP.
15.
(a) 1075H:10H
(b) 1075H:1000H
(c) 1075H:1000H
16. ZF, CF, SF, PF, and OF.
17. (SF) =0.
18. (CF) =0and (ZF) = 0.
19.
(a) Intrasegment; short-1abd; if the carry flag isreset, ajump is performed by loading IP
with 10H.
(b) Intrasegment; near-labd; if PFisnot set, ajump is performed by loading IP with
100046.
(©) Intersegment; memptr32; if the overflow flag is set, ajump is performed by loading
the two words of the 32-bit pointer addressed by the value (DS)0 + (BX) into IP and CS,
respectively.
20. 0100H
21. (a) 10006 = 2*? = 4096 times.
(b) ;Implement the loop with the counter = 17
MOV CX,11H
DLY: DEC CX
JNZ DLY
NXT: ---
(©)
:Set up anested loop with 16-bit inner and 16-bit outer
;counters. Load these counters so that the INZ
instruction is encountered 2°2 times
MOV AX,OFFFFH
DLY1. MOV CX,0H
DLY2. DEC CX

JNZ DLY2
DEC AX
JNZ DLY1

NXT: ---



22. s NI =1*2*3*4. . *(N-1)*N
cAlsonotethat Ol =11 =1

MOV AL,1H ; Initid vaue of result

MOV CL,0H ; Start multiplying number

MOV DL,N ; Last number for multiplication

NXT: CMP CL,DL ; Kkip if done

JE DONE

INC CL ; Next multiplying number

MUL CL ; Result = Result * number

JMP  NXT ; Repesat

DONE: MOV [FACT]AL ; Savethereault
23.
MOV CX,64H ;Set up array counter
MOV SI,0A000H :Set up source array pointer
MQV DI,0B000H :Set up destination array
;pointer
GO_ON: MOV AX,[S]
CMP AX,[DI] ;Compare the next dement
JNE MIS MATCH ;Skip on amismatch
ADD SI,2 :Update pointers and counter
ADD DlI,2
DEC CX
JNZ GO_ON :Repeat for the next dement
MOV [FOUND],0H If arrays areidentical, save
,azero
JMP DONE
MIS MATCH: MOV [FOUND],SI ;Else, save the mismatch address
DONE:
Section 6.4

24. A group of ingructions that perform a specia operation and can be cdled from any
point in a program; Procedure

25. The cdl ingruction saves the vaue in the ingtruction pointer, or in both the
ingruction pointer and code segment regigter, in addition to performing the jump
operation.

26. The intersegment cdl provides the ability to cal a subroutine in ether the current
code segment or a different code segment. On the other hand, the intrasegment cal only
alows caling of a subroutinein the current code segment.

27.1P; IPand CS.

28.

(a) Intrasegment; Near-proc; A cal is made to a subroutine by loading the immediate
vaue 1000H into IP.

(b) Intrasegment; Memptr16; A cal is made to a subroutine by loading the word at
address DS:100H into IP.



(©) Intersegment; Memptr32; A cdl is made to a subroutine by loading the two words of
the double-word pointer located at (DS)0 + (BX) + (Sl) into IP and CS, respectively.
29. (@) 1075H:1000H
(b) 1075H:1000H
(c) 1000H:0100H
30. At the end of the subroutine a RET ingtruction is used to return control to the main
(cdling) program. It doesthis by popping IP from the stack in the case of an intrasegment
cal and both CSand IP for an intersegment cal.
31.
(a) Thevauein the DS regigter is pushed onto the top of the stack, and the stack pointer
is decremented by 2.
(b) The word of datain memory location (DS)0 + (S1) is pushed onto the top of the
stack, and SP is decremented by 2..
(c) Theword at the top of the stack is popped into the DI regigter, and SPis incremented
by 2.
(d) Theword at the top of the stack is popped into the memory location pointed to by
(D)0 + (BX) + (DI), and SPisincremented by 2.
(e) Theword at the top of the stack is popped into the status register, and SPis
incremented by 2.
32. (AX) « (BX)
33. When the contents of the flags must be preserved for the ingtruction that follows the
subroutine.
34. AGAIN: MOV AX,DX
AND AX,8000H
CMP AX,8000H ;Check hit 15 for flags
INZ AA
MOV AX,DX
AND AX,4000H
CMP AX,4000H  ;Check hit 14
JNZ BB
MOV AX,DX
AND AX,2000H
CMP AX,2000H  ;Check bit 13
Nz CC
JMP AGAIN
AA: CALL SUBA
JMP  AGAIN
BB: CALL SUBB
JMP AGAIN
CC: CALL SUBC
JMP AGAIN
;Subroutine SUBA
SUBA:



AND DX,7FFFH ;Clear bit 15 of DX

RET
:Subroutine SUBB
SUBB:
AND DX,0BFFFH :Clear bit 14 of DX
RET
:Subroutine SUBC
SUBC:
AND DX,0DFFFH :Clear hit 13 of DX
RET
Section 6.5
35. ZF.

36. (ZF) =1or (CX)=0.
37. Jump Sze=- 126 to +129.

38. 65,535.
39. MOV AL,1H
MOV CL,N
JCXZ DONE :N =0 case
LOOPZ DONE ;N =1case
INC CL ; Restore N
AGAIN:  MUL CL
LOOP AGAIN
DONE: MOV [FACT]AL
40. MOV AX,DATA_SEG ;Establish data segment
MOV DSAX
MOV CX,64H ;Count = 100
MOV SI,0A000H ;Starting address of first array
inS
MOV DI,0BOOOH ;Starting address of second array
;in DI
GO_ON: MOV AX,[S]
CMP AX,[DlI] ;Compare
JNE MISMATCH ;Exit loop if mismatch found
ADD Sl,2 ;Increment array address
ADD DlI,2
LOOP GO_ON
MOV [FOUND],0 ;Arrays are identica

JMP DONE



MISMATCH: MOV [FOUND],SI ;Save mismatch location's address

DONE:
Section 6.6
41. DF.
42. ES.
43. (a) CLD
MOV ESDS
MOV SB
(b) CLD
LODSW
() STD
MOV ESDS
CMPSB
44, MOV AX,DATA_SEG ;Establish Data segment
MOV DSAX
MOV ESAX ;and Extra segment to be the same
CLD ;Select autoincrement mode
MOV CX,64H :Set up array element counter
MOV SI,0A000H :Set up source array pointer
MOV DI,0B000H ;Set up destination array pointer
REPECMPSW :Compare while not end of string
;and strings are equa
N4 EQUAL ;Arrays are identical
MOV [FOUND],SI ;Save mismatch location in FOUND
JMP DONE
EQUAL: MOV [FOUND],0 ;Arrays areidentica
DONE:  ---
Advanced Problems:
45, MOV CX,64H :Set up the counter
MOV AX,0H :Set up the data segment

MOV DSAX

MOV BX,A000H ;Pointer for the given array
MOV SI,BO00OH ;Pointer for the +ve array
MOV DI,CO00H ;Pointer for the -ve array

AGAIN: MOV AX|[BX] ;Get the next source eement
CMP AX,0H ;Kip if pogtive
JGE POSTV

NEGTV: MOV [DI],AX ;Else placein -ve array
INC DI
INC DI
JMP  NXT ;Skip

POSTV: MOV [SI],AX ;Placein the +ve array



46.

NEXTDIGIT:

INVALID:

47.

INC
INC
DEC
INZ

HLT

NXT:

Sl

Sl

CX
AGAIN

;D1 = R(Q(B/10)/10)

;D2 = R(Q(Q(B/10)/10)/10)

;D3 = R(Q(Q(Q(B/10)/10)/10)/10)
:where R and Q stand for the remainder and the quotient.

MOV
MOV
MOV
MOV
MOV
DIV
CMP
JG
MOV
SHL
OR
DEC
NV4
MOV
SHR
JMP
MOV
JMP
DONE: MOV
DONEL:  ---

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
ADD

ADD

MOV
MOV
MOV

SI1,0
CH4
BX,10
AX,DX
DX,0
BX
DX,9
INVALID
CL,12
DX,CL
SI,.DX
CH
DONE
CL4
SI,CL
NEXTDIGIT
DX,FFFFH
DONE1
DX,S

:Divisor

AX DATASEG
DSAX

ESAX
SI,OFFSET_ARRAYA
DI,OFFSET_ARRAYB
CX,62H

AX,[S]

ARRAYC,AX

[DI],AX

SI,2

DI2

AX,[S]

ARRAY C+1,AX
[DI],AX

‘Result=0
:Counter

‘Invdid code

;Repedt for al dements

;For the given binary number B, the BCD number's digits are given by
;D0 = R(B/10)

;Get the binary number

;For divison make (DX) =0
;Compute the next BCD digit
Jnvaid if >9

;Pogtion as mogt sgnificant digit

;Repeat for dl four digits

;Prepare for next digit

;Assume that dl arrays are in the same data segment

;Set up data segment
;Set up pointer to array A
;Set up pointer to array B

‘Initidlize A(I-2) and B(1)

JInitidize A(I-1) and B(2)



NEXT:

DONE:

ADD

ADD

MOV
MOV
ADD

MOV
MOV
ADD

MOV
MOV
ADD

CALL
MOV
MOV
ADD

MOV
MOV
MQV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
ADD

SI2
DI,2

AX[S]

ARRAY C+2,AX
SI.2

AX[S]

ARRAY C+3,AX
SI,2

AX[S]

ARRAY C+4,AX
SI.2

SORT
AX,ARRAY C+2
[DI],AX

DI,2
AX,ARRAYC+1
ARRAYC,AX
AX,ARRAYC+2
ARRAY C+1,AX
AX,ARRAYC+3
ARRAY+2AX
AX,ARRAY C+4
ARRAY C+3,AX
AX[S]
ARRAY+4,AX
Si2

LOOP NEXT

SUB

MOV
MOV
ADD
ADD
MOV
MOV

:SORT subroutin
PUSHF

SORT:

AA:

BB:

PUSH
PUSH
PUSH
MOV
MOV
MOV
ADD

MOV
CMP

Sl 4
AX,[S]
[DI],AX
SI.2

DI,2

AX[S]
[DI],AX

AX
BX
DX

SI,OFFSET_ARRAYC
BX,OFFSET_ARRAYC+4

DI,S

DI,02H
AX,[S]
AX,[DI]

‘Initialize A(l)

Initidize A(1+1)

Initidize A(1+2)

;Sort the 5 element array
;Save the median

:Shift the old dements

:Add the new dement

;Repeat
;The lagt two dements of array B

:Save regigers and flags



JLE CC
MOV DX,[DI]
MOV [SI],DX
MOV [DI],AX

CC: INC DI
INC DI
CMP DI,BX
JBE BB
INC S
INC S
CMP SI,BX
JB AA
POP DX ;Restore registers and flags
POP BX
POP AX
POPF
RET

48. ;For the decima number = D3D2D1DO,
;the binary number = 10(10(10(C+D3)+D2)+D1)+D0

MOV BX,0 ;Result =0
MOV SI,0AH ;Multiplier = 10
MOV CH4 :Number of digits=4
MOV CL4 ;Rotate counter = 4
MOV DI,DX

NXTDIGIT: MOV AX,DI ;Get the decima number
ROL AX,CL ;Rotate to extract the digit
MOV DIAX :Save the rotated decima number
AND AX,0FH ;Extract the digit
ADD AX,BX ;Add to the last result
DEC CH
N4 DONE SKip if thisisthe lagt digit
MUL Sl :Multiply by 10
MOV BX,AX ;and save
JMP NXTDIGIT ;Repest for the next digit

DONE: MOV DX,AX ‘Result = (AX)

49. ;Assumethat the offset of A[l] iSAITADDR
;and the offset of B[l] isBILADDR

MOV AX,DATA_SEG ;Initidize data segment
MOV DSAX
MOV CX,62H
MOV S,AI1ADDR ;Source array pointer
MOV DI,BITADDR ;Degtination array pointer
MOV AX,[S]
MOV [DI],AX :B[1] = A[1]

MORE: MOV AX,[S] ;Store A[l] into AX

ADD Sl,2 ;Increment pointer



MOV BX,[Sl] Store A[I+1] into BX
ADD 9,2
MOV CX,[9] Store A[1+2] into CX
ADD Sl,2
CALL ARITH ;Cdl arithmetic subroutine
MOV [DI],AX
SUB SI4
ADD DI,2
LOOP MORE ;Loop back for next eement
ADD 9S4
DONE: MOV AX|[S] :B[100] = A[100]
MOV [DI],AX
HLT
;Subroutine for arithmetic
(AX) = [(AX) - 5(BX) + 9(CX)]/4
ARITH: PUSHF ;Save flags and regigtersin stack
PUSH BX
PUSH CX
PUSH DX
PUSH DI
MOV DX,CX :(DX) = (CX)
MOV DI,CX
MOV CL,3
SAL DX,CL
ADD DX,DI
MOV CL,2 (AX) = 5(BX)
MOV DI,BX
SAL BX,CL
ADD BX,DI
SUB AX,BX (AX) = [(AX) - 5(BX) + 9(CX)]/4
ADD AX,DX
SAR AX,CL
POP DI ;Restore flags and registers
POP DX
POP CX
POP BX
POPF
RET ;Return

50. ;Set up ASCII offset in SI, EBCDIC offset in DI
;and trandation table offset in BX
MOV SI,OFFSET DATASEG1 ASCII_CHAR
MOV DI,OFFSET DATASEG2 EBCDIC CHAR
MOV BX,0OFFSET DATASEG3 ASCII_TO EBCDIC
CLD :Sdlect autoincrement mode
MOV CL,64H ;Byte count



MOV AX,DATASEG1 ;ASCI| segment

MOV DSAX
MOV AX,DATASEG2 ;EBCDIC segment
MOV ESAX

NEXTBYTE:
LODSB ;Get the ASCII
MOV DX,DATASEG3 ;Trandation table segment
MOV DSDX
XLAT ;Trandate
STOSB ;Save EBCDIC
MOV DX,DATASEG1 ;ASCI segment for next ASCII
MOV DSAX ;dement
LOOP NEXTBYTE

DONE:
Chapter 7
Section 7.1

1. Macroassembler

2. Assembly language statements and directive satements

3. Assembly language ingtructions tell the MPU what operations to perform.

4. Directives give the macroassembler directions about how to assemble the source
program.

5. Label, opcode, operand(s), and comment(s)

6. Opcode

7.

(a) Fields must be separated by at least one blank space.

(b) Statements that do not have alabel must have at least one blank space before the
opcode.

8. A labd gives a symboalic name to an assembly language statement that can be
referenced by other ingtructions.

9.31

10. Identifies the operation that must be performed.

11. Operandstell where the data to be processed resides and how it isto be accessed.
12. The source operand isimmediate data FFH and the destination operand is the CL
register.

13. Document what is done by the ingtruction or a group of ingtructions; the assembler
ignores comments.

14.

(a) A directive statement may have more than two operands whereas an assembly
language statement alway's has two or less operands.

(b) Thereisno machine code generated for directive statements. There is dways
machine code generated for an assembly language Statement.

15. MOV AX,[0111111111011000B]; MOV AX,[7FD8H].

16. IMP 11001B; JMP 19H.



17. MOV AX,0.
Section 7.2

18. Directive.

19. Data directives, conditiond directives, macro directives, listing directives.

20. Define values for congtants, variables, and labels.

21. Thesymbol SRC BLOCK isgiven 0100H asits vaue, and symbol DEST_BLOCK
isgiven 0120H asitsvaue.

22. The value assigned by an EQU directive cannot be changed, whereas a vaue assigned
with the = directive can be changed later in the program.

23. Thevaridble SEG_ADDR is dlocated word-9ze memory and is assigned the value
123446.

24. A block of 128 bytes of memory is alocated to the variable BLOCK _1 and these
dorage locations are | ft uninitidized.

25. INIT_COUNT DW OFO00H

26. SOURCE_BLOCK DW 16 DUP(?)

27.

SOURCE_BLOCK DW 0000H,1000H,2000H,3000H,4000H,5000H,

6000H, 7000H,8000H,9000H,A 000H,B000H,C000H,DO00H,E000H,FO00H

28. This directive statement defines data segment DATA_SEG sothat it isbyte digned in
memory and located a an address above al other segmentsin memory.

29.

DATA_SEG SEGMENT WORD COMMON 'DATA'

DATA_SEG ENDS
30. Module,
31. A section of program that performs a specific function and can be called for execution
from other modules.
32.
PUBLIC BLOCK
BLOCK PROC FAR

RET
BLOCK ENDP
33. An ORG gtatement specifies where the machine code generated by the assembler for
subsequent indructions will resde in memory.
34. ORG 1000H
35.
PAGE 55 80
TITLE BLOCK-MOVE PROGRAM

Section 7.3



36. Menu driven text editor

37. Move, copy, ddete, find, and find and replace.

38. File, Edit, Search, and Options.

39. Use Save As operations to save the file under the filenames BLOCK.ASM and
BLOCK.BAK. When thefile BLOCK.ASM isedited at alater time, an origind copy will
be preserved during the edit processin the file BLOCK .BAK.

Section 7.4

40. Source module

41,

Object module: machine language version of the source program.

Source liging: liding that includes memory address, machine code, source statements,
and asymboal table.

42. Looking at Fig. 7.20, this error isin the equa to directive statement that assigns the
vaue 16 to N and the error isthat the = Sgn is|eft out.

43. In Fig. 7.20, this error isin the comment and the causeisamissng ;" at the dart of
the statement.

44. No, the output of the assembler is not executable by the 8088 in the PC: it must first
be processed with the LINK program to form arun module.

45,

(a) Since separate programmers can work on the individua modules, the complete
program can be written in a shorter period of time.

(b) Because of the amdler size of modules, they can be edited and assembled in lesstime.
(c) Itiseader to reuse old software.

46. Object modules

47,

Run module: executable machine code verson of the source program.

Link map: table showing the start address, stop address, and length of each memory
segment employed by the program that was linked.

48,

Source module file = BLOCK.ASM

Object modulefile = BLOCK.OBJ

Source ligting file = BLOCK.LST

49. Object Moduleg.OBJ:A:MAIN.OBHA:SUB1.OB}HA:SUB2.0BJ

Section 7.5

50. C\ADOS>DEBUG B:LAB.EXE
CHAPTER 8

Section 8.1

1. HMOS.
2. 29,000.



3. 17.

4. 34.

5. 1 Mbyte.
6. 64 Kbytes.

Section 8.2

7. Thelogic levd of input MN/MX---- determines the mode. Logic 1 putsthe MPU in
minimum mode, and logic O puts it in maximum mode.

8. In the minimum-mode, the 8088 directly produces the control signals for interfacing to
memory and 1/0 devices. In the maximum-mode these signals are encoded in the atus
lines and need to be decoded externdly. Additiondly, the maximum-mode 8088
produces sgnas for supporting multiprocessing systems.

9. WR----, LOCK----.

10. Output.

11. SSO----.

12. Maximum mode.

Section 8.3

13. 20-hit, 8-hit; 20-bit, 16-hit.

14. Multiplexed.

15. Ao, Dy.

16. Stack.

17. BHE----.

18. Whether amemory or /O transfer is taking place over the bus.
19. WR----

20. INTA----

21. HOLD, HLDA.

22. ADg through AD~, Ag through A;s, A16/Ss through A;9/Sg, SSO----, 10/M----, DT/R---
- RD----, WR---- DEN---- and INTR.

Section 8.4

23. HOLD, HLDA, WR----, IO/M----, DT/R----, DEN----, ALE, and INTA---- in
minimum mode are RQ----/GT----1 9, LOCK----, S----3, S----1, S----0, QSp, and QS
respectively, in the maximum mode.

24. S----, through S----¢.

25. MRDC----, MWTC----, AMWC----, IORC----, IOWC----, AIORC----, INTA----,
MCE/PDEN, DEN, DT/R----, and ALE.

26. The LOCK---- sgnd is used to implement an arbitration protocol that permits
multiple processors to reside on the 8088's system bus.

27. S—---zS—---]_S----o = 1012.

28. MRDC----.

29. Q$1QSy = 10,.

30. RQ----/GT----1 0.



Section 8.5

31. +45V to+55V.
32.+0.45 V.
33.+20V.

34. 25 mA.

Section 8.6

35. 5MHz and 8 MHz.

36. 24 MHz.

37. CLK, PCLK, and OSC; 10 MHz, 5 MHz, and 30 MHz.

38. VHmin = 3.9V and Vimax = Ve + 1V, Vimin =- 05V and Vimax = 0.6 V.

Section 8.7

39. 4; T4, T, T3, and Ta.

40. 800 ns

41. Anidle gateisaperiod of no bus activity that occurs because the prefetch queueis
full and the instruction currently being executed does not require bus activity.

42. A wait stateis a clock cycle inserted between the T3 and T, states of abus cycleto
extend its duration to accommodate dow devicesin the system.

43. 600 ns.

Section 8.8

44. 1M~ 8; 512K 16.

45. Address BO003;6 is applied over the lines Ag through A;9 of the address bus, and a
byte of datais fetched over data bus lines Dy through D;. Only one bus cycle isrequired
to read a byte from memory. Control sgnasin minimum mode & the time of the reed are
Ao =1, WR---- =1, RD---- =0, IO/M---- =0, DT/R---- =0, and DEN---- = 0.

46. Two bus cycles must take place to write the word of data to memory. During the first
bus cycle, the leest Significant byte of the word is written to the byte storage location at
address A0000;6. Next the 8088 autometicaly increments the address so that it pointsto
the byte storage location A0001;6. The most significant byte of the word is written into
this storage location with a second write bus cycle. During both bus cycles, address
informetion is gpplied to the memory subsystem over address lines Ag through Az9 and
data are transferred over data bus lines Dy through D;. The minimum mode control
ggndsduring thewriteares WR---- =0, DT/R---- = 1, and DEN---- = 0.

47. High bank, BHE----.

48. Dy through Dy; Ao.

49. BHE---- =0, Ao =0, WR---- =0, M/IO---- =1, DT/R---- = 1, and DEN---- = 0.
50. BHE---- =0, Ag = 1, WR---- =0, M/IO---- =1, DT/R---- = 1, DEN---- = 0; Dg
through Dis.



Section 8.9

51. $4S5 = 10.
52. $4,S3 = 01

Section 8.10

53. 10/M----

54. SSO----; BHE----.

55. S----5S-=-1S-=-9 = 100; MRDC----

56. S----5S---1S---9 = 110, MWTC---- and AMWC----

57. S4Ss = 01 and S----2S---1S---0 = 110; MWTC---- and AMWC----

Section 8.11

58. 4; 400 ns.

59. Addressis output on Ag through Az, ALE pulseis output, and |O/M----, DEN----,
and DT/R---- are set to the gppropriate logic levels.

60. During T the 8088 outputs address BOO10H on the bus and asserts ALE. The address

for the memory must be latched externd to the 8088 using ALE to gate the latch device.
The 8088 dso asserts the control signals: IO/M---- =0and DT/R---- = 1 at thistime,
During T, WR---- is asserted (logic 0) and then the 8088 puts the byte of data onto the
data bus. This dataremains vaid until the end of T, and should be written into memory
with the active low level of WR---- during the T3 State terminating the write operation as
WR---- goesinactive in the T, Sate.

61. WR----, DT/R----.

62. ALE.

Section 8.12

63. The 8288 bus controller produces the appropriately timed command and control
signals needed to coordinate transfers over the data bus.

The address bus latch is used to latch and buffer the address bits.

The address decoder decodes the higher order address hits to produce chip-enable sgnals.
The bank write control logic determines which memory bank is sdlected during awrite
bus cycle.

The bank read control logic determines which memory bank is sdected during aread bus
cycle.

The data bus transceiver/buffer controls the direction of data transfers between the MPU
and memory subsystem and supplies buffering for the data bus lines.

64. S----,S----1S----¢ = 110, AoBHE---- = 00, MWTC---- and AMWC----.

65. D-type latches.

66. BHEL----=0, MRDC----=0,MWRC----=1,Aq__=0.

67.



Operation RDy--- RD, --- WRy--- WR_ ---- BHEL--- MRDC---- MWRC---- Ag ---

(a) Byteread 1 0 1 1 1 0 1 0
from address

01234H

(b) Bytewrite 1 1 0 1 0 1 0 1
to address

01235H

(coWordread O 0 1 1 0 0 1 0
from address

01234H

(d) Word write 0 0 1 1 0 1 0 0
to address

01234H

68. Eight bidirectiond buffers

69. DEN---- =0, DT/R---- =0

70.
FROM DEN
B288
DTR ©

G

Microprocassor data bus 5 System data bus

B
ADg- AD, % P  TiF245 p——DB,- DB,

DIR

71. Three address lines decode to generate eight chip sdlects. Therefore, three of them
need not be used.

72. 74F139
73. Y5:0
74.
MEMR----  MEMW----  RD---- WR---- |OQ/M----
0 1 0 1 0
1 0 1 0 0
Y> Ya C B A of the 74F138
¢ RO e— A —
:Im? ;II X R Y, p———= ™MEMR
=R L T c

v, T W

T4 FLAE




Section 8.13

75. Programmable logic array.

76. Number of inputs, number of outputs, and number of product terms.

77. Fuelinks

78. Programmable array logic; InaPAL only the AND array is programmable.

79.
Ae—>H3
Be—pf

D’C # F=AB+AE

o

80.10 dedicated inputs, 2 dedicated outputs, 6 programmable I/Os, and 64 product terms.
81. 20 inputs; 8 outputs.

82. The 16R8 has registered outputs whereas the 1618 has |atched outputs.

83.

ADg = ADy, Ag— Agg s —
aE
s
b CLE

; 1L gLl
= Ia-ﬁn,_é_...rt
=

Section 8.14

84. Isolated I/0O and memory-mapped I/0O.

85. Isolated I/0.

86. Memory-mapped 1/0.

87. Isolated I/O

Section 8.15

88. Address lines A through Ass carry the address of the 1/0 port to be accessed; address
lines A6 through Az are held at the O logic levd. Data bus lines Dy through D carry the
data that are transferred between the MPU and 1/O port.



89. 10/M----.

90. Inthe 8086's 1/O interface, the 8-bit data bus is replaced by a 16-hit data bus ADg
through AD1s; control signa 10/M---- isreplaced by M/1O----; and status signa SSO----
isreplaced by BHE----.

91. M/IO---- isthe complement of IO/M----.

92. 8288.

93. The bus controller decodes 1/0 bus commands to produce the input/output and bus
control sgnas for the 1/O interface. The 1/O interface circuitry provides for addressing of
I/0O devices as well asthe path for data transfer between the MPU and the addressed I/O
device.

94. Sp----S----Sg---- = 001.
95. IORC---- = 1, IOWC---- = 0, AIOWC---- =0,

Section 8.16

96. 16 hits.

97. 000046 through FFFF6.

98. 32K word-wide I/0 ports.

99. Ap =0and BHE---- = 1; Ag =0 and BHE---- = 0.
100. 2; 1.

Section 8.17

101. Execution of thisinput instruction causes accumulator AX to be loaded with the
contents of the word-wide input port at address 1AH.
102. MOV DX, 1AH

IN DX, AX
103. Execution of this output instruction causes the vaue in the lower byte of the
accumulator (AL) to be loaded into the byte wide output port at address 2AH.

104. MOV AL, OFH ; Output OfH to port at 1000H
MOV DX, 1000H
OUT DX, AL
105. MOV DX,0A000H ;Input data from port at AOOOH
IN  AL,DX
MOV BL,AL :Saveitin BL
MOV DX,0BO00H ;Input data from port at BOOOH
IN  AL,DX
ADD BL,AL ;Add the two pieces of data
MOV [IO_SUM],BL ;Saveresultinthe memory location
106.IN AL, BOH ;Read the input port
AND AL,01H ;Check the LSB
SHRAL,1

JC ACTIVE_INPUT ;Branchto ACTIVE INPUT if theLSB =1

Section 8.18



107. IO/M---- and ALE in Ty, and RD---- and DEN---- in T,.

108. Addressisoutput in T;; Data are read (input) in Ts.

109. With zero wait States, the 8088 needs to perform two output bus cycles. They require
8 T-dates, whichat 5 MHz equals 1.6 s.

110. With two wait states, the 8086 requires 6 T-states for an output bus cycle. At 10
MHz clock, it therefore takes 600 ns for the output operation.

111. Towriteaword of datato an odd address, the 8086 requires two bus cycles. Since
each bus cycle has two wait states, it takes 12 T-gtates to perform the output operation.
With a 10-MHz clock, the output operation takes 1200 ns,

CHAPTER 9
Section 9.1

1. Program-storage memory; data- torage memory.
2. Basicinput/output system.

3. Frmware.

4, Yes.

Section 9.2

5. When the power supply for the memory deviceis turned off, its data contents are not
logt.

6. Programmable read only memory; erasable programmable read only memory.

7. Ultraviolet light.

8. 1,048,576 bits (IMB); 131,072 8 bits = 128K bytes.

9. We are assuming that externd decode logic has aready produced active sgnds for
CE---- and OE----. Next the addressis gpplied to the A inputs of the EPROM and
decoded within the device to sdect the storage location to be accessed. After adelay
equal to tacc, the data at this storage location are available a the D outputs.

10. 27C512.

11. The accesstime of the 27C64 is 250 ns and that of the 27C64-1is150 ns. That is, the
27C64-1isafaster device.

12.6V,125V.

13.1ms.

Section 9.3

14. Static random access read/write memory and dynamic random access read/write
memory.

15. Voldile

16. Maintain the power supply and refresh the data periodicaly.

17. 32K~ 32 bits (IMB).

18. twc =100 ns, tew1 =80 ns, tcw2 = 80 ns, twp = 60 ns, tow =40 ns, and twr =5 ns.
19. Higher density and lower power.

20. Row address and column address.
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22. Cost and board space required for the additiona circuitry needed to perform row and
column address multiplexing and periodic refreshing of the memory cells.

Section 9.4

23. Parity-checker/generator circuit.

24. Odd parity; even parity.

25. SEVEN = 0; SODD =1

26. Sgven becomesthe parity bit (Dpg) and Sopp becomes the parity error (PE----).
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Section 9.5

28. ThecdlsinaFLASH memory are dectricadly erasable.

29. The dorage aray in the bulk-erase device is a single block, whereas the memory
array in both the boot block and FlashFile is organized as multiple independently erassble
blocks.

30. The blocks of aboot block device are asymmetrica in size and those of the FlashFile
are symmetrical.

31. Bulk erase.

32. Ve =5V and Vi = 12V,

33. 28F002 and 28F004.

34.Vee=5V; Vpp=5Vor12V.



35.

Type Quantity Sizes

Boot block 1 16K byte

Parameter block 2 8Kbyte

Main block 4 (1) 96K byte, (3) 128Kbyte

36. 28F008 and 28F016SA.
37. Logic 0 a the RY/BY---- output signals that the on-chip write state machine is busy
performing an operation. Logic 1 meansthat it is ready to start another operation.

Section 9.6

38. Insert wait states into the bus cycles of the 8088/8086.
39. READY.

40. Y es, two wait states.

41. Seven.

Section 9.7

42.

A=Ay 'c"1"n‘13-_ R T

Dy - Oy

2184
OE

=

Ay Aa

2764
OE

Ay Addrass
Decoder

s A
ol :;,. L




42. (Continued)
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43. Byte addresses 00000H through 03FFFH; word addresses 00000H through O3FFEH.

44, 128.
45. 6;3.



46.

SRAM Array
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46. (Continued)

S RAM address decoder
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CHAPTER 10
Section 10.1

1. Keyboard interface, display interface, and pardld printer interface.
2. Pardld input/output ports, interva timers, direct memory accessinterface.,

Section 10.2

3. A15|_A14|_ ...... A4|_A3|_A2|_A1|_A0|_ =1X..... X 11102 = 800E16 with X = 0.
4, Gl = A15|_ = 1, G‘“'ZB = A0|_ =0 , G"“ZA = (|O/|V|----)---- = 0, and CBA :A3|_A2|_A1|_
=101. Thismake Ps equa to 0 and Port 5 is selected.
5. Setsdl outputs at port 2 (O16-O23) to logic 1.
6. MOV DX, 8000H ;Writelow byte to port 8000H
MOV AX, [DATA]
ouT DX, AL
MOV DX, 8002H ;Write high byte to port 8002H
MOV AL, AH
ouT DX, AL

Section 10.3
7. Port 4.

8. Thevdueat Port Oisread into AL; then the upper four bits are masked off; and findly
the masked valueis copied into memory location LOW_NIBBLE.

0. MOV AX,0A000H ;Set up the segment to start at AOOOOH
MOV DS AX
MOV DX,8002H ;Input from port 1
IN AL, DX
MOV [0000H],AL ;Save theinput at AOOOOH
MOV DX,8004H ;Input from port 2
IN AL, DX
MOV [0001H],AL ;Save the input at AOOO1H
10. POLL_O63: MOV DX,800EH ;Input from port 7
IN AL,DX
SHL AL, :Placethe MSB in the CF
JC POLL_O63
Section 10.4
11. Handshaking.

12. STB----, Input, Signdsthat abyte of datais avalable on Dy - D5.
BUSY, Output, Sgndsthe MPU that the printer is busy and is not yet ready to
receive another character data.

13. 74F373 octdl latch.



14. Firgt, the addressis clocked into the address latch. Address bits Az Az A1 = 000,
AoL =0, and A5 = 1 enable the decoder and switch the Py output to 0. This output
activates one input of the gate that drivesthe CLK input of the Port O latch. Later in the
bus cycle, the byte of datais output on data bus lines Dy through D;. DT/R---- islogic 1
and DEN---- equas 0. Therefore, the transceiver is set for transmit (output) mode of
operation and the byte of datais passed to the datainputs of al ports. Findly, the write
pulse at WR---- supplies the second input of the gate for the CLK input of Port 0. Since
both inputs of the gate are now logic 0, the output switchesto 0. ASWR---- returnsto
logic 1, the positive clock edge is presented to the latch, which enables the data to be
latched and made available at outputs Oy through O; of Port O.
15. PUSH DX ;Save dl registersto be used

PUSH AX

PUSH CX

PUSH SI

PUSH BX

;Program of Example 10.6 starts here

: ;Program of Example 10.6 ends here
POP BX ;Restore the saved registers
POP Sl
POP CX
POP AX
POP DX
RET ;Return from the subroutine

Section 10.5

16. Pardld 1/0O.

17. 24.

18. PAo-PA7, PBo-PB7, PCo-PC;.

19. Mode 0 sdlects smple I/O operation. This means that the lines of the port can be
configured as level-sengitive inputs or latched outputs. Port A and port B can be
configured as 8-bit input or output ports, and port C can be configured for operation as
two independent 4-bit input or output ports.

Mode 1 operation represents what is known as strobed 1/O. In this mode, ports A and B
are configured as two independent byte-wide /O ports, each of which has a 4-hit control
port associated with it. The control ports are formed from port C's lower and upper
nibbles, respectively. When configured in thisway, data gpplied to an input port must be
strobed in with asigna produced in externa hardware. An output port is provided with
handshake signals that indicate when new data are available at its outputs and when an
external device has read these values.

Mode 2 represents strobed bidirectiona 1/0. The key difference isthat now the port
works as either input or output and control sgnds are provided for both functions. Only
port A can be configured to work in thisway.

20. Port B can be configured as an input or output port in mode 0 or mode 1.



21. Do =1 Lower 4linesof port C areinputs
D; =1 Port B linesare inputs
D, =0 Mode 0 operation for both port B and the lower 4 lines of port C
D3 =1 Upper 4 linesof port C are inputs
D4 =1 Port A linesareinputs
DsDs =00 Mode 0 operation for both port A and the upper 4 lines of port C
D7 =1 Modebeing set
22. Port A = Mode 1 output; Port B = Mode 1 output.
23. Control word bits = D;DgDsD4D3D2D1Dg = 10010010, = 92H
24. Do =0 Don't care hit
D; =1 Port B linesare inputs
D, =1 Mode 1 operation for both port B and the lower 4 lines of port C
D3 =0 Don't care bit
D, =1 Port A linesareinputs
DsDs =01 Mode 1 operation for both port A and the upper 4 lines of port C
D7 =1 Mode being set
Thisgives
D7-Dp = 10110110, = B6H
25. MOV DX,1000H ;Load the control register with 92H
MOV AL,92H
OUT DX,AL
26. MOV AX, OH ;Set up the data segment
MOV DS, AX
MOV AL,92H  ;Write the control byte
MOV [100H], AL
27. To enable INTRg, the INTE B bit must be set to 1. Thisis done with a bit set/reset
operation that sets bit PC4 to 1. Thiscommand is
D7-Dg = 0XXX1001
28. PCy; logic 1.
29. MOV AL,03H ;Load the control register with 03H
MOV DX,100H
OUT DX,AL

Section 10.6

30.  3E16 =00111110, generates Ap = 0 to enable G----25;
AsA4A3 = 111, to generate O; = 0 and to enable PPI 14; A,A; = 11 to select the
control register. Therefore, 98;6 is written to the control register in PPl 14.
31. Thevaue & theinputs of port A of PPl 2is read into AL.
32. Port A address = XX001000,
Port B address = XX001010,
Port C address = XX001100;
33.IN  AL,08H ;ReadportA
MOV BLAL ;SaveinBL
IN AL, OAH ;ReadportB
ADD AL, BL ; Add the two numbers



OUT OCH,AL ; Output to port C

Section 10.7
34.  Memory-mapped I/O |solated 1/0

i) 20 addresslinesfor 16 addresslines for 1/0
I/0 addressesin the addressesin 64K /O address
1M memory address space. space.

if) Memory read/write control 1/O read/write control
sgnasare used to sgnasare used to
communicate. communicate.

i) Memory addressng ingruc- IN and OUT ingtructions
tionssuch asMOV ae must be used to transfer
used to transfer data. A data. Data can be trans-
number of addressing modes ferred only between the
become available to address device and the accumulator
the 1/O devices. Datacan register.
be transferred between the
device and dmost any register

of the MPU. Arithmetic and
logica operations can be
donedirectly with the data

on the device.
iv) In genera dower I/O In generd faster 1/10
operation. operation.

35. Toaccessport Bon PPl 4
Ao =0, AA; =01, and AsALA3 =010
This gives the address = XXX XXXXXXX 010010, = 000126 with Xs=0
36. The control register address = XXXXXXXXXX010110, = 0001616 with Xs=0
Therefore, theingructionisMOV  [16H],98H.
37. MOV BL,[0408H] ;ReadportA
MOV  AL,[040AH] ;ReadportB
ADD ALBL ;Add the two readings
MOV  [040CH],AL ;Writeto port C

Section 10.8

38. CLK, GATE,, and OUT>.
39. Control word D;DgDsD4D3sD2D1Dg = 01011010, = 5AH.

40. CS---- =0,RD---- =1, WR---- =0,A; =1, andAp=1.
41. MOV DX,1003H ; Selectthel/O location

MOV AL,5AH ; Get the control word

MOV [DX],AL ; Writeit
42. MOV AL,12H :Write 12H to LS byte of counter 2

MOV [1002H],AL
43. MOV AL,10000000B ;Latch counter 2



MOV DX,1003H
MOV [DX],AL
MQV DX,1002H
MOV AL,[DX] ;Read the least Significant byte
44. 549 ms,; 32.8 ms.
45, 838 ns; 500 ns.
46. 3.43 ms.
47.N = 4810 = 3015.
48. 241 s,

Section 10.9

49. No.
50. When a periphera device wants to perform a DMA operation, it makes a request for
service at one of the DRQ inputs of the 82C37A. In response to this DMA request, the
DMA controller (82C37A) switchesiits hold request (HRQ) output to logic 1. Thissignd
is applied to the HOLD input of the 8088/8086. In response to thisinput, the MPU puts
the bus sgnds into the high-impedance state and signds this fact to the DMA controller
by switching the hold acknowledge (HLDA) output to logic 1. This output is gpplied to
HLDA input of the 82C37A and sgndsthat the sysem busis now available for use by
the DMA controller.
51. 27.
52. To read the current address of DMA channel 0 in aDMA controller located at base
address 001036, the ingructions are:

MOV AL,0H

OuT 1CHAL ;Clear internd flip-flop to read low byte first

IN AL,10H

MOV BLAL ;Savelow bytein BL

IN AL,10H ;High byte

MOV AHAL

MOV AL,BL ;AX now contains the contents of the current address register
53. MOV DX,100DH ;Master clear for 82C37A

OuUT DX,AL
54. MOV AL,0H ;Output command OH to 82C37A

MOV DX,2008H

OUT DX, AL
55. MOV AL,56H ;Load channdl 2 mode register

OUT FBH,AL
56. OF1s.
57. MOV DX,5008H ;Read dtatusregister of 82C37A

IN AL,DX

Section 10.10

58. Clock.
59. Smplex: cgpability to tranamit in one direction only.



Haf-duplex: capability to tranamit in both directions but at different times.
Full-duplex: capability to tranamit in both directions a the sametime.
60. -5V dcto-15V dc.

Section 10.11

61. C/D---- =0, RD---- =1, WR---- =0, and CS---- = 0.
62. Asynchronous character length: 8 bits

Perity: even

Number of stop hits: 2
63. MOV AL,FFH

MOV MODE,AL
64. The mode ingtruction determines the way in which the 8251A's receiver and
transmitter are to operate, whereas the command instruction controls the operation.
Mode instruction specifies whether the device operates as an asynchronous or
synchronous communications controller, how the externa baud clock is divided within
the 8251A, the length of character, whether parity is used or not and if used then whether
it iseven or odd, and aso, the number of stop bits in asynchronous mode.

The command instruction specifies the enable bits for transmitter and recaiver.
Command ingtruction can aso be used to reset the error bits of the Satus register, namely
parity error flag (PE), overrun error flag (OE), and framing error flag (FE).

The 8251A device can be initidized by the command ingtruction by smply writing
logic 1 into bit D of command register. Here, the word initialization means returning to
the mode-ingruction formet.

Section 10.12

65. 12rows” 12 columns = 144 keys.
66. R3R2R1Ro = 1011, C3C2C1C0 = 1101.
67. D3D,D1Dg = 1101, abcdefg = 1110000.

Section 10.13

68. 16 8-hit characters, right-entry for digplay. Strobed input, and decoded display scan
for keyboard.
69. P =30.
CLK = (100 kHz) (30) = 3MHz
70. Command word O:  to set the mode of operation for keyboard and display.
Command word 1: to set the frequency of operation of 8279.
Command word 2:  to read the key code at the top of FIFO.
Command word 3:  to read the contents of disolay RAM.
Command word 4:  to send new data to the display.
Command word 6:  to initidize the complete display memory, the FIFO satus, and
the interrupt request output line.
Command word 7:  to enable or disable the specid error mode.



CHAPTER 11
Section 11.1

1. Externd hardware interrupts, software interrupts, internd interrupts, nonmaskable
interrupt, and reset.

2. Interrupt service routine.

3. Externd hardware interrupts, nonmaskable interrupt, software interrupts, interna
interrupts, and reset.

4. 0through 255.

5. Higher priority.

Section 11.2

6. Interrupt pointer table.

7. 4 bytes.

8. 16-bit segment base address for CS and 16-bit offset for IP.

9. Overflow.

10. IP; = AOOOH is stored at address 0C;6 and CSz = AOOOH is stored at address OE;.
11. (IP4p) = (Location AOH), and (CSy0) = (Location A2H).

Section 11.3

12. Set interrupt enable.
13. Arithmetic; overflow flag.
14. The MPU goes into the idle state and waits for an interrupt or reset to occur.

Section 11.4

15. ;Thisis an uninterruptible subroutine
CLI ; Disableinterrupts a entry point

; Body of subroutine

S'T | ; Enableinterrupts
RET ; Returnto cdling program
16. Put an STI ingruction at the beginning of the service routine.

Section 11.5

17. Interrupt acknowledge.

18. Levd triggered.

19. INTR isthe interrupt request signd that must be applied to the 8088 MPU by externa
interrupt interface circuitry to request service for an interrupt-driven device. When the
MPU has acknowledged this request, it outputs an interrupt acknowledge bus status code



on S----,S----1----S----0, and the 8288 bus controller decodes this code to produce the
INTA---- 9gnd. INTA---- isthe Sgnd used to tell the externd device that its request for
service has been granted.

20. 8088; 8288.

21. Do through Dy.

22. S---3S----1S----o = 000.

Section 11.6

23. When the 8088 microprocessor recognizes an interrupt reques, it checks whether the
interrupts are enabled. 1t does this by checking the IF. If IF isset, an interrupt
acknowledge cycleisinitiated. During thiscycle, the INTA---- and LOCK---- Sgndsare
assarted. Thistdlsthe externd interrupt hardware that the interrupt request has been
accepted. Following the acknowledge bus cycle, the 8088 initiates a cycle to read the
interrupt vector type. During this cyclethe INTA---- Sgnd is again asserted to get the
vector type presented by the externa interrupt hardware. Finally, the interrupt vector
words corresponding to the type number are fetched from memory and loaded into IP and
CS.

24.1.2ns.

25. 1.8 nsfor three write cycles; 6 bytes.

26. 1.2 nsfor two read cycles.

Section 11.7

27.Do=0 ICW4 not needed
D; =1 Sngle-device
D3 =0 Edge-triggered
and assuming that dl other bitsarelogic O gives
|CW7 = 00000010, = 0236.
28. ICW, = D7D6D5D4D3D2D1Do = 01110X X Xo= 7015 through 7715.
29.Dp=1  Usewith the 8086/8088
D;=0  Norma end of interrupt
D3sD- = 11 Buffered mode master
Ds=0  Dissble specid fully nested mode
and assuming that the rest of the bits are logic O, we get
ICW,4 = 00001101, = OD36.

30. CLI ;Disable interrupts
MOV AX,0H ;Set up data segment
MOV DSAX
MOV AL,2H :ICW1 |loaded
MOV [AOOOH],AL
MOV AL,70H ;ICW2 |oaded
MOV [AOO1H],AL
MOV AL,0DH ;ICW4 |oaded
MOV [AOO1H],AL ;Initidization complete

STI ;Endble interrupts



31. MOV AL,[0AO0O01H]
32. Set IRy priority asthe lowest one.

33.
MOV AL, [0AQ01H] ;Read OCW3
MOV [OCWS3],AL ;Copy in memory
NOT AL ;Extract RR bit
AND AL,2H ;Toggle RR bit
OR [OCWa3],AL ;New OCW3
MOV AL,[OCW3] ;Prepare to output OCW3
MOV [OAOO1H],AL ;Update OCW3

Section 11.8

34. 8.

35. 22.

36. Assuming that only one of the IR inputs of dave B isactive, its INT output switches
to logic 1. This output is gpplied to the IRg input of the master 82C59A. Again assuming
that no higher priority interrupt is dready active, the master 82C59A dso switchesits
INT output to logic 1. In thisway, the MPU is signded that an externd deviceis
requesting service.

Aslong asthe externd hardware interrupt interface is enabled, the request for service
is accepted by the MPU and an interrupt acknowledge bus cycle initiated. The MPU
outputsapulseto logic 0 a INTA----. Thissignd is applied to dl three 82C59Asin
pardld and sgnds them that the request for service has been granted.

In response to this pulse, the master 82C59A outputs the 3-bit cascade code (110) of
the device whose interrupt is being acknowledged onto the CAS bus. The daves read this
code and compare it to their internd identification code. Inthis case dave B identifiesa
match. Therefore, asthe MPU performs a second interrupt acknowledge bus cycle, dave
B outputs the type number of the active interrupt on data bus line Dg through D;. The
MPU reads the type number from the data bus and usesit to initiate the service routine. .
37. 64.

Section 11.9

38. Vectored subroutine call.
39. CSgp = AOOOH and 1Pgo = 0100H.
40. CSgp ® (Location 142H) and IPgp ® (Location 140H).

Section 11.10

41. Type number 2; IP, isat location 08H and CS; isat location OAH.

42. NMI is different from the externa hardware interrupts in three ways.

a. NMI isnot masked out by IF.

b. NMI isinitiated from the NMI input lead instead of from the INTR inpuit.



c. TheNMI input is edge-triggered instead of level sengtive like INTR. Therefore, its
occurrence is latched insde the 8088 or 8086 as it switchesto its active 1 logic levd.
43. Initiste a power fallure service routine.

Section 11.11

44, RESET=1.

45. CLK.

46. 8284.

47. ADy through AD1s = High-Z
Aig through A= Hith
BHE---- = High-Z
ALE=0
DEN---- = 1 then High-Z
DT/R---- =1 then High-Z
RD---- = 1 then High-Z
WR---- = 1then High-Z

48. FFFFOH

49,

RESET: MOV AX,0 :Set up the data segment
MOV DSAX
MOV CX,100H :Set up the count of bytes
MOV DI,0AO00OH ;Point to the first byte

NXT: MOV [DI],0 :Write O in the next byte
INC DI ;Update pointer, counter
DEC CX
JNZ NXT ;Repeat for 100H bytes
RET ;Return

Section 11.12

50. Divide error, single step, breakpoint, and overflow error.

51. Vectors 0 through 4.

52. Single step mode; CS;:1P;.

53. CS; isheld at 00006H and IP; isheld at 00004H; A0200H.

CHAPTER 12
Section 12.1

1. System address bus, system data bus, and system control bus.

2. Generate clock signals: CLK88, OSC, and PCLK, generate the power-on reset
(RESET) signd, and synchronize the CPU to dow periphera devices by usng the wait
date logic to generate the READY signd for the CPU.

3. 060H, 061H, 062H, and 063H.



4. 000H through OOFH; 080H through 083H.

5.

Timer 0—to keep track of the time of the day, generate an interrupt to the microprocessor
every 55 ms.

Timer 1—to produce a DMA request every 15.12 nsto initiate arefresh cycle of DRAM.
Timer 2—has multiple functions, such as to generate programmeable tones for the speaker
and arecord tone for the cassette.

6. Port PA =input, port PB = output, and port PC = inpui.

7. PAo through PA; and PCy through PCs.

8. PBs.

9. Port B (PBy).

10. Numeric coprocessor (8087) interrupt request (N P NP1), Read/write memory parity
check (PCK), and I/O channel check (1/0 CH CK).

11. Printer

12. Fixed disk.

13. 384K bytes.

Section 12.2

14. CLK88 =4.77 MHz; PCLK =2.385 MHz.
15. 4.77 MHz.
16. Input sgnd - PWR GOOD
Output sgnd - RESET.
17. Pin 21.
18. Input Sgnds- DMA WAIT----, RDY----/WAIT
Output Sgnd - READY.
19. Logic 0 &t DMA WAIT---- meanswait states are required. Logic 0 at RDY ----
/WAIT means data are ready and CPU can complete the cycle, thus wait Sates are not
required.
20. 8259A and 8087.
21. 741.S373 latches and 74L.S245 bus transceiver.
22. 8288
23. MEMR---- = pin 7 and MEMW---- = pin 8,
24. See answer for Problem 11.23.

Section 12.3

25. 1/0 channdl cards, 0.

26. 1/0 channd cards (1/0 CH RDY), 1/O reads or writes (XIOR---- and XIOW----), and
DMA cycles (DACK 0 BRD---- or AEN BRD).

27. When aDMA request (DRQo through DRQ3) goes active (logic 1), 8237A outputs
logic 0 & HRQ DMA----. Thissignd isinput to NAND gate Us; in the wait sate logic
circuit and causeslogic 1 at its output. This output drivesthe CLR input of 74LS74 flip-
flop Us7, which produces HOLDA, and rel eases the cleared flip-flop for operation. The
output of NAND gate Us; is aso used as an input to NAND gate Us. When the 8088



outputs the status code Sp----S;----So---- = 111 (passive state) and LOCK---- = 1, the
output of Us switchesto 0. This output isinverted to logic 1 at pin 8 of Ugs.

On the next pulse a CLK, thelogic 1 applied to input Ds of flip-flop Ugg islatched a
output Qs. Next, this output is latched into the 74LS74 flip-flop Us7 synchronoudy with a
pulse at CLK88 to make HOLDA logic 1. HOLDA issent to the HLDA input of 8237A
and sgnals that the 8088 has given up control of the system bus.

28. When the RESET dignd isa logic O (not active), the 8088 can enable the NMI
interface by doing an 1/0 write operation to any 1/O address in the range of 00AOH to
00BFH with bit D7 = 1.
29. MOV AL,80H  ;Disable NMI

OUT OAOH,AL
30. Yes, output PB4 of 8255A Usg isthe enable RAM parity check (ENB RAM PCK----)
sgnd. Logic 0 at this output enables the parity check circuit.
31. Sincethe signals PCK and 1/0 CH CK are connected to PC; and PCg of the 8255A,
respectively, the 8088 can read port C to determine which NMI source is requesting
service.

PC; PCs NMI source

0O O N P NPI

0 1 I/O CH CK

1 O PCK
Section 12.4

32. 1/0O write to address AOH makes

AcAgA7AcAsALA3ALA1A = 0010100000
which generates the WRT NMI REG---- 9gndl.

With Ag and Ag logic 0 and AEN---- (Non DMA cycle) logic 1, decoder Ugs is enabled
for operation. Since A7 and As are 1 and Ag is O, output Ys of Ugg switchesto logic O.
This output isinput to a NOR gate dong with XIOW----, which isaso &t logic O.
Therefore, the output at pin 10 of Usp isa logic 1. Thissgnd isinverted to produce the
WRT NMI REG---- 9gnd.

33. DMA controller chip select (DMA CS----), interrupt controller chip select (INTR CS
---), interval timer chip select (T/C CS----), and pardld peripherd interface chip sdect
(PPl CS----).

34.CS----g, CS----1, CS----3, CS----3, CS----4, CS----5, CS----5, CS----7.

35. Expressing the address in binary form, we get
A10A18A17A16A15A14A13A12A11A10A0A8A7A6AsA1A3A A 1A = 11111010000000000000
As the address FAOOOH is applied at the input of the ROM address decoder circuitry,
address bits A1 through A9, which are al 1, drive the inputs of NAND gate Ugs. This
input condition makes the ROM ADDR SEL ---- output a pin 6 becomeslogic 0. This
sgnd, dong with XMEMR---- (logic 0) and RESET DRV---- (logic 1), enablesthe

741 S138 three-line-to-aght-line decoder Ugs. The inputs of this decoder are AisA14A13 =
101. Therefore, output CS----5 switchestoits active O level. CS----5 enables EPROM
XUs; inthe ROM array, and the sgnd ROM ADDR SEL ---- controls the data direction
through the 74L.S245 bus transceiver U 3.

36. A19A18 = 00.



37. RAS----1
38. CAS----»

Section 12.5

39. For the address F4000;6 we have A6 through Ajg = 1111, Aj4 =1, and therest of the
address bitsare 0. Since A6 through A1 = 1111, ROM ADDR SEL---- isa itsactive 0
logic level. This output enables the 74L. S138 decoder, Ugs. Since A1sA14A13 = 010, CS---
-p isactive. CS----; selects XUzg inthe ROM array and data are read from the first storage
location of the EPROM chip. Also, ROM ADDR SEL---- directs the datafrom ROM to
the 8088 via the 74L.S245 bus transceiver U3 .
40. When a byte of dataiswritten to the DRAMsin bank O, the RAS and CAS address
bytes are output from the address multiplexer synchronously with the occurrence of the
active RAS----¢ and CAS----( address strobe signas. ADDR SEL initidly setsthe
741 S158 address multiplexer (Us2 and Uyg) to output the RAS address byte to the
DRAMSs on multiplexed address lines MAq through MA7. When RAS----¢ switchesto
logic O, it sgnds al DRAMsin bank O to accept the row address off the MA lines. Next,
ADDR SEL switcheslogic levels and causes the column address to be output from the
multiplexer to the MA lines. It is accompanied by CAS----o, which isapplied in pardld
to the CAS---- inputs of dl DRAMsin bank 0. Logic O at these inputstelsthe DRAMs
to accept the CAS address off the MA lines.

At this point, the address has selected the storage location to be accessed. Next, the
data to be written into this storage location is supplied from the data bus of the MPU
through the 74L.S245 transceiver (U;2) to the dataline of DRAMS Usg - Ugs. The same
byte of datais aso applied to the parity generator circuit where the corresponding parity
bit is generated and stored in Us;. The data is written into bank O synchronous with a
pulse a WE----.

Section 12.6

41. DMA requestsfor channdls 1, 2, and 3 are the /0O channd devices (boards plugged
into the 1/O channd).
42. We will assume that none of the DRQ inputs of the 8237A are masked out and that a
DMA operation is not dready in progress. When any of the DRQ lines switches to logic
1, the 8237A makes its hold request (HRQ) output becomelogic 1. Thissgnd isinverted
to givelogic 0 a HRQ DMA----. HRQ DMA---- is gpplied to the input of the wait Sate
logic and initiates a request to the MPU for use of the system bus by the DMA contraller.

When the 8088 is ready to give up control of the system bus, it sgnadsthisfact to the
8237A DMA controller. The wait state logic circuitry aso performs this function. When
the buses are in the passve state, the MPU switches the HOLDA output to logic 1. This
sgnd is returned to the HLDA input of the 8237A and indicates that the buses are
avalable for use by the DMA controller.

The processing of the HRQ DMA---- input and generation of the HOLDA output by
the wait state logic circuitry is described in the solution for problem 27.



43,

DMA pageregister  Contents
1 OAH
2 OBH
3 OCH

Instruction sequence:
MOV AL,0AH ;Init. channel 1 page register
OUT 81H,AL
MOV AL,0BH ;Init. channel 2 page register
OUT 82H,AL
MOV AL,0CH :Init. channel 3 page register
OUT 83H,AL

Section 12.7

44. Timer interrupt frequency = 1/54.936 ms = 18.2 Hz

Refresh request frequency = 1/15.12 ns = 66.14 KHz
45. Counter 1 divisor = 1.1 M/18.2 = 60,440
46. When the speaker isto be used, the 8088 must write logic 1 to bit O of port B of the
8255A to produce the signd TIM 2 GATE SPK that enables the clock for timer 2. Pulses
are now produced at OUT,. When atoneisto be produced by the speaker, the 8088
outputs the signal SPKR DATA at pin 1 of port B. Thissigna enables the pulses output
at OUT to the 75477 driver. The output of the driver is supplied to the speaker.
Changing the count in timer 2 can change the frequency of the tone.

47. o B
86 [ 1] LI L] W
smnoura |~
EPE.IKI.'-F!r—_ | _| . B ]
’ K Boret - i
48.
MOV AL, SW1 EN ‘Enable SW1 buffer
OUT 61H, AL
IN AL, 60H ‘Input SW1
MOV [SW1 LOC], AL :Save SW1
MOV AL, SW1 DIS :‘Disable SW1 buffer
OUT 61H, AL

; Where, SW1 EN isabytewithMSB =1
; SW_DISisabytewithMSB =0
; SW1 LOC isalocation where SW1 is saved.

Section 12.8

49. KBD IRQ is an output that is used as an interrupt to the MPU and, when active, it
sgnasthat a keyscan code needs to be read.



50

KBR_SRV: PUSH AX ;Save register to be used
MOV AL, KEYBDCLK_LOW ;Hold keyboard clock low
OUT 61H, AL
MOV AL, SR EN ;Enable the shift register output
OUT 61H, AL
IN AL, 60H :Input the key code
MOV [KBD_LOC], AL ;Save the keycode
MOV AL, KEYBDCLK_EN :Release the keyboard clock
OUT 61H, AL
POP AX ;Restore register
IRET ;Return

; Where, KEYBDCLK_LOW isabytewithbit6=0

; KEYBDCLK_EN isabytewithbit6=1

; SR ENisabytewiththe MSB =0

; KBD_LOC isabyte location where the key code is saved

Section 12.9

51. I/O channd dots provide the system interface to add-on cards. Five 62-pin card dots
are provided on the system board.
52. A1o. Active high.

Chapter 13
Section 13.1

1. Prototype circuit.

2. A circuit card that is used to prototype an experimenta circuit.

3. Solderless breadboard.

4. An extender card is plugged into the 1/0O channel dot of the PC (ISA dot for a PC/AT)
and the card to be tested is plugged into the top of the extender card. This elevatesthe
circuits on the board above the housing of the PC to permit easy access for testing.

5. Businterface module, I/0 expansion bus cables, breadboard unit

Section 13.2

6. Switches, LEDs, and a speaker.

7. The INT/EXT switch must be set to the EXT postion.

8. One.

9. 26 AWG.

10. The horizonta row marked with aline.

11. A3z thI'OUgh Aqo.

12. Tedt for continuity between two pointsin acircuit; the buzzer soundsif continuity
exigts between the test points.



13. Logic 0 lights the green LED; logic 1 lightsthe red LED; and the high-Z levd lights
the amber LED.
14. Thered LED marked P blinks.

Section 13.3

15. 74L.S688, 74L.S138, and 74L.S32.

16. IOWX31E----

17. Ao through Ais.

18. Yes, IOWX31E----

19. The sdlect outputs of the 74L S138 are gated with either IOR---- or IOW---- in
741.S32 OR gates. These Sgnds are active only during an 1/0 cycle.

20. D7D6D5D4D3D2D1D0 = 000011112

21. Yes
22.
MOV DX,31DH :Read the switches
IN AL,DX :Mask off dl but S1 and SO
AND AL,3H
CMP AL,3H

Z SERVE 3 ;:Branch to SERVE 3 of S1 & Sl are closed
23. The setting of switch 7 is polled waiting for it to close.
24. LED O; LED 7.
25. Lights LEDs 0 through 3.

26.
MOV DX,31EH :Select LED port address
MOV AL,01H ;Select codefor 1t LED
SCAN: OUT DXAL :Write to light next LED

MOV CX,0FFFFH ;Watawhile
DELAY: DEC CX

JNZ DELAY
ROL AL, :Select code for next LED
JMP SCAN ;Repeat

27. The LEDs arelit in abinary counting pattern.

28. 75477.
29. Change MOV CX,0FFFFH to MOV CX,7FFFH.

Section 13.4

30. IN AL,8000H readsthe switch setting into the LSB of AL. Logic 0in abit postion
indicates that the corresponding switch is open.
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32. Diagnogtic program.

33. IC test clip.

34. Logic probe, multimeter, and oscilloscope.

35. Whether the test point isat the 0, 1, or high-Z logic Sate, or if it is pulsating.
36. The multimeter reads the actual voltage present at atest point.

37. Amount of voltage, duration of the sgna, and the Sgna waveshape.

38. The sgnd waveshape pattern repesats at aregular interva of time.

39. Troubleshooting.

40. Software debug.

41. Hardware troubleshooting.

42.

i) Programming of VLS peripherds

i) Addresses of 1/0 devices or memory locations

i) Algorithm implementation

43.

i) Check to verify that correct pin numbers are marked into the schematic diagram.
i) Verify that the circuit layout diagram correctly implements the schemétic.

i) Check that the ICs and jumpers are correctly ingtdled to implement the circuit.
44. Power supply voltages.

45,

Test point  Switch open Switch closed
1 1 0
2 1 0
3 Pulse Pulse

46. The jumper from the switch to the junction of the resstor and pin 1 of the 74LS240 is
not making contact.

Section 13.5

47. Address bus, data bus, and control-bus sgnds.
48. Digitd logic andyzer.

49,

Oscilloscope Logic anayzer

i) Requires periodic sgna i) Candisplay periodic or
to display nonperiodic Sgnals

i) Smal number of channds i) Large number of channds

i) Displays actud voltage i) Digplayslogic vaues
vaues

iv) Generdly does not store iv) Stores signalsfor
the sgndsfor display display

v) Smple trigger condition V) Trigger signd canbea
usng asnglesgnd combination of anumber of

ggnds



Chapter 14
Section 14.1

1. HMOSII.
2. 125,000.
3. PLCC, LCC, and PGA.

Section 14.2

4. Busunit, ingtruction unit, execution unit, and address unit.

5. 24 bits, 16 hits.

6. Demultiplexed address and data buses.

7. 6 bytes.

8. Address generation, address trandation, and address checking.

9. The queue holds the fetched ingtructions for the execution unit to decode and perform
the operations that they specify.

Section 14.3

10. 5x.
11. That an 8086 object code program can run on the 80286.
12. Machine status word register (MSW).

Section 14.4

13. Savesthe contents of various registers of the processor such as AX, SP, and o forth,
on the stack.

14. DI, Sl, BP, SP, BX, DX, CX, and AX.

15. Dataareaon the stack for a subroutine to provide space for the storage of local
variables, linkage to the calling subroutine, and the return address.

16. 32 bytesfor data+ 10 bytes for the previous and current frame pointers; 4.

17. A word of datafrom the word size port at address 1000H isinput to the memory
address 1075H:100H. The Sl register isincremented to 102H, and CX is decremented by
2.

18. The 16 bytes of datain the range 1075H:100H through 1075H:0FOH are output one
after the other to the byte-wide output port at 1/O address 2000H. Each time abyteis
output, the count in the CX register and the pointer in S are decremented by 1. The
output sequence is repeated until the count in CX is0.

19. Theingruction tessif VALUE lies between 0000H and O0FFH. If it is outside these
bounds, interrupt 5 occurs.

Section 14.5

20. 20-hits, 1 Mbyte; 24-bits, 16 Mbyte; 1 GByte.
21. 1/O write (output bus cycle).



22. Bytetransfer over the upper eight data bus lines.

23. No, it isone bit of a status code that must be decoded to produce an interrupt
acknowledge sgnd.

24. HOLD and HLDA.

25. 80287.

Section 14.6

26. M/IO----, Sy----, Sp----.
27. 10WC----

28. DT/R----, ALE, and DEN.
20. 1.

Section 14.7

30. 8 MHz, 10 MHz, and 12.5 MHz; 80286, 80286-10, and 80286- 12, respectively.
31. 25 MHz.
32. CLK and PCLK; 10 MHz and 5 MHz.

Section 14.8

33. Four clocks; 400 ns.

34. Send-dtatus state, 80286 outputs the bus status code to the 82C288 and in the case of
awrite (or output) bus cycle it dso outputs data on the data bus.

35. Perform-command state; externa devices accept write datafrom the bus, or in the
case of aread cycle, place dataon the bus.

36. In Fig. 14.26(a) address n becomes vdid in the T, Sate of the prior bus cycle and then
the data transfer takes place in the next T, state. Also, a the same time that data transfer n
occurs address n + 1 is output on the address bus. This shows that due to pipdining the
80286 darts to address the next storage location that isto be accessed whileit is ill
reading or writing data for the previoudy addressed storage location.

37. Anidle dateisaperiod of no bus activity that occurs because the prefetch queueis
dready full and the ingtruction currently being executed requires no bus activity.

38. An extension of the current bus cycle by a period equa to one Ts state because the
READY ---- input was tested and found to be logic 1; 600 ns.

Section 14.9

39. The bus controller produces the appropriately timed command and control signals
needed to control transfers over the data bus. The decoder decodes the higher-order
address bits to produce chip-enable sgnds. The address latch is used to latch and buffer
the lower hits of the address and chip-enable Sgnds. The data bus buffer/transceiver
controls the direction of data transfers between the MPU and memory subsystem.

40. 110; MWTC----.



41. Odd-addressed byte, even-addressed byte, even-addressed word, and odd-addressed
word. One bus cycleisrequired for dl types of cycles, except the odd-addressed word
cycle, which requires two bus cycles.

42. 500 ns; 1ns.

43. Odd-addressed byte.

44,

a. At thebeginning of f » of the T, ate in the previous bus cycle, the address, M/1O----
and COD/INTA---- ggndsfor the byte-write bus cycle are output.

b. Status code S----1S----¢ equd to 10 is output on the status bus at the beginning of f 1 of
the write cycle and is maintained throughout the Ts state. On the faling edge of CLK in
the middle of Ts the 82C288 bus controller samples the status lines and the write cycle
bus control sequenceis started.

c. At the beginning of f » of Ts, ALE isswitched to logic 1. This pulseis used to latch the
address. Also DEN is switched to 1 to enable the data bus transceivers and DT/R---- is
left at the

transmit leve to set the transcelvers to output data to the memory subsystem.

d. At the beginning of f » in the T state the byte of data to be written to memory is output
on bus lines Dy through D;.

e. Atthegdart of f 1 of the T, state, MWTC---- isswitched to itsactive O logic leve to
sgna the memory subsystem to read the data off the bus.

f. Laein T, the 80286 and 82C288 test the logic level of READY ----. If it islogic O, the
write cycle is completed.

45. 320 ns.

46. 480 ns.

Section 14.10

47. M/1O----.

48. 82C288.

49. The decoder is used to decode severa of the upper I/O address bits to produce the
I/OCE---- dgnds. Thelatch is used to latch the lower-order address bits and 1/OCE----
outputs of the decoder. The bus controller decodes the 1/0 bus commands to produce the
1/0O and bus control sgnasfor the 1/O interface. The bus transcaivers control the
direction of data transfer over the bus.

50. 600 ns.

51.1.2ns.

52. During the T, State of the previous bus cycle, the 80286 outputs the I/O address dong
with BHE---- = 0 and M/IO---- = 0. The address decoder decodes some of the address
bits to produce I/O chip enable signds. At the beginning of the Ts state of the output
cycle, S---1S----p = 10 isoutput to Signa that an output operation isin progress. The
82C288 decodes this bus status code and starting at f » of the Ts State a pulseis output at
ALE. Thispulseisused to latch the 1/0 address and chip enable signals into the address
latch. At the sametime DEN is switched to 1 and DT/R---- ishdld a the tranamit leve
(logic 1). Therefore, the bus transcelvers are enabled and set up to pass data from the
80286 to /O port. Findly, at the beginning of the T, state the bus controller switches
|OWC---- tologic 0 to signd the 1/0 device to read data off the bus.



Section 14.11

53. Hardware interrupts, software interrupts, interna interrupts and exceptions, software
interrupts, and reset.

54. 0 through 255.

55. Interrupt vector table; interrupt descriptor table.

56. 2 words.

57. Interrupt descriptor table register, O.

58. CS; = AOOOH and 1P; = AOOOH.

59. INTR isthe interrupt request Sgna that must be applied to the 80286 MPU by the
externd interrupt interface circuitry to request service for an interrupt-driven device.
When the MPU acknowledges this request, it outputs an interrupt acknowledge bus status
code on M/IO---- S----1S----¢, and this code is decoded by the 82C288 bus controller to
produce the INTA---- Sgnd. INTA---- isthe 9gnd that is used to tell the externd device
that its request for service has been granted.

60. 8.

61. Divide Error,
Single gtep,
Breakpoint,
Overflow error,
Bounds check,

Invalid opcode,
Processor extension not available,
Interrupt table limit to small,
Processor extension segment overrun,
Segment overrun,
Processor extension error.

62. Vectors O through 16.

Chapter 15
Section 15.1

1. 80386DX and 80386SX.

2. 32 hit registers and a 32-bit data bus; 32 bit registers and a 16-bit data bus.
3. 39; 49.

4. Redl-address mode, protected-address mode, and virtua 8086 mode.

Section 15.2

Bus unit, prefetch unit, decode unit, execution unit, Segment unit, and page unit.
32 hit, 32 hit.

Separate address and data buses.

16 bytes.

Prefetch unit.
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10. 6 word ~ 64 hit.
11. Trandation lookaside buffer.

Section 15.3

12.5

13. Object code compatible means that programs and operating systems written for the
8088/8086 will run directly on the 80386DX and 80386SX in redl-address mode.

14. 32 hits; 16 bits.

15. FS, GS, and CR, regigters.

Section 15.4

16. MOV EBX,CR1
17. Double precison shift left.
18. Thebyte of datain BL is sgn-extended to 32 bits and copied into register EAX.
19. MOVZX EAX,[DATA_WORD].
20. Thefirgt 32 bits of the 48-bit pointer starting at memory address
DATA_F ADDRESS are loaded into EDI and the next 16 bits are loaded into the FS
register.
21. (a) (AX) = FOFOH, (CF) = 1.
(b) (AX) = FOEOH, (CF) = 1.
() (AX) =FOEOH, (CF) = 1.
22. Set byteif not carry; (CF) = 0.

Section 15.5

23. Globa descriptor table register, interrupt descriptor table register, task register, and
local descriptor table register.

24. LIMIT and BASE.

25. Definesthe location and size of the globa descriptor table.

26. GTDsrart = 210000H, GDTenp = 2101FFH; SIZE = 512 bytes;, DESCRIPTORS =
64

27. System segment descriptors.

28. Interrupt descriptor table register and interrupt descriptor table.

29. OFFFH

30. Interrupt gates.

31. Local descriptor table.

32. Sdlector; the LDT descriptor pointed to by the selector is cached into the LDT cache.
33. CRo.

34. PE

35. (MP) =1, (EM) =0, and (ET) = 1.

36. Task switched.

37. Switch the PG bit in CRy to 1.

38. CRs.

39. 4Kbyte



40. Page frame addresses.
41. Sdlector; selects atask state segment descriptor.
42. The selected task state segment descriptor isloaded into this register for on-chip
access.
43. BASE and LIMIT of the TSS descriptor.
44. Code segment selector register; data segment selector register.
45. RPL = 2 bits
Tl =1 bit
INDEX = 13 hits
46. Accesstheloca descriptor table.
47. 00130020H
48. NT = negted task; RF = resume flag.
49. Levd 2
50. 48 bits.
51. Sdector and offset.
52. 4Gbyte, 1 byte
53. 64Thyte, 16,384 segments.
54. 32Tbyte, 8192.
55. Task 3 has access to the globa memory address space and the task 3 local address
space, but it cannot access either the task 1 local address space or task 2 local address
space.
56. Memory management unit.
57. Thefirgt ingruction loads the AX register with the selector from the data Storage
location pointed to by SI. The second ingtruction |oads the selector into the code segment
selector regigter. This causes the descriptor pointed to by the selector in CS to be loaded
into the code segment descriptor cache.
58. 00200100H
59. 1,048,496 pages; 4096 bytes long.
60. Offset field = 20 hit; page field = 10 bit; directory field = 10 bit.
61. Cache page directory and page table pointers on-chip.
62. 4K bytes; offset of the linear address.

Section 15.6

63. 8, BASE = 32-hits, LIMIT = 20-bits) ACCESS RIGHTS BYTE = 8-hits,
AVAILABLE =1 bit, and GRANULARITY =1 hit.
64. CS, DS ES, FS,GS, or SS; GDTR or LDTR.
65. LIMIT = 00110H, BASE = 00200000H.
66. ACCESSRIGHTSBYTE =1AH
P=0=Not in physica memory
E =1, R =1 = Readable code segment
A =0 = Descriptor is not cached.
67. 00200226H
68. 20 most significant bits of the base address of a page table or a page frame.
69. R'W =0and U/S=0or R/'W =1and U/S=0.



70. Pegefault.
71. Dirty bit.

Section 15.7
72. (INIT_GDTR) = FFFFH

(INIT_GDTR +2) = 0000H
(INIT_GDTR +4) = 0030H

73. LMSW AX :Get MSW

AND AX,OFFF7H :Clear task-switched bit

SMSW AX :‘Write new MSW
74. MOV BX, 2FOH ;(BX) = sdlector

LLDT BX ;Load loca descriptor table register with selector
Section 15.8

75. The running of multiple processesin atime-shared manner.

76. A callection of program routines that perform a specific function.

77. Locd memory resources are isolated from globa memory resources and tasks are
isolated from each other.

78. The descriptor is not loaded; instead, an error condition is Sgnaed.

79. Leved O, leve 3.

80. Levd 3.

81. LDT and GDT.

82. Useof aseparate LDT for each task.

83. Levd 0.

84. Current privilege levd, requested privilege leve.

85. A task can access datain adata segment at the CPL and at al lower privilege levels,
but it cannot access data in segments thet are at a higher privilege leve.

86. Levd 3.

87. A task can access code in segments a the CPL or at higher privilege levels, but
cannot modify the code a a higher privilege leve.

88. Levd O, levd 1, and leve 2.

89. Thecdl gateisused to transfer control within atask from code a the CPL to a
routine & a higher privilege leve.

90. Execution of thisingruction initistes acall to aroutine at a higher privilege leve
through the call gate pointed to by address NEW_ROUTINE.

91. Identifies atask state segment.

92. Definesthe dtate of the task that isto be initiated.

93. The state of the prior task is saved in its own task state segment. The linkage to the
prior task is saved as the back link sdector in the first word of the new task state
segment.

94. TR

Section 15.9



96. Bit 17.

97. Active, leve 3.
98. Yes.

99. Yes.

Section 15.10

100. Hoating-point math coprocessor and code and data cache memory.

101. The 80486SX does not have an on-chip floating-point math coprocessor.
102. 136; 249.

103. 32 bytes.

104. Complex ingtruction set compuiter; reduced ingtruction set computer, complex
reduced ingtruction set compuiter.

105. Smadl ingruction s, limited addressing modes, and single clock execution for
ingructions.

106. CRISC

107. Cachedisable (CD) and not write-through (NW).

108. Little Endian.

109. FOFOH.

110. MOV CX, COUNT

MOV S, BIG_E TABLE
MOV DI, LIT_E TABLE.
NXTDW: MOV EAX,[S]

SWAP EAX
MOV [DI], EAX
ADD SI, 04H
ADD DI, 04H
LOOP NXTDW

111. XADD [SUM], EBX

(EAX) (SUM)

01H  OOH

O01H O1H 1<t execution

01H 02H  2nd execution

02H 03H  3rd execution

O3H O5H  4th execution

112. Sincethe contents of the destination operand, memory location DATA, and register
AL arethe same, ZF is set to 1 and the value of the source operand, 225 is copied into
degtination DATA.

113. Alignment check (AC); bit 18.

114. Cachedisable (CD) and not write-through (NW).

115. INVD

116. WBINVD initiates awrite back bus cycle instead of aflush bus cycle.

117. Page cache disable (PCD) and page write transparent (PWT).

Section 15.11



118. Integer Fraction
9.2~>1 2° 5
4.2->0 2°10~>1
2.2->0 5=.1
1,2->1
9=1001;

-9.5=-1001.1, =- 1.0011 " 2*

119. Single precison number = 32 bits, double precison number = 64 bits, and extended
precison number = 80 bits
120. Sign, biased exponent, and fractiond significand (extended has full significand).
121. Sign=1

Biased exponent = +3 + 127 = 00000011, + 01111111, = 10000010

Fractional significand = 00110000000000000000000

-1.0011 " 2** =1 10000010 00110000000000000000000;

-1.0011" 2** = C1180000H
122. 8, RO through R7, ST(0) through ST(7).
123. Ry, 5, Rs.
124. TOP s decremented so that the new top of stack is R, and the vaue from the old
ST(2), Ry, iscopied into Ry.
125.
Y{DATA4 64B) - (DATA3 64B)Y2~> DATAS 64B
¥ 10.75 - (- 2.5)%=Y> 10.75 + 2.5%=Y> 8.25%= 8.25
8.25 = 1000.01, = 1.00001 " 2*3
Sgn=0
Biased exponent = 00000000011, + 01111111111, = 10000000010
Fractional significand = 0000100000000000000000000000000000000000000000000000
8.25 = 0 10000000010 0000100000000000000000000000000000000000000000000000
8.25 = 0100000000100000100000000000000000000000000000000000000000000000,
8.25 = 4020800000000000H

Section 15.12

126. 64 bits.

127. A microprocessor architecture that employs more than one execution unit.

128. 735.

129. 2; U pipeand V pipe.

130. Separate code and data caches; write-through or write-back update methods; dual
port ALU interface.

131. 5to 10timesfadter.

132. ID, VIP, and VIF.

133. Page Sze extensions, 1M 32-hbit entries.

134. Machine check exception.

135. Compare and exchange 8 bytes (CMPXCHG8B), CPU identification (CPUID), and
read from time stamp counter (RDTSC).

136. ZF - O; (EDX:EAX) - (TABLE) = 11111111FFFFFFFF36

137. Machine check type (MCT).



Section 15.13

138. Single indruction multiple data
139. Packed byte, packed word, packed double word, and packed quad-word; 8" 8-hit,
4" 16-hit, 2° 32-bit, and 1" 64-bit.
140. 64-bitswide; MM, through MM>.
141.
(a) Byte 7 = FFH, Byte6 =00H, Byte5= 12H, Byte4 = 34H, Byte 3= 56H, Byte 2 =
78H, Byte1 = ABH, Byte0 = CDH.
(b) Word 3 = FFOOH, Word 2 = 1234H, Word 1 = 5678H, Word 0 = ABCDH
(c) Double word 1 = FF001234H Double word 0 = 5678ABCDH
142.
Byte7 FFH+00H =FFH
Byte6 FFH + 01H =100H - FFH due to saturation
Byte5 FFH + 00H = FFH
Byte4 FFH +02H =101H - FFH dueto saturation
Byte3 12H +87H =99H
Byte2 34H +65H =99H
Bytel 56H +43H =99H
ByteO 78H +21H =99H
MM 3 = FFFFFFFF99999999H
143. Datais compared as signed numbers. This gives
Doubleword1  FFFFFFFFH > 00010002H = False > 00000000H
Doubleword 0  12345678H > 876554321H = True > FFFFFFFFH
MM 3 = 00000000FFFFFFFFH
144,
MMs Byte7 01H
Byte6 FFH - FFH Undgned saturation overflow
Byte5 OOH - 00H Unsigned saturation underflow
Byte4 23H - FFH Unsgned saturation overflow
MMs Byte3 00H - O00H Unsgned saturation underflow
Byte2 O0OOH - O0H Unsigned saturation underflow
Bytel OOH
Byte0O 21H - FFH Unsgned saturation overflow
MM, = 01FFOOFFOO0000FFH

Chapter 16
Section 16.1
1. CHMOSIII.
2. 275,000.

3. INTR.

Section 16.2



20-hits, IMbyte; 32-bits, 4Gbyte; 64Thyte.
Byte, Do through D7, no.

1011, 0111, 0011.

|/O data read.

HOLD and HLDA.

80387DX numeric Coprocessor.

©WoKoNO A

Section 16.3

10. 16 MHz, 20 MHz, 25 MHz, and 33 MHz; 80386DX- 16, 80386DX-20, 80386DX-25,
and 80386DX - 33, respectively.

11. F12.

12. 50 MHz

Section 16.4

13. 40 ns.

14. Pipelined and nonpipelined.

15. In Fig. 16.11 address n becomes vdid in the T, state of the prior bus cycle and then
the data transfer takes place in the next T, date. Also, at the same time that data transfer n
occurs, address n+1 is output on the address bus. This shows that during pipelining, the
80386DX darts to address the next storage location to be accessed while still reading or
writing data for the previoudy addressed storage location.

16. Anidle gateisaperiod of no bus activity that occurs because the prefetch queueis
full and the instruction currently being executed does not require any bus activity.

17. Anextension of the current bus cycle by aperiod equa to one or more T states
because the READY --- input was tested and found to be logic 1.

18. Ty and To.

19. 80 ns.

20. 160 ns.

Section 16.5

21. Four independent banks each organized as 1G ~ 8 bits; four banks each organized as
256K ~ 8 hits.

22,

Types of datatransfer No. of buscycles
Byte trandfer 1

Aligned word transfer 1

Misdigned word transfer 2

Aligned double-word transfer 1

Misdigned double-word transfer 2

23. 120 ns; 240 ns.

24. Higher-addressed byte.

25.




The bus contral logic produces the appropriately timed command and control signas
needed to control transfers over the data bus.

The address decoder decodes the higher-order address bits to produce chip-enable
sgnds.

The address bus latch is used to latch and buffer the lower bits of the address, byte-
enable Sgnds, and chip-enable Sgnds.

The bank write control logic determines to which memory banks MWTC--- is applied
during write bus cycles.

The data bus transcaiver/buffer controls the direction of data transfers between the
MPU and memory subsystem and supplies buffering for the data bus lines.
26. M/10---D/C---W/R--- = 1115, dl four, MWTC---.

Section 16.6

27. M/1O---
28. Buscontrol logic.
29.

The I/O address decoder is used to decode severa of the upper I/O address bits to
produce the I/OCE--- 9gnds.

The 1/0O address bus latch is used to latch lower-order address bits, byte-enable
sgnds, and I/OCE--- outputs of the decoder.

The bus-control logic decodes I/O bus commands to produce the input/output and bus-
control signasfor the 1/0 interface.

The data bus transceivers control the direction of data transfer over the bus, multiplex
data between the 32-bit microprocessor data bus and the 8-hit 1/0 data bus, and supplies
buffering for the data bus lines.

The 1/0 bank-select decoder controls the enabling and multiplexing of the data bus
transceivers.

30. 160 ns.

31. 320 ns.

32. 1/0 map base; word offset 66H from the beginning of the TSS.
33. BASE+8H; LSB (hit 0)

34. 1.

Section 16.7

35. Interrupt vector table; interrupt descriptor table.

36. Two words;, four words.

37. Interrupt descriptor table register; 0000000003FF .

38. BOH through B3H

39. (a) Active; (b) privilegeleve 2; (c) interrupt gate; (d) BOOOH: 1000H.
40. 01000046; 512 bytes; 64.

41. Inthe protected mode, the 80386DX's protection mechanism comesinto play and
checks are made to confirm thet the gate is present; the offset iswithin the limit of the



interrupt descriptor table; access byte of the descriptor for the type number isfor atrap,
interrupt, or task gate; and to assure that a privilege leve violation will not occur.

42. Divide error, debug, breakpoint, overflow error, bounds check, invalid opcode,
coprocessor not available, interrupt table limit to small, coprocessor segment overrun,
stack fault, segment overrun, and coprocessor error.

43. Faults, traps, and aborts.

44. Vectors 0 through 31.

45. Fault

46. Any attempt to access an operand that is on the stack at an address that is outsde the
current address range of the stack segment.

47. Doublefault, invdid task state segment, segment not present, genera protection
fault, and page faullt.

Section 16.8

48. INTR

49. DPy, DP;, DP,, DP3, and PCHK ----; even parity.

50. BRDY---- = 0.

51. Cacheenable.

52. BOFF----

53. Four double words = 16 bytes, BRDY---- = 0; 5 clock cycles.

54. Thismeansthat the code or data that is read from memory is copied into the interna
cache; KEN---- = 0; 4 double words = 16 bytes.

55. Near to zero-walt- state operation even though the systlem employs a main memory
subsystem that operates with one or more wait states.

56. First leve.

57. A bus cycle that reads code or data from the cache memory is cdled a cache hit.
58. 93.2%

59. 0.203 wait states/bus cycle.

60. Four-way set associative.

61. 8Kbytes, line of data= 128 bits (16 bytes).

62. Write-through.

63. The contents of theinternal cache are cleared. That is, the tag for each of the lines of
information in the cache is marked asinvdid.

64. Alignment check; gate 17.

Section 16.9

65. Clock doubling and write-back cache.

66. Snooping.

67. Modify/exclusve/shared/invdid (MESI) protocol.

68. HITM---- and 0.

69. The WBWT---- input must be held at logic 1 for at least two clock periods before
and after a hardware reset.

70. Clock tripling and 16K byte on-chip cache memory.

71. 435/68 = 6.4.



72. 3.3V dc.
Section 16.10

73. 3 million trangstors.

74. 3.3V dc.

75. Dygsisat pin A21; Agisat pin T17.

76. 8,8, 1.

77. Data parity and address parity; APCHK ---- = 0 address parity error and PCHK ----
0 data parity error.

78. The current bus cycle has not run correctly to completion.

79. 1/O write.

80. Itisapipeined buscycle.

81. Two-way set associdive.

82. 8Kbyte code cache; 8Kbyte data cache.

83. 256 hits (32 bytes).

84. The write-through update method is used to write the data to externd memory.

85. Read hits access the cache, read misses may cause replacement, write hits update the
cache, writes to shared lines and write misses appear externdly, write hits can change
shared lines to exclusive under control of WB/WT----, and invalidetion is dlowed.

Section 16.11

86. Pentium” Pro processor

87. 55 million; 4.5 million.

88. 256K byte, and 512K byte.

89. Both the code and data caches are 16K bytes in size; they are organized four-way set-
asociative.

90. 182

Section 16.12

91. Celeron™ processor.

92. 386,213.

93. 533Mbytes/sec.

94. 1400Mbytes/sec.

95. Single edge contact cartridge.
96. 4000 Mbytes/second

Section 16.13

97. P6 microarchitecture; NetBurst™ microarchitecture.
98. Forty two million transgtors.

99. 133 MHz; 400 MHz.

100. Execution trace cache.



