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CENTRONIC PRINTER BUFFER

SUTHEE GITCHARWEE

ASSOCIATE PROFESSOR KITTI TRIRASAT

1988

ABSTRACT

THIS THESIS IS AN APPLICATION OF DEVICE TO INCREASE EFFICIENCY
OF COMPUTER IN COMMUNICATION WITH.PHERIPHERAL DEVICE WHICH HAVE SLOW
VELOCITY IN OPERATION SUCH AS PRINTER. CENTRONIC PRINTER BUFFER
RECIVE DATA FRbM COMPUTER BY VELOCITY ABOUT OF COMPUTER AND THEN
SEND DATA TO PRINTER BY VELOCITY OF PRINTER. BY USING RING BUFFER OR
CIRCULAR QUEUE PROGRAM WHICH IS HEART OF THIS PROJECT. THEY HAVE
SAVING DATA IN MEMORY IS CIRCULAR (SIMILAR RING). BY USING TWO
POINTER IN BUFFER , WHICH CAN RECIVE DATA INSTEAD PRINTED DATA AREA
AND ARRANG IN QUEUE FOR EIGH? COMPUTER TO SEND DATA TO PRINT.

IN MASTER BOARD PART USE MAIN BOARD OF IBM PC COMPATIBLE WHICH
WILL GIVE BELIEVE EFFIbIENCY TO THIS PROJECT. THIS PROJECT USE CPU

s

INTEL 8088 AND MEMORY FROM THIS BOARD. WE USE PRINTER INTERFACE CARD

OF IBM PC IS OUTPUT PORT WHICH FOR OUTPUT DATA TO PRINTER.
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3.2 ANTNI9UYD92999011A PRINTER SELECT

ﬁagﬂﬁ 13 ud@Ae293TURed  PRINTER SELECT #lfiGen #afifu (FUNTION)
A1 5 Teunasnagand g oiflafiufiy Sonl¥ fio

1.8nadand LPT1 qzﬁa5aya1ﬂﬁnﬁﬁtﬂéaaﬁuﬁﬁ1ﬁ 1

2.fnasgnd LPT2 azﬁqﬁayaiﬂﬁuﬁﬁlﬂéaaﬁuﬁﬁdﬁ 2

3.0nasnT LPT1&4LPT2 qzﬁaﬁagaiﬂﬁuﬁﬁtﬂéaaﬁuﬁﬁdﬁ 1 uar 2 Trudaunu

Farfiaslut

4 fianednd PAUSE qzﬂgﬂﬁaﬁayaaanﬁuﬁgaﬂsﬂa

NI MI8929398 TauEB13un1TY197 (POER ON) a=iiFunnus L9 (RESET
DRIVER) anszuuiteiihiiadn #1n 1§7ma4u7 1 169 ICHTHLSOY (INVERTER)R®
1ﬁxaﬂﬁﬁﬂaanﬁu1 2 1tiladn mor  ufawetfrguaieiud (CL) el A - wWatkasy
U24,U2B,U34,U3B %aazﬁnﬂﬁtaﬂﬁ@ﬂﬁuﬁ Q v91 @ - WathlneU fia & § 1 mov
Lawﬁwﬂ Q &qzﬁaiﬂﬁaaugﬂuae U14,U1B,U1C,U1D ( 11 2,5,9,12 Vo3 IC#
TULS125) ﬁtﬁuﬁauanfﬁaya (QUAD 3 STATE BUFFER) %aﬁayaﬂﬂqﬁu@n§Qzaan§
LawﬁwﬂWﬁﬁﬁaLﬂauﬁ PSEL 1HuTa3n "or vt uastaﬁﬁﬁnﬁa y qzdolth tiffeya
‘lutm D0O,D1,D2,D3 %ngndﬁuTﬂudﬁuwa{m 309H

1 v ] ]
tiie & - vRtreey ¥y 4 fgnialusuda tilelinnTnatudindla 5 finfinzgnde
1 1
LTa3n "1 (457) oy W Iadnnatwit mor %alﬁadﬂuuﬁa:auyﬂuaq ic#
c:| for a 3 a & d'
50106 (HEX SCHMITT TRIGGER) Wraagfuainiuu v Taanfasivaoulty "1 uas
1
i1 cK ved A - wiithaey wdasAa 1oy Q flaztth "1 uaziieduiuant
» ) - » H - 'v -
foua TULS125 umasnﬁaznaﬁuLﬁunayamﬁuuma=Uﬂ Zafann LPT1 Tn DO 3l 1,
- - -
nA LPT2 U D1 aziihi 1 , na LPT1&LPT2 im D2 azith 1 , uasille na PAUSE

[] » 1 ]
fin D3 azith 1 %aﬁayaﬂmﬁnLﬂéﬁﬁazdnudﬁunﬂawafh 309H tiWalutReniATo i

Inusa 1015 Tae Tusunsu
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3.3 NN MUVB9393507A DISPLAY

| 2 [ %4
ﬂﬂﬂzﬂﬁ 14 udnInIA DISPLAY Tauntsnidm  <sWunduyniia 8 ves ICAULN
[ ] »
2803 JURgYW BUSY WiWautann A - Watkaay ¥ia 8 Wa9asdw  INPUT SECTION
[} ] L
Tnunﬁnauﬁatnaftﬂgaq1ﬂﬁaannsﬁqﬁayaaanﬁtﬂsaowuﬁ qedifiuyn STROBE ywsni

1
17 CK (CLOCK) 183 i - vithiao #afidosy] i Williowim Q 1hiTadin miv  ui

]

azdat ¥ SuFonon Busy 801A DISPLAY §i illoinu BUFFER DRIVE udRe#invaq
= ?
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3.4 n1snaemed Tusunsy

[]
tTuiures Tlrunsy ssnnnsitefdaint (KEY SWITCH)73An snamdainivaely)
Troffinnsnafdaint fazlunseiaTusunsutos CHECK KEY SWITCH Tusunsute
> ) 3
| iMsinnnsesaadevinad@ind fnactifdesls  wasfiasvianisimmedaiafosfant
1 1
(PRINTER PORT) muAtihna (LPT1,LPT2,LPT1&LPT2) lunsditlifintsnandadntiu
[ 1 [] »
T3a i mun axhodmefriaTesiiWas W LpT1 (lunsiiifedn LPT1 asiols
] [ J 1 [}
nutﬂgaawuﬁﬁuuuﬂﬂnuuﬂnﬂuﬂaguu Wy LaTemmin Y Ku CODE) tilavanasniavua
o« ‘I - v~ -3 L [ -d v " o o o e
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iaswioly  Tawvinnnsi¥a BUSY (BUSY 1AnluTAunsiamia HARD WARE  Winwue
PR / A = A ) d o .
HANDSHAKE NULATEIADUKILADT AolionaimMiLnasas STROBE tWevaWiadeetun #i
WiMesNa=nInas 19 Busy Wit nin) dmanisllins s faya fwnfasrinnsse
] -l *~ | YR
qundﬂQzunnsdquayatuﬂuq
] []
Lﬁaﬁnﬁideiayauﬁuﬁh nazliMTtsunsugas PIORITY BIT (floninisasdadeu
§ W d'.' & "U « i 4 " - s " "' -~ »
ok uayansutu1u1nuwtwastﬁuuayauaaLﬂsaaﬂaqutﬂastﬂsaqﬂﬂ LHanINITIRATEA
o vV e ~ & " -~ « " z' L | 4
w8sm (DATA PORT) 11aﬁwsusunayaaﬂntnsaaﬂauwvxnasLnsaauu Taun1TIARIAN
L4 vear 4' - ¢ & [ ‘l - « ‘. » 1 & ar
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Teyamardatfovdonuin  Wdwmiisiaatiasnsaadoudn windutae aanfidmuetald
[ ] [] 1 &
nﬁsdaﬁayatﬁﬁn1 fiuflo BUSY BIT vodimpfesnaufatmesiniostiutth nor Aasfiodn
-~ L4 ‘l :'I [ 9 - « [ 4 . s .
oL ReT LATeliuvganTdi ToyauToautnd (FILE) uia uazvinninienfayaga
[ "4 dlll » :ll ] a“r P [ ]
fwfiFut funiiy wsoadeundniDusiidves FORM FEED vialivanituves FORM FEED

. ]
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Ld - vzu ! 4 . - -
Nazfinnns ldsHa FORM FEED Wi %iefinfiotiRzusnnisiudue suras indoenaniu iu
‘d“flf~ dl - g
nsiinitayaeanting samiind
) )
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-4 - -~ ar * 'y Y
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- J‘ ~ W :0 ] . 1 ] 0-’
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nﬂuﬂﬁqﬁsuuagauu1ﬂnunumﬂunﬁaﬁaztaﬂﬁagaiﬂﬁuﬁazﬁaanwnniuﬂtaﬁuayaﬁnqunﬁa
- Y o - R LA Y S o~ & ~ o ]
haztenfeya limitiudioanluiia L afo shaniriou uidinisTuleyal funviufieyaia
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-t o - - T -l < ) - r I
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LA0AR (A.PRT) S WTikunsaiasiiad (POINTER) t i frumisdl Lﬁadeﬁaya
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'(: . START | :)

W

CHECK KEY SW.|

/

BUSYs ¢} 2

N

g ¥
PIORITY BIT:

RECIVE DATA!

RS

MATN FLOW CHART |

e

/

SET TIME' | .~ R v

‘GET FORM FEED

Y ]

PRINT CH_NEXT
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SET TIME,

CHECK KEY SWETCH SUBROUTTNE |

A

T12:0 ¢ T1e7€ - 7,

{PORT LPT1
[ N/
RET : i)
33
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PORT = 307H |
SIAT = 02
l

PORT = 3008
‘STAT = 01H, °
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PRINT CH_NEXT

SET PORT P1| ' MOV PORTP

l ;

f PORT|
P=PORT P1&P2

PRINT=N.CHAR’

36
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PRINT CH.
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CHECK SEQYENT

SEG=F.SEG /

SEG=SEG+1
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rosoft (R} Macro Assemhler Version 5.08 3/28/8% 10:12:83
NTER BUFFER Page 1-1

page 60,132
titie PRINTER BUFFER

copnent #
progras nage: buffer.ase
Purpose : centronic printer spoaler

kriten by t Hr.Suthee giichawee 28,4723
: Industrial computer technology KRIT.L
last update ¢ 17:28:37 3/18/1959

H
gl pro  segeent
acsume Csipro,dsipro
28 org 1Beh
p& EY BIBF R I8P over
jo--—----data arga--—---mmememm o
31 Bh @R BR CR BD RESSROE b8 16,16,18,18,13
Batal b8 26 DUP ( ), CENTRONIC PRINTER BUFFER’,18,18,13
82
]
43 45 AE 34 52 4F &R
4% 43 20 5@ 52 49 4t
o8 45 572 28 42 35 44
46 4% 57 B& BA BD
D BBOFL BB 15 DUF { ), 'THIS PROBRAK WAS BRITTEN BY Mr.Suthee qijchawee 2B.6723",13,1
28
1
54 45 4% 53 28 o€ 52
4F 47 52 41 4D 28 &7
41 33 28 57 52 535 54
G4 4T A 28 42 59 28
4D 72 2B 33 75 74 48
b% 65 28 67 69 & 63
68 61 77 65 63 28 32
38 28 36 37 32 33 8D
8h
o BR7I DB 23 DUP ( },16,18,18, *.....PLEASE RESET TO START.....’
&3
] -
@A BA A 2E 2E 2E 2E
2t SR &L 45 41 53 45
WoTASSIAS R
4 4F 7B 53 54 41 82
o 2 2E 2E 2E 2
E 24 BB ¢
F aver
jomm——- KRITE TITLE-~--vm-m-
yset cursor to top left corner of ccreen
- B4 Bz gov  ah,B2H ytunction to set carsor
87 ag aov  bh,B spage nueber
. EBR B2EB oy dx, B jcecrdinate 6,8
> LD 18 int 1Bk
jurite the space chacters 2828 tises
B4 89 gov  ah,&9H sfunction

39



Kicrosoft (R) Macro Rsseebler Version 5.08

PRINTER

21CA
21CD
B1CF
@1D1

2103
8155
&17
2109
21
g1DE
810F
B1El
@1ET
B1ES

81E7
BIET

81EA

BiER
BIED
B1EF
B1F2
81Fs
2iF8
81FA
BiFE
21FD
BIFE
geee
8283
82835
8287

8378
238
8833
B48e
BR1D
esee
2888
apad
FFFE
FEFF
1B&E
Jgee
Féae
FBéz
FEe4
Feas

N owon

BUFFER

B9 8708
bR 28
BY 7
LD 18

B4 QE

b7 88

B3 &7

BE B183 R
84 &4

46

L 24

74 04

Lo 18

EB F5

E8 8473 R

b Ezead
BE D8
BB Feme
B3 ige2
B9 QB2
g8 27
43

88 @7
43

E2 F8
B 1060
BE D8
33 Fb
33 FF

sov  cx,2088

3/28/89 18:12:83
Page -2

snuaber of tise to write
sspace character in al
jnoreal attribute in bl

sfunction

jnoreal attribute in bl

pov  si,pffset sesseqe

gov  al," '
sov  bl,87H
int  IBH
jurite title
gov  ah, 14 -
Bov  bk,@
gov  bl,87H
_next: gov  al,lsil]
int  si
cap  al,’'$’
je  SPDOLER
int  1BH
iep _next
5 adentes FRINTER SPOOLER---
SFOOLER:

call key fun

nukl:

jcharacter in al
ynext character
send of date

jrecive key sw.

;set start segment at BfBRBh-@fBELL

gov ax,2h

BOV 05,ax

sov bx,GiBBRL

mov ax, 1882

aov Cx,@2h
ser  sov [hnl,ah

inc bz

pov [bxzd,al

inc by

loop se

gov ax,1088h

gov ds,ax

XOF 51,81

ror di,di

;___Dettinition part___

portpl equ 37Bh
portp? equ Jbch
portpd equ B3I3h
nueber_cha equ 8488h
tise | equ 1db
tise 2 equ 8388h
tisebit equ 27828h
bitstrobe equ Bh

BT EC equ Bffieh
&add equ Ef{fih
fseq equ B1d32h
lseg equ B3BREhK
segh equ BfRREL
segd_t pqu segl+2

keep_portp equ segl+d
add_keepbit equ segl+8

40

slpti port

11pt2 port

jreferent 1ptislpt2 portr
jchar. for send to printer
jtise delay for recive data
sfors computer

jtime delay for each computer
yno data fore cozputer

jgax addr. for dats reciver
jeax add in one segment
sfirst segaent

jlast segment

1for segment data

;for segsent print,

snuzber port printer

jsddr. for number port data



Hicrosoft {(R) Macro Assembler Version 5.08 3/28/89 18:12:03

PRINTER BUFFER

Foeh
8388
= 8389

Bz89

8267 ER B3@S
g2ec

ezeC EC

828D 3L od
BZ8F T4 FB
8211 EB B4D9 R
8214

@214 RD PEBB
8217

8217 B7 Be
8219

8219 &9 @D
8zic

8210 51

8210 EBY FFFF

B22¢ BA B3BE
8223

8223 EC

8724 3C 88
8226 75 1A
8228 E2 F9
8226 59

B22F EZ EF
0220 EY QZFER
8238

8238 51

8731 By @368
8234

8234 BA B384
8237 EC

8238 3C op
6238 75 8b
B23C E2 Fb
8238 59

B23F E9 B2FE R

8242

8242 39
8243 5B
B244 S
8245 51
8265 52

Page -3

adgbit equ segB+Bah jconputer status when send data
porta equ 3@8h sbusy status port
porth eque 38%h ykey sw.status port
;___Check busy begin___
test_B: scheck busy

sov dx,porfa
test _i:

in al,dx

cap al,bitstrobe

jz test |

tall check_port

check _r:

gov bp,Bh

theck_s:

gov bh,Bh

check_8:

sov cx,tiee 1 jeheck busy with time delay
check_1:

push cx
gov Cx,@ffH4h

o theck busy again___

23

ab:

acts

Bov dx,porta

in al,dz

cap al,bitstrobe
jnz y4

loop 22

pop ox

loop check_1

jap endf

push cx
50V Cx,tise_Z

gov dy,porta

in al,dx

cep al,bitstrohe
nz yx

loop ac

pop Cx

iegp endf

ap wa e el ae

Process data reciver
fnd
Circular gueue

j___when data coee in___

yis

pop X

push ax
push bx
push cx
push dx

41



Microsoft (R) Macro fsseabler Version 5.00

FRINTER ROFFER

1E
EY 2at8

Bh 8588
EC

B agea
8E DB

BB FeBA
8h IF

B84 D8

73 8D

£2 EC

EB 84D9 R
{F

Sh

a9

a8

]

EB 84 90

IF
I
39
B

I8

8¢ FF 81
75 12

83 FE FF
75 8C

E8 B3E2 R
EB B3EB R
BE geed
EB 82 98

46

EE B3CE R
£8 8563 R
EC

8B 84

83 FE FF
75 2

E8 E3E2 R
EB B3P R
EB B3FE R
B1 F9 AARA
75 18

83 FF g2
75 13

56

EB 8326 R
SE

BE @dea

yy:

342€/89 10:12:83
Page 1-4

push ds

sov cx,timebit  jtise delay for recive data
yxB:

sov dx,porta

in al,dx

sov bx,Bh

mov ds,bx

aov bx,addbit

gav bl,lbx]

test bl,al ytest pld busy
inz yyl

loop yx@

call check_port

pop ds

pop dx

pop Cx

pop b

pop ax

inp yy

pop ds
pop dx
pop
pop bx
pop ax

cap bh,dih

inz pl

cep si,madd
inz vy

tall check_seg
tall keep_segd
gov si,8h

jap pl

inc si

call used_sepd
tall pdata 1
in al,dx

pov {sil,al

;___theck address data full segsent

cap 5i,madd
inz check_2
call theck seg
tall keep_segd
rall check_dp
tap c¥,Bazaah
inz check 3
cep di,@h

jnz check 3
push si

tall print

pop si

eov si,8h

HZ



¥icrosoft {R) Macro Asseabler Version 5.08

PRINTER BUFFER

BzBe
2283
0285
8288
8288
#288
B2BE
82BE
g2
82c1
824
8207
829
e2cc
B2LE
82CF
8202
€203
B206
8218
B209
821C
e2c
820F
B2DF
92E0
B2E1
B2E4
B2E8
B2ER
B2EC
82EE
22eF
e2F2
B2F3
22Fh
0zF8
828
(i3
82FB

BB FC @
74 83
E9 6214 R
YH
E9 RIEA R
check_3:
BE Bece
E9 214 R
check_2:
E8 8427 R ’
3D BRAA
75 16
83 FD FE
75 11
36
EB 8326 R
13
88 FC 28
74 84
46
E? BZ14 R

E? BIEA R
ph:

44

45

E8 BIFE R

81 F9 AAARK

75 B

3B F7

75 B

96

EB B3ZE R

oE

88 FC 86

74 83

m
©r
e

E9 8217 R

]
n
-

t9 BIEA R

3/28/89 18:12:83
Fage -5

tap ah, B
jr p2
jmp check_r

jap nukl

aov si,Bh
J&p check_r

tall check_ep
cap ax,88aah
inz pé

cap bp,Rrec
inz pd

push si

call print
pop si

tap ah,8h

iz pd

inc si

Jap check r

iep nukl

inc si

inc bp

call check_dp
ap cx,Bazazh
inz eb

cep si,di

inz eb

push si

call print
pop si

cap ah,h

iz p3

jep check s

jap nukl

- e e e vee

Frocess

6zt for

check end file
fAnd
& feed code

;___when no

endf:
B8 FF BB
75 1B
Bk DE
83 EB 81
BA B7
et
74 BS
BE &L

data coge in___

cap bh,8h
inz pb

&0V bx,si
sub bx,81h
sov al,[bx]
cep al,fch
jz px

gov al,Bch

43



Hicrospft {R) Macro Assesbler Version 0,088 1/28/89 1@:12:83

PRINTER BUFFER Fage 1-6
g31p B8 84 gov [sild,al
8312 4% int si
8313 pxe
2313 Ba 80 gov al,@dh
8315 B8 04 mov [sil,al
#4317 4 inc si
@318 B9 oA zov al,fah
231 98 B4 mov fsil,al

JMC B7 Bt gov bhyth
@3tE pb:
B3IE 36 push si
@3{F EB @32t R call print
B322 S pop si
8323 88 FC 06 tmp ah8h
@326 74 83 jz p7?
9328 ET 8238 R jap ab
B32R ple
g328 ET BIEA R jap nukl
S~ -
; Process print data
H To
H Printer
)

j___print data from butfer __

g2t print:

832 BY B4 GOV Cx,nuaber_cha
2331 check_i:

8331 o push cx

8332 ED R4SF R call uvsed_seqp
8335 EB BAC3 R call used_portp
83138 83 FA 33 cep dx,partpd
8338 74 B4 iz pp

2330 EQ B39D R call p_nuach
B34d EB 87 90 iep ppl

2343 _ pps

8343 BR 8378 sov dx,portpl
@346 EB B3SD R call p_nurch
8349 ppl:

8349 EB BACI R call used_portp
2340 BIFR 33 tsp dx,portpd
834F 74 B3 iz pp3

8331 EB 87 98 isp yib

8354 pp3:

2354 EBA Q3BC gov ox,porip?

8357 E6 B30 R call p_nunch

;___check code end file___

RS yib:

835k EB G3FE R call check_dp
8350 81 F9 ARAA cesp cx,Baaaah
8361 75 22 inz pB

B363 8A B3 sov al,[dil
8365 3C BC cep al,Bch
8367 75 1C jnz p8

8385 47 inc di



Microsoft (R) Wacro Assembler Version 5.08 3/26/89 18:12:83

PRINTER BUFFER Page 1-7
BI6A BA @S sov al,[dil
836 3C @D cap al,Bdh
836 75 27 inz pa
B37¢ EB @390 R call p_numch
8373 47 inc di
2374 BA B3 sov al,ldil}.
2376 3C BA cap al,@ah
BI78 73 1D inz pa
@374 EB B39D R call p_nusch
;___theck address print=address data___
2370 3B FE cep di,si
B3I7F 75 04 jnz p8
2381 B4 €0 aov ah,Bh
8383 S9 pop £x
8384 €3 ret
t___check max___
8385 pl:
B38% 83 FF FF cap di,madd
2388 75 &C inz phl
83BA EB BIEZ R call check_seg
@380 EB D449 R call keep_segp
§39¢ BF epoe mov di,Bh
8393 ED 82 9% jgp pa
8396 pl:
8396 47 inc di
8397 pa:
8397 59 pop cx
g398 E2 97 Toop check_ i
£394 B4 Q4 gov ah,ih
B39C €3 ret
833D p_numch:
8390 5B push ax
839 St push cx —
B39F S2 push dx
glne 57 push di
g3A1 BAR B wov al,[di)
#3A3 EE out dx,al ;5end char.
B3A4 42 inc dx
83435 busy:
Bins EC in a],dx
836 AB BO test al,8Bh  ;test printer ready
BIAB 75 92 jnz send
@3AA EB F9 jop busy
83AC send!
jeend status control printer
f3AC 42 inc dx
8380 BB €D mov al,Bdh
83AF EE out d¥,al
2386 BB OC sov al,Bch
8382 EE out d¥,al
8383 SF pop di
434 SA pop dx
835 59 pop Cx
8386 5 pop ax
8387 €3 ret



Microsoft (R) Macro Assesbler Version 5.8

PRINTER BUFFER

83b8
8388
6389
B3BA
g3ER
83sl
BiCe
832
83C5
a3c7
a3ce
B3CA
63Ch
83LC
83CDn

83CE
83CE
#3CF
g3oe
8303
8305
@308
B3DA
83DB
B3DD
B3DF
B3ER
83E1

#3E2
83E2
@3E3
B3t
BIES
B3ET
Q3ER
B3ED
g3rFe
B3F2
83F5
B3FS
BIFY

.
)
.
1
.
]
.
]

3/28/89 10:12:83

Page 1-8

Process sov segsent data

To

Memory addr. 81608-84821h

keep_seqd:

IE

3

56

8c 08
BB BOBD
8E DB.
EB FORO
88 27
3

ge 87
38

I

IF

€3

push ds
push bx
push ax

Bov ax,ds
mov bx,Bh
gov ds,bx
sov by, segl
sov [bx],ah
inc bx

ooy [bxl,al
pop ax

pop bx

pop ds

ret

Process aov segment data

Fore

Hemory addr. GfRR@-BtBElh

i
i
3
i
3
us
3

il

B8 BEa2

8E D8

BE Fe2E

an 27

43

an &7

8E D3

98

o8

£3

ed_segd:-

push bx
push ax

mov ax,Bh
mov ds,8%
gov by, segd
nov ah,[bx]
inc by

nov al,fbxl
mov ds,ax
pop ax

pop by

ret

- e ces e ae

Process check last segaent

fAnd

Set firt seguent

o check_seq:

53
58
BC DB
BB lada
R DB
75 8
EB 1802
8E D8
EE 87 92
' ls:
81 C3 ledg
8F DB

push bx
push ax

gov by, ds
gov ayv,lseqg
cep bx,ax
jnz ls

&ov ax,fseg
gov ds,3x
imp +s

add bx,B1RBEN
sov ds,bx

0



Hicrosoft (R) Macro Assembler Version 5,60
PRINTER BUFFER

g3FE
a3FE
B3FC,
83FD

83FE
B3FE
BIFF
2482
gigl
24a2
g4Rs
2487
B4gh
848C
848D
B4BF
8418
@412
2413
B4lG
8417
8419
#41c
B41F
Q41F
8422
8422
8423
8424
8425
8426

8427
8427
2428
B429
8426
g4zb
242F
8432
8434
B433
B437
B43A
843C
B43F
8442

3/28/89 18:12:83
Page -9

fs:
B pop ax
B pop bx
£3 ret
F oo
H Process check seg.data
H hnd
H seq.print equal
e e e e e
check_dp
1€ push ds
a2 push dx
a3 push by
a0 push ay
BB Beap &ov ax,Bh
8E D8 £0V O5,a%
BB FoRR &ov px,seqf
BA 27 gov ah,[bx1
43 inc by
Br 87 may al,fbx}
43 inc by
8h 2r gov ch,[bxl
43 inc bx
8A BF mov cl, fbxl
38 Ct cap ax,cx
75 Bb inz mi
BY AARA gov rx,Qaaaah
EB @4 92 jap ti
EBi:
H9 BHER g0y £x,@bbbbh
tis
o8 pop ax
SR pop bx
oA pop oy
iF . pop ds
£3 ret
H -
i
3 Process ckeck last segsent
check_ep:
1t push ds
33 push bx
S8 push ax
BB o8 zav ax,@h
BE I8 g0V ds,ax
Bb FpBR sov bx,seql
88 27 gov a2h,[kx]
13 inc by
84 87 gov al,[hx}
3D lggd crp ax,lseg
75 BS inz nil
B9 GERA pov Cx,BRazh
ER B3 98 jep til

pits

b7



Hicrosoft {R) Macro Asseebler Version 5.88

FRINTER BUFFER

2442 BY AARE
B445

B443 S8
8446 3B
8447 {F

2448 C3

Bi4g
B449 If

B4dh 53
B44B S0

844C 8C DB
B44E BB Dol
8451 8E DB
8453 BR FBR2
e458 88 27
8458 43

€459 88 @7
B4SR 58

g45C 5

BasD IF

@45E C3

a45F
@45F 53
2468 S
8451 BB paes
2444 BE DB
G444 BB FOR2
€469 84 27
B458 43

B46C B8R B7
B46E BE D8
2478 58

8471 &

6472 €3

8473

8473 IE
8474 1§l
8a7s 83

Fage

Bov Cx,BaabBh
tit:

fop ax

pap bx

pap ds

ret

H Process mov seg.print
3 Ta
; Memory addr. BfBR2-B4883h

keep_segp:

push ds

push bx

push ax

a0V ax,ds

gov by, Bh

aoy ds,bx

gov bx,seql 1

sov byl ah

inc byx

nov [bxl,al

pop ax

pop b

pop ds

ret
H Process sov seg.print
H Form
j
H

Vesory addr. @1802-91883h

used_segp:
push by
push ax
gov ax,Bh
mov ds,ay
&0v bx,segB 1
pov ah,[bxl
inc by
rov al,fbx}
aov ds,ax
pop ax
pop bx
ret

push ds
push cx
push bx

48

3/28/89 16:12:83

1-18



Microsoft (R) Macro Assesbler Version 5,80
PRINTER BUFFER

8476
B477
8477
B474
2474
B47E
847E
847¢E
8481
8487
8404
8485
8488
B4BA
2488
848D
248D
B478
8493

8433
8494
2456
8458
2494
849C
849E
8440
24n2

8442
8445
84A8
8448
84AB
B4AE
84AE
8451

8481
24b4
84Bb
B4m9
24BD
84BC
B4BE
BABF
84ce
g4Ct
2af2

50
BY 888A

i}
B9 FFFF

BA B389
EC

24 oF
3C ae
75 B8
E2 F4
a9

E2 ED

B? 8378
EE IF 92

39

A3 @1
75 84
48 02
73 0C
£8 B4
73 Bt
ER EB

BY 8378
Eb 8a 98

E% B3R
EB 84 98

B9 8233

RE Baes
BE DB
-BB Féed
88 7F
83

88 BF
58

5B

59

IF

€3

fine:

find:

firndl:

findj:

tindds

push ax
Rov cx,Bah

push cx

aov Cx,Bi{ffh

&ov dx,portb
in al,fx

ang al,Bfh
cep al,@h
inz findd
loop findl
pop X

loop find

a0V C¥,portpl
inp kp

scheck bit key.sw

kis

pop Cx
test al,Bih
jnz ki

test al,B2h
in2 k2

test al,&4h
inz k3

jgp $indj

3720789 18:12:03
Fage 1-11

jtise delay for key.sw

jconvert bit to port printer

ks

k3:

kpt
seov port

sov rx,portpl
jp kp

gov cx,portp?
isp kp

sov Cx,portpd

printer to mesory

mov bx,8h
&0V ds,bx

sav bx,keep_portp

wov [bx},ch
int bx

gov [bal,cl
pop ax

pop bx

pop cx

pop ds

ret

Process gov no.port printer

Fors

H
H
H Hemory addr. GfCB4-Bf0ASH
H




Microsoft (R) Macro Assesbler Version 5.80 3/28/89 18:12:83

PRINTER EUFFER Page 1-12
B4L3 used_portp:

B4LI 1K push ds

24C4 31 push cx

B4CS 53 push bz

84C6 5B push ax

84C7 BE pope kov ax,Bh

84Ck BE DB nov ds,ay

84CC BB FBR4 kov bx,keep_portp
B4CF 8A 37 gov oh,[bx]

BaD1 43 inc bx

8i02 BR 17 mov dl,[bx}

g4D% 5B pop ax

e4ps 3B pop b

Bape a9 pop tx

esn7 IF pop ds

pape €3 ret

g Process check mo.port data
; find
: Piority order

2409 check_paort:

8409 5@ push ax
8408 83 push by
24DE 51 push
40C 52 push dx
240D 1E push ds
84DE B3 9@ gov bl,@8eh
B4E® B9 pRe3 Eov C¥,BBh
84E3 tes 1:

BAES 8A DB sov d1,al
B4ES BA FB gov bh,bl
B4ET 22 FR ang bh,dl
B4ET 2A FB sub bh,bl
BiEE 68 FF @8 cep bh,Bh
E4EE 74 B4 iz keepbit
B4AFE D2 CB ror bl,Bih
@4F2 E2 EF loop tes_i
B4F4 keephit:

@4F4 92 FB 88 cep bi,BRh
B4F7 74 24 2 getpl
84F% 80 FB 46 cep bl,48h
B4FC 74 28 iz getp?
BLFE 82 FB 28 cep bl, 28k
8581 74 2C iz getpé
8583 &8 FB 18 cap bl,18h
Xeh 74 38 jz getpd
8585 BB FE @8 cop bl,@6h
BoBE 74 M4 iz getpd
B58D BB FB Q4 tap bi,04
8h18 74 38 jz getpd
2512 &8 FB @2 csp bl,02
8a1s 74 3C iz getp?
8317 BA €383 gov dx,B38Bh
Gth ER 56 90 jep port_data

50
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PRINTER EUFFER Page 1-13
851D petpl:
851D EB G565 R tall kbit
2328 BR 8307 aov dx,0387h
8523 EB 4D 99 jmp port_data
CHYLI getp7:
8526 EB @365 R call kbit
8529 BR B384 nov dx,@386h -
8520 EB 44 92 jmp port_data
ga2F getpé:
B32F EB PIES R call kbit
8532 BA 8385 eov dx,8385h
BS35 EB 3B 9B jmp port_data
8538 getpd:
#5338 EB BI6S R tall kbit
@53 BA B384 sov dx,@384h
233F EB 32 98 jep port_data
gast getpd:
8541 EB BGES R call kbit
0544 BA 05383 sav dy,B383h
8547 EB 29 98 jmp port_data
8544 getp3:
Bo4h EB B56S R call kbit
8540 BA @302 gov o, 8302k
B35 EB Z@ 92 jap port_data
835 getp:
2553 E8 @565 R tall kbit
8556 BR 8361 gov ox,8381R
8559 ER 17 98 jmp port_data
@53 getpl:
855C EB BI6S R call kbit
853F BR E308 gov dx, 8380k
8562 EB BE 98 jep port_data
8545 kbit:

;aov busy bit to semory addr. Bf@2ah
8365 BB QoEE - gov ax,Bh
@548 BE DB sov ds,ax
8560 8A D3 &0y dl,bl
8a6C BE F@ba &0V bx,addbit
856F 88 17 gov [hxzl,d]
8571 L3 ret
8572 port_data:

;eov nB.port data to sescry addr. BfEEB-GiBE%H
8572 P8 @08 gov ax,%h
@575 Be DB a0V ds,ax
-B577 BB FER3 gov bx,add_keepbit
g57a B8 37 gov [bxl,dh
8570 43 inc bx
870 88 17 sov [bx1,dl
857F IF pop ds
BSBE SR pop Ox
8581 o9 pop Cx
8382 SE pop bx
@563 o8 pop ax
PB4 O3 ret
8585 pdata_i:

i&0v no.port data ‘fore eesory addr. @fBBB-B3{83%h

51



Microsoft (R) Macro Assesbler Version 5,08

PRINTER BUFFER

8585
BSBb
#ag7
8588
858
8580
as5e
8592
8593
8595
8594
8597
8598
2594
@558

a8
33
1E

BB BOER-

BE D8

‘BB FEEB

8h 2F
4
BA "BF
iF
3k
3B
88 D1
L3

3/20/89 18:12:83
Page 1-14

push ax
push bx
push ds

s0v ax,Bh
pov ds,ax
sov bx,add_keepbit
nov ch,lbxl
inc bx

gov cl,Ibx]
pop ds

pop bx

pop ax

ROy dx,Cx
ret

pro - ends
end

52
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FRINTER BUFFER Sysbols-1

Segrents and Groups:

Kame Length Align Cosbine Class
PRD & o v v i e v e e e e B398  PARA  NOKE
Sysbols:

Naae Type Value Attr
4 L REAR @238 PRO
. L NEAR 0234 PRO
ADDBIT . v v v v v e 0 v 0 o v s NUKBER Fo@A
fDD KEEPBIT . . . . . v v ¢ v NUMBER F@eg
BITSTROBE . . . ... . ¢+ .. KUMBER p@eR
BUSY « v v v v s i e s e e e e L KEAR B3AS PRO
CHECK & . . . .. v v v v v u L NEAR B219  PRD
CHECKE § o o v v s v v o v 0 0 L NEAR BZIC FRO
CHECK 2 . . v v v v s v 0 o u s L KEAR B2C1 PRO
CHECK 3, v v v v v v v 00 v e L NEAR B2EB FRO
CHECK DP . . . v v v s v v v e s L HEAR @3FE FRO
CHECK EP . . v v v v 0 0 v 0 0 s L KEAR R427 PRO
CHECK T . . v v s v v v v s L HEAR B33! FRO
CHECK_PORT o v o o v v 0 v v v s L -RERR ©4D9 PRO
CHECK B o v v 0 0 v 0 0 v v o s L KEAR 8214 PRO
CHECK S v v v v v v 0 e v e e e L NEAR 8217 FRO
CHECK 8E6 ., . v v v v s v 0 o s L HEAR B3E2 PRO
[3: A A L KEAR BZFB FRO
ENDF & . o v v i s e e e L NEAR BZFE FRO
FIND . ¢ v v v s v s 0 s v e e s L HERR B47A PRE
FIREL . . . v 0 v v s e 0 e h L KEAR B47E PRO
FIRDI . . oo v s o e L HEAR B493 FRD
FIN . o oo e e L HEAR @48D £RO
B L HEAR 8477 FRO
S L NERR B3FB PRO
FSEE . v v v v v v o v e e NUHBER 1002
8 1 L NEAR B35C  FRO
BETP2 & v ¢ v v v e i v e L REAR @553 PRO
L L NEAR @54A  PRD
BETP4 . . . . .. s e e L NEAR @54t FRO
GETPS & . v v v v v v . e L HEAR £338 PRG
BETPE v v v v v e e us .. L NEAR BSZF  FPRD
BETP7 . . . v v v v v o e e L KEAR B52¢ FRO
BETPE & v v v v v h v s e L KEAR BSID FRO
4 L KEAR B4A2 PRO
K2 o v e e e i . L KEAR 24AR FRO
K3 o i e e s e e e e L NEAR B4A/E FRO
43 L MEAR BG5S PRO
KEEPBIT .. .. . ¢ v v o0 L HEAR G4F4  FPRO
KEEP PORTP . . o v v v v v NUMBER FoR4

53



Hicrosoft (R) Marro Assembler Version 5.88 3/28/89 18:12:83

FRINTER BUFFER Syabols-2
KEEP SEGD . . . v v . . v ¢ W L KEAR 83B8  PRO
KEEP SEGP . . . . . .. o4 4 L NEAR 449  PRD
KEY FUR .. .. oo v v i v L KEAR 2473 PRD
P oo i v v s s i v e e L KEAR OB4BI  PRO
R L NEAR B3F5  FPRO
LSE6 . v v v v s e NUMBER 3B@2

BRDD . v o v v i e s i e e NUMBER FFFF
MEBSEBE . . . . v v v v v v L BYTE 2183  FRO
] L KERR @41F  PRO
1) L KEAR Q442  PRO
BREC o o v v v v v v v s e KUNBER FFFE

1 e L KERE BI{ER  FRO
NOMBER CHA . . . . . .« v . 4 NUMBER 8488

OVER « v v i v v n v o v e e L HERR @IBF  PRO
PR oo i i Y L KEAR @394  FRO
L Y L KERR @ZBL  FRO
T L NEAR 0288  PRO
2 Y ' B L KEAR 820C  PRO
L Y ¥ Y 4 L KEAR B2DF  PRO
I 1 N L KEAR B2FE  FRD
L L REAR @3IE  PRD
A N I M L KEARR 8328  PRO-
T L KERR B385  PRO
7 I 1 L HEAR 8397  PRO
1 L KEAR B5B3  PRO
PORTR o v v v v v v v s we s NURBER B3B8

PORTB . . v v v v v v v v e v & KUHBER B389

1 RUKBER @378

PORTP2 . v o v 0 v 0 v s o e s HUMBER  B3RC

1 NUKBER BRI3
PORTDATA . ... .. v v L KEAR @572  PRO
[ L NEAR 8343  FRD
] L KEAR B349  PRD
T L MEAR @354  PRO
FRIKT . o o v v v v v v e 0 s L KERR B32E  FRO
2 L RERR B313  PRD
PRUSCH . . .. .0 o v v L KEAR 8393  PROD
SEBB . . v v KUKBER F@&

SEERL . . oo . NUMBER Fod2

SEND « v v v v s e e e . L KEAR B3AC  PRO
SPOGLER . . . . v v v v v v W L KEAR GLE7  FRD
TEST @ . v o v v s "L RERR 289 FRD
£131 0 S L kEAR 228C  PRO
TES. T v v s v v i e L KEAR B4E5  PRO
L L NEAR 8422  PRO
L5 T L NEAR BA4Z  FRO
TIREBIT . . . . . . oo o v KUMBER 2888

TIRE L oo v v 0 v o HU¥EER B81D

TIRE Z . .. ... A HUMKER B3P

54
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PRINTER BUFFER Symbols-3
USED PORTP + v v v v v v h v s e L HERR B4C3  PRO
USED SEBD . ... ....... L NERR B3CE  PRD
USED SEEF . . . . v v v v . L KERR B4SF  FRO
W oo e e L KEAR BZ33 .PRO
(S L NEAR BIFE  FRD
YIB oo i v v i e e L NEAR B354  PRD
| L NERR BZ42  PRD
VI .. ... Ve e e L KEAR G624  PRO
W.o..... G e e L KEAR B26F  FRE
L S L KEAR B26R  PRO
3 L NEAR 8223  FRD
GFILERRME . . . ... ... .. TEXT BF

REXT oo s oo L KEARR 8IDC  FRO

728 Source Lines
728 Total Lines
124 Sysbols
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B. Parallel Interface

The FX-80/FX-100 includes as standard equipment a parallel interface, which is
described below.

(1) Specifications i . <
(a) Synchronization: - By-externally supplied STROBE pulses. -

(b) Handshaking: By ACKNLG or BUSY signals.
(c) Logic level: Input data and all interface control

signals_are compatible with the TTL leve].

(2) Connector \ 2
Plug: 57-30360 (AMPHENOL) '
It is recommended that interface cables be kept as short as possible.

(3) Connector pin assignment and descriptions of signals.
Connector pin assignment and descriptions of respective interface signals are

provided in Table B-1.

Table B-1 Connector Pin Assignment and Descriptions of Interface Signals— - —

PSiri]gr&’zg PRingrg Signal Direction Description

1 19 STROBE In STROBE pulse to read data in. Pulse width
must be more than 0.5 us at receiving
terminal.

2 20 DATA 1 In These signals represent information of the
1stto Bth bits of parallei data, respectively.

3 21 DATA 2 In Each signal is a1 "HIGH" level when data

4 22 DATA 3 n [‘so.llt?gvcal 1" and "LOW" when logical

5 23 DATA 4 In

6 y, 24 DATA 5 In

7 25 DATA 6 In

8 26 DATA 7 In

S 27 DATA 8 In

10 28 ACKNLG Out Approx. 12 us pulse. “LOW" indicates
that data has been received and that the
printer is ready 10 accept other data.

11 29 BUSY Out A "HIGH" signal indicates that the printer
cannot receive data. The signal becomes
“HIGH" in the following cases:
1. During data entry
2. During printing operation
3. In OFF-LINE state
4. During printer error status
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Psigg?qa; Sﬁ“&rg Signal Direction Description

12 30 PE Out A “HIGH" signal indicates that the printer
is out of paper.

13 — — — Pulled up to +5V through 3.3 k2 resis-

_ tance

14 — AUTO FEED XT In With this signal at "LOW" level, the paper
is automatically fed one line after printing.
{The signal level can be fixed to “"LOW"
with DIP SW pin 2-4 provided on the
control circuit board.)

15 —_ NC —_— Not used.

16 — ov b\ Logic GND level.

17 — CHASSIS GND _ Printer chassis GND.

. In the prnter, the chassis GND and the
logic GND are isolated from each other.

18 L. NC .9 Not used.

19 to 30 — GND AR TWISTED-PAIR  RETURN  signal GND
level.

31 - INIT In When the leve! of ths signal becomes
“"LOW", the printer controller is resst to
its nitial state and the print buffer is
c'ezred This sgnral is normally at “HIGH”
level ard its pulse width must be more
than 50 us at the receiving terminal

32 — ERROR Out The level of this signal becomes “LOW”

. when the printer is in—
1 PAPER END state
2. OFF-LINE state
3. Error state

33 — GND — Same as wiih Pin Nos. 19 to 30.

34 — NC — Not used.

35 — — — Pulled up to +5V through 3.3 k) resis-
tarce.

36 — SLCT IN In The DC1/DC3 code is only valid when this
signal is “HIGH" level. {Internal lixing can
be carried out with DIP SW pin 2-1. The
level of this signal is factory-set to
“LOW")
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NOTES:

1.
2.

“Direction” refers 10 the direction of signal flow as viewed from the printer.
“Return” denotes “TWISTED PAIR RETURN” and is to be connected at signal
ground level.

As to the wiring for the interface, be sure to use a twisted-pair cable for each signal
and never fail to complete connection on the Return side. To prevent noise
effectively, these cables should be shielded and connected to the chassis of the host
computer and the printer, respectively.

All interface conditions are based on TTL level. Both the rise and fall times of
each signal must be less than 0.2 ps.

Datva transfer must not be carried out by ignoring the ACKNLG or BUSY signal.
(Data transfer to this printer can be carried out only after confirming the
ACKNLG signal or when the level of the BUSY signal is “LOW™.)

Under normal conditions, printer cable pins 11, 12 and 32 are activated when out
of paper is delected.

ESC 8 code disable pins 11 and 32 from the PE (Paper-End) signal, but it does
not disable pin 12.

Although most computers do not monitor pin 12, those which do (e.g, TRS-80)
will halt printing when the paper is out. Therefore, ESC 8 code is ineffective mth

these computers. -z S~ NN

(4) Data transfer scquence
The figure below shows the sequence for data transmission.

BUSY ____7\4’ f —

ACKNLG 2
DATA - S
STROBE ! / N Approx. 5 us
| Approx. 7ps

& 0.5 us (Min.)
0.5 ps {(Min.)
05 us (Min)

Parzile] Interface Timing
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