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Introduction

For what purpose did you purchase your FP-200? To perform office

work more efficiently? To keep up with the computer age?

Whatever the reason, you ought to be well aware of the fact that

without software, a computer is of little use. Unfortunately, not all
computers are now used to their full capacity. Many offices, having
installed expensive small business computers, depend on outside soft- ?
ware firms for their applications because of the lack of staff capable of
understanding software. |
At the time when you purchased your FP-200, you must have had
various applications in mind. At the same time, you might have thought
that it would be easy to master the BASIC language, as well as th
simple language called CETL available with the FP-200. In
however, you may already have encountered problems such as dit
ties involved in using BASIC, insufficient memory capacity,
processing speed, limited capabilities of CETL, and so on.
One approach to solving these problems is to master the FP-200 ma
language.
As is well known, BASIC has become the most widely used comj
Iang:gge. Recegtly, however, users who wish to master machine la
in addition to BASIC are increasing in number. Perh '
those users. Why is BASIC, which %s a high-level langua‘;sgz,b’u i
The answer lies in its processing speed, as described in detail

sections. '

Machine language is often considered difficult to understand, t
really not so difficult if it is learned step by step.

:’an 1is ir:'tenhdetiir to help the reader to learn the FP-200
anguage and the fundamentals of pr i =
the FP-200. programming in this
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Why learna machine languagenow?

(Machine language processing speed)
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‘A Why use machine language?

Before discussing this question, let us review some of the advantages

and disadvantages of machine language from various aspects.

(1) Machine language cannot be used without thorough understanding
of both the hardware and software of computers.

(2) Machine languages are difficult to learn and difficult to use.

(3) Machine languages have evolved into assemblers, compilers, inter-
preters, and simplified languages. Why do we have to use a machine
language now?

(4) Machine languages are apt to cause programming errors which are
difficult to debug. %

(5) Once a program written in a machine language overruns, it becomes
unmanageable.

(6) Machine language cannot be used interchangeably among different
computer models.

(7) Machine Ianguges offer higher processing speeds and require smaller
memory capacity. 1

Judging from the apparent merits and demerits enumerated above, |
seems tha_t machine language has more demerits than merits. Then
use machine language? As mentioned earlier, the answer to this que
lies in its processing speed.
|5theprocessingspeedofamad1inelanguage igh?

fast? As an example, let us compare the procmrr:!sl:e:d.g:fﬂli
machine language with that of BASIC by an experiment.

The method ofexpeﬁrpenmionwillbetooompmﬂlem

e e
. n

L
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MACHINE L EX=1

8IC EX~ PROG 1
LA POKE 40704, 205
10 INIT(@,@),1,1

1% Tie=TIME®

{0 CLEAR, 40703
1% Ti$=TIME®

BASIC program (PROG 0), sample 2

110 NEXT J

11% T2¢=TIMES oe T24=TIMES
116 PRINT T1$,T2% a6 PRINT Ti$,T2%
120 END 70 END

This time, the times required for ex

ion are displayed: 7 minutes and 46 seconds, or 466 seco
g?\nSlaC, andpl s»;cond for machine language. We find that the
language is approximately 500 times faster than BASIC.
Now you see the reason why machine language is attracting
attention, despite the fact that it has a number of disadvantages
respects,
Incidentally, an experiment is only half done unless the
experiment are verified. In order to verify the above-menti
some of the questions which may occur to you, and the
answers, are given below. \
Q1: I’'m very doubtful as to the processing time of one se
machine language program., Isn’t there any method of
processing time more accurately?
A1: The TIME function of the FP-200 counts the tin
of one second. Hence, in order to measure the time
it is necessary to use either of the following meth:
(1) Based on the result of analysis of the TI!
mechanism, create software which permits
time slices. Note, however, that this mett
knowledge of the BASIC internal mect
(2) Ropeat h
epeat the same process 10 times, then
10. This method is relatively myjt,'f“

to the machine lan
more detail, guage is required.

Q2: | think that line n Rt
aramis 1 UunBiades sa:‘y'?b” 10 INIT (0,-‘ ,

Now, execute these programs.

14



AZ:

Q3.

A3:

Q4:

A4:

Q5:

Ab:

Q6:

AG6:

Q7:

A7:

Qs8:

A8:

Exactiyl. It isdunr;]ecessary in this case. The INIT statement is con-
veniently used when determining a scale i : :
sraphic applications. g or setting coordinates in
s it possible to replace the (X, Y) in the DRAW statement with |
J in the FOR statement? It will reduce the length of the entire
program, g&d h'ence the execution time will beocme shorter.

ible. i :
Tt the same sxpaie RN L e
substituted for X, Y. 2 13
In the sampl_e programs, the maximum values of | and | are 62 and
150, respectively. Aren’t they 63 and 159, respectively?
You are right. The ranges of | and ] are 0 to 63 and 0 to 159
respegtnvely, as determined by the display configuration. :
Isn’t it possible to improve the processing speed of the BASIC pro-
gram by using a compound statement?
Generally speaking, the use of a compound statement reduces the
memory requirement and improves the processing speed, although
it makes the program look complicated. It will be interesting to
compare the processing speed between a program with a compound
statement and a program without compound statement. In the
above experiment, it may be possible to substitute a single com-
pound statement for the entire BASIC program.
In the machine language program, it is tiresome to repeat direct
input of a POKE command as many as 14 times. Isn’t there any
better method?
Certainly this is a problem with the FP-200 having no monitor for
its machine language. One way to make the work easier is to use a
DATA statement in the program. This and other possible ways will
be discussed in more detail in later sections.
In our experimentation, the machine language program is called by
the CALL statement in BASIC. Taking this into consideration, the
actual processing speed of the machine language should be faster
than one second.
Exactly. This will also be discussed later.
Can the processing speed of the BASIC program be increased by
rewriting the DRAW statement as (X1, Y) — (X2, Y), where Y is
in the range O to 637
Intrinsically, the DRAW statement is more efficient in drawing a
line than in plotting dots. Verify this using a modified program.

With the above-mentioned questions and answers in mind, four sample
programs are provided for the reader’s convenience.



Mediied smmpls propuase (PROG 3 80 EROC 6 *

BASIC EX-1A
PROG 2

10 Ti$=TIMES
cLs | |
FOR J=0 TO &3 |
FOR I=0 TO 159 |

DRAW (I, J)
NEXT I,J
T2$=TIMES Ly e
PRINT T1$,T2$ 5!

88358848

BASIC EX-1C

FROG 4

19 T1s=TIMES$

FOR Y=0 TO 63
X1=0:X2=159
DRAW(X1,Y)-(X2,Y)
NEXT Y

T2$=TIMES | L e
PRINT T1$,T2% oy .3
END | , o

$358888
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Use of binary, decimal and
hexadecimal numbers

Look at the first machine language program used in our previous experi-
mentation. On the first line, you see the numbers ‘40704, 205." These
express a machine word in decimal notation. In actual practice, hexa-
decimal notation is often used to represent a machine language. Inside
the computer, however, the binary numbers, 0 and 1, are used.

Since the concepts of binary numbers, decimal numbers and hexadeci-
mal numbers will prove extremely important in later sections, let us
explain them in detail.

.Bﬁwynmabersmddedmdnmabers

The computer uses two types of electrical signals, “1" (a pulse of 2.2 to
SV) and “0" (a pulse of 0 to 0.8V),to perform various types of process-
ing. Thus, binary numbers are used inside the computer.

As you already know, the unit of information represented by either 1
or Q is called a bit. The CPU employed for the FP-200 is an 8085, and
the FP-200 is called an 8-bit machine.

By the way, can you immediately tell whether a particular 8-bit binary
number, say, 10001000, is a large number or a small number, or calcu-
late the decimal equivalent of that number?

The decimal equivalent of the binary number 10001000 is 136. As is
evident, a binary number has more digits than its decimal equivalent,
and is somewhat inconvenient for reading by humans. Thus, binary
notation has the drawback of being inconvenient to use and apt to
cause errors.

Why not use decimal numbers instead of binary numbers? As a matter
of fact, computers employing decimal notation were used at one time.
After all, we humans perform arithmetic operations using decimal num-
bers with few exceptions.

This is because we are accustomed to the use of decimal numbers,
hence the possibility of making mistakes is minimal. Surprisingly, how-
ever, decimal numbers are a nuisance to the computer.Namely, in order
for the computer to represent decimal numbers, 4 bits (2* = 16 differ-
ent combinations) are required because 3 bits (2% = 8 different combina-
tions) are insufficient to represent 10 different digits. If 4 bits are used
to represent decimal digits, however, six combinations become redun-

o




dant (because only 10 different
he decimal digits 0 through 9).
: : in unused

binations always remain u
they be arithmetic operations,

in other words, the use of 4 bi
stantially reduces computer efficiency.

.W-ﬂlﬂ

mal notation, all the possible

in the case of he xadect

» = 16) are used. 10 combinations are used to reg

Oits (4

0-9 and the remaining 6 com
letters A, B,C, D, E, and F,

binations are used to
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BASIC was developed with top priority given to ease of programming.
This approach proved successful. With the development of microcom-
puters, BASIC became popular at a rapid pace.

Although BASIC is primarily based on decimal numbers, most versions
permit handling hexadecimal numbers by specific methods of represen-
tation (e.g., KHABCD, HAB13, 1234H).

1 Getting accustomed to hexadecimal numbers

If you wish to learn machine language, you will need to get accustomed
to hexadecimal numbers. As a matter of fact, calculations using hexa-
decimal numbers will be needed as we discuss the monitor and disassem-
bler written in BASIC in the next chapter. Note, however, that the
FP-200 has no monitor to handle machine language. Therefore, machine
language programs can only be entered by means of the BASIC langu-
age. The point is, therefore, to learn how to handle hexadecimal num-
bers in BASIC.

* S e 5 e R e R R I Qe R

We show four sample programs, each of which will be discussed below.
Compare these programs with yours.

Program 2-1 Program 2-2
E X~ &a FTERSE R
0 INPUT &HA,&HB L0 T MR BT B8
20 &HA=&HA+&HB 20 ASRWD
30 PRINT &HA FOTTEPR AN A A
40 END 40 END
Input A and B in the form of &H1L.'"..:: &HF.
Program 2-3 Program 2-4
Lok Xigige o * EX—-2-4
(0 INPUT A8, 58 o’ InPlT 4.8
20 A=VAL (AS$) +VAL (B S aE ki
$) 30 PRINT HEXS (A)
30 PRINT STRS$ (A) g
40 END
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ion first, all the four programs shos

ate the conclusion 5 01

-irnoasnt error. Although they aré apparenrt’grwconect, ‘
occur when they are executed. Let us check the

one. ; ‘ , be used.
g ble ‘&HA’ cannot
Program 2:1: The Vare r will occur when this prograr

t be omitted. An SN error W :
Ir’nrl(j)sgram 2-2: Although there Is no.progra_r’ll! error, the
indicate that input data is hexadecimal will cause a

error will also occur when the hexadecimal number A ¢

ithout &H. ; 7
grlog?:m 2-3: This program wm‘wo.rk -when only.
involved. However, when letters mdlcatmg hex.adeamﬂ
and B, are input, the addition 'in hexadecimal is not
when hexadecimal digits are input, the -addmon Es not
correctly if a carry occurs. All this is ascribable to line
forms the addition. y B (3%
Program2-4: This program does not pr answer. T
the HEX$ function is not available in Cs s —BASIC for the

If your program did not work, try again ‘p;ying atter
ments given above. The following hint will help you
program.

As mentioned above, program 2-3 will work if onlyr‘ ci
involved and if a carry does not occur. This suggests |
will be able to be used if it has a proper method of ke
presenting hexadecimal digits.

Thus, note the following: ‘
1) HEX$ - DEC Hexadecimal letter > Decimal di;

2) Perform the addition in decimal. :
3) DEC - HEX$ Decimal digits -~ Hexadecimal |
Now, we will show you three valid sample program
discussed below.

Program 2-5

8. WEX=2048

18 INPUT A$,B$

20 C$=A%$:D=0:K=1:_=1
38 IF C$="A"THEN C=10:60T0
40 IF C$="B"THEN C=11
S8 IF Cé=tflpHiy C=12
60 IF C$="D"THEN C=13
78 1IF C$="E"THEN C=14

88 IF C$=“FIITHEN C"' 2

=15
90 C=UAL(Cs$)
108 D=D+C

Do




130
140
150
160
1708
180
190

IF D=1@
IF D=11
IF D=12
IF D=13
IF D=14
IF D=15
IF D>15

200 C$=STR$(D)>

118 ON K GOTO 120,130
120 C$=B$:D=C: K=2:G0T0 30

THEN C$="A":G0TO 219
THEN C$="B":G0T0 219
THEN C$="C":60T0 219
THEN C$="D":60TQ 219
THEN C$="E":G0TO 2109
THEN C$="F":G0TQ 210
THEN D=D-16:1=2:60T0 139

210 ON L GOTO 228,239
220 PRINT C$:G0T024
230 PRINT "1'"+Cs¢

240 END G

ST ol

Program 2-6

5 ‘EX-2Aa-6 S8 ]

18 CLEAR i i Than o

20 DIM ES(SxaXaRpedig s & ;. L 83
30 E$C@)="A":E$( "B SES(2)="C":E$(3
)="D":E$(4)="E": E4 e RECHTE SR T
40 FOR 1=0 TO 1 L TH3M 86
58 INPUT A$ :.jj% ; ,4('{; FRA T2 :a };;
gg FU& oy ﬁ}? | 18:60T0 100

-
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Program 2-7

5 tEX-2A-7

1@ CLEAR

20 OPTION BASE 1

30 DIM E$(62

4@ FOR 1=1 TO 6

50 READ E$CID

6@ NEXT I

70 DATA AsBsCsD-EsF

8@ FOR 1=1 TO 2
9@ INPUT A$:IF As$>"/"THEN IF A$<Y:

EN 138 ELSE IF A$>"A"THEN IF A$<MG"THE

100 ELSE 90
190 FOR J=1 TO &
11@ IF A$=E$C(J>THEN C=J+9:GOTO 14@
120 NEXT J '
130 C=VUAL(A$>
14@ D=D+C
158 NEXT I
160 IF D>15 THEN D=D-16:K=1
170 FOR I=1 TO &
189 IF D=I+39 THEN A$=E$C(I1)>:GOTO
190 NEXT 1 ey
200 A$=STR$(D> 28
210 IF K=1 THEN PRINT"1"+A$ ELSE
A% i o
220 END

First, look at program 2-5. Taking in i
program 2-3 failed to convert hexadgcimta(j l:(t)t?esr;d:o
gram 2-5 uses |F statements for the conversion L
_GOTO 120, 130 is a unique feature of this pr.
is passed to the conversion routine twice for A$ '
In program 2-6, a FOR statement instead of an
the same purpose. Note that line 30 is the assi
:iata into the array. 2 aSSI" i
n program 2-7, the READ state e D/
Note that line number 20 of tl:?: ‘:r;nd the
You may of course use OPTION BA‘SEg{)am h
Boy the way, what will happen if characters
(0 — 9) and the letters A —F are keyed ?rﬁ
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In this chapter, let us learn how to create a disassembler for
machine language. As the first step, let us create a BASIC pr

perform a memory dump.

2 B §1

‘& Memory dump requirements

Since no monitor is available with the Css—BASIC for the
only the PEEK function can be used to perform a memory du
First, let us list various requirements for pgrformlng a memory di
(1) Since the PEEK function is available in BASIC, addresses
in decimal. In the case of machine language, however, hexad
notation is used for the memory map, etc. In this light, it is
ble that hexadecimal notation be used for address input. This
that conversion from hexadecimal to decimal is required.
(2) A maximum of 64K bytes can be addressed by 16-bit addr
Thus, 4-digit hexadecimal numbers are handled.
(3) It is necessary to guard against input errors. 4
(4) When the PEEK function is used, data is output in decir
decimal-to-hexadecimal conversion is required. In this
decimal number is converted to a 2-digit hexadecimal n
it consists of one byte.
(5) It is necessary to implement the HEX$ function, wh
able with Css —BASIC.
(6) It is desirable to create a mode in which the cont:
can be automatically checked while incrementing
(7) The availa.bility of a printer is extremely desirab
for the printer to offer at least three styles.
(8) In order to display addresses, it is necessary to
bers from decimal to hexadecimal. L8
(9) 1t is advisable to arrange 8 or 16 data items in eac

during a memory dump in order to facilitate .
later time. i



Fig. 1-2 Task flow

B R Lk B ity Sad S bt ety A b isnERsaRE

i ¥ §
cEEEAtasERAARLAbLERERRES

4

v
dusEREIRBRARI IR T LSS ARG I




' A ing a BASIC

is shown in Fig. 1 2. In prepar ;

Thlf fti;:li:( i:l::s’iei and more efficient to begin with easym. :
B fficult segments, combine theminto a M

d to more di )
;’,ﬂﬁcfﬁen refine the program, than to use the conventional p
technique that calls for in-depth system analysis, precise

etc. After all, no one will be able to perform a complex job
his first attempt. However, it is advisable to construct a flow

intermediate stage. _‘
In the initial setting, it is only necessary to write CLEAR, D

required for the moment. Details can be added at a later time. A
it is not necessary to worry about line numbers, etc. For exan
may assign line numbers in increments of 10 and insert additic
ments where appropriate at a later time. The RENUM statem
used later to renumber the program lines.

ol Sl Sl

22 Input routine problems

'1!!E§Eanhyﬂfi:.u

This program will run ‘correctly’ regardless of the number of
input data. Isn't there any method to ensure that only 4-dij
accepted? Here are two methods.

One is to use the LEN function in an |F statement in order
length of input data. Thus,

Yo

A

i
 §

By the way, how about combining this statement with i
of program 2-7? In this case, a program to fetch one
another from SA$ is required, since the IF statsm@
character code comparisons. '

The other method is to use the INKEY$ function in
order to obtain a one-character code and at the sa
associated hexadecimal character. This process is

parison among several different pra
will reveal programming defects which e



program is created. This will help you to create P
Now, let us create programs using the two different mett
above: one is using INPUT (pattern 1 and the methods described
(pattern 2). ) other is using INKEY$
At various stages of programming, we shall test the
pare ease of operation, execution ’time, memory m&"m totcot!r
order to create better programs. , etC,, in
You are advised to write a program for yourself b

y referring t
grams presented below. If your program meets appropnga; t::.&?;
(various requirements, checkpoints, etc.) and proves valid, it will afford
you great satisfaction. If your program proves better thar S Bl ro-
grams (see below), you will have a third effective program.

~

5 Pattern 1: Programming using INPUT

First, we shall study various problems involved in our programming
work using the following sample program.

L3 ¢

We add line number 90 of p
follows: 4

Now let us chec
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Of these, the last one, using a compound statement,
since it consists of a single line, requiring the smallest m
and offering the highest execution speed.

(4) The FOR statement on line number 40 has n
associated with it to form a loop. Hence,
number 105 NEXT L.

(5) Here is an elementary question, |s it possible to

B$, C$, D$ in order to input one character aft

In practice, this method is not recommen

pressing the RETURN| key each time a charact

two-character data is input, the program accef
unwanted question marks (?) to be displayed.

When this program is executed, the CRT display

cr.;bed in the Referenge«'
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%ﬁ; Pattern 2: Programming vusing INKEY$

The sample program used for discussion is shown below.

i@ CLEAR
20 DIM E$C(S);H$(3I,HNC3)
30 E$<B)="A":ES$C(1)="B":ES$(2)="C" ES(3
=P ES g YRRt ESA Ba st
40 FOR 1= TO 3
50 H$CI)=INKYS$: IF H$CI)>="" THEN 50
60 IF H$CI)> " THEN TF HSCINCUNTS THE
N 180 ELSE IF H$CI>>"3a" THEN IF H$
CIX<"G" THEN 7@ ELSE 50
70 FOR J=@ TO 5
80 IF H$CI)=E$CJ) THEN HNCI>=J+18:G0T
01108
90 NEXT J
180 HNCI)=UALC(HS$CI))
118 NEXT 1
128 END

The problems involved in this sample program are as follows:

(1) This program does not display anything. When used properly, the
INKEY$ function is very useful (it does not cause a question mark
(?) to be displayed).
However, we should insert a PRINT statement so that the desired
data can be displayed. Inserting a PRINT statement in this program
is relatively easy, since the data to be displayed is contained in the
array.

(2) The PRINT statement shown above is not recommended, since no
data is displayed until all data is input. This means that errors which
may occur during data input cannot be detected. It is therefore
advisable to separate the PRINT statement into two statements,
one consisting of the prompt portion of the original PRINT state-
ment and the other within the FOR—NEXT loop. Thus, the program
appears as follows:




The routine using
;. line number SO)W
necessary. Since li
50 causes the |ygm}ﬁ
(4) Now, let us rw[m
mal number. Con

If 2534 is a hexadec

However, since
mal conversion |
This conversion
available with
forms the sam

b







subroutines (
Continuously r
varying the
pose, tWo mi

is to count
may be used,
Programs 3-
and 3-2 (pat




120 ON M GOTO 100513
130 ED=HD:P=0
149 D=PEEK(AD)
150 N=3:GOSUB 350

160 PRINY . aiais
178 PRINT osc@>+b&3¥§

180 N=1:60SUB 3508
190 PRINT D$(@>+D$C1)+" "3
280 P=P+1:DD(KI=D:K=K+1
219 IF AD=ED THEN TzszT ME
T2$:END ELSE AD=AD+1
228 1F K»7? THEN P=8:K
=PEEK(AD):GOTO 188
230 'HEX-DEC CONU.SUE
249 FOR 1=8 TO N o
250 H$(I>-MID$(Hﬁ$;I*19ki
268 IF H$CI)>"/"THEN
N 308 ELSE IF H$CI»>"3"
HEN 27@ ELSE M=1:RETURN
270 FOR J=8 T0 5
280 IF H$CID=E$CJ)
o 319 £
298 NEXT J
380 H(I)>=UAL(H$CI))
318 HD=HD+H(I)%X167 (7
320 NEXT 1
339 RETURN o)
348 ’DEC-HEX CONU.
359 IF NsiTHEN







M=1:RETURM it
288 H=UAL (H$): M=2: RETURN

310 NEXT J

320 M=2:RETURN

330 *DEC-HEX CONUVERT

348 D(1)= INT(D/4096)9D(2?'CQ¥ :
6:D(3)=(D/162M0D 16¢ DC4r=D mau
62

350 DC1)=INT(D /167 Dcz>-o noa 16
369 FOR I=1 TO K At
370 1IF D(1)»9 THEN 390
380 D$(I)=RIBHT$(STR$(D(1)):$@Sq
20 .:,'
399 FOR J=1 T0O 6
400 IF DC1)=9+J THEN Dté!)magg
410 NEXT J
420 NEXT 1
430 RETURN

Characteristic features of the two programs are disc
(1) Features of pattern 1 program using INPUT
This program has useful subroutines. For e
pression on line number 310 permits conve
addresses and hexadecimal data to decimal
the number of hexadecimal digits. Merely by
once, it is possible to obtain the approprim )

Another example s the character cony sion
number 400. This subroutine emp[oys ths
for character conversion. b

(2) Features of pattern 2 progran .
Simplicity is the major fe
number 140 Peﬁorms



Another example is g
ations for decimal to he

It seems, however ‘
ber 340. s
Now, let us compare
For purposes of ¢
First, let us dump
ress in pattern 1

® Result 1

Pattern 1
Pattern 2
As shown, the exe
1. What happens
[et us change the

addre“ ‘ﬂ me ) _. rer
® Result 2 3

Pattern 1

Pattern 2
You will find th:
cant the second |
Let us further i










—h— ”
A look at the inside of the
FP-200

In this chapter we shall touch upon the hardware of the FP-200. Let us

look inside the FP-200.

Be careful: rough handling may
First, turn off the power. You ar
the power whenever handling the
LLoosen the four screws at the bottom o

and the case will come off.
Figs. 1-3 and 1-4 show the printed circuit board around the CPU. The

part about 1 cm square located in the center is the CPU (MSM80CS8S5).
Located to the right of the CPU are custom ICs such as the
uPD65010G012 1/0, key decoder, etc.

The RAM can be seen in the bottom left corner of Fig. 1-4. As shown
in Fig. 1-5, the RAM consists of four TC5518BPs.

Fig. 1-6 shows the printed circuit boards for the cassette tape controller
buffer, printer controller bus buffer, etc. They are different from the

main printed circuit board.
Figs. 1-7 and 1-8 show the liquid crystal display and the back of the

keyboard, respectively.

The IC to drive the liquid crystal display can be seen at the bottom

right corner of Fig. 1-8. Fig. 1-9 shows an enlarged view of the IC. Fig.

1-10 shows the power supply components.

The CPU on the main circuit board is housed in a 44 pin flat package

for industrial use, and is very compact in size. Normally, CPUs are pack-

aged in 40 pin dual inline packages which are somewhat larger. (Both
types are available for the 80C85CPU.)

The code “MSM?” is used to indicate that the product is manufactured

by Oki Electric Co., Ltd.

The characteristic features of the FP-200 hardware are the following.

(1) The MSM80C85A is a silicon-gate CMOSCS0. It is an 8-bit 1-chip
parallel processing CPU, compatible with the Intel 8085A. Al-
though the MSM80C85A is based on the 8085A developed by Intel
and offers the same throughput as the 8085A, it consumes much
less power (approximately one tenth), The MSM80C85A can
operate on a battery. : 34

destroy your expensive machine.

e advised to make it a habit to turn off
hardware of the FP-200.

f the FP-200 and push the case




Fig. 1.3 Inside of FP-200

Fig. 1.8 Back of keyboard

-
:
!

Fig. 1.10 Power supply components




(2) The FP-200 uses a 3 to 6 V|
cycle is 1.3 ps when a 5 V po
(3) The FP-200 has a built-in cloc}
using an external crystal oscil
(4) Four vectored interrupts are.
ing to a particular memory addres
When the CPU receives an intmg!
current ]ln»bI belragd pre.eaamd aﬂdj;‘ﬁv
at a particular address, By VIGURLY |
rupt processing program &1‘ g&t address,
the Interrupt processing program whenever req
resume the interrupted job, The ane non-maska
vided to permit processing a program for |

important data, etc., In case of emergency or
(5) Built-in serial 1/0 ports (one for input and ene
(6) Direct addressing of 64K bytes of memaory, Up
addressed using 16 address lines, 8 of which
Addresses are not confused with data, since

established for them,

The description of vectored interrupts :iven m
difficult to understand. These interrupts are a high-ley
technique and will be discussed in more detail in a late
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A=0and B=0 .. .« E=0

A=1andB=0 s S e
A=0andB=1 ... 0000 F=1
A=landB=1 .., 00000 F =0 === Carry 1

Any circuit which produces outpu
adder circuit. Figure 112, shows
AND circuits, one OR circult, an
by inputting 1 as A and 0 as B,

an adder circuit consisting of three
d two NOT circuits. Check output F

NOT AND OR
Ao

[ Gy
¢

lr==

—_\ Carry signal

Actual adder circuits are more complex. An 8-bit CPU has eight opera-
tional circuits such as shown above. The CPU processes eight bits in
those circuits at a time. Such processing is called parallel processing.
Formerly, when transistors were very costly, there were computers
which processed eight bits using a single operational circuit eight times,
Such processing is called serial processing. Today, most microcomputers
employ a parallel processing system because of its higher processing
speed.
AND and OR circuits are otherwise called AND and OR gates. They are
so called because they perform the function of a gate. For example,
assume that input B — one of two inputs to an AND circuit — is used as
a control to open the gate of the circuit: when input B is 0, it does not
open the gate, and when input B is 1, it opens the gate. Then, as far as
input B is 0, the gate is kept closed regardless of whether input A (the
other input to the AND circuit) is O or 1, hence output F becomes 0.
When input B is 1 and opens the gate, input A can pass through the gate,
hence output F becomes the same as input A (whether it be 0 or 1).
Thus, the AND circuit can be used as a control gate.

Incidentally, about 20 years ago, the authors and several colleagues paid
a visit to a factory of IBM. In those days, IBM was engaged primarily in
the manufacture of accounting machines. An IBM man who had
guiding us around the factory suddenly stopped in front of a



He

poard, shaking
the wired board t
To our surprise,
few seconds.

"
i
i

Fig.;.u'r;.‘M




Eventually, this patchboard system was fr,eprla’a._gd
system because of difficulties involved in pro
modifications. L
The stored program system, otherwise called the V
(Von Neumann is the developer of this systemaﬁf&
all computers of today.

The idea underlying this system is this: with a. gita
the digits 0 and 1 are handled in its storage unit, con
cessing unit; and any instruction and data can be expre
ate combinations of the digits 0 and 1; then, lf_c ‘
previously store a set of instructions (a program) m ‘
form of a combination of 0’s and 1’s, to read and decod
tially, and thereby, to execute the instructions one
By using this approach, instructions can be modifie
ing the digits 0 and 1 in the appropriate positions
the processing speed can be appreciably improved.
By the way, you may suspect that storing both instruction:
the storage causes a confusion. There is really no fear of
however, that if an instruction to write data in the machi
written to the same area in the storage as that in whicl
tions are written, you cannot tell how the computer wil
causes a so-called program overrun. Once a program
there is no alternative but to turn of f the power su
and press the RESET button. ik
As described in more detail later, there is no fear of
instructions and data, since a register called a P-counts
ter) is provided. This counter indicates the address i
instruction to be read by the computer is stored.
tion is executed, the address in the P-counter is incr
that the next instruction can be read for execution.
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Functions of registers and
counters

—_—

Sefore starting an in-depth study
the internal structure of the CPU
diagram.

of the machine language, let us review
. Figure 1-15 is a CPU internal block

Figure 1-18. CPU internal blockdiagram T :
“l Ul a2 "* tﬂ* 39+ 3a| 31* 361\ 35+ 34
: R o .
® §E A iRl
- X T v =
w =
" o Iﬁt:.l
‘ & READY]33
TRAP
21 RSTLS 1 o/M |32
3] nsT6.5 s: 3! §
7o |30 :
2] RSTS.S Internal bus line .« —
Wa |29 :
S§ INTR WR |29
£ ALE |28 :
7 So 27
- :
8
:
- :
< 10
"
AD, AD; ADs AD: GND Ve As Ay A Aui Ne_ ,

R L A L et R

SUPARS IS BT T

i

-<s--hl‘.lb...'-.----‘.'Qb-.-“b“-’-!’.
e




4 yol m ml

view m
BBI n Pi it
m pame ’ﬁ
uden ¥ ? nna l!! mm
ware) ﬁtsm;aum Bmun 1 o ll, the LA
EWi Fplatirs, BREWREN A FRgIsERF m msm
1O deviey, m‘ vty fie AL ,&1
coasling, VAU [ILIELII ATE I‘M wil
wrnhn?lad s et 1 U e vaTiaas Ype
matica st
1he tenri Suglater ! Ay B e as d mmlﬂ' i

e dita teimparily,
MNew, Ted (s see e faie s ol i ivisial mlmm

{l] Working register

There are sevin wir kg eglaer A B D, !,
Fegiater has elght bite AL e mmmm nm_
Thez can be usel as femporary storage devie I
Wl ki reglater (a glven g ieger numhom lhn T

Table 12
BT
ﬁmim e
T
P

f [ She i =

It fs interesting to note elm the At
regtuter the number 0, the Cregister th
egmr (otherwise called the aceumul
ther registers, and ix deeply invalved in arithy
fion, there are relatively many (natrietions asso
All this may be the reason wh
Thete s ore more entry — he
misnaﬁamluﬂ(lhtu) wh tﬂ

5
® 3 3 -
| g \ - v
v :




special t'unc!i:):ml‘? \Ib.bn [egister. Again, the A-register is assigned a
which can e the A-F pair is named the PSW (Program Status Word)

e 10 conveniently used for interrupt processing and the processing
_}1;“&: x:a;"y for subroutine calls, - i
usets “; :“';t:\gttbt;r PAIrS permit indirect addressing. Indirect addressing
W M L‘dtidi fn.two concgtenated registers, say, B and C, to indi-
ABRGER 1 i‘)f\‘.ut. ress, by whnch an access to memory is performed.
e\tnﬁnély uf‘l;_tl&t adc‘iress!ng IS a somewhat complex technique, it is
lirac oS \t t\l . While QIrect addressing specifies a memory address
airectly, indirect addressing specifies a memory address by data in a

r\v‘- 5 2 e s . .
register pair. Indirect addressing will be described in more detail using
illustrations.

T‘htf‘t‘ ins‘.mulhv.:r register called a scratchpad register. This is used to
retain information from programs for execution.

&
& Program counter

Any computer employing a stored-program system has a program coun-
ter. Since most computers today adopt this system, program counters
are very widely used.
The program counter is a register indicating the address in which the
Next instruction to be executed by the CPU is stored. Since the content
of this register is incremented by 1, 2, or 3 each time an instruction is
executed, the name ‘program counter’ rather than ‘program register’ is
given to this register.
Normally, the content of the program counter (PC) is incremented each
time the CPU executes an instruction. In the following four cases, how-
ever, the content of PC can be changed to specify a particular instruction
to be executed.
(1) Input a RESET signal
Pressing the RESET switch sets the program counter to 0. In this
case, the CPU executes instructions sequentially from memory add-
ress 0. When the power supply is turned off, the POWER ON/RESET
button also causes the CPU to execute instructions from address 0.

(2) Execute a JUMP instruction.

(3) Execute a CALL instruction.
The jump address (calling address) enters the program counter, and

the CPU executes the instruction stored in that address.

ute a PCHL instruction. : .
& /E\x::emory address specified by the content of the H-L register pair

(this address is an indirect address) enters the program counter, and
the CPU executes instructions from that address.






in this chapter, we shall discuss Wtim i)

formats are devised by many Cp ormal
has its own merits and demar?'ts, U designers. E

tn the case of an 8-bit machine it =
rent instructions if all the ei;i?: h;tshm g
250 instructions are more than enough for co
cating all the eight bits to the instructions is inef
data transfer between memory and the CPU, s
should be specified in the instructions,

In the case of BOC8SA, approximately 64K
directly specified. In this case, each machine inst
byvte, or 24-bit. Using 24-bit for each instructior
repistor-to-register transfer instruction, for
bits. Besides, a 24-bit instruction requires
In order to solve this problem, the 80C8.
ot instructions (1-byte, 2-byte, 3-byte) as
wasteful use of memory. In this case, it is
3 by te instructions are stored in consecutive

.

1-byte instruction
2-byte instruction

3-byte instruction
High-order address —(

You may wonder why °
next instruction to |
data. In this respec
illustrate this,
There is a mac
assume that
fetches the 3




fies this operation code as t
tion to transfer datafl

CPU is ready to execute the 3
instruction. As a result, the 1
to the A-register in the CPU.

By the way, what happens if the 3E ins
by an OP code ‘76’ (HALT instruction)
encoding the 3E instruction, transfers the
A-register. Thus, the CPU places the HAL

This should be kept in mind when crea
that the HALT instruction always stop
ed. However, if the HALT instruction is
cribed above, it is completely lgnored
program overrun. g
It must be remembered that mst:ruc’tien
no special mark to discriminate them
should be paid to the JUMP instruction.
may cause the CPU to interpret an ins
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3) LOAD instruction
4) STORE instruction
5) ADD instruction
6) SUBTRACT ins
7) INCREMENT i

8) DECREMENT i
9) UNCONDITION
10) CONDITIONAL |
11) SUBROUTINE
12) SUBROU

14) HALT in
The followj
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DD represents the code of 4 destination register, and SSS represents
the code of a sourece register, For the register codes, see Table 1-2,
data from A to B, DDD is the B-register

For example, when transferiing
and 686 I8 the A-register, Since the Beregister code I 000 and the A-

feglster code s 111, the aperation code becomes as follows:

(o [T oo fiftl
[y dividing this operation code into two 4:h|t parts, it is possible to
represent It in hexadecimal notation. In this pa_rticular example, the
e manner, it is possible to obtain

operation code becomes!47],In the san _ _ :
the oparation code for a |l;1l|il'tl|.ll’ register-to-register instruction (A to

C,AtoD, 1o A,ete), ¢ : e
(he REGISTER-TO-REGISTER TRANSFER instruction is a one-byte

instruction and requires four clocks for execution,

’W! IMMEDIATE instruction

(his instruction fetches a numeral directly from memory into a CPU

register, The contents of the byte following the OP code stored in a

specilied reglster,
Ihis OF code I8 expressed as follows:

[ofofefololili]o])

DDD represents the code of the destination register, and the code 110
indicates the memory operation, Assume, for example, that data is to
be stored in the A-reglster, Since DDD (the A-register code) is 111, the
operation code becomes [3E|as shown below.

0 O
3 I
Similarly, the operation code for the instruction to store data to the B-
register becomes(06] since DDD (the B-register code) is 000. Also, when
the destination register is the C-register, the operation code becomes
(0] (because DDD is 001),
The IMMEDIATE instruction is a 2-byte instruction. Seven clocks are
required to execute this instruction.,

’Mi LOAD instruction

This instruction transfer the contents of a certain memory address into
a specified register, This instruction is expressed as follows: :

[NERCRCACRNN AR Y

The operation code becomes (7E] for the A-register, since DDD is 111
and[46/for the B-register because DDD is 000. el : *
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The execution time is 10 clocks when a jump is made, and 7 clocks

when the next instruction is executed (a jump is not made).
There are several other conditional branch instructions (e.g., the JNZ

instruction — OP code[C2]— which causes a jump when the result of the
preceding operation is not 0). For the moment, try to master the use of

this CONDITIONAL ZERO JUMP instruction.

13 SUBROUTINE CALL instruction

When using the machine language in BASIC on the FP-200, it is neces-
sary to use various subroutines stored in the FP-200 ROM for input of
data from the keyboard, for display of data on the screen, etc. The
SUBROUTINE CALL instruction may be used to call a desired subrou-
tine from the ROM.

The operation code of this instruction is [CD|. This is a 3-byte instruction,
and the second byte specifies the low-order part of the address storing
the desired subroutine, and the third byte specifies the high-order part

of that address.

As a matter of fact, a subroutine cannot be used if its entry address
(start address) is unknown, since the entry address should be specified
in the 2-byte following the operation code of the SUBROUTINE CALL

instruction.

xow
.

EXRRONE
AENRXGRS

AEAEXENS

4% SUBROUTINE RETURN instruction

When using the machine language in BASIC on the FP-200, the BASIC

CALL statement is used to call a machine language instruction. The

SUBROUTINE RETURN instruction is used to return control from the

machine language instruction to BASIC.

The operation code of this instruction is [C9).

When a subroutine stored in the BASIC ROM is used, the user need not
worry about executing the SUBROUTINE RETURN instruction, since
a SUBROUTINE RETURN instruction must be included in that sub-

routine.
It takes 10 clocks to execute this instruction.

% NO OPERATION instruction

This is a ‘do-nothing’ instruction. You might think that such an instruc-
tion is unnecessary. Nevertheless, the NO-OPERATION instruction is
really useful.

In mathematics, we use the number O to indicate nothing. Without the
concept of 0, modern mathematics cannot be complete. There is, how-
ever, a controversy as to whether or not a no-operation is absoluwr

requured in the same sense as applied to 0 in mathematics.
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Writing programs in machine
language

In this chapter, we shall study in detail how to create mgchine language
programs, how to use subroutines, and how the machine language is
associated with the BASIC language, with the aid of the gample pro-
grams used in the early chapters to compare the execution speeds

between BASIC and the machine language.

% Creating machine language programs

In chapter 2, we used sample programs to draw the entire liquid crystal
display and then clear the display in order to compare the execution
speed between BASIC and the machine language. We used the POKE
statement to write the machine language program in decimal notation.

In this chapter, let us write a machine language program in hexadecimal

notation,
ADDRE S8 op
9F 00 | £ | Betting number of
times
0| 0 A | 10 times
02 0E| C«3F 0E 52 JNZ
03 3F| D E 04
04 {”'i B3 I 0 9'F
05 | 3 (i 2F A
06 co Subroutine {D) I D E~|
07 g E | 3 C 2 JiNZ
08 0?2 | 4 02
09 (] B~ -5 JiE
0 A 02 JNZ I 6 C9 xrvie RETURN
08 06

As for the BASIC program, a TIME$ function may be placed after the
CLEAR statement and before the END statement for the measurement
of the execution speed, ;
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Shown below are subroutines which are frequently used in the v ROM

(1) Key processing subroutines

INTK

GETRG

# 1f the ey butter is not -
trom o eccated RINGG, o e
'; """I mm:

ZAisg = 1 ,',,Nowm,
m’ot'l - m;n
At gt ot

e

(2) Liquid crystal display subroutines

BITOU

022EH

:mnmdnm.

Bregistar = charmctar 0-19)
m-mvm

BITIN

:MM horizomst bits of display data,
Sarme 55 for BITOU,

OUTAC

PRLCD

sl position, The cursor position
e
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Once you have mastered the basic instructions, you will be able to get e e A

a rough idea about the operations of other instructions by referring to
the 80C85A instruction code table.
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permits communicating data with a personal computer or hand-held
cammunication line. i
In the following chapter, we shall discuss data communications betwee
atid ather personal computer via a direct connection cable. o
We shiall discuss the methods of exchanging programs and data, handl
nal storage devices (cassette tape and floppy disks), and accessing
worage, i
At the same time, we shall explain the R$-232C protocol and connectic
FP200 and personal computers in order to provide the reader with accu
of R§-232C. You may for the moment skip over topics difficult to u
imay concentrate on the subjects which are of interest to you, In any
able to have better understanding of the FP-200 and RS-232C by re
chapter carefully,
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Ihe RS-232C is one of the protocols estab '
tion (EIA). RS-232C specifies one of th;sZﬁtgtcﬁiefiieigg::c;:dustﬂgs Associa-
R5-422 and RS-423 provide other protocols. i tranSm}ssloas.
Of these protocols, the one specified b 23 5

has been widely applied to serial data tr;gigégmm m{;‘gw hW&' aﬂd hmce,
many other devices. In Japan, JIS C 6361 has been establishec

since the FP-200 employs the RS-232C protocol “once
RS-232C, you will be able to apply the kmiedgg tamh :
personal computers,
In the following sections, we shall diswss ths
6361 compatible with EIA’s RS-232C ;
(JIS C 6361 is titled ‘lnterfms 2




( Figure 1. Scope of application of R8-232C

Connsotor

Conneation cable Communication
\ i line
— ST W Data com Data com- Data terminal
Data ""”"'""' ' i| munication | munication : equipment
z(y‘u";l:);vmn 1 i squipment | << equipment i (DTE)
I (LCE) {OCE)
FHEST: /
- -
I Within the |
: range ruled
by R6-232C 1

Boundary (for electrical and physical characteristics)

.
The DCE  (data communication equipment) represents modems and acous
couplers. It must be provided with the function that permits code or signal conversio
As the definitions of the DTE and DCE imply, the RS-232C protocol is concerned wi
serial data communications over a telephone line. This means that data must be trans-
mitted serially. When we connect the FP-200 directly with another hand-held cor
puter or personal computer, we are connecting two DTEs together. Therefore, we h
to change the line connection. We shall discuss the methods of line connection

detail later, g,
There are various methods of line connections. However, when determining the |
connection method, the electrical characteristics of RS-232C interface and other
cable conditions must be taken into consideration. The RS-232C electrical characti
tics are shown in Figure 2, and the applicable conditions are shown in Figure 3.

| RS-232C electrical characteristics

The voltage used for signal transmissions by RS-232C is in the range +5 to +15V

to —15V. Data signals are O (low level) on the positive side and 1 (high level)
negative side. Timing and control signals are on (high level) on the positive si
(low level) on the negative side. Thus, the on/off levels of data signals are
those of timing and control signals, i
The overall effective capacity of the receiver-side impedance is 2,500 pF or |

ing the capacity of the connection cable used, Since the connection cable lengt
the overall effective capacity, care should be exercised when determining th
between the DTE and DCE,
The cable capacity varies according to the cable type (cable size, shiels
shielded) and the signal rate, As a rule of thumb, 10 to 15m is recom
data transmission speed is low, the cable capacity is not so critical fac

normal data transmission, e

70



Figure 2. RS-232C electrical characteristics

DCresistance | win. aner
) ) . 3k§2, Max. 7k§2
Receiver impedance (impression voltage: B T v —— 1
positive or negative 3 to 5V) capaclt.ncgc nis Max. 2600pF
Reactance component Noﬁ~lnducﬁvo
Signal generator: open circuit voltage e L s 'w,;,; —M'z;v
e N e T .x.
Signal vgltage (for receiver open circuit
It and load resi
;ﬁnagt;: hel resistance of 6V — 16V (positive or negative)
Receiver: open circuit voltage PR m“;\h.x 2v
Signal voltage Min. +3V Max. —3V
Signal identification Data signal 0 ;

Timing and control
signals ON OFF

) Signal identification
Signal voltage  Noise margin voltage

,'1 1BVl == - . - o 2
§
E
| ON
SV e e il e e e
BV o o o e i o i i i i i 0 Y e G s i T o e o
.
' oV
_3V b e e e e e e e e e e e e e e e e ————
....sv T e e b S S —— ik ._ﬂ
<
Y

ure 3. RS-232C applicable conditions
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B Mode of synchronization

One of the applicable conditions is the mode of synchronizatiqn: .s,ynchronous or
asynchronous. The mode of synchronization specifies how the timing is taken to iden.
tify the beginning and end of a data signal (both the sending side and the receiving gide
must interpret a particular character in the same manner). _
In synchronous mode, a synchronization signal is transmitted before data is transmip.
ted. The data is transmitted after the synchronization signal is transmitted. The recejy.
ing side uses the synchronization signal to take the timing and starts receiving the data,
In asynchronous mode, a start bit and a stop bit are provided for each character at the
sending side. These bits are eliminated at the receiving side. When a parity bit is also
provided, it is eliminated as well. Thus, the bits with a start bit, a stop bit, and a parity
bit, are assumed as the data.

Like many other hand-held computers and personal computers, the FP-200 employs
asynchronous mode regardless of whether it is used as a sending machine or a receiving
machine. e

Data transmission rate

The data transmission rate is the speed at which data is transmitted to or from the DTE,
The data transmission rate is expressed as the number of bits transmitted in a second
The unit is BPS (bits per second). The unit ‘baud’ is sometimes used in place of BPS
Baud represents the modulation speed, which is the reciprocal of the transmission tir
per bit.

Strictly speaking, BPS is the right term. However, in an application where two DT
are connected to each other, baud is interchangeable with BPS. The data transmiss
rate is otherwise called modulation speed or communication speed.
As for the data transmission rate, JIS C 6361 only specifies that it must not exba@

synchronous mode. In general, 75, 110, 150, 300, 600, 1200, 2400, 4800, and
BPS are used as data transmission rates. In the case of the FP-200, the data transmissi
rate is 300 BPS. Therefore, the data transmission rate of a hand-held compute
personal computer communicating with the FP-200 should be set to 300 BPS.

| Character configuration

In performing data communications, it is necessary to make clear the configur
data characters. The character configuration varies according to the mode o
nization. The following describes the character configuration for the FF
hand-held computers and personal computers operating in asynchronot
In asynchronous mode, each character consists of a start bit, data
and stop bits. The start bit is a low-level (0) signal. The data bits
character code expressed by a combination of 0 and 1 (high-level)
bit is either 0 or 1 depending on which of the even parity and
and on the data bit configuration.
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Some hand-held computers and personal ¢

e 4 om :
checking is not performed). The stop bit masug:fﬁ n?eg not 2atta;\ch a parity bit (parity
level of the stop bit is 1 (see Figure 4). » 19, or 2 bits in length. The logic

Ggure 4. Character configuration j
0 e -
i " S SR S S P
[ (LsB) e FALTS Do sy v
igtlgrt Databits "o Stopd
| § o
: o
| a‘

Character: ASCII code (41)1 6

Dat'a length: 7 bits Example of serial data
Parity: Even parity transmission

Stop bit: 2 bits

In asynchronous mode, a synchronization signal is transmitted each time a data charac-
ter is transmitted. This signal is the start bit. The data is sent following the start bit.

The data bit length varies according to the type of data to be
and DCE communicating with each other use a differe

differs from the data transmitted. Th 00 uses 7-bit
the data length of the hand-hel uter or per: 3
with the FP-200 should be set to 7 t

When the data length ;
a special character




Example

LFELECT

(OF )16 (41) 15 \42)H (43)1,., (OE/,,, (68)15 (69)1s (6A)1s (OF)u (44) s (45)14......

}
\_ S| code SO code Si code

In the case of serial data transmission, data is -transmitted sequer!tially fry
significant bit (LSB) to the most significant bit (MSB). The receiving side
up the data sequentially from the LSB to the MSB.

Data transmission may be performed between two locations close to each o
less) or between two locations far apart from each other. In the latter ¢
transmitted over a telephone line via modems, acoustic coupler, etc. In
long-distance data transmission, data being transmitted may be affected
noise, causing a 0 bit to change to a 1 bit, or vice versa.

Assume for example, that while the character A (7 bits) is being tr.
changes from 0 to 1 due to external noise. In this case, the receive
character as | having a character code of (49)16. A parity bit is
occurrence of such a change in bits being transmitted.

rF igure 5. Serial data transmission
Character A (character code (41)1¢)
Parall ezl
Parallel — Eg,mtf' —= Serial 3:5{\';?" —= Parallel
— sion sion
(MSB) bs| | KD
bs| 06~ |  (MsB) (LsSB)
bs| 0 -5~ bs bs bs by b2 b, by
Transmitter D3 i'@' 1{0jojo0 0 Yn
b2| 0 3)-
b 0}2)
(LsB) bo| | D
The bits are sequentially transmitted from the least si
to the most significant bit (MSB). They are then accumul
the LSB to MSB. :
&

Parity checking is performed in two diff
odd parity. In the case of even parity,
of odd parity, the total number of logi
A parity bit of logic 0 or1is:
the same parity as t

74



regardless of whether it is used to trans
data communications should use even pa
Note that all errors in parity cannot be
bits changed at the same time or if the
from cannot be detected.

rr}it or receive dat
rity,

detected.
parity bit it

a. Hence, the counterpart of

l-or_ example, if an even number of
self dropped, the error arising there-

Figure 6. Parity check

Character A (character code (41):¢)

(MSB)

(LSB)
(1) I bit 3 of the data bit .08 be by b2 b b
a bits

changes : I 0 0 0 o0 o | (41)
-0 0 1 0 o | (49) 16 ‘
fe- Data bits S ‘
(LsB) (MSB) |
bo b1 b2 by bs bs b
(2) In the case of even parity 0 0 0 0 0 | 0 Thenumberoflogic1's is 2 (even). |
In the case of odd parity 0 0 0 0 | | Thenumberoflogic 1s is 3 (odd). '
(3) |Iff gitg c:anges in even parity F@. 0 | 0 | 0 Thenumber of logic 1's is 3 (odd), |
t . . {
It 3 changes in odd parity [ 5 0 | | Thenumber of logic 1's is 4 (even). |

A stop bit is used to indicate the end of a character. The stop bit is 1, 1.5, or 2 bits in
length. The FP-200 uses two bits for the stop bit. The stop bit length must be the same
between two computers communicating with each other.

The voltage of the line has a logic level of 1 when no data is being transmitted over the
line. In asynchronous mode, a start bit is transmitted before the data bits. This start bit
has a logic level of 0. Then, the data bits are transmitted from the LSB to the MSB.
Then, if parity checking is performed, one bit of logic level 0 or 1 is transmitted accord-
ing to the method of parity checking and the number of logic level 1’s in the data bits.
The stop bit is sent at the end of each character. The receiver identifies the end of a

character when it receives a stop bit.

| , Connection cables

ing the DTE and the DCE is provided on the DTE side (JIS C 6361).
R;:ﬁ;g ngnse.;ti':gconnector, abbreviated the D-sub, is used for connection with a
DCE. The fact that the RS-232C connector shape and pins proylded on persona:1 conl;-
puters and hand-held computers have not been'standardlzed is as:cnbatl:.le tio t eh:v;
sence of standard DTE connectors. As for the pins, only the circun‘tﬂagp ications
been standardized. The voltage (logic level), etc., have not been ;pt;ci o We ot it
This is due to the fact that the RS-232C standard was establis! e a;m e
nectors had been disseminated in the private sector. Makers of mr?p%mwm“s circuit
devices use pins of their own choice for their connectors. The ggg?acal sp'eciﬁ;:atians‘
voltage, etc., established by individual computer makers are called 10541 SRR




A 25-pin connector is provided at one end of the RS-232C connectic
a standard connector used to connect a DTE and a DCE. This connector
known as the D-sub. :
There are various types of connectors (soldered or crimped to the con
For example, the socket DB-25S and the plug DB-25P are available on the

Connectors are shown in Figure 7, and the shapes and dimensions are sho
8. :

(F igure 7. Connection cables and 25-pin connectors

Connection cable

i
DTE ] . DCE
A

The method of connection 25-pin connector plug and

of this connector has not socket specified in JIS C 6361.
been standardized. TRV

Local specifications Male

FP-200 RS-232C connection
cable

RS-232C connection cable
using flat cable




Figure 8. 25-pin connector shapes (plug and socket)

DCE side connector (socket) Connection cable side co lplug)

Max. 47.17 Max. 39.09
Min. 46.91 . _._Min. 3884

- i
[é Max.8.03 [O
Min, 7.77

“  Max. 2.62 R
\‘:E.MJI‘.-..?-‘B { 4 Max. 269

Min. 259

10° Pin (female)  Shell 10° Pin (male)  Shell

| Pin layout

The pin layout varies in the meanings and the uses of pins according to the mode of
synchronization and the data transmission rate. Since the FP-200 operates at 300 BPS
in asynchronous mode, we shall explain the pin layout for the data transmission rate of
300 BPS and asynchronous mode operation. Figure 9 showsthe pin numbers, pin names,
and signal directions. The pin names are those specified in J1S C6361. IS abbreviations
and popular ones are shown. The signal direction indicates the dlmctum of da.ta ﬂow
between DTE and DCE. ?

Figure 9. Connector numbers, names, abbreviations, and signal directions

2
a
g,
H

Ol i vl ol |lw|r

=

|

-
~N

@

]



Y
T i
e | sl
j:m'm|3 . Loop-back LLB
T
20 | 1| Dataterminal ready ER
| Loop-back/maintenance test RLS
N | Call indication ol
| |
3 23 » ‘
T ]

25 | Test indication T

In Figure 9, a blank in the pin number column indicates that the associa
unavailable with the FP-200. A blank in the name column indicates that the
pin is not used for 300 BPS, asynchronous mode operation. A blank in the
tion column (common) indicates that the associated abbreviation is the sam
abbreviation or there is no abbreviation. '
The signal direction indicates the direction of signal flow from DTE or D
with a circle). Pin numbers 1 and 7 are provided to equalize signal reference

hence they have nothing to do with the signal direction. There is no J1S abt

for pin number 1.

The following describes the pins used by the FP-200. The 2 hbreviat
parentheses. ‘ £3e

This line sends dutain data tnaiias. s & St e
following four lines are on. These four lines can be used for f




E% Receive data RD (RXD)

Data transmitted enters the DTE through this line. The X L ERe
not available with this line. Since data cannot enter the mvinnm :l(:re Wopam‘s-
ing, DRZ(&SR) and CdDa(DCD) must be on.

The FP-200 receives data when DR (DSR) and CD (DCD Some hand coin
puters and personal computers ignore these two linis. _— g

SD (TXD) and RD (RTS) are used as a pair.

§3 Request to send RS (RTS)

This line is turned on when the DTE attempts to send data. It must be kept on during
data transmission.

The FP-200 outputs an off voltage during data reception, and an on voltage during data
transmission. This line is used primarily to control the DCE. When it is turned on, the
DCE becomes ready to send. The fact that the DCE becomes ready to send can be
checked by the CS (CTS) line.

s Clear to send CS (CTS)

This line indicates that the DCE is ready to send. When RS is turned on, the DCE turr
on CS (CTS). When data transmission is completed, RS (RTS) is tdrned off and
DCE turns oﬁm (Crs). N e A T SRR AR AR AN e -'-u-qa(-wh,—«h\.'p-»i;vz":amp'---zlf)m);w - :

RS (RTS) and CS (CTS) are used as a pair.

——




“ Data set ready DR (DSR)

This line indicates that the DCE is ready to operate. This line is turned on by the
When this line is on, it indicates that data can be sent or received via the DCE. A
receiving the status of the DR (DSR) line, RS (RTS) is turned on when data transmis-
sion is to be performed, With the FP-200, DR (DSR) must be on during data tran

sion or data reception,

Data carrier detect (D (DCD)

When the DCE receives data, it turns on this line, informing the DTE that the D
receiving data. The DTE starts receiving data when the CD (DCD) line turns on.
The FP-200 cannot receive data unless both DR (DSR) and CD (DCD) are on.

Data terminal ready ER (DTR)

ER (DTR) indicates that the DTE is ready to operate. When the DTE is going to
or receive data, ER (DTR) must be on, o
With the FP-200, ER (DTR) turns on the line voltage when the power supply is
ed on. This condition is retained until the power supply is turned off. '
ER (DTR) and DR (DSR) are used as a pair.

Figure 12, ER (DTR) and DR (DSR)

DTE ER(DTR) —————*i ER(DTR) DOE} .
DR (DSR) DR (DSR) R

ON s

When ER (DTR) is on, it in
ER(DTR)OFF — the DTE is ready to of

ON [rem——

When DR (DSR) is ¢
DR (DSR)OFF | the DOE b reir e

The timings of individual lines during”-data tmnsmissfiﬁ
the timings of the individual lines duriﬂg.da;are:spﬁm»







Figure 14. Data reception

DTE RD(RXD)
ER(DTR)
DR(DSR)

cD(DCD)

RD(RXD)
ER(DTR)
DR(DSR)

ON

co(oeD)

is ready

ER(DTR) OFF

ON

P i ek W Y

DR(DSR) OFF

*

CD(DCD) OFF —




The FP-200 uses the half-duplex
that is, FP-200 receives while the other
while the other receives. Half-duplex
transmission lines. See Fig. 15. et o £
Full-duplex communications:equi_mmm spendent lines. Each of the twe comautan
requires two lines; one each for W W.Thm%mm

reception can occur at the same time. See Fig,
The above discussion stated that a full-duple
dent lines. However, it may be
modulation frequencies for trai

(15) Conceptual half-duplex
DTE ‘il

Trans-
mitter

]

Receiver

Contr‘olier» c




(16) Conceptual full-duplex communication bloek diagram

DTE VP
Parallel 1o
Trans: L ol gorial |-
mitter convarer
}
Serlal to
Recaiver |- parallel
converter
Controller - S
Control signals
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Preparationfor Fp-200
serial data cOmMmunicatio

[ =

As you have learned through previous discussions, the FP-200 RS-232C interf
forms to the JIS-C6361 standard. Detailed descriptions have beer : t::teﬁaf;c?;e
RS-232C protocol. Its protocol defines everything required to use it. ssedv. P o

You are now fully prepared for the following distgssiong 5o e o BT £
“M: RS-232C terminal on the FP-200 P L e L

The hardware connections, including the signal cable connec b ’ g
here. DR

Fig. 17 shows the FP-200 RS-232C interface s
It should be noted here that a special AC aday

r(1 7) FP-200 RS-232C termin

al connector -

The FP-200 RS-
adjacent cassette t:
one. If you conr
damaged If the
may be dama
Connected e



%

E
.:f‘

% \‘.
‘“\
\u TR

2 Connection cables

‘: he ! P00 1523520 signal cable is available as model FP-280RSC. It is
(1 o want to assemble the cable by yourself, however, the following p

s

ﬂm‘) Parts for H8-232C signal
cable avsembly
Ports
DIN B-pin plug
2 76 connscior cover
DB28P connector i
‘4 Bapiire shisided cable St *T;t;;m
The sssembly requires soldering st both the DIN 8-pin and DB
\

% Communication protocol

Communication ; Half duplex
Gynchronization T

Treansmission speed r

Transmission

charscter

configuration

% Data transmission/r
Refer to Fig. 13 for the FP-200 data
timing.

When transmitting, the FP-200 n
lines each time it transm




oL S a0

‘ﬁ’ Preparation for serial data communication (bm}f -’ f‘lf.'l*?? B). -

b

-

Fig. 19 illustrates the components required to use the FP-200 for serial data e,
cations.h SING e fth ol | : BhE ﬁW‘_&eriz‘l dami‘?%mum-_
[nsert the -pin plug of the signal cable (the FP-280 4 ‘
into the RS-232C terminal connector mfstacie at thzsr:agtet? eﬁ::e;:g;&fﬁi‘:ﬁ)
practice of turning off all devices, including the other computer, before connecting
them to the FP-200. This can prevent damage which may be caused 'by a wrong connecs- -
tion, and prevents incorrect operation due to faulty contacts between pins and jacks.
Then connect the DC plug of the special AC adapter (AD-4180) to the DC terminal
receptacle at the right side of the FP-200 and plug the AC plug into an outlet. The
FP-200 is now prepared for serial data communications. £ s

(19) Necessary parts for serial data communications.

Rear

cable or the one you assembl
the RS-232C terminal conne;
receptacle. N




S .

FP-200 serial data
communication SO

[ 2

The FP-200 has the following program transmission and reception
statements which are used to provide communications capabilities via
interface: &

SAVE “COMO:", A
LOAD "“COMO:"

OPEN “coMO0:” FOR _NPUT Ag =file number

OUTPUT
PRINT #file number
PRINT #file number, USING format specifications;
INPUT #file number
CLOSE
MOUNT number of buffers

The SAVE, LOAD, and OPEN commands are followed by the
descriptor for the RS-232C). The INPUT #file number and
correspond to the statements used for sequential file processing.
This means that the RS-232C, as well as cassette tape, floppy dis
with sequential data files. That is, you can accomplish serial
using the RS-232C exactly the same as reading from or writi
created on a floppy disk or cassette tape. Most problems \
communications via RS-232C are not attributable to software:

or errors in the hardware connections. 45
No interrupts are allowed during data reception becaum r
which provides this capability. ¥



% Transmitting a program — sayp “Com 0:7 4

1e SAVE “COMO:",A command allows .
Zrl]other personal computer via the Rs-ﬁaﬁgz,m i:w
ng a program on a cassette tape or ﬂqppy disk. TMGOG
W hICh has been stored in the specified program area to the
by character in the ASCII format,. S e
When recordlng a program on a cassette m,
filename”, A which directs the program to the
ences between saving a program as a cassette
25-232C are whether a ﬁlenamefoitewstrhew =Sy e
the program is directed to the CMT Ol‘tﬁ W |
It sr?ould be remembered that this !ﬁéﬂs- . Mﬁﬁt"
which instructs the FP-200 to send ﬂmw
When entering a program from th&k
exactly as they would appear on the li |
in FP-200 memory, a program line number is
statement is converted to a l-byte‘&&kmf
stored in memory is displayed usin :
statements are converted to the
A program requires less mem
sequence of pairs of binary c
this internal language varies fr
mitted between two diffafm‘g;
than a block of meaning!ﬁ&
In order for the recei
other computer, whatW
data which can be convert
same procedure as if it
A SAVE “COMO:" cc
to be directed to the
SAVE “COMO:” cc

as keyed in %




" Receiving a program — LOAD “COM 0:”

Programs can be received as well as transmitted. This provides various capabilit
as debugging a program to be run on another computer by using your FP.200
well as simply reading an FP-200 program entered at another computer via the F
Programs to be received by the FP-200 must be in ASCII. When receiving an
program, the FP-200 stores it in memory by converting each line number w
code and the following statement to a 1-byte token.

During this process, the FP-200 may drop parts (i.e., ASCII characters) of tﬁl
because it does more processing than the transmltting computer, This mw
next program line to arrive before the current line has been processed,
Our measures to cope with this problem are to wait an appropriate interval
program line transmissions at the transmitting computer, because there is
the receiving computer to report any character dropouts during reception or
started. Actual programming techniques are explained later (from page 98 on).
The point here is that you can receive a program from another computer
LOAD “COMO0:” command. :

: Dm‘a transmission — OPEN *COM 0 : ” FOR m

When transmitting a physical data record (a line or logical record), |
you first declare, using an OPEN statement, that you are going to u
communications channel (i.e., the RS- 232C) Executing the OPEN
the data in the specified sequentlal file to be accessed and, at
(RTS) signal to be activated (or turned on) if you have spe
m|55|on) in this statement. The FP-200 becomes eady f

signals control RS-232C line transmission m
#n or PRINT #n, USING statement dmj‘

two characters (OD16 and 0A: 6) is
one line to be fed (i.e., the cursor
receiving computer when the data
receiving computer, because Wté
sents an LF (line feed).

When the PRINT #n or PRINT M
colon, the CR-LF code sequenc
ment terminator codes so a
situations where the
After all the data
cpened far both |




o

& Data reception — 0

F

\when receiving a physical data record (;
., declare using an OPEN comma
::H are going to use the serial data
| .ement causes the data to be available
/1o for access via the RS-232C, and the rece
. R (DTR), DR (DSR), and CD (DCD) are actiy
% | e received data can be accessed by your

——

, { o
:‘ _me statement. If the data is followed by gg{
created as the end of the data. The data *s'mfbdi‘m%
Jcimiter discarded. Your program should receive the
e processing defined by the SHDSBCUSTS b
«quence of events which is used to receive a meemf oy
come processing must usually be done NLET OT data re,
cceiving the next record. If the ne ¢
Lo successfully received (i.e., the record |
must be withheld until the processing
sccomplishing this, such as letting the t
mission for the time required for the
when the processing is completed to |
data after receiving the signal, lett
tion, and so forth. BT
The second and third methc

computer has to adjust its wait
on the transmitted data le

the INPUT #n statemen
“ (ie., a CR-LF code
not preceded by an SO ¢
The character codes &
when they are not
unconditionally fol
Then, if any of the
automatically pre:
If the other compt
the FP-200 will
between two F
PRINT #n or |
COmmunicating
code. &




When the last data is received, close the RS-232C receive file
If you want to transmit data after the reception, CLOSE the fi
the sending file.

b/ .
,;5%#; Summary of serial data
The FP-200 serial data communications commands and sl

received data are followed by the delimiter CR-LF or not. The
after transmitting each physical data record, withhold the r

200 until the latter completes all post-reception Mﬂﬂr
record with a CR-LF delimiter or 2 comma.

(20) Summary of FP-200 serial data communications software

FP-200 —

Directio

SAVE “COMOQO :*




paving completed a basi
program and data tra
1000/1100 using its si
Fig. 21 below shows the
ter FP-1000/1100 to t|
page 87. ‘
After the FP-1000/1°
examining how to ¢

two DTEs without using

(21) Components for co




ﬁ Connecting the FP-200 fo an FP-1000/ ! |

Table 22 summarizes the FP-1000/1100 communication pro
the signals for interfacing the FP- 1000/1100 with the FP-20

assignments.

(22) FP-1000/1100 communication protocol
Communication mode Half or full dupllx ez ke
Synchronizetion ' Asynchronous or mg-qop

7.6, 76, 150, 300.600 1200.2‘00.4809‘

Transmission speed

Start bits 1 blt
Transmission RIS B L : T o
character Data qhaructgr lgngth 7 or B bltl T
configuration | parity check Even, odd or no parity
| Stop bits 1,18, 0r2 bits

(23) !nterface signaln

A

2 | sox) | O—

i ~ RD(RXD) | =D B3
4 RS(RTS) o oFF
5 CS(CTS) PRETY
6 DR(DSR) B3¢ "
7 SG(GND)
8 co(DeD) ainaly
20 ER(DTR) T PR

(25) FP-1000/1100 data transmission
FP-1000/ 1100




To use an RS-232C with

1035RS) must be msermd
expansion box.
The data transmnsszon

presents no problem ini
In table 23, only the stz
FP-1000/1100 data t




The FP-1000/1100 becomes ready for transmission when DR (
from the DCE turn on after ER (DTR) and RS (RTS) have been |
When you specify a 7-bit data character length, FP-1000/1100 alphanu.
characters can be transmitted or received using the SO (character ¢
(character code OF16) codes. The procedure is the same as with the
® [nterfacing between the FP-1000/1100 and the FP-200

Fig. 27 shows the interface wiring for connections between the F?-?
FP-200. f

r(27) Interfacing between FP-1000/1100 and FP-200
FP-200 Signal interface

SD{TX)e . {3
RD (RXD) (@) 3
S (CTS) @-
s e
SG (GND) (@

CD (DCD)

0 -

\

All the subsequent example programs assume ﬂm
is turned on. Turn the switch on here. 2

(39) RS-232C pack DIP switch settings




co § P 200 transmission
~ruc'\rtf l"m_
. nterval between ¢
the 'P 200 '.'
rerval to be M
o personal comg |
o range depending on
L determine the optim
e sample programs fou

=

Cameson walt time
nfM.M““
ot INPUT nmn-du,
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Program transfer betw
FP-200 and an FP-1000/

Let’s begin with program transmission and reception between the
FP-1000/1100. Exchanging programs between different computers r
of any use, but it actually can provide many advantages such as sh:
unified program management, improvement in program development,
entry, program debugging, etc.
FP-200 uses the following program transmission and reception comma:
earlier:

Program transmission: SAVE ‘COMO0 :”, A
Program reception: LOAD ‘*COMDO :”

When you use ‘SAVE “COMO:”,A’, to transmit ﬂ:efoﬂuwmg progr
cations line for example:

Sample program: o
1000 OPEN "COMO:" FOR INPUT A,:‘-S;,,'f
10100 INPUTZ I, AS : B

1020 PRINT AS;
1030 GOTO 1 eE

It appears on the line as follc

That is, the
(a CR-LF code)
followed by ar




i3 .
E%%% : Transferring programs between gy FP-200and an FP-1000/ 1109

The FP-1000/1100 has a program tr issi
program reception command LOAD "érg)sm-s'f?' PO v gt 5
Pr?gratrlr; C?g ::, Csuccessfully transmitted fr"om .the FP-200 :
:ﬁ;ﬂ% P-2OB r;laowesérrlmtahnedsF. PV}/zhgg lElg’tllsmitting a program frct;r)\-ntlt\:eF;|;11og(%/11]1oo 2
errors or data dropouts may occur. command requires too much time, anc?(:l:NO
Thus, there is no way but transmittin

1 g a program
on which thg program has been recorded in thge AS(g:'??:)ra g tap§ WL
the communication timing. mat, line by line as measuring

e FP-200 to FP-1000/1100 program transmission
First try to transmit a program from the Fp 200
b =200 to the FP- 11 e t
only the RS 232C pack: DIP switch s turned on (he retar off) o dhe £ 1 50Bj 108
- €comes ready for program reception ' gou e
RETURN]J key after -ke-ylng in the following command, g?\i?n'; t\;’ge;argggmtm
order of data transmission speed (F or S), data character length, parity, and number o

stop bits:

(FP-1000/1100)  LOAD “COMO: (S7E)” (R
After the FP-1000/1100 is ready, transmit the program fr

(FP-200) SAVE “‘COMO:
After the FP-200 transmits the progr
for a command entry. e
® FP-1000/1100 to FP-200 progi
If a program is transmitted usi
cannot successfully receive i
‘tape or floppy disk and the
(filename 232CP




(8) Initiate program transmission from the FP-1000/110C
Ready ? .— (Press . P

(9) Display the line number when each line is transmitted.

(10) When the entire program has been transmitted, indi

program to be sent or not: 4 p TR
Transfer end (Press RETURNor key in Y if there is

Next file (Y/N) key in N otherwise.) N

(11) When Y (or RETURN)) is keyed in at step (10), the pr

Otherwise, the program terminates. i, W

(LiIsT 1 _

FP-1000/1100 program tra.nsmif;s sior

1802 '*ii***u*********l********ﬁ***********f,
11@ ° RS-23I2C Port ASCII file Send i)

: .. FF-1000/1100 to FP-200

138 °

i4@ - File name : 232CFR.BAS

15@ -~ Computer : FP-1000/1100

16@ ° Data signalling rate : I@@bps

i7@ Word length o 7bLt

i8@ - Farity : Even e
i9@ ° Stop bit ) Ty

200 36263636 3 96 06 3 WM NR
1@1@ ON ERROR GOTO 1290 B el
1@2@ WIDTH B0 AR iy
1@3@ PRINT "** ascii file transfer TS

ST

1@4@ INPUT “Device ", D$ g
1@5@ INPUT "File name “,F$ e 2l ES

: L e TSRS
1@7@ OPEN "COM@: (S7E)" FOR OUTPUT AS #2
1@8@ LINE INFUT "Ready 7 “3Z% et
1@9@ OPEN D$+":"+F$ FOR INFUT A RO

1100 Ccu=@ ;

1120 LINE INPUT #1,P$
113@ IF EOF(1) THEN 12@@
115@ LOCATE @,%:PRIN
116@ PRINT #2,F$

117@ FOR I=1 TO 1
» GOTO 1120
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FP-200 key d;ta
communication

. —

[his chapter discusses datq communications using the keyboard to receiy
Al one computer data‘ which has been keyed in at another computer

Key data cummunic'atlon.s are accomp_lished using the same compute} hardware con-
figuration and interface signal connections as with Program transmission and reception
Refer to the FP-1000/1100 hardware configuration on page 93 and the signal cable
connection on page 96. Only a display device (CRT display or built-in LCD), key-
board, connection cable, and signal interface are required to try data communication,

@9) Hardware configuration for key data communication j




The third program is a key data transmission and reception .“f A
real data communications capabilities (this is the “'Key Data Transm

Program”’). g
Discussions begin with the FP-200 programs. The equlval@ﬂt-pggfﬁﬁ

1100 and their RS-232C-related statements are explained in subsequ

e nr
‘i FP-200 key data transmission program
This program inputs data from the keyboard and transmits the data

1100.
The conditions for data transmission are as follows:

(1) Each time a character is entered from the keyboard, the character s
(2) Transmitted data records are not followed by CR-LF codes
Thus, the receiving computer has to append a CR-LF code wmp
record. '

A sample program for the FP-200 is shown in LIST 2). It isave
sisting of only six lines, but it can accomplish the functions t
conditions. Key in this progranme in a program area so that ¢
tried immediately after you put the appropriate data recept

1000/1100. A
The program can be summarized as follows: The OPEN statemer

declares the use of the RS-232C. Data to be transmitted is b3
statement in line 1020. The keyboard keys are actually scanned
key might be input twice or more during a single keystroke |
vided to avoid this. In this example, this scan speed is effectl
loop in the middle of line 1020. Each time a key is pressed,
character. To prevent each transmitted character from
code, line 1030 is terminated with a semicalon. Each
played at the FP-200 when it is transmitted. e,
When the (RETURNJ) key is pressed, one line
at the beginning of the new line. This is accor
tains the LF code. After displaying the character;
returns to the keyboard input statement.




{ v Parity
s Stop bit ;
N i.uh!hlhhlhll&*&i****i*******
paan

i OFEN "COMB " FOR OUTPUT ag H1
020 DB=INKEY#:FOR I=1 70 s5p. . ="

:33& PRINT #1,D%; tNEXT 1:1fF D$= THEN 102¢

40 IF D“CHR‘(13) THEN D$=D$+CHR$(18)

{QR0 PRINT D#y

1ea0 GOTO te2e

i Even
2
LT ™

® FP-200 key data reception program

This section discusses a program for receiving data sent from the FP-1000/1100. A
sample program is shown in LIST 3) which is also very short. Key in this program in
another program area of the FP-200 so that you can try data reception from the
FP-1000/1100.

The required reception conditions can be summarized as follows:

(1) Each time a character is received, the character is displayed.

(2) The CR-LF code processing is done at the receiving computer.

The FP-200 has no statement that inputs a single character from the RS-232C recelve
data buffer (e.g., INPUTS$). The INPUT# statement would continue to input t
until a CR-LF code was encountered and the above condition (1) could not be satis
This problem is solved by following each transmitted chara
the transmitting computer. This allows the FP-200 to dis
Condition (2) implies that the FP-200 has to make the prep
the subsequent dlsplay fmm the begmmqgv i thﬁ.,;j;, line
CR code is received. - 2
~The program is LI IST 3) |
in re atus




jaaee@ -
1@1@ OPEN "COM@:" FOR INFUT AS #i

1828 INPUT #1,D%
JB;G IF LEN(D;)=G THEN D#=CHR$(1Z)+CHREC(18)

1848 PRINT D%;
f@se GOTO f@za

As you can see, both the programs in LIST 2) and 3) have no end
popular methods for terminating such an application program is i«
mitted data with a character such as “$” which is agreed upon
puters. The transmission program terminates when it transmits th
reception program terminates when it receives the character. Ti
2) and 3) programs so that the above program termination can be ¢
This modification is rather simple. You are probably astonM
control the two computers with this simple technique. This exar
agreed-upon character to terminate the reception program at t
concept can be easily expanded, for example, to use the first
tion mark “?” as the indicator for redirecting subsequent data cl
and the second appearance as the indicator for redirecting th
display. The character “T”’, for example, could be used to
to display the time (TIME$) and date (DATE$).

In this way, you can exert a wide variety of control over
concept can be applied in the field of home automation
automatic cooking appliance timers and air conditione
the phone while you are out.

ﬁ FP-200 key data transmim‘on/ ’

A program that altemates transmlss;on anﬁ ecep
is discussed here. You can, at last, 3
The sample program used for the foﬂew,
The program is made ‘up of t‘hree m"




Computer

Stop . bit
KN

0PEN “CcoM@:"
p$="Ready ? "+CF
PRINT #1,D%;
PRINT "<Ready ?>
CLOSE ‘

/ o
OPEN "COMB:" FO
FRINT "receive
INPUT #2,D%
PRINT D#;

OPEN “COMO:‘
PRINT "send
D$=INKEY$ :FOR
PRINT #1,D%;
PRINT D#%;

1F D$=CHR#{
GOTO 1140

munication. When
communication
mitted because |
FP-200.

The second

record) is |
When re




i i ethods
Key data transmissnon/receptlon test m

FP-200 key data transmission

program

FP-200 key data reception
program

FP-200 key data transmission/ | b
reception program -

¢'¢¢¢'

2 FP-1 000/ 1100 key data transmission pr'

This program sends characters keyed in at the FP- 1000/1100»
by character each time a key is pressed.

First enter the key data transmission program, shown in list 5,
then run the key data reception program previously loadec
execute the FP-1000/1100 key data transmission program ju
Now both the computers are ready for one-way communicatic
to the FP-200. Press a key on the FP-1000/1100 keybo:
should be displayed on the FP-200 LCD. Press several
the keyed-in characters are displayed correctly. Then,ﬁﬂé
If the first test fails, check the RS-232C wiring. Is ol
1000/1100 RS- 232C interface cartridge DIP switch
correct? Check them one by one.
In this one-way communication from the FP-1
alphanumeric characters. Character graprh cs
tions. You can feed one line by pressmg |

(LIST 5)




1238 D$=INKEYS:1IF D$="" THEN 193p
;@p2@ FRINT #1,Ds

;@s@ IF D$=CHR$ (1)
;@@ FRINT D$:

@78 FOR I=1 TO 1@@:NEXT I
;@22@ S0TO 1@83e

THEN D$=D$+CHRs (1@)

:& FP-1000/ 1100 key data reception program

Enter the key data reception program, shown in list 6,
T

the FP-200 key data transmission program and the FP-10310;)1 ?’&’) ::)ro;gllult()? %ug

above. Now both the computers are ready for one-way communication frém thoal F(;’

200 to the FP-1000/1100. e re-

Press an FP-200 key. The character should be displayed on the FP-1000/1100 CRT
screen.

This program first puts the RS-232C in the receive mode and waits for arriving data.

When the data is received, it is displayed character by character. When a CR code
(CHR$(13), entered by pressing the RETURN) key) is encountered in the rweived dm,
2 line feed takes place.

If any of these tests fails, find the error by checkmgﬂaein&rfﬁmvﬁnng
gramsmthesamewayasmmthettalamssmpmgtmn

Both one-way communications have now been achleved. Lat’s“ﬂy
cations next.

{Lisy - 6)

I-'P- 100011190
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&» FP-1000/1100 key data transmission/|
Thi way communications between t
hanges between two differen
the FP-1000/1100 and

['his program accomplishes two-
the FP-200, allowing message exc
Enter the program from list 7 into

into the FP-200.
First run the FP-1000/1100 program and then the FP-200 ¢

200 program should cause the message “Ready ?"" to be tra
of the communication. The “Ready ?”' message appearing on
screen indicates that the message transmitted from the FP-200
at FP-1000/1100. Then, a request-to-send message ‘“‘send ="
1000/1100 . Now send a message from the FP-1000/1100 to the |
are also displayed at the FP-200. The message transmission is
a character with a character code of 1F16 or below,or a comr
key should be used.

When the transmission is terminated, the message ‘‘receive >
1000/1100, indicating that the FP-1000/1100 is now in the
FP-200 keys this time. The characters should appear on
The [RETURN] key at the FP-200 signals the end of mess
1000/1100. “send > is displayed again at the FP-100C
receive and send states are reversed at the two computers. |
and “receive ' indicate whether the computer is in the send
Try this two-way communication using various messages.

(LIST k)

FP-1000/1100 key data

1 Q@ 7 33633 3636363 3 9 36366 3 3 XXX XXX

11@ ° RS-232C Fort Key to Key 2
128 ° FP-120A /1180 <=> FF-208 . o ot e

134"

142 - File name : Z232CKY.BAS
el Computer : FP—12@@/110@
168 Data signalling rate : At
10 Word length -~

188 ° FParity ArER

19@ ° Stop bit ta

el R T T e S S S S s S s
1000 - :

1212 WIDTH 8@ 2 ¥
1020 OFEN "COM@: (S7E)" AS #1
2. ® 4 :
1836 ps=INFUTS (1,81 5
106@ PRINT D$;
1870 -




RS-232C
signal interface

» as discussed earlier, the
must be directly connected in applicati :

RS-232C signal is determined by how
cross, return, or open, of a signal line
mented in order to connect two DTEs (
It is not desirable to rewire within the 25

. This chapter explains thre
faces which you can make easily and which are useful for signal

build one of them, you will never have to resolder the connector for each di
computer and can also avoid wiring errors such as dlsconnectlon) etc. Th:s Wﬂi 5
a must for any user who uses the RS-232C. 2 gt e it
Such components are not on the marketyet; .

Signal interface 1 ;

This is a fixed combination of
computers only. Signal lines Lo




Prepare two female connectors with leads which have an alliga;lam'
soldered to their pins, each housed within a protective case. This m
increases universality because signal lines can be rewired as desired :b
clip connections. Leads may be easily identified by assigning differ
leads or putting numbered labels on the clips. '

ﬂ Parts
L',/!f__@ 25-pin female connector (DB-25S) 2 PCS

v (= Connector case

Lead wire -
Alligator clip
N — 7
J Leads terminated with
N\ alligator clips Tools

Female connector

asynchronous communications, the eight lead wires requnred for
for any computers. -
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