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INTT INTERNATIONAL COLLEGE

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING (DEEI)
EEE2105: INTRODUCTION TO MICROPROCESSORS
FINAL EXAMINATION: APR2016 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)

(b)

Referring to Program 1(a) as shown in Figure QI, the equivalent machine code for JNZ
LOOP1 is 75 FA. If INZ operation code is 75, explain how LOOPI is equivalent to FA.
Justify your answer with the aid diagram. Show all working clearly.

MOV CL, 04H
LOOP1: INC DL

DEC CL

INZ LOOPI

JMP LOOP2

ADD AL, AL
LOOP2: HLT

Figure 1: Program 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.

(i) MOV BX, [AX]

(2 marks)
(i) MOV DL, [BX][BP][SI)|DI] 11H

(2 marks)
(i) MOV CL, ES:[BX]

(2 marks)

(tv) MOV AL, [BX+0AH]
(2 marks)
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(c) Perform the following number system transformation. Show all working cleatly.
(1) [3020.30205 — 1002.10025] to decimal equivalent with 9 decimal points accuracy.
(3 marks)
(ii) [106.015 x 1.63] to binary equivalent with 11 binary points accuracy.
(4 marks)
(i) [163.070312510 — 11.1013] to hexadecimal equivalent with 3 hexadecimal points
accuracy., |
(3 marks)
Question 2
a The bus ¢ cle. of the 8088 microprocessor consists of at least FOUR clock eriods,
(a) y P p
namely T1, Tz, Ts and T4, Discuss in detail what is happening in each T-state for a read
bus cycle of memory in 8088.
(i} During T cycle.
(3 marks)
(iiy  During Tz cycle.
(3 marks)
(iii)  During T cycle.
(1 mark)
(iv)  During T4 cycle.
(2 marks)
(b)  What is the different between JMP (Unconditional Jump) and CALL (Unconditional

Call) instructions? Provide FOUR (4) detail comparisons. Illustrate clearly using an
appropriate example to show the differences. Use same data for the comparison of both
the instruction.

(6 marks)
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(c) At a certain moment the state of an 8086 microprocessor based system is as follows: (All
values are in Hexadecimal)
9000B | 12 4010E | 6F
AX 9000A | 34 4010D | 2D
BX 90009 | 56 4010C | C1
CX 90008 | 78 4010B | 25
DX 90007 | SA 4010A | 3F
CS 90006 | BA 40109 | 12
DS 90005 | DE 40108 | FF
S8 90004 | IO 40107 | FC
ES 90003 | 21 40106 | E!
BP 90002 | 43 40105 | 10
SP 90001 | 09 40104 | 00
ip 90000 | 67 40103 | 36
SI 8FFFF | 54 40102 | 21
DI S8FFFE | DF 40101 | 88
1) What is the physical address of the next instruction to be executed?
{2 marks)
(11)  What is the physical address of the top of the stack?
(2 marks)
(i)  Draw a memory map for the 8086 microprocessor, indicating clearly the start and
end addresses of the segments.
(3 marks)
(iv)  Provide the registers and memory locations that are effected, and their new values
after the execution of ADD [BX — 0En], AX, also state the number of bytes used
for this instruction.
(3 marks)
Question 3
(a) The 8255 PPI is configured as shown in Figure 3(a). Write a program to count the

number of ‘ones” in the incoming data received from port C continuously via 8255 PPIL
The results will be sent to port A if the count result is odd and sent to port B if the count
result is even. Assume the configuration below is using Mode 0. Also, include comments
for any instruction used. The program length should be as minimum as possible.

(12 marks)




(b)

Examples of incoming data and the respective action:

e & © ¢ © ¢

251 (00100101) = send 03y (Odd) out to port A
CCy (11001100) = send 044 (Even) out to port B
00s (00000000) = send 004 (Even) out to port B
EFy (11101111) = send 07y (Odd) out to port A
FFu (11111111) = send 08n (Even) out to port B
731 (01110011) = send 054 (Odd) out to port A

[Refer to Appendix C for 8255 PPI Control Word]
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8255 PPI

Do
D7
iow— WR
IOR ™ RD

Figure 3(a) 8255 Configuration.

Suppose that AX = 3024, BX = 20CCh, CX = 82504 and SP = 0302y. Determine the
value of SP and the values of the data in the registers concerned as we progress through
the following instructions. Show step-by-step after each instruction being executed using
the aid of diagram as shown below to start with.

PUSH CX
PUSH BX
PUSH BX
PUSH AX
POP AX
POP BX
POpPp CX
PUSH AX
POP BX
POP CX

SS:
SS:
5S:
S8
S8

(13 marks)

Stack Memory

0300y
0301y
0302y
03034
0304y

START
SP= 03 02[-]
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Question 4

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

AX | 1234H CS | 3010H DI | 0555H
BX | 0404H DS | 5F41H ST | 5060H
CX| 5678H S5 | 5F81H BP | 6070H
DX | 78%AH ES | 7040H | P | 7100H

Figure 4(a-1) Registers and the content

0/
SFR00H | 11 [ 22 (33|44 |55|66{77|88|99100]|A1|B1|C1|DI|E]l]|FI
SFEIOH | 02 {04 |45 78 |90 1122|3344 5516677 | 88199100/ 12
SF820H | 34 |56 |78 9011234 |56|78|90| 12134 |56 |78 | 90|11 22
SFR30H | 33 |44 | 55|66 (77|88 (9900 10|A0| 12|34 156 |78 |9A|BC
5F840H | DE [FO |00 | 11 {00 | 11 §10[21 |99 | B8 | 77| 33 | 58 | 45|33 |22
SF8S0H | 25 [31[19]00(01}22]20|31 |89 |C8|66[22 |CC|54144 | 06
5F860H |DC | FO {2018 | 02133 (30|41 |79 D8 |55} 11 |BB| 675520
SF870H | FE | F1 | 10|12 | 03144 [40|51 (69 |E8 |44 | AA| 55|76 |66 21
5F880H | 00 |FF |00 |FF |00 |FF |00 {60 |5F | FF | 14 | 00 | FF | FI | 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.

()  XOR [0416II-32], DX

(3 marks}
(i) SUB [BP]+23+23H 602130, BH

(3 marks)
(iii) ADD [DI}+101b+ 1010101101, AX

(3 marks)

(iv) AND [SI+BP +(0EBOH - BFADH + 10010000b}, CX
(3 marks)
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(b) Calculate the time delay taken for the program in Figure 4(b-2) running on 8086
microprocessor at 8-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 each
instruction.
(13 marks)
[Refer to Appendix A for the cycle time]
O7700H {08 | 04 {45 | 78 [ 10|21 [ 22133342526 27128 149|40/| 14
O7800H § 02 03 | 0501 {12124 |56|0L|16]00 |34 |56|98 50| 19|62
07900H | 07 | 20 | 30 | 40 {50 {60 |70 |80 {90]02]00|CO|DO|EO|F0|00
O7TAOOH [ ID [ICIIB | 1A 1918|5566 147 146105144 (43|42 41 |0F
O7BOOH | 18 | 19123 148 25126127 |58129(31132135|36|37|38]39
Figure 4(b-1) Random Address Memory
MOV AL, 02H
LOOP4: MOV  BI, [0ACAH]
LOOP3: MOV DX, [0808H]
LOOP2: MOV  CX, [0909H]
LOOPI1: NOP
NOP
LOOP LOOP1
DEC DL
JNZ LOOP2
NOP
DEC BL
INZ LOOP3
XOR AL, AL
INZ L.OOP4
HLT
Figure 4(b-2) Coding,
Question 5
(a) A 5-MHz 8086 microprocessor interfaces 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. Calculate the
answer in Kbytes/s.

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

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

8259 PIC

+5V DO
T g

)
|/

A1—-—

A2 IRY
Do—|  w—]n

A3 o5
Ad =S cS

=)t

(c) A transmission system uses asynchronous serial data communication setting as shown in
Figure 5(c) to transmit extended ASCII characters message “S7, <k, “27, “I” using
continuous character transmission via 8250 UART chip. The LSB is transmitted first.

Figure 5(b) 8259 Configuration.

Bits par second: [43{}[!

Detarbits: (8 oo oo v |

Party: [Odd- o]

Stop bits: [‘l

Flow contml: [ lone:

Figure 5(c) UART setting.
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(i) Draw the frame format of the message transmission with complete labeiing.
(10 marks)

(i)  Calculate the total time it takes to transfer 300 times of the message and the time
wasted due to overhead,
{4 marks)
[Refer to Appendix B for ASCII codes]

Question 6

(a)

The 8254 PIT chip is configured as shown in Figure 6(a). 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 OUTI.

(5 marks}
[Refer to Appendix D for 8253/8254 PIT Control Word]
8254 PIT felock
bo CLKO
b7 g
Countor 0 |<fmageun GateQ
o WR » OUTO
T e T3y CLK1
IOR RD paaid
A7 Al ——l A1 Counter 1 | Gatel
OouUT1
A6 A0 =l AOD
CLK2
A5 — @ 1
CS Counter 2 <= (5ate2
Ad Lo . m-nb ouTZ
A3 Figure 6(a) 8254 Configuration.

A2




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

Determine the:

(i) total memory capacity of the area (A and B) memory device in Kbits,
(4 marks)
(11} individual memory organization,
(2 marks)
(iif)  number of address pins and number of data pins of each memory device.
(4 marks)
Voo 1 [y Vg 1[5
CAS 2 [ " CAS 2|7
pat 3|1, ; DRt 31
A0 4T i A0 4T
Al 5] : Al 5[]
DQZ 8 1 i Dz 8 [
Az 7, : A2 7 [
A3 8 e, A3 B8 {1
ves 9 1! ' Ves 9 1]
oas 1o A | a3 10 )
Ad 1t Mo } Ad4 11 [
A5 12 [ pre—— A5 12 [ ]romooo= =
Da4 13 71 . ba4 137! i
A6 14 ) A8 14 [ |
A7 15 tfe i; A7 15 :;i :
DQ5 16 i DQ5 16 [ !
A8 17 [ IE w | Bl
Ag 38 L i . A9 18 ) ;
A10 19 [ 1o e ) A0 19 3! !
pas 20 [ [ DQ6 20 [ l
w21 W 21 [ J1-=====- )
Vgs 22{ 11, Vgg 22 [
DQ7 23] ] be—— DQ7 231 ]
NC 24 1 NC 24 |1
DQ8 25§ ] D8 25 |1
NG 26 [ ]o NC 26 [
RAS 27 [ ] RAS 271
NC 2811 NC 281 ]
NC 291 NC 28 |73
Ve 3017 ]e Voo 303
Figure 6(a-1) TM4100GADS DRAM Figure 6(a-2) TM497GU8 DRAM

Module pin configuration. Module pin configuration.




(c)

EEE 2105 (F) / Page 10 of 10

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 /O
device.

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

control signals operation.
(10 marks)

—THE END -
EEE2105{F}/Apr16/Steven Khoo/0T/04/16




APPENDIX A: 8086 INSTRUCTION SET SUMMARY

Instruction Set Summar_y

Clack Number Flags Puge
Mnemonic Description cyeles of bytes ODITSZAPC ref,
AAA ASCII adjust foy addition 4 1 B---uuxux 76
ALD ASCH adjust for division 60 2 -~ --XXG%x0 76
AAM ASCIE adjust for multipli-
cation 83 2 M« --XXaxu 76
AAS ASCIE adjust for subfrac-
tiom 4 1 W= --uux4x 76
ADC Adad with carry X---XXXXX &
Register to register 3 2
Memory to register 9+EA 2-4
Register to memory 16+EA 24
Immediate o register 4 34
Immediate to memory 174+BA 3-8
Immediate to accumula-
tor 4 3
ADD Addition X---XXXxXx 6§
Register to register 3 2
Memory to rogister 9+EA -4
Register to memory 16+ BA 2-4
Immcdinte to register 4 34
Immedizte to memory 174+TFA 36
Innmediate to acoumidy-
tor 4 2-3
AND Logical AND 0---xxuxd 93
Register to rogister 3 2
Memory to register 2+ EA 4
Register to memory 16+EA 2-4
Immediate to register 4 3-4
hnmediate to memory 174+EA 36
Immediate o aceuimula-
tor 4 -3
CALL Call & procedure e v mue = 157
Intrascgment direct 19 3
Intrasegment indirsot
through register if p
Intrascgment indircet
through memary 21+EA -4
Intersegment direct 2K b
Fntersegment fndirect 3IT+EA 2-4
CBwW Convert byle to word 2 I R 68
cLC Clear carry flag 2 L 0 92
CLo Clesy direction flag 2 i D ¢ 92
Cul Cloar interrupt flag 2 1 MR LEP P 92
CMC Complement carry flag i I ces e ax B
CMP Compare X-r--Xxxxx 64
Register to register 3 2
Memory to register G+EA 4
Register to memory 9+BA 2-4
Immediate to register 4 34
Iimediate to memory 104+ BA Ko ]




Mumber

Flags Page

Clock
Muemonic Description eycles of bytes ODITSZAPC ref.
Immediate to accumula-
tor 4 23
CMPS/ Cumpare string/ 1 X---XXXKXx 208
CMPSB/ Comgpare byte string/
CMPSW Compare word string
Not repoatad 22
Repeated S+ 22hep
CwD Convert word to doubls
word 5 I R 48
DAA Decimal adjust for additton 4 i - --XXXX%
DAS Decimal adjust for subtrac-
' tion 4 1 W---xxxxx M
DEC Decrement by | X---XXxX- 6%
16-bit register 2 1
8-bit register 3 2
Memory I5+EA -4
Div Ungigned division u---ugnwon 70
8-bit repister 80-00 2
16-bit register 144-162 2
8-bit memory (85-96)
+EA 24
16-bit memory (150-168)
+EA 24
ESC Bseape ... 457
Register 2z 2
Memory B+EA 2-4
HLT Halt 2 | 91
IDiY Integer division w-+«-puuuy 70
8-bit register -112 2
16-bit register 165-184 2
B-bit memory (107-118)
+EA 2~4
16-bit memory (171-190)
+EA 2-4
fMUL Integer multiplication X---uwuunx W
8-bit register BO-98 2
16-bit register 128-154 s
B-bit memory (86~104)
+EA 2-4
16+-bit memory (134-160)
+HA 2-4
i Input from BQpept oL L. ... 237
Fixed port 10 2
Yariable port B i
INC Increment by 1 X---XxXXxXx%- 69
16-Tit register 2 1
B-bit register 3
Memory 15+ EA -4
INT Interrupt : | 172




Clock

Number

Flags Page

Maemortic Description cycles of bytes ODITSZAPC ref

Type=3 52 1

Type+3 st 2
INTO Interrapt if overflow 1 1 N | e X/

Intercupt is taken 53

Intercupt is not taken 4
IRET Return from intecrupt 24 i rerrrrrre 172
JAS Jump if above/ 16/4 2 I 80
JNBE Jump # not below or equal
JAES Tump if above or equal/ 16/4 2 - 80
JNB/ Jamp if not below!
JINC Jumyg: if not carry
J8f Tumgps i below/ i6/d 3 e e == os 80
JNAES Jump if not above or eqnal/
JC jump it carey
JBE/ Jump if below or equal/ 1644 2 - 1
JNA Tumps if not shove
JCXZ Tump if CX is zero 1876 7 88
JE/ Jump if equal/ 16/4 2 e e e e e e 80
JZ Jump if zero
JGY Jump if grearer/ 16/4 2 e e e e w -« BD
JNLE Jump if not less or equsl
JGE/ Jump if greater or equslf 16/4 y 2 L I 80
JNL Jamg if not less
JL Jump if less/ 1664 2 e - - - - .- RO
JNGE Jump if not greater or equal
JLE/ Jump if less or squal/ 16/4 v 80
JNG Jurap if not greater
JMP Jup s s e e e R4

Intrasegment direct short 15 2

Intrascgment direct 15 3

Intersegment direct 15 5

Intrascgment indirect

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

Litersegment indirect 44 EA 24
JNE/ Jump if not equal/ 1644 2 £0
JNZ Jump if not zero
JNQ Tump if not overflow 16/4 2 I 80
JNP/ Jump i aot parity/ 16/4 2 ke e v e e 80
JPO Jump if parity odd
JNS Jump if not sign 164 2 s e e e e 80
JO Jump if overflow 16/4 2 I .
JE/ Tump if parity/ 16/4 I « - B0
JPE Jump i parity even
J8 Jump if sign 16/4 b I R i
LAHF Load AH from flags 4 1 s e e e .- B2
1L.D8 Load pointer using DS 16+ EA o 60
LEA I+BA 24 v e e w e e e e 60

Load effective address




Clock Number Flags Page

Munemonic Erescription cycles of bytes CODITSZAPC rof
LES Logd pointer using ES 16+ EA 2-4 LI RN < 60
LOCK Lock bus 2 I 455
LOODS! Load string/ F v .« 2R
LODSER/ Load byte string/
LODSW Load word string
Not repeated 12
Repeated 9+ 13/rcp
LOGP Loop 1745 VA R 88
LOOPE/ Loop if equal/ iRi6 s e e e e s e BR
LOGPZ Loop if zero
LOOPNE/ Loop if not equal/ 19/5 7 2 L R 88
LOOPNZ L.oop i noi zerp
MOV Move L ee e e e e s 60
Accumulator to memory 10 3
Memory to accumulator 10 3
Register to register 2 Y
Memory to Tegister B4+EA 2-4
Register 1o memory 9+EA 24
Immediate io register 4 2-3
Iminediate {0 memory W0+EA 36
Registerto S§, DS, orES 2 2
Memoryio 88, DS, 0r ES  B+EA 24
Segment register to reg-
ister 2 2
Segment register to
memory B+ EA 2-4
MOVS/ Move string/ 1 e e e e e s 208
MOVSR/ Move byte string/
MOVEW Move word string
Not repented 18
Ropeated 9+1Trep
fALIL Unsigned multiplication x+--vunuux 7
8-hit register T0-77 2
16-bit register 118-133 . 2
8-bit mermory (76-83) .
+EA 24
16-bit memory {124-139)
+EBA 24
NEG Nogate X---xx3xxx 19
Register i 2
Memory 16+EA 2-4
NOP No operation 3 1 e e s e a1
NOT Logicdl NOT e e e e e 93
Register 3 2
Memory 16+ EA 2-4
OR Logical OR 0--«sxxuxQ 93
Register 10 register K 2
Memaory to register 9+ EA 2-4
Register to memory 164+ EBA 24




Clock Number Flags Page
Mnemonic Diescription cycles of bytes ODITSZAPC ref.
Tmipediate to accumula-
tor 4 -3
Immediate o register 4 34
Immediate to memury 17+ EA 36
ouT Cutput o /O port e e e e = s e 232
Fixed port 10 2
Variahle port 8 1
POP Pepword offstack s - =e - « - 153
Register g 1
Segment register 88, D§,
or BS B i
Memory 17+EA -4
POPF Pop flags off stack B i rrrrrerrr 153
PUSH Push word onto stack IR 153
Repgisier i 1
Segment register 10 1
Memoty 16+ EBA 2-d
PUSHF Push flags onto stack 10 1 e 153
RCL Rotate Ieff thronph carry e x 98
Register with single-shift 2 2
Register with variable-
shift 8+ 4/bit 2
Memory with single-shit I3+ EA 2-4
Memory with variables  204+EHA 24
shift + 4fbit
RCR Rotate right through carry Xowow v =womoe x 98
Register with single-ghift 2 2
Register with variable-
shift g+4/bit 2
Memory with single-shift 15+ RA Z-4
Memory with variable- 20+EA 2-4
shift +4/bit
REP Repeat string operation 2 | - - 213
REPE/ Repeat operation while
aqual/ 2 - 213
REPZ Repeat operation while zero
REPNE/ Repeat operation while not
equalf 2 | «« 213
REPNZ Repeat operation while not
ze10
RET Return from procedure e e e e e = e a 157
Intrasegment 8 1
Intrasegment with con-
stant 12 3
Intersagment 18 1
Intessegment with cop-
stant 17 3
ROL Rotate left - x 98
Regpister with singlo-shift 2 2




Clock Rumber Flags Page
Mnemonic Degeription cycles of hytes ODITSZAPC ref
Register with variable-
shift 8+4/hit 2
Memeory with single-shift  15+EA 24
Memory with variable- 20+ BA 2-4
ghift +dfbit
AOR Rotate right X-- - - -« x 98
Repister with single-shift 2 2
Repister with variable-
shift 8+ dfbit 2
Memory with single-shift  15+EA 2-4
Memory with variable- 20+ EA 2-4
shift + 4/bit
SAHF Store AH into flaps 4 1 s e -r¥YrEYF 92
SAL Shift arithmetic left/ XKe-«-xXxXxuxsx 98
SHL Shift logical left
Register with single-shifs 2 2
Register with variable-
shift B4-dibnt 2
Memory with single-shift 154+ EA 24
Memory with variable- 204BA 24
shift +4/bit
SAR Shift arithmetic right X---2Xuxx 98
Register with single-shift 2 2
Begister with variable-
shift 8+ 4/bit 2z
Memory with single-shift  15+EB4& 24
Memory with variable- 204+ BEA 24
shift + 4/bit
&BB Sybtract with borrow K--=-XXEXXx &f
Register from register 3 2
Memory from register 9+EA -4
Register from memory i6+EA 4
Immediate from sccu.
miator 4 3
Immediate fror register 4 34
Immcdiate from memory 17+ EA 34
SCAS/ Scan string/ 1 X+«-XXxxx 208
SCASH/ Scan byte siring/
SCASW Scan word steing
Not repeated 13
Repeated @+ 15/rep
5HA Shift logical right ¥---~xxuxx 98
Begister with single-shift 2 2
Repister with variable-
shift 8+4bit 2
Memory with single-shift 1S+ BA 2-4
Memory with variable- 204 EA 24
shilt +4/bit
5TC Set carry fag 2 I 1 92
STD Set direction flag 2 i o SEREE R 9z




Page

(BEY+(DI}+DISP

Ciock Number Flags
Mnemonic Bescription cycles of bytes ODITSZAPC ref
STi Set interrapt flag 2 1 MR ST 92
S5TCs/ Store string/ i I 208
STOSB/ Storc byte string/
STOSW Store word string
Not repeated i1
Repesated 9+ 10frep
SUR Sabtraction X~--XEXIx 65
Register [rom register 3 2
Memory from register 9+EBA 2-4
Register from memory 16+EA 2-4
Immediate from accu-
mulaior 4 2-3
Immediate from register 4 34
Immediate from memory 17 +EA 36
TEST Test 0---xxux@G 93
Register swith register 3 2
Memory with register 9+EA 4
Immediate with accuemu-
intor 4 3
Immediate with cegister 5 4
immediate with memory 11+ EA 36
WAIT Wait while TEST pin not
nsserted 345m O T I T 457
XCHG Exchapge ..., 60
Register with accumula-
tor 3 I
Register with memory i7+BA -4
Register with register 4 2
XLAT/ Translate i1 1 LR . 2
XLATRH
XOR Logleal cxclusive OR §---xxuxd 9
Register with repister 3 2
Memory with register P+EBEA 2-4
Register with memory 16-+BA 24
Immediate with accumu-
lator 4 2-3
Immediate with register 4 34
Immediate with memory 17+ 8A 34
ER Ne:w of filpck Cyeles
Blreot s Flag Setting Symbols:
feglater indireat 4] ODITSZAPC:
Regiober relabive 9 — Not affected
Fla..!w( in?géad} (500 (513 X Setor cleared according to the result
BFI#{DI} or [BX)+ (5] 7 u Undefined
{EPY+SI) or (BX)s(bI) 8
7 E:lased indexed relative 0 Cleared to 0
(BPI+(BI}+DISE oF 1 I Settol
! Eiﬁi:%éi;{;ﬁ%é; o " r Restored from previously saved value




Conditional Jump Instructions

Instruction]  Description | Gondition | Aliases |Opposite
JC Liump if camry Camy = 1 JB, JNAE JNC
JNC " [lump if no cary “ | Camy=0 | UNB,JAE [ JC
S Jjumpifzero o1 Zea=1 JE JNZ
JNZ  Pump if not zero Zero=0 JNE JZ
Js  Bump If sign  Sign=1 - JNS
JNS  Pump if no sign | Sign=90 - Js
JO Liump if overflow ]COverlow =1 - JNO
NG Mumpifnooverflow ~— |Overflow =10 T IO
JP L i parity Parity = 1 JPE JNP
JPE  Hump If parily even Parity = 1 JP JPO
“JNP  lump if no parity Parity = D JPO Jp
JPOQ  Hump If pasity odd Parity = 0 JNP JPE
S __Unsigned Comparisons
Instruetion ¢ Description 1 Conditicn | Aliases [Dpposite
JA Jump if above (>) e Garry=0 Zero=0 JNBE | JNA
JHNEE Liunip I not below nor equal {not <=} Carry =0, Zefo =0 JA JBE
_JAE  Hump if above or equal (==) Jcamy =0 PING, JNB| JNAE
JNB Liumip if not below {not <} Carry = 0 JNC, JAET JB
JB ump if below {<) Carry = 1 JC, JNAEL JNB
JNAE  pJump if not above nor equal inot>=}  ICamv=1 JC JB | JAE
JBE pump I below or equal (<=) Carry = 1 or Zerg = 1 JNA JNBE
JNA Lump if not above {not ») Carry = 1 or Zero = 1 JBE JA
JE  Humpifequal {=) Zero = JZ 1 INE
JNE Jumn if nat equal () Ferc = 0 JNZ JE
; Signed Comparisons )
instruction ~ Description ~ Condition [Aliases|Opposite
JG Jump if greater {>) Sign = Overflow & Zero=0 § JNLE | JNG
JNLE  Jump if not less than nor equatl (not <=1 [Sign = Overflow & Zero =10 JG JLE
JGE  lump Ifgrealer than orequal (=) _ |Sign = Overflow JNL | JGE
JNL  tump ifnot fess than {not <) Sign = Overflow JGE JL
JL  Jumpiflessthan (<) ~|sign Qverflow {INGE | JNL
JNGE _ pump if not greater nor equal (not==) __ [Sign Qverflow L | JGE
JLE  [ump if less than or equal {<=) |Sign Qverflow ar Zera = 1 JNG JMNLE
JNG __ Jump if not greater than (not >} SignOverflow g Zero=1 4 JLE | JG
JE Uumg if equal {=) 7ero = 1 ] Jz JNE
JNE Jump ifnotequal ) Jero=0 N2 | JE
8086 Flags Register
|ODITSZAPC | Overflow Flag, Directionm Flag, Interrupt Flag, Trap Flag,

Sign Flag, Zero Flag, Ruxilary carry Flag, Parity Flag,

Carry Flag




APPENDIX B: ASCII TABLE

ASCII Codes

B8: null 26: spa 4@ @ 1 Hil go: ¢ RA: a ce: t El: o
Al: @ 21:= ¢ 41: A 6li: a Bl:= § AL: i Citz L+ Ei=: @
f2: @ 22: v 42: B 62: b g2: & n2: o c2: E2: I
A3: ¢ 23: B 43: G 63: ¢ #3: 3 A3: 4 G3: I E3: I
B4: + 24: & 44: D 64: d g4: 3 A4r @i c4: — E4: %
Bh: & 25 » 45: E 65: e 85: 3 AL H C5: E5: o
Bh: & 26: & 46: B 66: F 86: ib: 2 Chz E6: n
8?: heep 27: ° 4%z G 67 g 87: ¢ az: = G7: E?: «
88: bhack 28: ¢ 48: H 68: h g8: & AR ¢ Ca: Eg: &
#8%: tah 29: > 49: 1 6 i §9: & fe: r CY: Ii E%: B
BA: newl 2A: = AR: J 6A: j 8A: & AAz ~ ca: 2 Ef: @
BB: & 2B: + 4B: XK 6B: k 8B i AB: ¥ CB: i ER: &
Bc: ¢ 2c: ,  4C: I, 6C: 1 8C: 1 aC: % cc: | EC: w
BD: cret 2D: - 4b: H 6D: m 8D: i AD:z & Ch: = ED: &
BE: R 2E: . 4E: N 6E: n 8E: A AE: « CE: ﬁ EE: €
BF: 2F: v 4F: 6F: o 8F: 8 nF: » CF: = EF: n
18: ke 38: @ 58: P 78z p 9B: g BO: § pp: u F@: =
11: o 31: 1 51: @ e 1 ® Bl: Di: = Fi:
iz: ¢ 32: 2 52: R ?Z: 92 BZ: D2: | F2: 2
13: 1 33: 3 53: § 73: s 23: § B3: D3: Fi: £
14: 41 34: 4 54: T 74: ¢ 94: & B4: D4: E P4: I
1h: § 35: § 55: U 75 n 25t @ B5: D5: g Fhi:
162 o 3G b 6z U 6w 96: i BG - Dé&: F6: =
12: % 37: 7 57: U0 ?7: u 27: 1 B?: D7: H P7: =
18: 1 38: 8 58: X 8 % 8: ¥ By : 3 De: T Fg: ©
19: 1 39: 9 59: ¥ oy 99: b B?: l D9: F9: -
1a: = 30z 5R: Z 7M: =2 on: i Ba: | pa: FA: -
1B: « 2nr ; 5B: L 7B: £ 98B: ¢ BB: ﬂ DB: E FB: J
1G: = 30: ¢ 58 N 20z 1} 9C: E BC: DG: Fg: m
iD: =« 3D: = 5b: 1 2D 9D: ¥ Bp: U Dh: r FDh: 2
1E: & 3E: > 5E: ~ ?E: ™~ 9E: R BE: 4 DE: J FE: 1
iF: ¥ 3F: ? 5F: _ PE: & ?F: BE: 4 DF: FP: res




APPENDIX C: 8255 PP1

Control Word

Control word

D7 |05 |05 |D4{D3

0z

01

0o

L]

Group B

Part C (lovwer)
1 = Input
U = Output

Fort B

L1 = Inpeut
A = Qutput

iode selection
O=hMode O

1 = hiode 1

Mode =&t flag
1 = active -

8255 Control Word Format (I/O Mode)

CONTROL WORD

b1 X X

Don't
care

{07 |06 [05 [pa] o3 o2 m | na|
[ ! I

Bit set

e
BIT SELECT
~ol1]2]3]als]el7]:
-+ 0]1[0]1|u[1]0[1|Be|
~[a|o|1[1]0]ol1]41]B1}
+0]o[o]o[1]1]1]1]B2]

0= ACTIVE

BIT SET/RESET FLAG

BSR Control Word



APPENDIX D: 8253/8254 PIT

Control Word

16-bit binary

4-decede BCD

0 O | Select counter O

1 | R/WLSE only

(o} 1 | Select counter §

0 | R/W MSB only

0 | Select counter 2

R/W L58 then M5B

e lx|xlo of®

*‘OHOI—-O‘

S [ m [ O




APPENDIX E: 8259 PIC

ICW1:
4 Dy Ds Dy Dy D3 Dy D Dy

d X X X 1 JLTIM| X |SNGL| IC4

— !
1 = Level Triggered Mode J 1=ICW4 Needed .
{} = Fdge Triggerad Mode 0 =No ICW4 MNecded

1 = Single
0 — Caseade Mode

ICW2:

Low order bits are 0 since there are § interrupts.

Y
Ag Dy Dg Ds Dy Dy Dy Dy Dy

SIT, | T | X | X[ x

T7-T3 of Interrupt Vector
Address (8086/3088 Modc)

This register is treated as a mask,

7 with 1°¢ indicating the IRQ channels
L iS7 | 85| 8554|535 (85 |8 |Sy] connected to master/slave 8259 As.

0 = IR Input has a slave
1 = IR Input doss not have a slave

ICW4.
Ag Dy Dg D: Dy Dy Dy Dy Iy
1 0 0 0 [SENKH BUF | MYS [AEQI] 1

1=AUTO EQI
0 =NORMAL EOI

3 ﬁicgigljgg%ffgmd Mode 0| ¥ | Non-Buffered Mode

I‘Ieﬁ%dh]ﬂﬁ de Y 1! _n | Buffered ModeSlave
- . 111 | Bufferzd Mode:Master







