International College Penang
LAUREATE INTERNATIONAL UNIVERSITIES

FINAL
Examination Paper
(COVER PAGE)
Session : : August 2015
Programme . Diploma in Electrical and Electronic Engineering (DEEI)
Course :  EEE2105: Introduction to Microprocessors
Date of Examination . 6™ December 2015 (Sunday)
Time : 8:00 am ~10:00 am
Duration . : 2 Hours Reading Time : Nil
Special Instructions

This paper consists of SIX (6) questions. Answer any FOUR (4) questions in the answer booklet

provided. All questions carry equal marks.

IMPORTANT NOTE : THIS PAPER SHOULD NOT BE TAKEN OUT OF THE

EXAMINATION HALL
Materials Permitted
Nil
Materials Provided
Appendix A.B,C,D & E
Examiner(s) : Mr. Steven Khoo Boo Tap
Moderator : Dr. Mandeep Singh

This paper consists of 12 printed pages, including the cover page.



EEE 2105 (F)Y Page 1 of 11

INTI INTERNATIONAL COLLEGE PENANG

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEEL)
EEE2105: INTRODUCTION TO MICROPROCESSORS
FINAL EXAMINATION: AUG2015 SESSION

Instructions: This paper consists of SIX (6) questions. Answer any FOUR (4) questions in the
answer booklet provided. All questions carry equal marks.

Question 1

(a) Calculate the address range for these outputs Y1, Y4 and Y7 of the 74LS138 active-low
decoder for the design shown in Figure 1(a).

7415138 16K x 8

Aid A

A1 C Y1 P
wr-f] Yo, | va b cs

- G2A -
S R el
- h
A19 G1
Figure 1(a)
(7 marks)

®) Comment on the validity of the following instructions. For those invalid instructions,
explain why. For those valid instructions, state the addressing mode.

G) MOV BX,[AX]

(2 marks)
(i) MOV DL, [BP]|BX][DI][SI] 22H
(2 marks)
(ii) MOV CS, DS
(2 marks)

(ivy MOV CL, |BX+0AH]
(2 marks)
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(¢)  Perform the following number system transformation. Show all workings clearly.

6 A4.F4 ¢ to decimal equivalent with 6 decimal points accuracy.

(2 marks)
(i)  [10215.015 x 124] to hexadecimal equivalent with 2 hexadecimal points accuracy.
(4 marks)
(i)  [164.95312519— 11.101,6] to binary equivalent with 12 binary points accuracy.
: (4 marks)
Question 2
(a) Explain the term of the following with an appropriate diagram.
@ Simplex
(3 marks)
(i)  Half-Duplex
(3 marks)
(iii)  Full-Duplex
(3 marks)

(b) At a certain moment the state of an 8086 microprocessor based system is as follows: (All
values are in Hexadecimal)

90008 | 12 4010E | 6F
9000A | 34 4010D { 2D
50009 | 56 4010C{ Cl
50008 | 78 4010B | 25
90007 | 9A 4010A | 3F
90006 | BA 40109 | 12
90005 | DE 40108 | FF
- 90004 | FO 40107 | FC
90003 | 21 40106 | El
90002 | 43 40105 | 10
90001 | 09 40104 | 00
90000 | 67 | 40103 | 36
8FFFF | 54 40102 | 21
8FFFE | DF 40101 | 88




()

Question 3

(a)

gy

(iii)

(iv)

‘What is the physical address of the top of the stack?
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What is the physical address of the next instruction to be executed?

(2 marks)

(2 marks)

Draw a memory map for the 8086 microprocessor, indicating clearly the start and
end addresses of the segments.

(3 marks)

Provide the registers and memory locations that are effected, and their new values
after the execution of ADD [BX - 0EH], AX, also state the number of bytes used
for this instruction.

(3 marks)

What is the different between JMP (Unconditional Jump) and CALL (Unconditional

Call) instructions? Provide FOUR (4} detail comparisons.

Tllustrate clearly using an appropriate example to show the differences. Use same data for
the comparison of both the instruction.

(6 marks)

A 10-MHz 8086 based system is using ROM of 650-ns speed. Calculate the number of
wait states that the ROM selection circuitry must add if the delay due to data path and

decoding circuitry (74L$138, and so on) is 35-ns.

3-to-8 Decoder

Atb
A16

A17 ()

A19

t B

A
C YO0
74L.5138
G2A
G2B
G1
Y7

[*J

16K x 8

Figure 3(a) 8086 Based System

ROM

3|

(5 marks)
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(b)  The 8255 PPI is configured as shown in Figure 3(b). Write a program to count the
number of ‘zeroes” in the incoming data received from port C continuously via 8255 PPL
The results will be sent to port A if the count result is even and sent to port B if the count

result is odd. Assume the configuration below is using Mode 0.

Also, include comments for any instruction used. The program length should be as
minimum as possible.

Examples of incoming data and the respective action:
255 (00100101) = send 05 (Odd) out to port B

CCy (11001100) = send 04y (Even) out to port A
00y (80000000) = send 08y (Even) out to pott A
EFg (11101111) = send 01y (Odd) out to port B
FFy (11111111) = send 00y (Even) out to port A
731 (01110011) = send 03y (0Odd) out to port B

[Refer to Appendix C for 8255 PPI Control Word]

A4

8255 PPI

Do
D7

iow—1 WR
IOR — RD
Al —— At
A0 =t A0

cs

grid

A7 s

(c)  Describe the function of the following pins of 8086 microprocessors.

@

. G

RESET [pin 21]

READY [pin 22]

(12 marks)

Cu

CL

Figure 3(b) 8255 Configuration.

(2 marks)

(2 marks)



(i) NMI [pin 17]

(iv) INTR [pin 18]

Question 4
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(2 marks)

(2 marks)

(a) Given the registers and the memory locations contents of 8086 as follows: (All values are
in Hexadecimal).

AX | 1234H CS | 3016H DI { 0555H

BX | 0404H DS | 5F41H SI | 5060H

CX | 5678H SS | 5F81H BP | 6070H

DX | 789AH ES | 7040H P | 7100H
]

5FSO0H | 11

22

33

44

35

66

77

88

99

00

Figure 4(a-1) Registers and the content

Al

Bl

Cl

D1

El

F1

SF810H | 02

04

45

78

90

11

22

33

i

55

66

77

88

99

00

12

S5F820H [ 34

56

78

90

12

34

56

78

90

12

34

56

78

80

i1

22

5F830H | 33

44

33

66

77

88

99

00

10

A0

12

34

56

78

9A

BC

5F840H | DE

FO

00

11

00

11

10

21

99

B8

77

33

58

45

33

22

5F850H | 25

31

19

00

01

22

20

31

89

C8

66

22

CcC

54

iq

06

5E860H | DC

FO

20

18

02

33

30

41

79

D8

55

11

BB

67

55

20

5F870H | FE

Fl

10

12

03

44

40

51

69

E8

44

AA

35

76

66

21

SFR80H | 00

FF

00

FF

00

FF

00

60

SF

FF

14

00

FF

F1

80

09

Figure 4(a-2) Memory locations and the content

Perform the following operations. Indicate the result in the register and the content where it
is stored. The operations are independent of each other. Show all workings of before and
after with appropriate diagram illustration.

() SUB

[0416H — 32], DX

(i) XOR [BP]+23+23H-602130,BH

(3 marks)

(3 marks)




(&)
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(iii) AND [DI]+101b+1010—-101-101H, AX
(3 marks)

(iv) ~ADD [SI+ BP + 0EBOH - BFADH + 10010000b], CX
(3 marks)

Calculate the time delay taken for the program in Figure 4(b-2) running on 8086
microprocessor at 10-MHz. At a certain moment the state of an 8086 microprocessor
based system is as follows: {All values are in Hexadecimal).

Assume that DS register contains 0700H. Show all workings clearly for cach
instruction.

(13 marks)

[Refer to Appendix A for the cycle time]

077000 108 108 145178 110121122133 [ 34|25 26 | 27| 28 | 49 | 40 | 14

| 07800H | (2 | 03 | 05|01 [12]|24[56]01|16]|00|34|56]|98| 5019 |62

07900H | 07 12030 40{50]60]170]80[90]02|00|CO[DO|EQ]|FO0]|00

07A00H [ 1D |1C|IB|1A[19]18[55]66[47 |46} 05 |44 14342 |41 |0F

Q7BOOH | 18 |19 |23 | 48 12512627 |58}29(31}32]|35|36]37 3839

Figure 4(b-1) Random Address Memory

MOV AL, 02H
LOOP4: MOV BL, [0AOAH]
LOOP3: MOV DX, [0808H]
LOOP2: MOV  CX, [0909H]
LOOP1: NOP

NOP

LOOP LOOP1

DEC DL

INZ LOOP2

NOP

DEC BL

INZ LOOP3

XOR AL, AL

INZ LOOP4

HLT

Figure 4(b-2) Coding.
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Question 5

(2)

()

A 10-MHz 8086 microprocessor is interfacing with a 3-MHz 8237 DMA. The CPU bus
cycle uses one wait state and the bus cycle for the DMA is 4 clocks. Calculate the DMA
data transfer rate if the system bus is used alternately by the CPU and DMA. Express the
answer in Kbytes/s.

(6 marks)

A transmission system uses three asynchronous serial data communication settings to
transmit a passcode that contain 9 characters to the receiver via 8250 UART chip. Figure
5(b-1) is used to transmit the first 3 characters, followed by Figure 5(b-2) setting for the
next 4 characters and finally, Figure 5(b-3) setting for the last 2 characters of the
transmission.

The L.SB is transmitted first.

Data bits:

Parity:

Stop bits:

Bow cortrol: ;N ;

o Figure 5(b-2j Néxt 4 cﬁréracters setting.
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Bits per second: |44

Data bits: B

Farty: |

Step bits: |

Flow corttrol: |Par

" Figure 5(b-3) Last 2 characters setting.

Decode the following serial data received in continuous ASCI characters message:

Incoming data:
0111011011100101111111010110100110000112000101011110001

01001110011001011110010011011111101100110011

(i)

(ii)

(iif)

What is the passcode transmitted and passcode solution?

{10 marks)

What is the Parity setting used for Figure 5(b-1) and Figure 5(b-2)?

(2 marks)

Calculate the total time when transmitting the above message and the time

wasted due to overhead.

[Refer to Appendix B for ASCII codes]

(3 marks)

oof]1” ' so[dvon
pildz 391 -R
o2i]s 5[] -DGD
pz 4 I7L1-08R
paiis 36).C18
psiis 35 [ IMR
BEE{7 341]-0UT1
prils 33 1-DTR
Relk g 8250 332 1-HYS
roL]io F'.F'g 31 1-ouT2
o] 1175450 30 inTe
csalie 7 NG
e51E313" el lan
cs2ii1d 27{da1
-BAUDOUTE] 15 26[ a2
XINLY16 25[]-ADS
HOUTE] 17 24 jesour
wrilia 231 Dbt
_ wrilis 2zE3RD
{GNDT VY5581 2D Al wb

Figure 5(b-4) 8250 UART pin configuration.
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The 8259 PIC is configured as shown in Figure 5(c). Write a program to initialize the
8259 using the port addresses in Figure 5(c). Assume the ICW1 is 1BH, ICW2 is 58H, no
ICW3 and ICW4 is 2FH. Also include comments for any instruction used.

(4 marks)
[Refer to Appendix E for 8259 PIC Control Words]
8259 PIC

DO

D7
IRO -
IR7

AD

cs

Figure 5(c) 8259 Configuration.

Question 6

(a)

Figure 6(a-1) shows a TM4100GAD8 Dynamic RAM Module pin configuration.
Figure 6(a-2) shows a TM497GU8 Dynamic RAM Module pin configuration.

Determine the:
(i) total memory capacity of the arca (A and B) memory device in Kbits,

(4 marks)
(i)  individual memory organization,

(2 marks)

(iii)  number of address pins and number of data pins of each memory device.
(4 marks)




(b)
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$

Vec 145 vee 1]
CAs 2|0 cas 21
bt 3T pal s
A 41T A 41T
At 517 At 51
Doz 61 0oz 8
Az iy Az Tl
A3 8 PO -
Vgs 81 Ves SE 1
o3 w2 paa 10 ]
FYE T A Ad M3
AS 12177 AS 12 [ | e 7!
Do 3|1 po4 13 1 |
A8 140 A5 14 ET! [
A7 503 AT 151 |
DOs 183 pDQs 1817 B :
AR 7} ¢ A8 17 i
AS 1811 A 181 3! !
A 18l 3 A0 19 3 1
pas 203 pGE 20 | :
[T . W2y
Vgg 2273 Veg 2201
pa7 23 {1 pG7 2313
NG 24§ ¢ WG 24 [ 1
Das 25§ 1 DQ8 25 1
NE 261 1§ NC 2617
RAS 271 i1 RAS 273
NC 283 - NG 2810
NC 280 3 NC 29§ 1
Voo M3 Voo 3013
Figure 6(a-1) TM4100GAD8 DRAM Figure 6(a-2) TM497GU8 DRAM

Module pin configuration.

Module pin configuration.

With the aid of a suitable diagram with details labelling, illustrate step-by-step how DMA
can be used to speed up CPU operation during the transfer of data from memory to an I/O

device.

The diagram should include the control signals for Microprocessor (CPU), DMA,
Memory and I/O Device. The steps describe should be as detail as possible describing all

control signals operation.

(10 marks)
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The 8254 PIT chip is configured as shown in Figure 6(c). CLK1 of counter 1 is 1.19318-
MHz and Gatel is connected to high permanently. Counter 1 generates a periodic pulse
every 45.2573-us to refresh DRAM memory of the computer. Write assembly
instructions to generate this periodic pulse through OUTL.

(5 marks)
[Refer to Appendix D for 8253/8254 PIT Control Word]
8254 PIT feiock
Do .
CLKO
- ,
Counter 0 |mmmamm gat_?g
jlow—— WR
D e 1) CLK1
At o a 1 [ Gate 1
F g S——— ; Counter b Gate
A6 . A1 2; szl (01T
I - CLK2
AS — i
cSs Countor 2 _ke@emmmmn Gate2
A4 = ey OUT2
A3 e L T Figure 6(c) 8254 Configuration.

—THE END -
EEE2105(F)/Augl5/Steven Khoo/12/08/15




APPENDIX A: 8086 INSTRUCTION SET SUMMARY

Instruction Set Summary

Flags |

Clerk Number Poge
Mpembnie Description cpcles of bytes ODITSZAPC rel
AAA ASCII adjust for addition 4 1 L=---uxux 7%
AAD ASCIH adjust for division 60 2 -+ -X¥X8Xxu 76
AAM ASCH adjest for multiphi-
cation £3 2 L--«xXuxuw 76
AAS ASCH a8just for subtrac-
fion 4 1 n---nuxux 76
ADC Add with carry xX---XXXX XK 65§
Register to register 3 2
Memory to register 9+EA 2-4
Repister 10 memory HW+EA 24
Immediate to ropister 4 34
Immediate {0 memory 17+EA 3-6
Immediste 1o ancumuia-
tor 4 3
ADD Addition X---XXxxx 65
Register to register 3 2
Memory o regisfer S+ BA 24
Register {0 memory 16+ BA 2-4
Immediate-to register 4 34
Tmmediate to memory I7+EA ¥4
Immedizte to avcumula-
tor 4 -3
AND Logical AND g---xzuxd 93
Register to register 3 2
Mermsory o register S+EA 2-4
Regpister to momary 16+EA 24
Immediate to register 4 34
Immediate to memory 174+EA 36
Immediate to accumla- )
tor 4 2-3
CALL Call a procedure I I 157
Intrasegment diroot 19 3
Iotrasegment inchirect
through register i 2
Intrascgment indireet
ftrough memory 21+ EA 24
Intersepment direct 28 §
Intersegment indirect IT+HEA 24
cBw Convert byte to word 2 I e ws s e~ 88
CLC Clear caxry fiag 2 1 LTI | B
cio Clear direction flag 2 1 o N
cu Clear interrupt flag b4 i R L /]
CMC Complement carry flag 2 E S x 92
CMP Compare E---XXxxx 69
Register 1o register 3 2
Memory to repister Y+EA 24
Register to memory 9+EA, T4
Immediate to epister 4 34
Immedizic o memory G4 EBA k=1




Clock Mumber Flags Page

Mnemonic Description cycles of bytes GDITSZAPC ref
Inunediate to accumula-
tor 4 2-3
CMPS/ Compare string/ i Xer--%xxxxx 208
CMPSB/ Compare byte string/
CMPBW Compare word string
Mot repeated 22
Repeated G+ 2rep
CWD Convert word to double
word 5 1 LRI &8
DAA Drecial adjust for addition 4 1 u---XXXXX M
bAS Decimal adjust for subtrac-
tion 4 1 --=Xxxxx M
DEC Decrement by 1 X---XXxx- 6%
16-bit register 2 i
B-bit register 3 2
Memory I5+EA 2-4
Dy Ungigned division g---guguue 70
8-bit register 80-90 4
16-bit register 144-162 2
8-bit memory (86-96)
+EA 24
16-bit memory (150-168)
+EA -4
ESC Bsgape s e ae s 457
Register y z
Memory B+EA 2t}
HLT Hais 2 [ o1
oy Inteper division - -«uuuvug W
H-hit regisier 101-112 2
16-bif repister i65-184 2
8-bit memory (107-118)
+BA -4
18-bit memory {(i71-190)
+EA 2-4
iMUL Integer multiplication x-=-unnux MW
8-bit rogister BO-58 2
16-bit register 128-154 2
B-bit memory {B6-104)
+EA 2-4
16-bit memory {134-150)
+EBA 2-4
N Input from HO port . ¥
Fixed port 10 2
Variable port 8 1
INC Inctrement by 1 X--~-~X%XX%- 69
16-bit repister 2 i
8-bit register 3 2
Metnory 15+EA 2-4

INT Interrapt R P




Clack

Flags Page

Mumber

Mnemonic Description cycles of bytes ODITSZAPC ref

Type=3 52 1

Type+3 b3 2
INTO Interrupt if overflow i «-00- .-~ 172

Interrupt it tuken £

Interrupt is not taken 4
IREY Return from interrupt 24 T rrerrexyrr 172
JAS Jornp if above/ 1874 7 e e w e mom = 30
JNBE Jump if not below or equal
JAE/ Jump if above or equal/ 164 v e e m = K]0
JNB/ Jump if not below/
JNC Jump if not carry
JBY Jump if below/ 1614 2 e e as e |0
JNAE/ Yump if not above or equalf
JC jumnp if carry
JBE/ Jump i below or equal/ 164 ) e wom oo os e« RO
JNA Jumgp if not above
JCXZ Jump if CX s zer0 1816 I R ;8
JE/ Yamp if equal/ 15/4 B e e s e 80
JZ Jumnp if zero
JG/ Furap if preatet/ 16/4 v J 80
JNLE Fump if not less or equal
JGE/ Jump if greater ar equal/ 1644 S BD
JNL Jump if not loss
Jid Juenp if less/ 1614 y 2 B0
JNGE Jaep if not greater or equal
JLE/ Jumip if less or squal/ 164 2 e e e aaaan B0
JNG Jump if not preater
JMP Ywwp  mmmemme 84

Intrasegment direct short 15 2

Intrascgment direct 15 3

Intersegment dicect 15 5

Iptrascgment indirect

through memory 18+ EA =4
Intrasegment indirect -
theouph register 11 2

Intersegmen indirect H+EA 2~4
JHES Jump if not equal/ 1614 S 80
SNZ Jump # not zero
JNO Tumsp if not overflow 16/4 R 80
JNP/ Jump if got parity/ 164 R a0
JEG Jump if parity odd
JNS Juinp if not sign 16/4 I iH
JO Jump if ovetBow 16/ 2z P 20
JPL Jump if parity/ 1644 2 eeeeeaeen 20
JPE Jump if parity even
JS Jump if sign 16/4 R 80
LAHF Losd AH from flags 4 1 eeme-- r- B2
DS Losd pointer vsing DS 6+BA 94 aear-mmw 51
LEA Lord effestive address 2EBA 24 f e s w o &0



Number

Clock Fiags Page
Mnemonic Bescription cycles of bytes ODITSZAPC ref
LES Logd pointer using BS 16+EA 2-4 e &0
LOCK Lock bus 2 1 c e e 455
LODS/ Logd string/ S .- AR
LODSE/ Load byte string/
LODSW Load word string
Not repeated 12
Repeated S+ 13/rep
Loop Loop 17/5 2 e L .-~ 88
LCOPE/ Loop if equal/ 1846 2 e e s e 5
LOOPZ Loop if zera
LOOPNE/ Loop if not equel/ 1915 2 ceeewnr-- &8
LOOPMWZ Loop if not zero
MOV Move  esaenee- - &0
Accumulstor to memory 10 3
Memory to accumplater 10 3
Pepister to register 2 Z
Memory to register 8+E& p
Register to memory 9+EA 2-4
Immediste to register 4 2-3
Immediate 1o memory W+ EA 3-6
Registerto 88, DS, orES 2 2
Memoryto 88,05, 0rES B4 EA 2-4
Segment register to rég-
ister 2 2
Segment register to
Memary F+EA -4
MOVS/ Move string/ i s s s s s~ 208
MOVSE/ Move byte string/
MOVSW Maove word string
HNot repeated 12
Repeated 9+ IThep
MUL Unsigned multiplication x»~:«-unuuunx 70
B-bit register 7047 2
16-bit register 118-133 2
8-bit mesmory (76-8%)
: +EA 2-4
16-bit memory {124-139)
+EA 24
NEG Negate Xx-- ~¥E5xx &
Repister 3 2
Maoory 156+EA 4
NOP No operation 3 I s e s e 01
NOT Logical NOT cre e ne 93
Regioter 3 2
Memory 16+ EA 2-4
OR Logical OR _ Q.c.xxux0 W
Register to tegister 3 2
Memary to register 9+EA 2-4
Register to memory 16+EA 2-4




Clock Nurnber Flags Pape
Mnemonic Duscription cycles of byles ODBITSZAPRPC ref
Immediate o accummla-
tor 4 -3
Immediate o register 4 34
Fmmediate to memory 17+EA 36
out Cutpat to T/O port «w === 232
Fixed port 0 2
Variable port § 1
pPopP Popwordoffstack oo - 153
Register 2 1
Segment register 88, DS,
or ER 8 1
Memory 174+ EBA 24
POPF Pop flags off stack ] H Frrrreref 153
PUSH Push word ontostack ~ mome=wmsrss 153
Register 11 1
Segment register 19 1
Memory 16+ EA 2-4
PUISHF Push flags onto stack i0 5 J 153
RCL Rotate left through carry L x 98
Register with single-shift 2 2
Register with variable-
shift 8-+ 4fbit 2
Memory with single-shift  15+EA -4
Memory with variable- 20+EA 4
ghiift +4/bit
ACR Rotate right through carcy Ewwrmo=mo- x 98
Register with single-shift 2 2
Register with variable-
shift 8+40kt 2
Memory with single-shift  15+EA 2-4
Memory with veriable- 20+EA 2-4
ghift + 4/bit
REP Repeat string operation 2 1 s == e 213
REPE/ Repeat operation while
equalf 2 1 wm e e o 213
REPZ Repeat operation while zero
REPNE/ _ Repent operation whils not
equal/ 2 1 -meem- « o 213
REPNZ Ropeat operation while sot
ze10
RET feturn from proeechgee o memms « - 157
Intrasegmont 8 1
Intrasegment with con-
stant 12 3
Intersegment 18 i
Intersegment wWith con-
stant 17 3
ROL Rotate Joft Xer---=- x 98
Register with single-shift 2 2 '



ook Number Flaps Page
Mnemoanic Description cycles of bytes ODITSZAFPC ref.
Register with variable-
shift 8+ 4/bit 2
Memory with single-shift  15+EA -4
Memory with varizble- 20+EA -4
ghilt + d/bit
ROR Rotats right R « % PR
Register with single-shift 2 2
Register with variable-
shift 84 4/bit 2
Memory with single-shiff  15+EA 2-4
Memory with vatiable- 20+EA 24
shift + 4ol
SAHF Store AH into Nlags 4 i e~ rrrr 92
SAL Shift arithmetic leftf x--=-xxuxx 98
SHL Shift logical left
Register with single-shift 2 2
Register with variabla-
shift B-=4fbit 2
Momory wilh single-shift  15+EA 24
Memory with variable- 204+EBA 2mdd
shift +4fbit
SAR Shift arithmetic right X---xxuxx 9B
Register with single-shift 2 2
Repister with variabla-
shift E+-4fbit 2
Memory with sinple-shiff  15+EA 2-4
Memory with variable- 20+EA 4
shift + d4fbit
588 Subtract with borrow X---XxxX% &5
Repister from register 3 2
Memory from register S+EA 4
Register from memory 5+EBA 24
fmmediate from secu-
mwdator 4 3
Immediate from register 4 34
Immediate from memory 174 EA 3-6
SCAS/ Scan stringf 1 X«+-ZXX 38X 208
SCASE/ Scan byte string/
SCASW Scan word string
Not repeated 15
Repented 9+ 15/rep
SHR Shift Ingical right X---Xxuxx 98
Repister with single-shiff 2 2
Register with variable-
shift B+ 4/bit 2
Memory with single-shift 15+ EA =4
Memory with varisble. 20U+EA 4
shift + 4/hit
STC Set carry flag 2 I e eem e 1 92
ST Set dicection flag - H cleee e G2




Plags Page

{EXY4 (DI )4 OISY

Clock Number
Mnemonic Description eycles of bytes ODITSZAPC gl
ST Set interrupt flag 2 1 R SEECECAP R 92
STOS/ Store string/ 1 1
STOSR/ Store byte string/
STOGW Btore word string
Not repsated il
Repeated 9.+ 10/rop
SUB Subiraction X~--~2%XXxx &5
Regpister from register 3 2
Memmy Tom register 9+8A 24
Register from memory 16+ EA 24
Immediate from accu-
milator 4 2-3
humediate from register 4 4
Immediate from memory  I74+EA 3-6
TEST Test g---xxuxf 93
Register with register 3 z
Memory with register D+EA p |
Immedinte with accomu-
{stor 4 2-3
Immediate with tegister 5 34
Immedinte with memory 11 +EA 36
WAIT Walt while TEST pin not
ayerted 3+5a 1 I 457
XCHG Exchapge = s e e ws e a0
Repister with accnmula-
tor 3 1
Repigier with momory i174+EA 2-4
Register with register 4 2
XLAT/ Translate 11 1 R 2
XLATB
XOR Logical exclusive OR 9---xxuxl 93
Register with repister 3 2
Meimory with register 9+BA 2-4
Register with memory 164 EA 24
Immediate with acoumu> o
fator 4 2-3
Immediate with register 4 34
Immediate with memary  17+EA 36
EX Ho. of Clook Oytlex
Direct 6 Flag Setting Symbols:
Reginter indipest ] ODITSZAPC:
Begisber relative g — Not affected
Betcd indesed ot x Sef or cleared according to the result
{BPI+(D1} or [BXI+(3i} T o Undeﬁned
L AERSISD) or {BX1(BD) B 0 Cleared to 0
B BE e chl ) DT3P o " 1 Settol .
g;ﬁg:%g;;: B o 1 r Restored from previously saved value




Conditional Jump instructions

Enstruction] . - . Descrption - | Condition’ |- Allases - 1Opposite
JC Ljump if camy Camy =1 JB, JNAE JNC
lump if no carry Camy=0 | JNB,JAE JG
_bump if 2670 LZero=1 JE JNZ
~ Jump iftnot zero Zerp=0 = Jz
Jump I sign Sign = 1 — JNS
Pump # no sign Sigh=0 - Js
LJump if overflow ~ {Dverfiow = 1 - JNO_
- [ump i no averflow 10verflow = 01 - JO
JP bump if party Parity = 1 JPE ~ JNP
JPE  pump il panly even Parly=1 JB JPO
JNP  Jump i no parity Parily = 0 JPO JP
JPC  Hump if parity odd Parfiy=0 JNP JPE
oA . Unszgneé Cg parisons . - DR e
“Instruction’ e Eescnption T Condmon [ Aliases: [Oppasite]
AL Jump i above ) Cany 0, Zero = 0 JNBE | JNA
ump i not below nor equal (not<=)  |Canmy =0, Zero =0 JA JBE
Hump # above or-equal (>=) Carmy =D JNG, JNB] JNAE
Lump # not below {not <) Carry = JNG, JAE] JB
Jumpifbetow {<} Camy = 1 G, JNAE| JNB -
“Jump i not above nor equal {not >=} _ jCanv = 1 1 Jc. 48 JAE
“Liump ¥ betow or equal (<=} Carry = lorZerp=1 -JNA JNBE
Jump.if not above (not >} Carry = 1.arZero = 1 JBE 1 WA
Dumpifequat (=) _lZero=1 3z | UNE
“{ump ¥ not egual () Zerg =0 _NZ JE
L LR B * Signed Campansens L S v
mstruction] . Bescnptmn T 0 e ccmémen : iAE;asesiOppos;tei
e PGET Jump ;f gfeater >} Sign = Dverﬂow_ & Zero q JNLE § JNG
- JNLE S Jump if not less than nor equaf {not <—} Sign = Overfiow & Zero =0 JG JLE
-2 JGEs - Hump i greater thap of equal (>=) Sign = Overflow JNL | JGE
- JNL: Vurnp i not Jess than (ot <) Sign = Qverfiow JGE JL
st Uump i Jeas than (<) 15ign Overflow JNGE | JNL
-~ JNGE " {ump if not greater nor equal {nol >=)y _ iSign QOverflow b JGE
v JUE T {lump i less than of egaal (<=} Slgn Overflow oF 7e10 = 17 | JNG | JNLE
~JING - {umgp if not greater than {nof >) Sign Overflow & Zero =1 JLE § JG
o JE Yump § equal (=) 7ero = 1 JZ JNE
“WJNE - - Hump i not egual () Zero =0 JNZ } JE
8086 Flags Register
iDDITEZAPCI Overflow Flag, Direction Flag, Interrupt Flag, Trap Filag,

gign Flag, Zero Flag, Auxilary carry Flag, Parity ¥Fiag,

Carry Flag




APPENDIX B: ASCII TABLE

ASCII Codes

BB: aull 28: spa 46: @ 68: * 8B: T AB: & cg: L EB: o
Agli: B 21z ¢ 41: A 6i: a 81: § ai: % ci: 4+ Ei: ¢
A2z &8 22: " 42: B 62: b 82: & i2: 6 C2: E2: I
Biz- v 23: # 43: G 63: o B3: & a3: @ C3: I E3: 1
B4: + 24: % 44: b 64:= d 84: & A4: i C4: — E4: E
A5: & 25: x 45: E 65: e 85 & AS: H Ch: Es: o
BG: % 26t B 46: F 6h: f 86: & A6: 2 Ch« E6:z m
@7: bheep 27: ' 47: G 67: g 87: ¢ a7: = G2t E?: 1
@8 hack 28: ¢ 48: H 68: h §8: & f8:z & [+ Ei: &
@%: tab 29z > 49: 1 69: 1 89: € Re: c9: fi E?2: @9
BA: newl 2A: = 4ftz J 6A: 3 8h: & ARz = Gz = EhA:z 2
BB: & 2B: + 4B X 6Bz k gB: i AB: % CB: i EB: &
@c: 2 2c: 4C: L 6C: 1 8C: i AC: % ce: |t EC: w
@bz cret 2D: - 4D: M 6D m gD: i BD: & Ch: = EDb: &
8E:= R 2E: . 4E: N 6E: n 8E: & RE: « CE: ﬁ EE: €
BF: 28z / 4¥:1 O 6F: o gF: & AF: » CF: = EF: N
i8: m 38 A £a: P 78 p 9@: £ PB: § pP: o FA: =
11z 4 1= 1 5i: @ i og 91z @ Bi: Ii: 5 Fi: £
12: ¢ 32: 2 KE2: R 72 » 92: £ B2: D2: 0| F2: 2
13: Y 33: 3 L3: § ?3: s 93: & Bi: b3: Fi: £
. 14 34: 4 54: T 74 t 94: @ B4: D4: E F4: I
16: E 35: & KL= U 75 u 95: & B5: DS g F5:
16 - 36: 6 6t U ez v %6 U Bo: 11- Dbz PFo: +
1?: & 3?= 7 5% U 'l 97: L B7: 1 D7: ﬂ F7: &
18:= t 38:= B 58: ¥ 78z x 98r U B8: DBz T Fg: ©
19: 1 39: 9 5%: ¥ 7%z v 29:-0 BY9: ﬁ b%: Fg: -
if: » s : 5R: Z iz %a: 0 BA: | Dh: Ph: -
iB: « 3Bt 3 58: [ 7Bz { 9Bz ¢ BE: j) DB: §  FB: 4
10 = 3C: £ Lt N 70 1§ 90z £ BCx DC: PGz »
1Dz # 3D: = 5D: 1 7D 3 9z ¥ Bp: 4 DD: FD: =
1E: & 3E: > EE: ~ 7E: ™~ FE: R BE: 4 DE: FE: 1
iF: ¥ 3P: 7 EF: _ 7B & ?p: F BER: 1 DF: FF: »res
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APPENDIX C: 8255 PPI
Control Word

i Coptrol word

8255 Control Word Format (I/O Mode)

S CONTROLWORD 0 [ 0 7

. [BIT SETRESET FLAG |
T 10=ACTIVE -

BSR Control Word



APPENDIX D:

]

!

|
A |
]

1

I

8253/8254 PIT

Control Word

1&-bit binary

4-decade BCD

.0 Select counter O 0 1 | R/WLSB only
0 Select counter 1 1 0 | R/W MSB only
- Select counter 2 1 1 | R/WLSB then M5B

ol | OO

QO [D][O

O e | O e O

M|t | =i




APPENDIX E: 8259 PIC
ICW1:
Ay Dy Dg Dy Dy Dy D; Dy Dy
0 X X X 1 |LTIM| X §SNGL| IC4
]
1=ICW4 Needed

1 = Level Trggered Mode
() = Fdge Triggered Mode 0 = Mo ICW4 Needed

1 = Single
D — Caseade Mode

ICW2:
Low order bits are 0 since there are 8 interrupts.
N
Ag D; Dg Ds Dy Dy D, Dy Dy
1 T7 Tﬁ Ts T4 T3 X1X 11X
T7-T3 of Interrupt Vector
| Address (8086/8085 Mode)
ICW3:
This register is treated as a mask,
Ap Dy Dg Ds Dy Dy Dy Dy D ith 1% indicating the IRQ channels
1187 | 8s| 85| 84838, S |Sg| connected to master/slave 8259As.
0 = IR Input has a slave -

1 — IR Input does nothave a slave

ICW4:
Dy Dy Dy Dy

Ay _D; Dg Dy Dy
BUF | M/S. | AEOI| 1

1 Q 0 0 (8FNLM
1=A0T0 EOL
0=NORMAL EOI

1 = Special Fully Nested Mode
- e N 0! v | Non-Buifered Mode
0 N%t Special Fully 11 n | Buffered Mode:Slave
1} 1 | Buffered Meode:Master

Nested Mode




