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OLAYLARI ZAMANLAMA

insanlarin islerini bir takvime ve zamana bagli olarak yiiriitmesine benzer sekilde, bilgisayarlar da
islerini bir takvim ve zaman icinde yapar. Ornegin bir program kosulurken klavyeden yapilacak
mudahaleleri anlayabilmek icin belirli araliklarla klavyenin yoklanmasi bir zamanlama isidir. Veya
CMOS'ta uretilen gercek-zamanli saatten bilgisayarin sistem saatinin hangi araliklarla guincellenecegi
de yine bir zamanlama problemidir. Eski bilgisayarlarda dinamik belleklerin tazelenmesi (refresh) bu
zamanlamaya verilecek baska bir 6rnektir.

Zamanlama islemi donanim veya yazilimla yapilabilir. Yazilim y&ntemi gecikme programi
kullanimina dayanir ve bu ytzden CPU saat frekansinin bir fonksiyonudur. Yani ayni gecikme programi
farkli bilgisayarlarda farkli zamanlamalar dogurur. Bu farkliliklari ortadan kaldirmak ve bilgisayarin
donanimindan bagimsiz zamanlamalar gerceklemek igin bilgisayarlarda 6zel donanimlar insa
edilmistir. Bu 6zel donanimlarin basinda da 1.193180 MHZz'lik isaretin Uretildigi saat devresi ve bu
saatten farkli bicimlere sahip dikdértgen dalga Uretmeyi saglayan 8254PIT Programlanabilen Aralik
Zamanlayici (Programmable Interval Timer) gelir. Bu deneyin amaci 8254 PIT yongasini tanitmak ve
onu programlayarak cesitli uygulamalar gerceklemektir.

8254 PIT’in YAPISI ve CALISMASI

8254 PIT, CPU'dan bagimsiz olarak, bir dis saat isaretinden programlanabilen zaman araliklari
uretir. Alti farkh ¢alisma moduna sahip olan PIT'in i¢ yapisi Sekil 1'de gosterilmistir.
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Sekil 1. 8254 PIT'in i¢ yapisini gosteren blok diyagram
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PIT her biri ayri programlanabilen 16-bit genisliginde ¢ adet (Counter 0-2) sayicilarina sahiptir.
Her sayici zaman tabani (time base) olarak hizmet veren kendi saat isaretine (CLKO-CLK2) sahiptir.
Saymay tetiklemek veya baslatmak icin GATEO-GATE2 kapi isaretlerinden yararlanir. Sayma moduna
bagh olarak alcak-ytksek veya yiksek-alcak gecislerinde sayici aktif yapilir ve OUT0-OUT2 cikislarinda
modun gerektirdigi bicimde bir isaret Uretilir. Her bir sayici iki tane giris (CLOCK ve GATE) ve bir tane
¢ikis (OUT) sinyaline sahiptir.

8254 PIT'in Ozellikleri:
e 3 tane birbirinden bagimsiz 16 bitlik asagi sayici
e Calisma frekansi 0-10 MHz (8253'lin calisma frekansi 0-2.6 MHz) arasindadir.
e Ozdes 3 sayici da Binary veya BCD olarak sayacak sekilde programlanabilmektedir.

e Butdn Intel islemciler ve diger islemcilerin pek ¢cogu ile uyumludur.
e 8254 6nemli bir komut olan READ-BACK islemini destekler. Bu komut; sayicidaki degeri
ve sayicinin aktif olan modunu 6grenmeye imkan tanir.

A
D7 1 241 Ve
Dg[ ]2 23[]WR
Ds[ |3 22 |RD
D[ |4 21 ]cs
D35 20[ A,
D6 8254 19 140
D 7 18 cLk,
Do [ 17[_Jour,
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Sekil 2. 8254'Un baglanti uclarinin isimleri
8254 PIT'in PROGRAMLANMASI

Programlamak icin ilk olarak kontrol kelimesi kontrol kaydediciye yazilir, ve daha sonra bir veya
iki veri bayti amaglanan sayicinin portuna yazilir. Kontrol kaydedici bir kere yuklendikten sonra kontrol
kaydediciye erismeden sayicilara baska degerler yazilabilir. 8253 PIT'in kontrol kaydedicisi sadece
yazilan, 8254'Gin kaydedicisi ise hem yazilan hem de okunan bir kaydedicidir. A; ve Ao bitlerinin
durumlari (yani 00,01 veya 10) sirasiyla Counter #0, Counter #1, veya Counter #2 sayicilarini secer. A;Aq
=11 oldugunda kontrol word register secilmis olur.

(CS=0,8D=1)

‘ A0 Write target

Counter #0

Counter #1

Q
1
o] COLH‘{:L‘I' #2
1

Control word register




D, Dy Ds D, Dy D, D, D,
SC, | SCy | RW, | RWo| M, | M, | M, | BCD

SC - Select counter M - Mode

SC; SCy M, M, M,
0 0 | Selectcounter0 0| 0] 0 |ModeO
0 1 Select counter 1 0|0 1 | Mode 1
1 0 Select counter 2 X | 1| 0 |Mode2

Tllegal for 8253
1 | 1 | Read-Back command for 8254 x| 1] 1 |Mode3
(See Read operations) 1 0 0 | Mode 4

1 0 1 | Mode 5

RW - Read /Write

RW; RW,
0 0 Counter latch command BCD :
(See Read operations)
0 | 1 |Read/Write least significant byte only 0 |Binary counter 16 - bits
1 | 0 |Read/Write most significant byte only 1 |Binary coded decimal (BCD)
Read / write least significant byte first, Counter (4 Decades)
1 1 | then most significant byte

Sekil 3: 8253 Kontrol kelimesinin formati

PIT'I programlama ornedi:

Example - 1

» Write code to set up three counters located at
[/O address 40h as follows:

— Counter 0: Binary counter operating in mode 0
with a value of 1234h

— Counter 1: BCD counter operating in mode 2 with
a value of 0100h

— Counter 2: Binary counter operating in mode 4
with a value of 1FFFh




Example — 1, cont'd

Mode word for counter 0 =00 11 000 0 = 30h

Mode word for counter 1=01 110101 =75h

Mode word for counter 2= 10 11 100 0 = B8h
MOV AL,30H :SET UP COUNTER 0 MODE
ouUT 43H,AL
MOV AL,75H :SET UP COUNTER 1 MODE
ouT 43H,AL
MOV AL,0BSH :SET UP COUNTER 2 MODE
ouT 43H,AL
MOV AL34H :LOAD COUNTER 0
ouUT 40H,AL
MOV AL,12H
ouUT 40H,AL
MOV AL,00H :LOAD COUNTER 1
ouUT 41H,AL
MOV AL,01H
ouUT 41H,AL
MOV AL,OFFH :LOAD COUNTER 2
ouT 42H,AL
MOV AL,1FH
ouUT 42H,AL

SAYMA MODLARI

8254 PIT alti farkli sayma moduna sahiptir ve hem ikili hem de onlu modda sayabilir. Cesitli
calisma modlar asagidaki sekillerde gdsterilmistir. Tim modlarda PIT ilk sayma degerinden baslayarak
asagl degerlere kadar sayar. Yeni sayma degerleri herhangi bir anda sayicilara yazilabilir. Sayici 0
degerine eristigi zaman 0,1,4, 5 periyodik olmayan modlarda sayici saymayl durdurmaz, ama FFFFh
(BCD=0) veya 9999 (BCD=1) ile devam eder.

Mod 0: Nihai degerde kesme Uretir. (Interrupt on terminal count)
Mod 1: Programlanabilen monoflop (Gate Retriggerable One-shot)
Mod 2: Oran Uuretici (Rate generator)

Mod 3: Kare-dalga Ureteci (Square Wave generator)

Mod 4: Yazilim tetiklemeli darbe (Software Triggered Strobe)

Mod 5: Donanim tetiklemeli darbe (Hardware Triggered Strobe)



8254 Modes of Operation

MODE 0: Events counter

— Output becomes logic 0 when control word is written and
remains there until N plus the number of programmed
counts.

— Nice for generating termination interrupts

dxlidalstalstolal
e U U U U LU LT
ouT _—j [
Count of 7 loaded

Sekil 4. Mod 0 zamanlama diyagrami

5.1 Mode 0: Interrupt at the End of Count

Kontrol kelimesi yazildiginda
cikis  lojik-0 sayIcl
registerine deger yuklendikten

olur ve
sonra da c¢kis disik seviyede
kalmaya devam eder ve ardindan

Sayiclya
viklenen deder+1 saat darbesi

sayicl saymaya baslar.

stresince cikis, lojik-0 olarak kalr.
Sayicidaki deger sifira ulastiginda
cikis lojik-1 olur ve sayiclya tekrar
kadar cikis
yuksek seviyede kalir. (Gate=1 ise

deger yuklenene

sayma devam eder, Gate=0 ise
sayma durur.)

In this mode, the OUT output changes from low to high level when the end of the specified count is reached.

Table 5-1 Mode 0 Operation

Initial OUT Low level
GATE input High level Count enable
Low level Count disable

Count write The OUT pin becomes low level (independent of the C

Count transfer and operation When the count is written when GATE is high level:

transfer. If a count of N is set, the signal at the OU

CLK pulses.

When the count is written when GATE is low level:

If a count of N is set, OUT will be low level for a pe

Count ZERO

The signal at the OUT pin becomes high level. The cou

counts down to FFFFH (binary}/9999 (BCD).

Minimum count 1

count is disabled when the first byte is written, and then the OUT pin becomes low level

Transfer is performed at the first CLK pulse after the count data is written.

The decrement operation of the down counter begins from the first CLIK pulse after data

Transfer is performed at the first CLK pulse after the count is written.

Decrement begins from the first CLK pulse after the GATE signal becomes high level.

LK pulse). In 2-byte read/write mode,

T pin will become low level after N+1

riod of N CLK pulses.

nt operation itself does not stop and

Mode O Program Example
This is a subroutine for a delay of 10000 (2710H) CLK pulses.
2-byte read/write mode and binary count.

SUBRO: MOV AL, 10110000B Mode setting

ouT PCTRL, AL } @ Counter #2
< High/low 2-byte read/wri
© Count mode O
O Binary

MOV AL, 10H Write count 10000

ouT PCNTZ2, AL

MOV AL, 27H

ouT PCNT2, AL

RET

In this program, counter #2 is set to low/high

te mode



8254 Modes of Operation

* MODE 1: One-shot
— G triggers the counter.

— A pulse appears on OUT pin that remains logic O for the
duration of the count.

Lil2alsfels]

e CLK J—Ll—yb MWMIL‘W
G | i :TE[ [

ouT *
\ Oops, restart count.

Trigger with count of 3

Sekil 5. Mod 1 zamanlama diyagrami

5.2 Mode 1: GATE Retriggerable One-Shot

Gate girisi, ¢ikisi tetiklemek igin
kullanilir. Cikis baslangicta yiksek
(lojik-1) seviyededir. Gate
girisinden uygulanan darbenin
yUkselen kenarini takiben gelen
CLK darbesinde cikis alcak
seviyeye (lojik-0) gecger. Cikis,
sayicidaki deger sifira ulastiginda
yuksek seviyeye gecer ve Gate
girisinden uygulanack bir sonraki
darbenin yukselen kenarina kadar
bu seviyede kalir.

In this mode a low level one-shot pulse {triggered by the GATE input) is output from the QUT pin.

Table 5-2 Mode 1 operation

Initial OUT

High level

GATE Trigger*

The count data is transferred at the first CLK pulse after the trigger.

Count write

Write count without affecting the current operation

Count transfer and operation

for N CLK pulses.

Transfer is performed at the first CLK pulse after the trigger. At the same time, the signal at the
OUT pin becomes low level to start a one-shot pulse operation. The count is decremented from

the next CLK pulse. If a count of N is set, the one-shot output from the QUT pin will continue

Count ZERO The signal at the OUT pin becomes high level. The count operation does not stop and counts
down to FFFFH (binary)/9999 (BCD).
Minimum count 1




8254 Modes of Operation

* MODE 2: Programmable clock generator

— Produces a pulse, one clock width wide, that is spaced based
on the count.

— Continues until G goes low or a new mode is programmed in.

slelsfovfz]sfaels[r]z2]3

- MWMJMM

ouT !
* Count of 5 loaded

Sekil 6. Mod 2 zamanlama diyagrami

5.3 Mode 2: Rate Generator

Bu mod, N'e bdlen sayici gibi
calisir. Cikis baslangicta yuksek
seviyededir. Sayiciya N degeri
yuklenmis olsun. Sayiciya yiklenen
deger sifira ulasmadan 6nceki bir
saat periyodu boyunca ¢ikis algak
seviyeye gider. Sonra cikis ylksek
seviyeye  gegcer ve  sayiclya
baslangictaki degeri
(otomatik olarak) yuklenir ve bu
(Gate=1 ise
sayma devam eder, Gate=0 ise

sayma

stre¢ tekrarlanir.

sayma durur.)

In this mode, the signal output from the OUT pin cyclically becomes low level during the last one CLK of the

specified count. The counter here operates as a frequency divider.

Table 5-3 Mode 2 Operation

Initial QUT High ievel
GATE input High level Count enable
Low level Count disable. . va GATE becomes low Ievel when QUT is low level, QUT v;al become high fevel
(independent of the CLK pulse).
Trigger* Transfer is performed at the first CLK pulse after the trigger.
Count write Write count data without affecting the current operation.

Count transfer and operation

i at the next CLK pulse.

a period of N CLK pulses.

Transfer operation is performed at the first CLK pulse after the count is written following the
mode setting. The count is then decremented. Transfer is again performed at the first CLK

pulse after the count becomes 1. When the trigger is present, the transfer operation is repeated

When the contents of the down counter become 1, OUT becomes low level for one CLK and

then returns to high level. Therefore, if a count of N is set, out will repeat this sequence with

Count ZERO Does not occur in this mode

Minimum count 2




Bu modda Gate ucundan lojik-1 uygulandigi siirece ¢ikis ucundan surekli-kare dalga sinyali elde
edilir. Sayiciya yliklenen N degeri cift sayi ise, sayici her bir saat darbesinin diisen kenarinda 2 azaltilir.
Sayicl sifir degerine ulasinca ¢ikisin durumu degistirilir ve sayiciya baslangictaki sayma degeri
(otomatik olarak) tekrar yuklenir ve tim sureg tekrarlanir. Eger sayiciya yiklenen N degeri tek sayi ise,
sayicl ilk saat darbesinde 1 azaltilir, takip eden saat darbelerinin her birinde ise 2 azaltilir. Sayici sifira

8254 Modes of Operation

MODE 3: Square wave generator
— Generates a continuous square-wave at OUT as long as G

is high.

— If count is EVEN, OUT is hi for % the count, low for the

other 4,

— [f count is ODD, the output is high for one extra clock

period.

]|2|1]Jl§]ﬁ|l|2|

M Jmmmwm
oor T L 1 1

* Count of 6 loaded

ulasinca cikis algak seviyeye geger
ve sayiclya baslangigtaki sayma
(degeri otomatik olarak) yeniden
(Yeniden

yuklenir. yukleme

isleminden  sonraki) ilk saat
darbesinde sayici 3 azaltilir ve
takip eden saat darbelerinde ise 2
azaltilir. Tdm bu stireg
tekrarlanarak surekli kare dalga
Cift sayi

uretilen kare dalga sinyalin “Duty

uretilir. kullanildiginda

le s lelr]z]s
Cycle”t %50 olur. Tek sayida ise
ckis (N+1)/2 saat darbesi
(N-1)/2 saat
darbesi suresince lojik-0 olur.

suresince lojik-1,

Sekil 7. Mod 3 zamanlama diyagrami

5.4 Mode 3: Square Wave Generator
This is a frequency divider like that shown for mode 2. Only the duty cycles of these two modes are different.

Table 5-4 Mode 3 Operation

High level

Count dlsable If GATE becomes low level when OUT is low level, QUT will become low Iev;sl

Count enable

{independent of the CI.K puise).

Initial OUT
GATE input I High level
I Low level
Trigger*®

Transfer is performed at the first CLK pulse after the trigger.

Count write

Count ZERO

Minimum count

Count transfer and operation

The current operation is not affected The count is lransferred at the end of the half-period of

the current square wave. At the same time, the OUT pin becomes high level.
Count data is transferred at the first CLK pulse after the count write following the mode

setting. Transfer is performed at the end of the current half cycle and the output of the OUT

pin is inverted. Transfer is also performed at the CLK pulse after the trigger is input.

The operation performed will differ depending on whether count N is even or odd., When N is
even, the count is decremented by twos. After the count becomes 2, transfer will be performed
at the next CLK pulse and the state of the OUT pin will be inverted. This is taken as a half

cycle and is repeated thereafter.

When N is odd, N-1 is transferred and the count is decremented by twos. The half cycle when
the OUT pin is high level continues until the count value becomes 0 and N-1 is transferred
again at the next CLK pulse. The half cycle while OUT is low level continues only until the
count becomes 2. For this reason, the half cycle with OUT=1 is one CLK longer than the one

with OUT=0.

Occurs only when the count is odd.

2




Mode 3 Program example
This is a subroutine that divides the input CLK frequency (5.0688 MHz) by 264 {108H) to obtain an 19,200 Hz

clock. Counter #2 is used in the low/high 2-byte read/write mode to perform binary count operation.

Mode specification
O Counter #2
SUBR4: MOV AL, 10110110B . .
© Low/high 2-byte read/write mode
ouT PCTRL, AL
O Count mode 3

S Binary

MOV AL, O8H ]
ouT PCNT2, AL J‘
MOV A, 01H [
ouT PCNT2, AL
RET

264 frequency division specification

i
/4

VDD
% uPD71054

] GATEZ2
OUT2 J— ¢(19200 Hz)

¢{5.0688 MHz)——=] CLK2




8254 Modes of Operation

MODE 4: Singe-pulse generator (SW one-shot)

— Produces a single pulse, one clock width wide, that is
delayed based on the count.

— Starts when count is loaded (SW trigger)

2l afs]eln]n]

" _:U J UU‘_WIL"LJ_U_L UL

Cikis  baslangicta
seviyededir.

yuksek
Sayma islemi
sayiclya deger yuklenmesiyle
tetiklenir (software
triggered). Sayiciya ylklenen
deger sifira ulastiktan sonra
¢ikis sinyali, 1 saat periyodu
boyunca  dusuk seviyede
kalir. (Gate=1 ise sayma
devam eder, Gate=0 ise

sayma durur.)

ouT
*Trgger wit count of &

Sekil 8. Mod 4 zamanlama diyagrami

5.5 Mode 4: Software-Triggered strobe

When the specified count is up, OUT will become low level for one CLK pulse only. The strobe is generated only

once per a transfer of a count number.

Table 5-5 Mode 4 Operation

Initial OUT High tevel
High level Count enable
GATE input
Low level Count disable

Count write

When the count is written, the data is transferred at the next CLK pulse.
In the 2-byte read/write mode, transfer is performed after the second

byte is written.

Count transfer and operation

Data transfer is performed at the first CLK pulise following the count
write. 1f GATE is high level, the down counter will start to decrement
from the next CLK pulse, and if GATE is low level, decrement operation

will start at the first CLK pulse after GATE becomes high level.

Count ZERO

The OUT pin is low level for one CLK and then becomes high level again.
The down counter counts to FFFFH (binary} or 9999 (BCD) without

stopping the counter operation.

Minimum count

1

10



8254 Modes of Operation

+ MODE 5: Hardware-triggered one-shot

— Same as mode 4 except that the count is started by a
triggered pulse on the G pin instead of by software.

BB IR
" ax QML}I“LFI_FLTJU'ILHII_I‘ L L]

Trigger with count of §

ouUT i

Sekil 9. Mod 5 zamanlama diyagrami
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Bu modun  calismasi, bir
husus disinda Mod 4'ln
calismasinin aynisidir. Burada
sayma isini baslatan yazihm
yerine Gate ucundan
uygulanan darbedir. Sayic
programlanir ~ ve  sayma
degeri  registere  yazilir.
Sayma, Gate ucundan
uygulanan darbenin
yukselen kenariyla tetiklenir
ve sayiclya yuklenen deger
sifira ulastiktan sonra cikis
sinyali, 1 saat periyodu
boyunca  dusuk seviyede
kalir.



DENEYIN YAPILISI (Deney 1)

Amag: Programin amaci 8253 PIT'in 2. zamanlayicisini mod 3 te calistirarak frekansi degistirilebilen bir
kare dalga uireteci yapmaktir. Uretilen kare dalganin frekansini degistirmek icin 8255'in A portuna bagh
butonlar kullanilacaktir. Uretilen kare dalga sinyal 8255'in B Portuna bagh 8 adet led (izerinden disariya
yansitilacaktir.

Deney 1 devre semasi
Kaynak Program:

; = karedalga.ASM==== ===

COMM1 EQU OFFC8H ,Define 8259 command address for ICW1, OCW2, OCW3
COMM?2 EQU OFFCAH ,; Define 8259 command address for ;ICW2, ICW3,ICW3, OCW1
COUNT1 EQU OFFDAH ,; Define 8253 counter#1 port address

CNT_CSR EQU OFFDEH ; Define 8253 control word port address

CNT3 EQU 3FD6H ,Define 8255 control word port address

APORT3 EQU 3FDOH ;Define 8255 portA address

BPORT3 EQU 3FD2H ,Define 8255 portB address

CPORT3 EQU 3FD4H ,Define 8255 portC address

CODE SEGMENT
ASSUME CS:CODE,DS:CODE

ORG O
START: CLI ;CPU’nun kesme isteklerini kabul etmemesi saglanir
MOV DI,0 ; PORTB’deki LED bilgisini tutan register
MOV  SI,0 ; Kesme alt programindaki déngii degiskeni icin kullanilan reg.
MOV  AX,CS ,CS=DS
MOV DS,AX ,Code segment=Data Segment
MOV  SP,0FO00H ;Yigin bellegin baslangi¢ adresi belirlenir.

,<Setup IR1 interrupt vector>
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MOV
MOV

MoV
MOV

MoV

AX,0 sInitialize ES to 0’
ES,AX ;Extra Segment =0

BX,41H*4 ,Setup vector address of IR1 to BX=41H*4
ES:WORD PTR[BX],OFFSET INTR1

;IP of ISR write to vector
ES:[BX+2],CS ,CS of ISR write to vector

s<Initialize 8259 Command Words>

;<ICW1>
MOV
MOV
ouT
;<ICW2>
MOV
MOV
ouT
;<ICW4>
MOV
ouTt

DX,COMM1 ;Enable command 1 port address
AL,00010011B ; Setup ICW1

DX,AL

DX,COMM?2 ,Enable command 2 port address
AL,40H ; Setup ICW2

DX,AL

AL,00000101B ; Setup ICW4

DX,AL

;<8259 operation command words>

;,<OCW1>
MOV
ouT

AL,11111101B ;OCW1(Unmask IR1)
DX,AL

,<Setup 8255 control word register>

MoV
MoV
ouT

MOV
MOV
ouT

AL,90H ;AL=90, PortA=input, PortB=PortC=output

DX,CNT3 ,Enable 8255 control port

DX,AL

AL,OFFH ;Timer Counter’larinin GATE uglarina PortC tizerinden lojik-1 uygulamak igin
DX,CPORT3 ,; 8255 PortC nin adresi DX’e kopyalanir

DX,AL ,PortC ye FFh génderilerek, 8253 in Gatel =High yapilir

;<setup 8253 control word register>

18253: MoV
MOV
ouT

;<Output to 8253>
MOV
MOV
ouT
MOV
ouT
STI

DX,CNT_CSR ;8253 control port registerinin adresi DX’ kopyalanir
AL,01110110B ;8253 control word registerini ayarlama bilgisi

DX,AL ;  Counterl, mod-3, binary count

DX,COUNT1 ; 8253 count#1 adresi DX’e kopyalanir

AX,0FFFFH ,; count#1 icin bélen degeri 65536 yapilir (Divisor set to FFFFh)
DX,AL ,Low Byte of divisor transfer to 8253

AL,AH ;High byte of divisor transfer to AL

DX,AL ; High Byte of divisor transfer to 8253

,Enable interrupt

13



;<Main code>

TEKRAR:

MOV

MoV

CMP
1z

MOV

MOV
MOV
MOV
ouT
MOV
ouT
IMP

BL,OFFh

DX,APORT3
AL,DX

AL,BL
TEKRAR

BL,AL

AH,AL
AL,OFFH
DX,COUNT1
DX,AL
AL,AH
DX,AL
TEKRAR

,<IR1 Interrupt Service Routine>

INTR1:

INTR1_BITIR:

END

PUSH
PUSH
PUSH

INC
CMP
INZ

MOV
NOT
MOV
MoV
ouT

MoV
MoV
ouT

POP

POP

POP

IRET

CODE
START

AX
BX
DX

S
S1,0010H
INTR1_BITIR

SI1,0

DI

AX,DI
DX,BPORT3
DX,AL

DX,COMM1
AL,20H
DX,AL

DX

BX
AX

ENDS

,; BL registeri eski buton bilgisini tutan register, ilk degeri FFh olsun

; Enable 8255 portA
;PortA’daki buton bilgisi okunur

,; Buton bilgisinde degisiklik var mi?
; Hayir ise, girisi dinlemeye devam.

;Evet ise,
;Eski buton bilgisi giincellenir.

, buton bilgisine gdre timer countere yeni sayma degerini gonderilir
; Butonlarin durumuna gére AH=FF~00 arasinda degerler alir
; Divisor’un alt byte ina FF yazilir

;Enable 8253 count#1

,Divisor’un Low Byte’1 8253’e transfer edilir

;High byte of divisor transfer to AL

,Divisor’un High Byte’1 8253’e transfer edilir

; AX’i yidina iter
; BX’i yigina iter
; DX’i yigina iter

,SI bir attirilarak interrupt ¢cagri adedi sayilir
; SI==10H?
;Hayir ise, INTR1_BITIR etiketine dallanir

;Evet ise, Sl sifirlanir (yeniden saymaya baslamak igin)

; Dl evrilir (DI, PortB deki LED’lere génderilecek bilgiyi tutar )
;AX=DI yapilr

,Enable BPORT3

,Write AL to BPORT3

;Enable 8259 data port address (setup OCW2)
,EOI(End of Interrupt) Command write to 8259
,Output command

; DX yigindan cekilir

; BX yidgindan cekilir

; AX yigindan ¢ekilir

;Return to main routine
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DENEYIN YAPILISI (Deney 2)
Amag: Program calistinldiginda, 8 TACT switch'ten girilen bilgi LED'lerde ve yedi pargali display'de

gosterilecek ve hoparlor aracihgiyla ilgili mizik skalasina donusturilecektir. Uygulamaya iliskin devre
semas! asagidaki gibidir.

Deney 2 devre semasi

Kaynak Program:

;== = piyano.ASM==== = = =
COUNT1 EQU OFFDAH ;Define 8253 counter#1 port address

CSR EQU OFFDEH ; Define 8253 control word port address

CNT3 EQU 3FD6H ; Define 8255 control word port address

APORT3 EQU 3FDOH ; Define 8255 portA address

BPORT3 EQU 3FD2H ;Define 8255 portB address

CPORT3 EQU 3FD4H ;Define 8255 portC address

FND EQU 3FFOH ; Define FND port address

ORG O

CODE SEGMENT
ASSUME CS:CODE,DS:CODE

START: MOV  SP,4000H ,Setup of stack pointer
MOV  AX,CS ,CS=DS
MOV DS,AX ; Code Segment=Data segment
MOV AX,0 ;Initialize ES to ‘0’
MOV  ES,AX ;Extra segment=0
MOV BX,2*4 ,Setup vector address of NMI to BX=02H*4
MOV  ES:WORD PTR[BX],OFFSET NMI
MOV  ES:2[BX],CS ;IP of ISR write to vector
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MOV  DX,CNT3
MOV  AL,90H

OuT  DX,AL

MOV  DX,CPORT3
MOV  AL,OFFH

OuUT  DX,AL

;<Setup 8253 control word register>

18253: MOV DX,CSR

,CS of ISR write to vector
;A PORT=Input, BC PORT=Output
,Output 90H to 8255 control port

;Enable 8255 portC

,Setup output to logic High
;Output FFh so that Gatel of 8253=High

;Enable 8253 control port

MOV AL,01110110B ;Setup 8253 control Word register

OuUT  DX,AL

MOV  DX,COUNT1

,<Send Input data to LED>

PLAY: PUSH DX
MOV  DX,APORT3
IN AL,DX
NOT AL
MOV DX,BPORT3
OUT DX,AL
POP DX

,<Pressed key changed?>

CMP  ALBL
1z PLAY
MOV  BLAL

;< Key pressed?>

CMP  ALO

1z PLAY

;< Short period of soundless>

PUSH AX
MOV  AX,10

;Output data to 8253 control port
,Enable 8253 count#1

;DX=COUNT], store to stack

;Enable 8255 PortA (8 bit TACT Switch)
;Input data from TACT switch

;Reverse the signal from Low to High
;Enable 8255 PortB (8 bit LED)
;Output data to LED

;,DX=COUNT1, load from stack

;When BL=unknown, ZF=0

;When BL=AL, ZF=1

;If ZF=0 = key change, go next instruction
;If ZF=1 = no key change, jump to PLAY wait
,for next key to be pressed.

,Copy AL to BL

;When any key pressed = ZF=0

;When no key pressed = ZF=1

;If ZF=0 = key pressed, go to next instruction
; = play music and show in FND

;If ZF=1 = no key pressed, jump to PLAY wait
; for next key to be pressed

,Store input data from TACT switch to stack
,Data (Divisor) for soundless
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OUT DX,AL ,The divisor=10, the frequency is too high

MOV ALAH ,to be heard

OUT DXAL

MOV CX,1500 ;Time delay

LOoP $

POP AX ;Load input data back to AX from stack

,< Determine which key is pressed>

PUSH DX ,DX=COUNT]1, store to stack
MOV DX,FND ,Enable FND port address
TEST AL,80H ;77" key pressed? SW10.7=!7FH=80H
INZ DO ; If pressed, jump to DO.
TEST AL,40H ;76" key pressed? SW10.6=IBFH=40H
INZ RE ; If pressed, jump to RE.
TEST AL,20H ;5" key pressed? SW10.5=IDFH=20H
INZ MI ; If pressed, jump to M.
TEST AL,10H ;74" key pressed? SW10.4=IEFH=10H
INZ FA ; If pressed, jump to FA.
TEST ALS8 ;3" key pressed? SW10.3=IF7H=08H
INZ SOL ; If pressed, jump to SOL.
TEST AL4 ;72" key pressed? SW10.2=!FBH=04H
IJNZ RA ; If pressed, jump to RA.
TEST AL2 ;71" key pressed? SW10.1=!FDH=02H
IJNZ Sy ; If pressed, jump to SY.
TEST AL1 ;70" key pressed? SW10.0=IFEH=01H
INZ DO1 ; If pressed, jump to DO1.
DO: MOV AL,110110008B ; ;Number “7” for FND
OUT DXAL ,Output to FND
MOV  AX,4697 ;Divisor for “DO”
IMP SET8253 ,Jump to SET8253
RE: MOV  AL,100000108B ; ;Number “6” for FND
OUT DXAL ,Output to FND
MOV AX,4184 ,Divisor for “RE”
JMP  SET8253 ;Jump to SET8253
MI: MOV  AL,100100108B ; ;Number “5” for FND
OUT DXAL ;Output to FND
MOV AX,3728 ,Divisor for “MI”
JMP  SET8253 ;Jump to SET8253
FA: MOV AL,10011001B ;4 ;Number “4” for FND
OUT DXAL ;Output to FND
MOV AX,3519 ,Divisor for “FA”
JMP  SET8253 ,Jump to SET8253
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SOL: MOV AL,101100008B ;3

OUT DXAL ;Output to FND
MOV  AX,3135 ,Divisor for “SOL”
JMP  SET8253 ;Jump to SET8253
RA: MOV AL,10100100B ;Number “2” for FND
OUT DXAL ;Output to FND
MOV AX,2793 ;Divisor for “RA”
JMP  SET8253 ;Jump to SET8253
SY: MOV AL,11111001B ;Number “1” for FND
OuUT DXAL ;Output to FND
MOV AX,2491 ;Divisor for “SY”
JMP  SET8253 ;Jump to SET8253
DO1: MOV AL,11000000B ;Number “0” for FND
OuUT DXAL ;Output to FND
MOV  AX,2352 ,;Divisor for High “DO”
,<Play Sound>
SET8253: POP DX ,DX=COUNT1, load from stack
OUT DXAL ;Low Byte of divisor transfer to 8253
MOV  ALAH ;High Byte of divisor transfer to AL
OUT DXAL ;High Byte of divisor transfer to 8253
MOV CX,1500 ;Time delay
LOOP S
JMP PLAY

;<Interrupt Service Routine for NMI>

NMI: PUSH DX ;DX store to stack
PUSH AX JAX store to stack
MOV DX,COUNT1 ;Enable 8253 Countl
MOV AX,10 ,Data (Divisor) for soundless
OUT  DXAL ;The divisor= 10, frequency too high to be heard
MOV ALAH
OUT DXAL
POP  AX ;AX return from stack
POP DX ;DX return from stack
IRET
CODE ENDS
END  START
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