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GENERAL INFORMAT ION

he M 3% System is an 8 bit microprocessor Tamily made up by

the following devices:

1 - The CPU - M 380 -~
The unit is working on % bits, and 48 general
purpose registers are available inside.

Also 1/0 facilities are included (8 bit Input,
4 bit output).

2 - The ROM - M 382 -

This device, intended as program memory, is
al Kby 8 bits ROM,

Two 1/0 ports, 8 bit each, are available on
every ROM device.

3 - The RAM - M 383 -

This device, intended as data memory, is a
125 words by & bits RAM, and an 1/0 port by
8 bits is also available.

4 - The ROM/RAM - M 381 -

This is a compesite device with 768 words of
ROM and 18 words of RAM.

Two 1/0 ports by 8 bits are included.

Mod. 30508241 - 5000 - Océ-Sipt $. p. A.
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Due to itts peculiar architecture the M 3% system lends itself
to very compact hardware configurations.

The minimum system conliguration is a 2 chip system, composed
of:

I - CPU
2 - ROM or ROM/RAM

This system has already all the basic elements which are needed
to solve problems, namely:

CPL

- 48 Registers
I K ROM

24 1/0 bits

The maximum clock Trequency of the system is 800 KHZ, while the
hasic machine cvecle is 5 4 sec.

The execution time per ihstruction is ranging from S/U sec. to
20/u SeCc,. maximum.,

The family is implemented by P-Channel technology and it requires

@, =5 ¥, — 17 ¥ as paower supplies,
The typical power dissipation is 500 mw/chip.

P
w/ * o«
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SYSTEM ARCHITECTURE

Let’s look now little more in detail at the hardware configu
ration of a system.

On Figure | all the typical elements and devices of a small
svstem are represented:

I - a CPU chip

o

2 - a ROM chip
a ROM/RAM chip

oW
i

4 - a RAM chip

5 -= a Clock generator

€ - a Syncronization network

7 -« a Set of internal buses (daté bus, address

bus, control lines, clock and sync. line)

The ¢lock generator is a very simple circuit and it could be
done by 2 COS-M0OS invertes and either an R.C. network or a
crvstal quarz depending on the time accuracy redquired.

The synecronization network is also a simple circuit made up
by twa D flip=flop and one inverter.Inputson this network are
the clock and the start switch signals,

The Qutput is the sync. signal changing from ¢ to 1 together
with the clock leading edge that follows the start switch com
mutation (see fig. 2).

From that moment on the internal timing on every chip is ena-
bled with the same time relationship, and the system 15 in
operation,

On Figure 3, the circuit details for the clock generator and
the svncronization network are indicated.

We have discussed so far the extra circuits needed for the
timing, and we may note here that only two lines (clock, sync.)
are required by the system for timing purposes.

Med, 30508241 - 5000 - Océ-Sipl S. p. A.
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It we now take a look to the other interconnecting |lines we
cdan see

1 - A standard 8 bit bidirectional data bus.

2 - A set of 4 control lines coming out of
the CPU, which are carryving information
fo the system elements (ROM, RAM, 1/0)
about 1nternal operations to be performed
(mainly the data transfer direction).

3 - A6 bit address bus. The address range
ol this bus is from 1 to 64.
Of course, the bus is not to ad-

dress program or data memories, but to.ena-
ble some logic blocks by which the system
1s made up.

Fhe tast point is peculiar to the M 38 system, and we better
spend some more words about that leature,

As we have stated beltore, the system is divided in el ementary
blocks, (they will be called, from now on as modules) of the
Wl lowing types:

1 = A bhlock ol 256 words of ROM.
- A block of 128 words of RAM.

{ o

3 - One 1/Q port.

4 - A block of 18 words of RAM (the small RAM
included into the ROM/RAM device).

During the design stage ol the system, the system has to be
divided in modules according to the previous definitions and
to every module it must be assigned one of the 64 available
codes, .

Any time that the CPll wants to enable a module on the svstem
to perform some operation (receive or transfer data, push or
pop operation on a stack, etc.), it has to send on the address
bus the corresponding module address and this will act as an
cnable on the module itself.

So the address bus is used to address or enable modules(maxi
mum nunber ol modules into a system is 64),

n,/-.
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The hardware of the system has been implemented in such a

way that there are two difflerent situations depending on

on the addressed module type: ,

I - RAM or 1/0 modules are enabled one per

times this means that when the system
s addressing one of these modules, it
has to éenerate one of the 64 codes of
the available address range, and so the
6 bis address must be fully specified.

2 -~ ROM modules are enabled & per +imes.
This is due to the fact that when a ROM
module is addressed, the hardware will
take into account only the three most
significant bits on the address bus.
The sdection between the ¥ modules, and
inside the module itself, is done by the
logic into the enabled ROM,

A block of 8 ROM modules corresponds to
a block of 2 K ROM.

The modular organization so far described, has the main ad-
vantage to need a limited number of lines for addressing
purposes {only 0),

And this leads to another advantage the saving of chip area.
Infact enly & buffers are needed for the address bus.,

By these two hardware features it has been possible to inclu
de into the hardware of the system two very important facili
ties:
I~ Disteibuted 1/0 Ports.
Every devi. e has one or two 1/0 Port (&

bit each) available inside,
Z - RAM Storage (4% registers by & bit) into
the CPU,

The module concept cither I'rom the system design point of view
or 'rom the hardware point of view will be explained in more
detatls in the next two paragraphs.
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It is already clear from the previous discussion that the system
is divided in elementary blocks or modules, and that to enable a:
specitic module to perform some operation the CPU has to send on -

the address bus the code of the module itself.

To have a better understanding of these module codes let’s look
how the user has to proceed when designing a system:

1 - The first step of the design stage is to draw
a rought configuration of the hardware needed

to solve the problem.

Of course, this configuration may be different
from the final one, but, due to the modularity
of the system, the successive refinements can

be easily done without requiring the full ride

sign of the system.

So at the end of this preliminary design, the
evaluated hardwere configuration could be, for

example:

- CPU

- 3 K of ROM
1 RAM

2 1/0 ports

2 - The next step will be the module code assi-

gnement to every component.

For the previous configuration this could be

a possible assignement:

- 2 K ROM 000
000
000
000
000
000
Q00
000

- 1 K ROM 001
001
001
001

000
001
010
o011
100
101
110
111

000
001
010
011

o (A
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These are 001 100
unusable codes 001 101
001 110
001 111
- RAM 010 000

- 1/0 N.1 111 000
- 1/0 N.2 111 001
Let’s make some caﬁments about this code table.

1 - The ROM’s have been divided in blocks of 2 K.
It may happen that the last block is less
than 2 K.

At every 2 K block, it has been assigned a
set of contigous codes which can be identi
fied only by the 3 most significant bits.
On our example the first 2 K ROM is identj
fied by the codes @#@@ XXX (X is for “"don’t
Cal"‘e” = -

The second 2 K ROM is an incomplete block
(only 1 K is needed): the codes assigned to
this block are @1 XXX, but only the codes:

001 000
001 001
001 010
001 011
are meaningfull for the system.

The other four codes are not used, and are
unusable for either 1/0 ports or RAM’s,
because the hardware of the system is addres
sing the 8 ROM modules per time, so either
the corresponding modules are on the system
or are left out without using them for any
other purposes.

Mod. 30808241 . 5000 - Ocd-Sipi S. p. A.
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2 - The choice of @PP XXX for the first 2 K
of ROM is not casual.
As it will be discussed in more details
later, the hardware of the system is do
ne in such a way to force the module ad
dress @ immediately after the START com
mand .
So the program which is to be executed
First, must be on a ROM having module co
de d.
This ROM module must always be included
on the system.

3 - The next available module code on the
example, is 010 000 and it has been assi
gned the RAM block.

4 - The codes assigned to the 1/0 ports 1 and
2 are:

111 000
111 001

The codes for the /0 ports could have
been for examples:

010 001
010 010

which are immediately following the RAM
code.

The reason to prefer the first two codes,
is that the instruction set can address
directly 1/0 ports with the code included
on the range:

111 008 = 11T 111

while 1/0 ports with module codes out of
that range can be addressed only indirectiy.
This will be more clear after the discus-
sion about the instruction set.

Please note that the code 111 111 has been
assigned by the hardware into the CPU, to
the 1/0 port of the CPU itself.

Mod. 30508241 - 5000 - Océ-Sipl S. 9. A,
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5 — The 1/0 instructions which allow a direct

addressing of the 1/0 ports will refer to
these 1/0 ports by the codes from @ to 7.
The CPU will generate by hardware the pro
per code as indicated by the following ta
ble:
Software Code Hardware Code

g 111 @gpd

1 111 ¢ggt

2 111 ¢g1¢g

3 111 @11

4 111 19¢

5 111 1¢1

6 111 119

7 1t 111

For the indirect address, there is no dif
ference inbetween the software and hardwa
re 1/0 code.

When the system of the example will be in operation, the CPU
will gcenerate the Tollowing binary codes on the address bus:

A - @@@ on the most significant bits, to ad
dress the first 2 K of ROM.

B - #@1 on the most significant bits, to ad
dress the third K of ROM,.

C - 1 gP@ to address the RAM.
D - 111 #PF to address the 1/0 port N. 1.
E - 111 #g1 to address the 1/0 port N. 2.

sgni forma di riproduzions o divulgazione deve essere preventivamente autorizzate per iscritto.
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Let’s now Summarize the more
code assignement:

important points about the module

1 - Divide the ROM in block of 2 K by 2 K,
The last block may be incomplete.
2 - Assign to every block a set of & codes

which must be identified by the 3 most
significant bits of the address bus.

3 - Assign to every RAM block one full code.

4 - Assign to every 1/0 port one full code
on the range 111009 to 11111¢.

5 - The code for the 1/0 port of the CPU is
assigned by hardware and is 111 111,
Then this code cannot be used for any
other module.

6 - In case the 1/0 ports are more then 8,

a full code (out of the 111 000 # 111 111 range)
must be assigned to some of them.
These 1/0 ports can be addressed only indj
rectly.
And now a small
be discussed.
The limitation refers to the module code for the 1/0 port on the
RAM devices (M 383).
This code can be programmed by four strap lines only on the least
signiticant bits: the bits 6 and 5 of the module code are assumed

limitation on the module code assignement will

~OMPONENT!
ognl forma di riproduzione o divulgazions deve essers preventivaments autorizzata per iscritio.
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to be 1 by the hardware
This means that

from 48 to 62

in binary or

in decimal

inside the chip.
the possible code range

11y #g¢ +to

is from:
111 118

representation.
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MODULE CODE IMPLEMENTAT {ON

The implementation of the assigned module codes into the hard
ware of the system is done in two different ways depending on
the device type (ROM or RAM) the code refers to.

A - ROM device (M 382 - M 381) -
On this case the module codes for the ROM
or the 1/0 ports will be masked into the
device at the same time when the program
is masked.
Information about the proper code for eve
ry device must be supplied to SGS-ATES to
gether with the ROM truth table, according
to the format specified on the electrical
specifications.

B - RAM device (M 383) -
The module codes for the RAM block or the
1/0 port included into this device must be
handled directly by the user by means of
the strap |ines provided on the device.
For the RAM block, 6 lines are available,
while for the 1/0 port 4 lines only are
available.
The last limitation has been already discus
sed on the previous paragraph.
Please note that a logic “1” into the code
means a connection of the corresponding pin
to the most positive voltage, while a logic
"@" means a connection to the most negative
voltage.
Figure 4 is an example for the hardware.con
nect ions needed for code 010 000 assigned
to the RAM and for code 111 000 assigned to
the 1/0 port of a M 383 device. :
Please note again that the code connections
for the 1/0 port must be done only for the
4 least significant bits.

Med. 30508241 - 5000 - Oct-Sipi S. p. A.
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HOW ADDRESS BUS AND MODULE CODE WORK

The operation ol the address bus and the module code is shown

on Figure &5,

The ROM device has a logic inside where the masked module co-
de 1s comparcd against the three most significant bits of the
address bus.,

When the two inlormation are the same, an enable signal becames
truc into the chip and a proper action will take place, accor-
ding to the control lines commands.,

For the 1/0 ports and the RAM devices, the comparison between

the code tmasked or wired throught strap lines) and the address
bhus s extended to all the 6 bits.

Again, when the two informations are the same, the enable signal
becomes true and the required operation will take place on the
enabled module.

OMPONENT| ELETTROMNIC! S.p, A,
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THE PROGRAM COUNTER

The program counter has been implemented in every ROM chip,
and it is a register 11 bit long.

This allows a direct addressing on 2048 bytes, which are
equivalent to & modules. ' :

As previously discussed, these modules must satisfy the fol
lowing conditions:

A - They have to be contiguous.

B - The set of the & modules must be identi
fied by the 3 most significant bits of
the address bus.

On figure 6 a 2 K ROM configuration is shown.

This requires two M 382 chips with the same module code masked
into the ROM CODE area.

It follows that the "COMPARE” logic will generate a TRUE signal
in both chips when the address bus signals on the three most
signhificant bits are the same as the "ROM €ODE”.

The selection between the low range modules (address § to 1777.)
and the high range modules (address 2@8@g¢ to 2777 ) is done by
the most srgnuf:cant bit of the program counter.

On the "low range” chip this bit is inverted before going into
the "ENABLE” gate, while on the "high range” chip there is a
straight connection between this bit and the "ENABLE” gate.
This connection, either inverted or straight, is done by metal
masking as for the "ROM CODE” and the ROM program.

During the program execution, only one of the two ROMS s
enabled, and its content is sent on the date bus, but

the program counters on both chips receive the same commands
and have inside the same binary information.

Mod. 30808241 - 5000 - Océ.Sipl S. p. A.
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The program counter content may be changed in three different

ways (Fig. 7):

By the 3YNC command.

As long as the SYNC line is kept to the
most positive voltage the system timing
is locked and the every program counter
of the system is filled of @’s,

By the increment command. _

After the tetch cycle of an instruction,
the CPU is sending out an increment com=-
mand throught the control lines.

This command will be effective only into
the ROM chips whose "ROM CODE"” is coinci
dent with the three most signilicant bits
ot the address bus, and it will increment
by one the program counter ol those chips.,

Ry the jump command.

Some instructions (the jump instructions)
during the execution need to change the
program counter content.

This is  accomp!ished by the CPU which

will send the new program counter content
on the three most significant bits of the
address bus and on the date bus (see fig.7),
together with the jump command on the con
irol lines.

As for the increment, the jump command will
be enabled only by the enabled ROM or ROMS.

ADDRESS BUS

DATA BUS 5

2 =
3 -
R
T
3/2/4
EMABLE
—N ~ 7

Ie%x @

.

ENABLE
) —E@

ENABLE |&—
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AN EXAMPLE: WHERE TQ START.

The following paragraphs will describe the main steps throught
which the user normally has to go in designing a microcomputer
systom,

OF course, this will be just a review without entering to much
into a detailed discussions

Let’s suppose that the application to be worked out is a con-
troller for o magnetic tape cassette.

The basic structure of the controller is shown on figure 8: on
the lett side ol the controller there is the “MAIN SYSTEM”, ge
nerating the commands or orders tor the controller and sending
or receiving data; on the right side there is the magnetic tape
cassette operated by the controller.,

The point to begin with is to deline the specifications.
On our example the following characteristics are of main concern:

I - Magnetic tape speed.

2 - Rasic commands for the cassette (forward,
reversed, fast, normal, read, write, start,
stop),

3 - Theinterlace signals necessary for the
hardshake protocol.

4 - The orders or commands coming from the
main system (read, write, tape mark, rewind,
Rack space, erase) .

5 - Other features (read after write technique,
phase encode methode for writing, operation
according to ECMA specifications)

Mod. 30808241 - 5000 - Océ-Sipl 5. p. A,
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Once everything has been clearly stated, the hardware configu
ration can be defined with a good approximation,

So, ftor the cassette tape controller we may end up with the
schematic shown on figure 9, '

This first approach could in some case require to write some
parts of the program in order to check the feasibility of the
system.

The critical points for the controller were:

1 - The CRC genératioh and control.

2 - The bit transter rate.

Ry a lirst evaluation it was apparent that (for the magnetic
tape speed chosen: 756 char/sec), the CRC could have been do
ne by software, but only it the data were transferred from
the controller into the cassette by bytes (8 bits per time).
This, of course, requires some hardware logic for the parallel
to serial and for the serial to parallel conversion of the
data.

Mod. 30508241 - 5000 - Océ-Sipi 3. p. A,
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AN EXAMPLE: MODULE CODE ASSIGNEMENT

We know

elements:

and we

have

This could be

now that the

control ler

CPU
2 K ROM
2 RAM (128 x & )
7 1/0 PORTS
element

to assign to every
the assignement s

Pag

a proper code.

v 25 -

is made up by the following

MODULE CODE

i
COMPONENT ? 5
| BINARY ~ DECIMAL
2 K ROM % P XXX g to 7
(o RAM gt o 8
20 RAM gg1 agt 9
12 1/ PORT 11t gg 57
2 170 PORT e gig 58
2o 1M BORT 111 @it 59
A9 170 PORT 111 1@ 60
59 10 PORT L1 11 61 :
6% 10 PORT 111 119 62 f
7¢ 1/0 PORT 183 381 63 ;
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AN EXAMPLE: PROGRAM DESIGN AND DEBUGGING

At this point the program design may start,

The specifications and the hadrware must be studied very care
tully in order to aveid errors into the program. B
The tirst thing to remember when working on a program is to

get the program fully designed by a proper structure before
coding it. _

The top~down approach together with some structured programming
teeniques may help very much in having a correct program.

Unce the program has been designed and coded, it must be debug
aged,

It s known and accepted by everybody that it is impossible to
Fest thoroughly o program,

Let’s see which is the role the testing can play.

The First step to do is to get the object code from the simbolic
code: on this stage only the lexical errors are detected.

They are the iar less 1mportant and easy to recognize and remove.

Starting trom a correct object code the lollowing point should
bhe sataisticd:

1 - Every statement should be executed at |east

once

2 - Every condition should be tested in every
way L]

3 = Every elementary conponent of the input

data has to be read.

4 - Every elementary component ot the output
data has to be produced.

The debuyging tools ares

- The assemblar
- The soltware simulataor

- The hardware simulator

They will be treated in a special section.

Vs
nj wom

Mod. 30508241 . 5000 - Océ-Sipi §. 9. A.
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At the end of the debuygging the correct program is available
in ditferent forms (listing, punched cards, punched paper ta
e Bt da

27 -

The bisting for our example will look Tike the one on the ta
Ble ne 1
TARLE 1
ADDRESS -CODE
LABEL MNEMQ COMMENTS
DEC QCT ool  EX
7 @ dp4 @4 INIT LAL 1¢ | INITIALIZE
1 1 @12 (A
2 2 @32 @A SAX X REGISTER
505 1131 P41 21 INP 1 INPUT FROM 1/0 1
f) l) (‘- l ] ;2 e st o e i ==
2 !2&4{‘ % 7 ? h T [rozsinome it b e
2047 3777 = = == =
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AN EXAMPLE: THE SYSTEM IN OPERATION

Let’s now suppose to have built a prototype.

A part of it will look as the one represented on figures 10,11,
where the tetch phase and the execute phase [or the instruction
INP 1 (input data from PORT n. 57) are shown.

The INP 1 instruction 1s located at the address 1131, , so the

tirst 1 Kol the program must be enabled, during the fetch pha
S o

Let s Took caretully to the fetch phase (Fig. 10):

I - The address bus has the following informa
tion PBF XXX.
This means that the "COMPARE” signal is
true in both devices ROM | and ROM 2.

2 - The program counter content in both chips
i s 11318 or in binary
g1 gg1 g11 9@l
Due to the @ into the MSB of the program
counter the Tirst chip (ROM 1) islenabled
and the second (ROM 2) is disabled.
3 - The other 1@ bits of the program counter

are addressing the location 11318 where
the code 418

4 - This code is prought throught the data

is stored,

bus into the instruction register,

Now the exccute phase will begin, and we will examine it (Fig.
1)

I = The 1,0 port code is computed by the CPU
starting trom the software code (@@l on
our example) and adding to it the binary
number 111 3@,

The result 1s sent on the address bus,

Mod. 30508241 - 5000 - Océ-Sipi §. p. A.
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2 - The "COMPARE"™ signal
becomes true and the
the /0 port and the
pi age .
The direction of the transfer
the control lines status which

sult ot the decoded

nput
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of the 1/0 port 57
transter between
data bus will

take

is due to

1S a4 re-

instruction.

-/Iw
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BASIC TIMING

A basic instruction cycle requires 4 clock pulses, named re
spectivelsy F1, F2, F3, F4. _

This timing is generated internally to every chip by using

the clock signal.

The sincronization of the timing signals in every device is
done by means of the SYNC pulse, as described before.

The tecnique used throughout the system to transfer binary
intformation is outlined briefly, before the discussion about

the timing phases,.

Any transter of information (data or instruction codes) whichever
is the direction ot the transfer itself, is performed in two
diiterent steps:

A - First the binary code is stored on the
data bus.

B - Then it is brought into the memory cells
ol the device enabled to accept the in-
tformation.

S0, tor example, during the letch pliase, the instruction code
addressed by the program counter belonging to the enabled mo-
dule, is set on the data bus. '

In a subsequent time, this code is copied from the data bus
into the CPU instruction register,

As  another example, if the instruction execution requires to
store the accumulator into an enabled RAM, the accumulator is
first stored on the data bus and at a later time the data bus
is copied into the RAM,

Let’s sce now the basic operations performed by the system
“during the four phases:

Il contenuie del presents fogiio d proprieth riserveta della SGS - ATESL
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I - Phase F1L.
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During that time, the data bus is tran
sterred into the enabled Flip-Flops.,

As it is shown by the schematics of fi
gure 12, the voltage level stored on the

C capacitors during f4,

1s transferred

to the Flip-Flop inputs if the enable si
gnal has been simoultaneously generated

by the logic.

2 - Phase F2.

During F2 the data bus

is prechanged to

the B logic level (to the most positive

voltage).

At the same time the control signals are

generated by the CPU.

They are valid approximately 300 nsec
atter the leading edge ot F2: their sta-

tus 15 a function of the

instruction co-

de read into the instruction register du
ring F1 or, in case of a multiple cycle
instruction is a lunction of the current

cycle.

These control. signals are needed through

out the system to enable the operation or

operations to be performed during the cur

rent machine cycle.

3 - Phase F3 and F4 are the phases during
which the code to be transferred is writ

ten on the data bus.

This code may come or from some flip-flops

or from the program memory. ;

The transfer timing is different depending
it the information is coming from the CPU

or I'rom any other part of the system.

On the [irst case (CPU to DAB), the transfer

will begin by F3, while on all other cases
(1/0 to DAR, RAM to DAB, ROM to DAB) the
transter will begin by F4.

nf’/n "
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The schematic on the upper part ot figure 12 shows the hard
ware related to one |ine of the data bus.

A - The one bit structure of the CPU is a

typical interface structure between
DAB and CPU: the output buffer may have
at the input a data from the arithmetic
fogic unit or from a temporary register,
while the input memory bit may be an
instruction register bit or a temporary
register bit or an accumulator bit.

B - The interface structure between DAB and
ROM or RAM devices is also shown.
On this case the output buffer may have
as an input either a data to be transfer
red on the data bus, or a data from the
program memory (i.e. ROM) or from the
RAM, or ftrom an 1/0 Port.
The input memory bit may be an 1/0 Port
bit or a program counter bit, or a RAM
bit. ' ‘

Let’s suppose that a transter from a RAM into the CPU has to
be done.
Then, the lollowing sequence of operations will take plase:

~ During F3 and F4 the Flip~Flops of the
system are refreshed.

- During F4 an enable is generated into
the addressed RAM and the data from that
RAM are stored on data bus and on C ca-
pacitors, through the RAM output buffer.

- During F1 there will be an enable only
for the input Flip-Flops of the CPU.
The voltage levels which are on the C
capacitors of the CPU are transferred”
into the Flip~Flops: their previous con
tent i1s then lost.

Mod, 3050824] - 5000 - Océ-Sipi S.p. A,



Il contenute del presente fogilo & proprietd piservata delis SGS - ATES

IMPONENT! ELETTRONICI S.p. A

ognl forma di riproduzione o divulgaziene deve essere praventivaments aulorizzata per iscritto,

$as -

It the transfer to be

Port,

39.1772.76 - MF/rtc - 6/4/76 -

ES COMPONENTI ELETTRONICI 8.p. A. Pag. 35 -

the system will

During F2 the data bus is prechanged to
the @ logic level. :

performed is from the CPU toward an |/0
go through a similar sequence:

Puring F3 and F4 the Flip-Flops of the
system are refreshed, :

At the same time (F3 + F4 ) the enable
signal becomes true on the output buffer
ol the CPU and the data connected to

that buffer (out signals) are transfep-
red on the DAB.

During F4 the same binary information
is brought to the Cn capacitors.,

During F1  there will be an enable only
for the input flip-flops of the addres-
sed 1/0 Port, and the voltage level which’
are on their ¢ capacitors are transfer-
red i1nto the F?ip—flips of that 1/0 Port.

During F2 the data bus is prechanged
to the f logic level.
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FIG 12 - BASIC TIMING
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ONE CYCLE INSTRUCT IONS

Many instructions ol the M 38 system can be executed in one
basic machine cvele,
The riming for a one c¢ycle instruction is shown in figure 13.

Let’s assume the following system initial conditions at the
beginning of the X cycle:

I - The PMC register is connected to the
ADB (three most significant) and it
has the same code as the module code
ot the program memory shown of figu-
re.

This means that the system is execu-
ting the program inside of that modu
le.

2 - The program counter content of the
enabled program memory is N, after
the phase F2.

This means that the [INSTR A is addres
sed,

The initial conditions of any other register (for example | .R.,
ACCunus-+) arc not important for our discussion,

These arce the successive operations perlormed by the system:
I = % CYCLEs - During F2 the DAR is preghanged.
The control lines are set to P: this

is interpreted by the ROM as an enable
to send out the addreesed word.

- During F4 the fetch of the INSTR A is
done: the INSTR A code is brought on the
DAB L]

2 - {(X+1) CYCLE: - During F1 the program counter is up-
dated to N + 1: the command for that
increment is brought into the ROM by
the control |ines.

At the same time the "INSTR A” code is
transterred from the DAB into the
instruction register.

ad i
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- During F2 the execution of the "INSTR A"

3 - (X+2) CYCLE-

begins, the DAB is prechanged and the con
trol lines are set to the proper value
for the next command.

On this example they stay to @ and this
again is interpreted by the ROM as an
enable to send out data on the DAB.

During F4 while "INSTR A” is still in
execution the fetch for "INSTR B” is per
formed.

The system proceeds on the same way as
described before.

By analising the time diagram shown on figure 13, it is impor
tant to make the following remarks:

|

4-

For a one cycle instruction, the system
overlaps the execution of one instruction
(example "EXECUTE INSTR A”) by the fetch
of the next instruction (”INSTR B” read
on DAR).

This is possible due to the fact that the
execution of "INSTR A” does not need to
access neither the address bus nor the Da
ta bus,

In other words, the one cycle instructions
do not require to access data out of the

CPLLL

Due to the overlapping ot fetch for the
next instruction and the execution of the
current instruction, the final result is
that only one machine cycle is needed for
this kind of instructions.

The control lines are carrying throughout
the system some commands which an perfor-
med at a different time during the machi-
ne cycle.

il wy
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For example, the status @@@@ on these
lines has two different effects: ROM
output enable (during F4) and Program
counter increment (during next F1).
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MULTIPLE CYCLE INSTRUCTIONS

Instruction which require to handle data not included on the

CPU, are performed in more than one machine cycle,

An example of such a Kind of instructions is represented on
Figure 14, where the "INP” instruction is illustrated.

The instruction INP C performes a data input into the accumu
lator from the /0 Port whose module code is C.

At the end of the execution, the status of the 8 lines conne

cted to the 1/0 Port “C” is copied into the accumulator,

Ry starting with the same initial conditions defined for the
one cycle instruction, let’s analyse step by step how this
transftfer is done:

I - X CYCLE: - DAB is precharged during F2.

~ The INP C code is brought on the DAB at
F4.
This is caused by the control I|ine
status (P@dF) and by the address
bus (connected to the PMC register): in
this case the control |ines are respon-
sible of the data transfer toward

the DAB while the address bus is respon-
sible to get the data from the program
memory .

2 fxt1) CYCLE:- At F1  the INP C code is copied from the
DAB into the 1.R.
At the same time the program counter is
incremented: this increment is due to the
control lines status (P@P@) and to the
fact that these |ines are effective on
the program memory logic (the address bus
is connected to the PMC register during
this time).
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- During F2 the execution of the instruc

(X+2) CYCLE:-

tion INP C begins by connecting on the
address bus the 1/0 Port module code C.
The control lines are set the proper va
lue by the instruction: on this case
they will stay at O@@d.

This control line status will be inter-
preted later on (at F4) by the enabled
device (the |/0 port C) as a command to
send its data on the DAB.

Always during F2, the DAB precharge is
per formed.

During F4, the 1/0 Port C lines are co
pied on the Data bus.

At F1 +the execution continues by tran-
sferring the DAB into the temporary re-
gister of the CPU and by connecting the
temporary register to the ALM,

The program counter is not incremented
now, inspite of the fact that the control
lines are at @P@@ status, because the
enabled module is an |1/0 Port and not
the program memory.

During F2Z the address bus comes back to
the standard connection to the PMC regi-
ster.

The control lines are set again to @¢¢@g.
By these two conditions the ROM-DAB in-
terconnection is again enabled and it
will of course become effective during
F4,

As usual the DAB precharge is now per-
formed.

During F4 the new instruction code ap-
pears on the DAB while the data read from
the 1/0 Port is going through the ALU.
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4 - (X+3) CYCLE:z= During F1 the execution is completed

by storing into the accumulator the
data coming out of the ALU,

The program counter is incremented and
the new instruction code is accepted
into the Instruction Register,

Let’s make now {ew remarks:

1

- Also on this case there is a part of

the execute phase which is overlapped

by the fetch phase of the next instruc

tion.

The result is that such a type of instruction
needs as a whole only two machine cycle.

The control lines signals generated by
the "INP C” instruction are the ones of
the (X+1) and (X+2) machine cycles,
During the (X+1) cycle, they are referred
to the 1/0 Port C while during the next
cycle they are referred to the program
memory .

The reference is set by the address bus.
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JVERLAPPING OF THE FETCH AND EXECUTE PHASE

As it has been shown by the last two paragraphs, the micro-
processor overlaps the execution of the current instruction
with the fetch of the next instruction whenever possible.

Both the examples which have been discussed, have the over-

lap teature, but not all the available instructions are al-
lowed to overlap.

Figure 15 shows the full picture of the instruction set.

The instructions having the same timing are grouped together,
Let”s now summarize here the main characteristics of the system
timing:

1 - Any instruction execution goes through
two basic phases:

- Fetch phase, The instruction is read
from the program memory into the in-
struction registers,

- Execute phase. On this phase the in-
ternal operations by the ALU or the
needed external operation on data and
addrees bus are performed,

The fetch phase requires one machine cy

cle (5 ,u sec).

The execute phase requires one or more

machine cycles (max. 3).

2 - When the last cycle of the execute pha
se needs only data inside of the CPU,
the data and address bus are available
For the fetch phase of the next instruc
tion. _

This overlapping makes the effective
execution time shorten then the nominal
{Ffetch + execute) time.
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3

[he diagrams on igure 15 show the
instruction set grouped by instruc
tion types, and the possible over-
lappings of the current instruction
with the previous and the following
instruction.

The nomenclature used on the diagram
is as Tollows:

- Fetch: A machine cycle during which
~ the instruction code is read
from the program memory into

the instruction register.

- 1I0P : (Internal operation): A ma-

chine cycle during which an
instruction is executed by

using only the ALU and the

registers inside of the CPU.
There is no access to the da
ta and the address bus.,

(External operation): A ma-
chine cycle during which an
instruction is executed by
using the data and address
bus, '

- EOP

-t The effective time to fetch
eff

and execute an instruction.

-~ n, n=1, ntl: These are subscripts
to indicate the current in-
struction, the previous and
the next instruction.

The numbers between parenthesis in
dicate the cycle counter state.
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TIMING INSTRUCTIONS
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CONTROL LINES
The control lines needed by the M 3% system are four.
Their simbolic names and the main usage are described here:
1 - DRDI; Data bus direction. ‘
A "@3" logic on this line indicates a
transfer from the Data Bus toward the
CPY . .
Vice-versa, the logic "1” indicates a
transter from the CPU to the Data Bus.
2 = ADBL Address/Data select,
A "3" logic detines the data bus content
as a data.,
The data bus content will then be stored
into the enabled memory or |/0 Port.
A "1" logic on this line defines the da
ta bus content as an address.
On this case the data bus content will
be stored into the address register (Q
or Z) of the enabled module. '
3 - WEQZ: Write enable on Q or Z register.

This line dellines the address register
which has to receive the data bus con-
tent .

As it will be described later on by the
block diagrams of the system devices,

two are the address registers used by the
program memory or the data memory devices:
they are named Q and Z register,

A "3 logic on the WEQZ !ine enables the
Q register to receive the address,
Vice-versa, a “1” logic on that line ena
bles the Z register to receive the ad-
dress.

il ws
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4 - PPOP: - Push/Pop operation.
On the program memory device, an hard
ware stack of four registers is provi
ded.
They are the Q, RA, RB, Z registers,
and their content may be pushed down
to the immediately ftolliowing register
or popped up from one register to the
preceeding one.
The push~pop operation is performed
over the full stack of four registers
and is controlled by the PPOP |ine.
A "@"” logic on this line is push/pop
disable, while a "1” logic is inter-
preted as enable for the push/pop ope
ration.
The selection between push and pop is
done by the DBDI line (1 logic for
push, @ logic for pop).

The following tablc¢ is the summary for the possible control
bine configurations.,
On the table it is also indicated for every line condition:

I - The function type performed by the code.

2 - The external operations carried out by
the system and caused by the code.
These external operations are associated
with the proper phase.

The Tollowing symbols are used on the table:

l.R. = Instruction register -

Temp = Temporary register -

DAB = Data bus -

DEV = Device ejther ROM or RAM or 1/0 -

The brackets have the meaning:“The content

at™ .
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| /¢ STRUCTURE

Evers 1/0 port of the M 38 system is composed of 8 logic blocks,
whose logic crrcuit and interconnection with the CPU is  shown
on Tigure 16,

The tollowing operations may be done:

Il - Transfter from the Data bus to the periphe-
ral line. ' . _
When the transter is performed, the volta-
ge level is inverted and then stored into
the output flip-flop during F1.

Of course the "OUT ENABLE” must be true.
The output to the peripheral line is done
by means of an open drain M0S: this stage
inverts again the voltage level.

Please nate that the power supply used
For the system is +5, @, -12 V for TTL,
PTL compability, as it will be discussed
on the next paragraph.

It is also worthy to note that while the
voltage level at the point A reaches its
value during F1, +the transient at the
point B, depends on the RC time constant
connected to the peripheral [ine (see fi
gure 17).

Another thing to remember is that a logic
inversion is done when the accumulator is
translferred on the data bus.

So the data value along the transfier path
For an output instruction (ACC to [/0 port)
is as shown on the following table:

ACC DAB OUTPUT MOS 1/0 LINE
LOGIC | VOLT |LoGic VOLT |LoGIC
1 + 5 ) ON %8 ¢
¢ GND 1 OFF - B 1

ogn! forma di riproduzione o divulgezions deve essers preventivamente autorizzata per lscritto.
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2 - Transter from the peripheral line to the

data bus,

This transfer is done during F4 when the
"INPUT ENABLE"” is true. -

Note that, in order to have the signal at
the point B properly set by the peripheral
line, the open drain M0OS device must be
ott.

The data value along the transfer path

lor an input instruction (1/0 to ACC), is
shown on the following table:

1/0 LINE

BUFFER DAB ACC

VOLT LOGIC

VOLT LOGIC

+ 5 ¢
e 182

ON o o B g _ i
OFF s 12 1 g

3 =

The timing for an INPUT instruction has
been also described in figure 14.

As it is shown by the shematics, the SYNC
signal holds the output device off as
long as it is to @ logic.
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AcCC

| |

CPU
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GND

BUFFER }

¥ EN/IN

| ]
| || 10p0RT
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| /O _CONF IGURAT | ON

The M 3¥ system may be connected to external devices only through
the 1/0 Ports.

The ecliectrical specitications lor these points are indicated on
figure 1%, where the power supply is supposed to be @, - 17 V.

When the M 38 system has to be interftaced with TTL / DTL devices,
the common configuration for the power supply will be: + 5V, @V,
- 12V,

This in order to have the @, + 5V available for the TTL, DTL lo-
GG '

The TTL / DTL and M 38 interconnections are shown on figure 19,

A pull-up resistor on the range of 4K is recommended to assure
adequate positive driving levels when the TTL or DTL device is
connected to the 1/0 input,

When the TTL / DTL device has to be connected at the output, a
6,% K resistor to - 12V is required to garantee the compatibi-
lity between MOS and DTL, TTL on wast case conditions.

Let’s analyse the two possible cases;

- The MOS device is off
~ The MOS device is on

A -When the MOS device is off, there is a logic @ at the DTL or TTL

input .,
On the worst case, the driving circuit must garantee 1,6 mA at
the TTL input, with @,4 V as input voltage.

Ry assuming + 5% on - 12V and + 10% on R, the current will be:
11,6 + 0,4
| = . 4 =1,6 A
7.5 "

B -When the MOS device is on, there is a logic 1 at the DTL or TTL

i nput . ‘
On the worst case the MOS device must guarantee 1,9 V.
By assuming - 5% on 5V, + 5% on - 12V and - 10% on R, and assu-

ming also the MQOS Ron = 1,18 Kﬂ_J the equivalent circuit on this

case _IS: q.-;s\,

Mos

DEVIG S 4.18 Kn

Vou

R € 6.2LKa

-12,6 v
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[he total current tlowing on the two resistors js»

&5 75 1216 e 17!35

' 118 7 6,2 7 48~ Srda m
The voltage drop across the MOS device is:
Vv = 1,18 % 2,35 =& 2,97
Mmos .
and the V =V -V = 4,75 - 2,77 = 1,98 v,
oh al T mos ,

Figures from 20 to 22 show the suggested output configuration
to drive a magnet, a nixie tube or a LED lamp.

For magnet or nixie driver, a transistor has been used as inter
Face, due to the high voltage swing required by these two out-
put devices,

For LED devices the interface may be either a DTL / TTL or a
transistor, or a COSMOS,

Figure 23 reters to a keyboard matrix 8x¥ connected to two 1/0

PORTS:

- 1/0 1 is used only as an output port -

- 1/0 2 is used as an input port, -
The Levboard  scanning is performed by sending out from 1/0 1
an rnable on one row only (only one ol the 8 bits is to 1 lo-
gie) and by reading the result from 1/0 2.
On Figure 23 B it has been represented the hardware for only
one key. ,
For a wright opcration, M 1 must be always ofl,
To test the key position M 2 js set ON,

The Vout will Lo
A - Vout == —= 12 V if the key is not pressed -

B - Vout =+ 2,53 V is the key is pressed.
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STARTING ©F A PROGRAM

As it has been described at the beginning by figure 3, a START
switceh is provided for ON/OFF operation of the system.

When the START switch is on the OFF position, the SYNC signal
is at @ logic, and this has the following consequences:

=

The internal timing is locked -

The PMC register which is the one on which
the current program module code is stored,
is held to f.

This means that the program memory enabled
atter the SYNC is moved to 1 is the ROM
whose module code is @

All the program counters are held to @.
This means that the program execution will
begin from address @ when the SYNC will be
removed from the @ state,

All the 1/0 port flip-flops are set to @.
This means that the output open drain devi
ces are off,

When the START is removed from the reset position, the SYNC si-
gnal will go to 1, and the system begins executing the program
from location @ of the module @.

Mod. 30508241 - 5000 - Oed-Sipi §. p. A.
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SYSTEM CAPACITY

The svstem capacity 18 limited by the number of module codes

available,

The module code pange is from @ to 64 (decimal) and their
assignement to the logic blocks has been already discussed
cxtensivelya

We may show lhiere some examples in order to give to the user

the feeling ol what is possible to achieve by the M 38 sy-

stem.

Example |
I ) Requirements for the Application:

L0 K of program memory -
1 K by 8 of data memory -

2 ) The module codes needed to satisly these requirements are:

10 K ROM : ¢ to 39 -
5 RAMS (128x8) : 48 to 47 -

3 ) The avairlable module codes are 24 from 48 to 63 which
may be assigned to 1/0 ports, or may be used for later
extension of the system.

i ) Requirements for the Application:
12 K ol program memory -

10 |/IO Ports -

200 The modulce codes necded for this applicazion are:

12 K ROM 1 @ to 47
10 1 /0 Ports: 54 to 63

3 ) The available module codes are 6 from 4% to 53.

They may be dgsigned, if needed, to 6 RAMS (128x8),
or may be used for later extension of the system.

o g
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BLOCK DIAGRAMS

The tollowing paragraphs will describe the block diagram of
the individual devices of the family.

At the end, the connection diagram and the pin definition for
every device is given,
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BLOCK DIAGRAM - M 380 - (Fig. 24)

The M 380 is an & bit parallel-control processing unit built
on a single MO3 ¢hip using P channel Silicon gate processing.
£ includes:

- An Accumul ator

-~ A 4% byte RAM

- An Arithmetic and Logic Unit
A Control Unit
One 8 bit 1/0 Port (8in, 4out)

1

The Memory has a size of 48 x & bit words,

Every word can be addressed indirectly through the Address Re
gisters 5 and T.

The T Register is used as a Page address, a Page is defined

as a block of 8 consccutive words starting from ¢ (@ to.-7, 8
to l(",..n\)-

The & Register is used for Word address within a Page.

The 5 Register is also an Index Register which can be used

to automatically scan a page.

The words @ to 15 can be addressed directly by the instruction
registoer.

Two words, X and Y (the last two on the second page), are used
for to access the ROM, RAM or 1/0 ports directly,

The Arithmetic and Logic Unit performs the following basic ope
rat 1 oS

- Add in binary or BCD notation

therement or decrement

- And, Or, Exclusive-or logic

Cne bit or four bit shift

Poad and Store

Mod. 30508241 - 5000 - Océ-5ipi S. p. A.
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The operations are pertormed between the Accumulator and any
one ol the 4% Memory Registers, or a temporary Register used
For 1/0 transfer or immediate operations.

The result is stored in the Accumulator or in another register
in the microprocessor.

The control unit consists ol the:

- Instruction Reyister

- The Control ROM

- The Cycle Counter

- The Program Module Code Register PMC

- Control Flip-Flops

The control ROM decodes the Instruction Register and generates
the contrel signals tor the Arithmetic Logic Unit and for the
addressed module,

More complex instructions are perlormed step Ly step under the
control of a cycle counter {(the max number of cycles is 4.

The module address, generated by the CPU and coming either f{rom
t he PMC rcegister, the X or Y registers, or the instruction re-
gister, is scnt to the address bus by means of a multiplexer
which receives commands from the control logic.

The - four Control Flip=Flops which detect:

(i) carry, on the 8th bit
{i1i1) accumulator contents ¢qual zcro

{111} accumulator positive

{iiii} register S contents equal to 7.

arc set by the current instruction execution and may be used
as o condition on a program branch.

The 1/0 Channel of the M 380 includes a 4 bit output buffer
where the information from the most significant bits of the
Accumulator can be stored: they will stay there until +the
next output operation.

The data input (8 hit) is performed through the Temporary
Register and the information is stored into the Accumulator.

T
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RLOCK DlAGRAM - M 382 - (Fig. 25)

The M 382 is a %192 MOS Read Only Memory organized as 1024
words by ¥ bits. :

The ROM is designed for the M 38 microcomputer system and can
be directly connected to the M 38 system buses without any ad
ditional logic.

The unit includes:

- 1 K byte ROM.

- The 11 bit registers Q, RA, RB, Z. These are organi
zed as a Stack and the information stored in them can
be moved up and down by control commands,.

- The ROM address is stored in the Q register and the
content can be incremented on command.
In some cases the Z register can be used to address
the ROM: the selection of @ or Z is done by the con
Frol logic and is a function of the control line sta
fus .
The Q and Z register content can be changed be sto-
ring ADB bit 3/2/1 into Q bits 11/10/9 or Z bits 11/
10/9 and DAB into @ or Z (bits 8 to 1): this is done
by commands decoded from the control lines.

- 2 1/0 ports of 8 bits.
Through each /0 port it is possible to transfer in-
formation onto the data bus from 8 independent |ines
connected to peripherals or to store the data bus in
formation in 8 flip-flops, connected to the same 8
I ines,

- The module codes assigned to the unit during the system
design and the logic to compare this code with the infor
mation on the address bus.,

The module codes are built onto the chip by the custom
maskﬁinteernnect process,
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Possible operations controlled by the logic included on the chip
aire ;

i

Read the memory content addressed by @ or Z,

- Increment Q.

~ Push/pop operation on the register stack (Q,RA,RB, Z).
- Store ADB and DAB on Q or Z. |

- Read the information from one of two sets of elqht inde
pendent lines onto the data bus via 1/0 ports.

- Store the data bus information in one of two |/0 ports.

These operations are defined at a predetermined time by the con
trol line status and become effective only in the M 382 whose
masked module code is coincident with the code appearing at the
proper time on the address bus (ADR).
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BLOCK DIAGRAM - M 381 - (Fig. 26)

The M 381 is a ROM/RAM including:

- 768 words of & bits of Read Only Memory.
- 1¥ words of 8 bits of Random Access Memory,

- The 11 bit registers @, RA, RB, Z. These are organized
as a Stack and the information stored in them can be
moved up and down by control commands.

In some cases the Z register is used to address the ROM:
the selection of Q@ or Z is done by the control logic and
is a function of the control lines status.

The @ and Z register contents can be changed by storing
ADB bits 3/2/1 into Q@ bits 11/10/9 or Z (bits 11/10/9)

and DAB into @ or Z (bit 8 to 1): this is done by commands
decoded from the control lines.

- Two 1/0 ports of 8 bits.
Through each 1/0 port it is possible to transfer informa-

tion into the data bus from 8 lines of a peripheral or to
store the data bus information into 8 flip-flops whose
output is connected to the same & |ines.

- The masked module code assigned to the unit during system
design and the logic to compare this code with the informa
tions on the address bus.

Possible operations controlled by the logic included on the chip are:
-~ Read the memory content addressed by Q@ or Z.

- Write the data bus into the RAM addressed by Z.

Push/pop operations on the register stack (Q,RA,RB,Z).
Store ADB and DAB on Q or Z.

Read the information from one of two sets of 8 independent
lines onto the data bus.

- Store the data bus information into one of two |/0 ports.

These operations are defined at a predermined time by the control
line status and become effective only in the M 381 whose masked
module code is coincident with the code appearing at the same time
on the address bus (ADR).

The memory address of the ROM and RAM are not the same and dif-
ferent commands are used for the two memories..
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RLOCK DIAGRAM - M 3%3 - (Fig. 27)

The M 383 is an 128 words by 8 bits M0OS Random Access Memory.
This RAM is specifically designed for the microcomputer system
M 38 and it can be directly connected on the M 38 buses without
any additional logic. :

The unit includes:

- 128 words of 8 bit RAM.

- The logic to compare the module codes selected on the
strap |ines (assigned to the unit during system design)
and the information on the address bus,

- A 7 bit register (the Z register) on which the RAM ad-
dress is stored,
The Z register content can be modified by writing into
it from the data bus.

- One /0 port of 8 bits.
It is possible to transfer information from 8 independent
lines connected to a peripheral onto the data bus or to
store the data bus in 8 flip=flops connected to the same
above |ines, ‘ '

Possible operations controlled by the logic included on the chips

are:
- Read or write at the memory location addressed by Z.
- Store data bus in Z register.

- Read information from one set of 8 external lines onto
data bus.

- Store the data bus information into one 8 bit 1/0 port.

These operations are defined at a predetermined time by the con
trol lines status and become effective into the RAM unit whose
module code cabled on the strap lines is coincident with the co
de present at the same time on the address bus (ADB).

The memory output is enabled to store information on data bus
during F3 (STATX pin to @).

However, it is possible, by using the STATX pin connected to
-14V, to enable a static transfer on data bus RAM output: this
is necessary when the RAM is connected to a static data bus.

Mod. 30508241 - 5000 - Océ-Sipl 5. p. A.
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il contenute del presents fogllo & proprietd riserveta dells 8GS - ATES

ogni forma di riproduzione o divulgazione deve essere preveniivamente autoeizzala per iscritto,

SG8 -ATES

CONNECTION DIAGRAM and PIN DEFINITION

Yoy
SYNC
CLOCK
V55
V55
NABEN
DABTN
DABEN
DABSN
DABLN
DABZN
DARIN
DABIN
PEOBN
PBOTN
PBOGN
PBOSN
PHOLN
PBO3N
PBOZIN

CONNECTION DIAGRAM and PIN DEFINITION - 1K BYTE RON
768 BYTE ROM/18 BYTE RAM

3

oo
Yoo
PROP
WEQZ
ADSL
DBDI
NC
NC
NC
NC
NC
N
NC
ADBGX
ADBSX
ADBAX
ADB3X
ARBZX
ADB1X
PBOIN

: =]
e e o e e i o e e — B — o —

5-1591

VYoo IR wofl  PBIIN
pABIN (] 7 3ol PBIZN
DABN ] 3 38l PBIN
DAB3IN ] 4 w7l PBl1AN
DABLN (] & i6[]  PBISN
DaBSN (] 6 il PBIGN
paBen (7 W)l PRITN
DAB7N (] & i PBISN
DageN [ ¢ Q] eB2IN
NC w 1l pe2zN
sYne I sofl  PBZIN
ADBIX (|12 2 PB24N
ADRZX (] 78l PB2SN
ADB3X |1 ) rB2EN
LTS S BT d6[l PB2TN
Apasx |16 =l PE28N
ApBEX [ 2wl Voo
CLOLK () 23 Voo
ADSL ] 22} pPOP
0BDI [0 np weaz
S 1640

CONNECTION DIAGRAM and PIN DEFINITION

‘ss

CLOCK ?

sTATX || 3
Yoo G

Voo Qs
abDsL O
ool {7
paDIN [ 8
RADIN [}
apiX [0
PADZN 1

RADZN (17
apgzx [
PAD3IN  [f1e
RADIN [
ADB3X (16
panah (1

RAD4N  [J18
aoB4x (1
RADSN (/0

o &
=

w
o o oo o — g e e g — i e —

516739

DABIN
DABZN
DAB3N
DABA4N
DABSN
DABEN
DABTN
DABSN
SYNC
PBOBN
PBO7N
PBOGN
PBOSN
PBOLN
PBO3N
PBOZN
PBOIN
ADBEX
RADEN
ADBSX

39.1772.76 - MF/rtc -~

COMPONENT! ELETTRONIC) S.p. A,

- 8 BIT_KiCROPROCESSOR

6/4/76 -
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- M 388

SYNC Initial reset/synchronization (input)
CLOCK System ctock (input)

DAB SN ..... DAB 1N 8 bit bidirectional data-bus

PBO BN ..... PBO 5N 4 bit input-output peripheral-bus
PBO4N ..... PBO 1N 4 bit input peripheral bus
ADBEX..... ADB 1X 6 bit address bus (outputs)

DBDI Data bus direction )

ADSL Address/data select é 4 control
WEQZ Write enable a or Z s lines {outputs)
PPOP Push/pop operation -

X Data true if logic tevel is 1

N Data true if logic level is O

- N 3g

- M 381

DABSBN..... DAB 1N
SYNC.

ADB1X..... ADB6X
CLOCK

ABDI

ADSL

WEQZ

PPOP

PB 28BN .. .. .. PB 21N
PB18N .....PB 11N
X

N

- 128 BYTE RAM

8 bit bidirectional Data Bus

Initial reset/synchronization (input)
6 bit address bus (inputs)

System clock (input)
Data bus direction
Address/data select
Write enablea or Z

4 controf

lines loutputs)
Push/pop operation

8 bit bidirectional peripheral bus

8 bit bidirectional peripheral bus
Data true if logic level is 1

Data true if logic level is O

- K38

CLOCK
STATX

DBDI
ADSL
ADB1X..... ADB 6X
RAD1IN..... RAD 6N

PADIN..... PAD 4N

PBO IN..... PBO 8N
SYNC

DAB 8N .....DAB 1N
X

N

System clock (input)

Used to select static/dynamic opera-
tion of the device

Data bus direction ; 2 control
Address/data select lines (inputs)
6 bit address bus (inputs)

6 strap lines for the module code of
the RAM (inputs) :
4 strap lines for the 4 L.SB of the mo-
dule code of the peripheral channel
(inputs) The 2 MSB are set at logic
fevel 1 inside the chip.

8 bit bidirectional peripheral bus
Initial reset/synchronization {input)
8 bit bidirectional data bus

Data true if logic level is 1

Data true if logic level is 0

Mod. 30508241 - 5000 - Océ-Sipi §. p. A.
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I coatenute del presente fogllo & proprield riserveta della S@S - AT E.
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M 39.1772.76 - MF/rtc - 6/4/76 -

= t ET ICI 8. p. A,
8Q8 -ATES COWMPONERT! ELETTRON ] Pag. 78 2§

INSTRUCT ION_SET

Altogether 48 instructions are available to the user program.
These can be grouped as follows:

d)

b)

c)

Instructions referring to data included in the instruc
tion itself (immediate reference lnstructaons)

The data may be of 3,4 or 8 bits.

These instructions carry out operations between the
accumulator and the data, sending the result to the
accumul ator.,

The possible operations involve loading, arithmetic,
logic (AND, OR, EX-OR) and comparison.

Jump instructions.

Unconditional and conditional jump instructions (on the
carry, on the conditions ACC = @ and ACC # @, positive
and negative accumulator content, register S # 7) and
call to subroutine instructions (maximum nesting level
= 3) are available.

Register reference instructions.

Logic and arithmetic instructions between accumulator
and registers (f to 47) can be performed.

The registers @ to 11 can be addressed directly.

Al'l the registers can be addressed indirectly through
S and T registers.

Cperations to be performed between the addressed regi
ster and the accumulator are:

- Logical
- Arithmetic
- Load and Store

Registers 12 to 15 and S, T are special registers:
they can be addressed directly only for load and
store operations,

Mod. 30508241 - 5000 - Océ-Sipi §. p. A.
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Il contenuto del presente fogllo @ proprista riservata della SGS - ATE
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m 39.1772.76 - MF/rtc - 6/4/76 -

338 -ATES COMPONENT! ELETTRONIO! 8.p. A, P ag. 79 il

d} Shilt instructions on the accumulator (possible
shifts: 1 or 4 bits, towards the right or left).

e) Input/Qutput instructions for transferring infor
mation from external |ines to the accumulator or
vice-versa,

tj Instructions for indirectly reading from or wri-
ting into the RAMs and the /0 ports and for
writing into the Q and Z registers,

The system’s basic cycle is 5 ,usec.

For most of the instructions mentioned above only one machi
ne cycle is required.

To carry out the most complex instructions 2, 3 or 4 cycles
may be necessapy.

The instruction set is summarized on the table N. 2, where the
mnemonic code, the description of the instruction itself and
the binary code are indicated.

Every group of instruction is then described in detail on the
paragraphs following the Table N. 2,

For every instruction group the common characteristics are de
scribed {format, number of machine cycles, internal operations
on the CPU, signals available on the buses) and then every in
struction is discussed by defining the operations performed
and by giving some typical examples.

A list of the symbols which are used throughout these paragra
phs is given at the beginning.

Mod. 30508241 - 5000 - Océ-Sipi S-p. A
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TABLE 2

| PAritie Lerceiption Binary code
Wl LAS 1 Lo accumiiann vitn | b Atinary forml -+ ACC {1 10 4) 111! XXKK 1 1
% {degimal numbes 0t 16) 0= ACC {510 B} J
Q LSS 4 Loath S vegiier with 4 Y {oingry form) = S. 66;01 x;cx 1 ”71 N ._i—7 =
2 {decrmal numibers 010 7)
s Load T coguster vt | | (binaty form) = T i Hoorn xxx | 0 | 1|
% (degimat numbei 8 10 7)
-
A A i oy oy At L R b A R S O R ﬁ*ﬁ—:lrs:m;.:-;g: a7 8 i gt e 1 s $igs T P TS = e 2
AL T Leed accumylatar sath | I iy form) = ACC {1 to Bl Gund 0100 2 } 2
[degimal numiters 0 10 205} XA XX KEKK
ANL 1 AND aceumutzror vt | I fhinaty form) A ACC {1 ta B} ~ ACC oco0 ool | 2z | 2
' (decmal s 15 D h 205) ARAK FORAA,
A L - PN . S s
EoL | XOR { funary farm) () ACC (1 10 81 - ACC owod 1100 2 2
{decimal numbers O to 255) HAXX XXKA
ont | OR sccumulater wth | | Thinary tarm) ¥ ACC (110 8] + ACC eoo0 1101 | 2 2
{decimal numis XXXK  XNXX
apt 1 ADD accuimtator with | | fLinary form) 4 C (110 B =+ ACC 0000 1110 2 2
3 CARAY i last AXNK XAXX
GML 1 |Compare accamatator with 2 | ACE < {E 4 3, conrg FE =D _—""T ooog il | 2 | 2
SompRThes il ACCE 11 + 1), carry F F =1 XXXX  XXXX
ACC# (1 4 1), seew FF=0
ACC = (04 N 2er0 FF= )
HAP LAREL S Uncondhbanal jumg 1o Address spetied JLABEL 1110 Y- PC 0000 HAR 3 2 4]
by LABEL XXX XAXX
P s = R S s e i ]
JAZ LABEL [ Jump to Address sprcified by LABEL [ it ZEROF F =1 ool xxx | 23 | 2 |1
itACC =0 LABEL (11011} PC XXX HMXX
JAN LABEL|Jump to Address specihied by LABEL | ZEROFF =0 01010 xxx | 23 [ 2z | 1
WALC 70 LABEL (1ta 11)+ PC XXXX  RXXX
JAP LABEL |Jump 10 Address specifid by LABEL  |if AGC btBl =0 T leten Xxx | @a |z | 1
i it ACE 15 potie LABEL (110 V1t PC XXAK  XRAA
ISD LABEL |Jump to Addrass specified by LABEL (115 % 7 o100 xxx | 23
& it Register § % 7 LABEL 11 o 110+ BC XXX XXX
et RS s S A " | sl
S[den LABEL|Jump to Address speciliu by LARE M CARRY =1 ortol XXX 23 2 |3
WCARBY FE = |LABEL i1 10 191 9T XXER XXX
JCZ LABEL | Jump to Address specified by LABEL |1 CARRY =0 030 xxx | 23 | 2 | 1
IFCARRY F F =0 LABEL (110 11} PC s xxax
JSB  LABEL | Jump to subroutine Push operation 01111 XXX 3 2 1
PC A1 PC XXXX  XXXX
FC— RA - RB = RZ
LABEL (11w 11) = PC
HET Return from subrogtine 2 Pog upenation. 0000 0000 g T
AZ =~ 1B ~ RA—PC
T T L .‘ ey
NP N Load input trom /0 Addiessed by N {Input N = ACC o060 XXX 2 -
into ACC
~fouT W T ACC o O pon Addiesses JACE -~ Dupat B |oonie XXX Tl
by N ' '
= inn et et de
LAR R Load ACC with the content of Hugister REG (1 108} + ACC 1000 XXXX i | 2
R {decinal numts:e
SAR R Store ACC in Registet R ACCU w8 = REG ooy xxxx | ¢ v 2]
{decimal nuniber)
s i HARONOT O . _ s R S A R . ) U
ulAGR R £t ACC #aet R gates 9, ACC {1 15 8) 4 REG {1 w8~ ACE 1036 XXx% ] 3 v fa
z CARRY F F is nat uffocted
T e L Rl e e e N e s L S
;5 ANAL R ACC {1 128) A REG (1 10 B) -+ ACC 1011 xxxx | ¢ 1 | 2
#leor B |XORACCwm Aegster A |ACC 1w B) CIREG (1 1o B = ACC 100 XXxX | 1 NER
o UER R ecinmint Acgnter B T JREG (10 B 1 REG 161 x| N
hay! i . . s lipovioies SSRSEPRIEORL g | P 1 St ot ]
Zloann Docimal afdinon of #CC. Register R [ACG (11381 + REG {110 81 » CARRY = REG| 1110 XXXX | 2 123
& ard CARRY FF.CARRY 15 aftretud by | BCD overfiow = CARRY
avertiow from oot s icant BCD Ly te
ATt 7 : e o - e i e LSSt R TS w
LAV Load V Hegister it AGC V11 8+ ACC w000 10U i R
Lo W Begiter i ACE W lmsieace TR T A (I T
Lo X Hegoter wio ACE X (18 - ASC Doy 0 1 1 oa
Load ¥ Regsier mto ACE | ¥ (110 Bl =~ ALE N [ o7 ST 1 T T o
Stare ATC T T |AcciteB -V S ooordoan | PV e )
Store ACE o W ACC (Tt B) W wor et | 1]
3 Ltnae AL b B Begton ACC AV I ®) - X Py A 3 1 4
o
LAY Siwee ACC it Y Hegister ACE (il =Y o 1w ! 1 L
% Store ACC 14, 4 61 imts PR Pgter . | ACC 1410 6) » #24C ‘
SAT Stare ACC (1, 7. 3) it 1 Ruagisier ACC (110 3) 1 © fooso” o0 i e
55T Stara ACE {1, 2, 31 ity § Hegister ACC 110 3}~ S 0000 0011 ! 1
Stote ACC 14, 5 &) ate T Megister ACC 4 w6l =1
i e g | S e e TR b AR e X R ] S

Med. 30808241 - 5000 - Océ-Sipi 5. p. A,
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INSTRUCTION SET
Mg g Drescription L Binary coxla r::‘:éir Byt
L oSy i T e b Al oo B = i et SO PP R . JE8 Pl e rospeor 4 -
ACC refvshlt 1ot CARRY FFsettal JACC (Tt + ACC {210 B) 00m 1162 T ] 1 i 2
O-r ACC N
1=+ CARRY
r | ARS AGC right shift 1 bit CARRY F ACC (210 8~ ACC 110 7) 001 110 t 1 5
S G-+ ACC {8
@ 0+ CARRY
|G 0 d - ACC B B 0001 T T T
0+ ACT (1104}
aRE ACCrght st b |ACC{E W+ ACT (T 108) T feoor TN T T
0+ AGE (510 8)
StX Sture ACC into RARY or 10O pusdule X {10 6) + ADB 00u0 (EeRfe] 3 1
Addiessed by content of CPU X (110 6) [ 1 module [X}is /O
Register ACC — 11O (X}
The RAM location s identilied by the H module (X) is RAM
cuntent of £ Aegister ACC = HAM WORD (7]
Ui Liid ACC wib caraem of RAM G Dxiivie camn 7 T A S 1
o1 HOM module Addressed by centent 1 moduie (5)is 1O
of CPU X (110 G) Regutar, KO (X} + ACC
The RAM/ROM location is identified by | 1f module is memaory :
the content of Z Reygistor memory word (2} -+ ACC
Ly Samve o3 LIX but the modute Adtiessas 1Y 1110 5) ~ ADB 0O00 o 4 1
sel by Y Register 1 module (Y) is 170
HO{Y) +ACC
If modute (Y) 15 memory;
| e N memory word (Z) -+ ACC _{
u s0X Stere ACC into Q Register of the ROM  [X (1 ta 6! = ADB 0001 o010 3 1
_'5 module addressed by sontent of CPU X [ACC (110.8] = Q {1108}
E (110 6} Reyister . ACC is s1ored in Q Xittw3 +QiG1n
a {1 to B) Register; X Register {1 to 3) s
: stored in © {9 10 1) Reguter
:—j soY Same as SAX but the module Address is |Y (1 10 6) ~ ADB 0001 [GRR 3 1
G b1y ¥ Regmier : ACC 11 10 ®) ~0 14 o 8)
= X301
S7x Store ACC min 7 i itrof RAMAROM [X (Tre 6t =08 Jooor oo | 3 1
rrodule Addiessed by conteny of CPU b modute s AOM:
X A1 to B) Fagister ACC (110 8) =+ 2 {1108}
I the Addiessed madule 15 ROM the X{1tad «Z(%9ta11]
ALC (1w B s stond inta 2 (1108 It musiute 15 RAM s
anvd X {1 1o 30 Feyisten s stored in ACC 107 =217l
43 to 1) Rispstay
1R Adddyessed edude i AAM the
ACC (V1o Ths arvred i 2 (110 1)
Register
s2v Same a5 S2¥ but 1he module Address s |¥ 11 10 6) = ADB 0001 6011 a 1
sct by Y Register I module is ROM
ACC{1twB =~ Z (T8l
Yittwd +Zi9w01
I modute s RAM:
ACC o7+ 2 (w7

NOTLS: LABEL & Jump Addiess i the range 0010 2047 The direct addiessing hisid 6 2 K ROM (icuavalent 1o B ROM miodules or 2 ROM chips)

enablvd by Address Bus hits 6, 5 4

2 - PBreygster Addiess B P the range 0t 1105 a direet Address
12 o5 Acheosseng enchroectly thecugh S T
13 15 Adessng indicsctly through 5 T with ndexing (S - 1+ S}
14 15 Adtressing indicprtly theaugh S T wetn indening (S ¢ 1-+5)
15 code nat allowed
3 - The DAR insteucnn 15 impleconted 0 2 CPU eycles)
b Bbit by 2 8fiLan

bl Decimal eoreeytion. adihng 10 1o the Tirst 4 burs of qore is coiry coming from the Touth bt and 1o the seeond 4 bits, if there s car
ty conung legm the el it geneated duneg the fiest cycie AL e end of teoanstractinn the eigth bt canry 1 slared in the carey Flap-

fiop
4 = The egisturs VW, ¥ ¥ o
WApLemERT e st

i

VSO, S, GEY SN LA, LY

b 1 CPUTIAM, they are located o aby postions 12, 13, 14, 10 eapoctively. The resisters X, Y are also used to

5 o N oaddress must b cpecdaaban the ange 0t 7 Actual BO pert magule addiess s compated by CHY wlding 55 fdooimatl o the gpece

tad acidress

Mod. 30508241 - 5000 - Océ-Sipi S. p. A
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SYMEOL L IET

The tollowing are the symbols used throughout the instruction

sef deserintion.

{R) ~ Means’the content of R7’,
-~ The symbo! between brackets refers always
to a register, '
(ERY ) - Means 'ihe content of the register or memo
ry location whose address is on R’,

(RY n + m ~ Mecans ‘hits rom n to m of R register con-
tent’ .,

A - Accumul ator -

l.R. - Instruction register,

Temp - Temporary register.

Q - Q register:the program counter,

s - Z register:the data address register.

3 - 3 register:CPU-RAM row address.

T - T register: CPU-RAM page address.

v - Auxiliary register.

1} - Auxiliary register.

X - Register for module address,

i - Register for the current program module address.

PMC - Program module code register.

RA - Register RA ol the hardware stack.

RR - Register RB of the hardware stack.

o id

Mod. 30508241 - 5000 - Océ-Sipl 3. p. A.
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8088 -ATES

DR

AD

WE

PP

COMPONENT! ELETTRONICI S.p. A.

Pag. 83 -

- DBDI: Data bus direction control |ine.

- ADSL: Address/data select

control |ine.

- WEQZ: control line for write enable on Q or Z,

- PPOP: push/pop operation control [ine.

- 1/0 register of peripheral
- Zero flip-flop.

= Sigh tlip-Fflop.

lines.

-~ Binary carry from bit 4 to 5.

- Binary carry from bit %,

- Decimal or exadecimal number.

-4 it hinary numher,
~ Logic and.

- Logic or,

- Exclusion or,

- A CPU registers

- The Immediate.

-~ The logic code for 1/0,

Mod. 30508241 - 5000 - Océ-Sipi 5. p. A.
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INSTRUCT IONS RY SHORT _IMMED IATE

All these instructions are one byte instructions.
The immediate may be 3 bit or 4 bit long.
The tormat wmay be:

i .
either 0P. CODE i (4 bit immediate)
o aop, CODE (3 bit immediate)
The instruction is executed in one machine cycle.
The aperations pertformed and the signals available on the data
and adaress bus and on the control |ines during the executions

are described by the following table:

CYCLr | CONTROL LINES ADDRESS RUS | DATA RUS PROGRAM INTERNAL
OR/AS/WE /PP 6/5/4 | 3/2/1 COUNTER OPERATION

f fagd PHC 017200 (1)) ~e k] (Q)e1 =+ IMMEDIATE INTO
and TOHP REGISTER

The execution of this instruction is overlapped with the fetch

ot the next instruction., _

The internal operation transfers the immediate, which ha been brought
into the temporary register, into the addressed register (either

the accumulator or the S register or the T register).

Mod., 30808241 - 5000 - Océ-Sipi S.p. A.
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1 - LCAD ACCUMULATOR BY SHORT IMMEDIATE

lMNEMO l

LAS I MM

Operation operand

Operation:-Load accumulator (bit @ to 3) by the specified
immediate.,

-Accumulator (bit 4 to 7) are set to @.

Operand :~The immediate may be expressed by decimal or
exadecimal notation.
The range ot the constans is: from @ to 15
(decimal ).

ORJECT
"Fg¢ to FF 1111 BBBR
{Exadecimal) (RinaPY)
A
EA MPLEW mnemo » LAS §

object : F5 1111 Qlﬂl

- Let ACC = 1011 0110
- At the end ACC = @¢@gg¢ @1¢1

Mod. 30508241 - 5000 - Ock-Sipi §. p. A.
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2 - LOAD = REGISTER BY SHORT IMMEDIATE

MNEMQ

LSS MM

Operation Operand

Operation: load 8§ register by the specified immediate.

Operand : The immediate may be expressed by a decimal
or exadecimal notation.
The range of the immediate is: from @ to 7.

OBJECT
2% to 2F gg1g  1RRR
(Evadecimal ) (Binary)
i
EXAMPLE mnemo » LSS 6
ob ject ¢ 2E ¢¢1¢ 111¢

~ Let § register = g1
- At the end: S register = 11¢

Mod. 30508241 - 5000 - Ocd-Sipl $. p. A.
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Y- LOAD T REGISTER BY SHORT IMMEDIATE

s ey
MNEMO
PR |
LTS MM
Operation Operand
Operation: Load T register by the specified immediate,
Operand : The immediate may be expressed by a decimal
or exadecimal notation.
The range of the immediate is: from @ to 7.
et
QR.JECT
3% to 3F Pt 1BBB
(Exadecimal ) (Binary)
EXAMPLE

mnemo : LTS 3

object 1 1B g¢11 1g11

-~ Let T register = ¢g@¢@
- At the end T register = @11
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INSTRUCTIONS BY LONG IMMEDIATE

All thesco instructions are a two bytes instructions,
The Tormat 1s the ftollowing:

i OP. CODE 1° BYTE
IMMED TATE } 2° BYTE
The instruction s executed in two machine cycles,

The operations performed and the signals available on the data
and address bus and on the control |ines at the execution are
described on the following table:

CYCLf | CONTROL LINES | ADDRESS RUS DATA BUS PROGRAK I NTERNAL
6/5/80 37211 COUNTER OPERATION
P dede pMC | 1.R.(1/3)] ((Q)) = TEMP | (Q)e1 ~» @ (A) =>4
figae e | 1R (1/3)} ((Q)) > IR, | (Q)e1 =+ @ DEPFNDS ON INSTR,
and TEMP ‘
The first cycle is used to bring into the temporary register

the immediate.

The second cycle executes the required internal operation and
also fetches the next instruction.,

Mod. 30508241 - 5000 - Océ-Sipl §. p. A.
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I - LOAD ACCUMULATOR BY LONG IMMEDIATE

| :
| MNEMO |

L

l ORJECT}

LAL

I MM

Operation

Operand

Operation: Load Acc.

Operand : immediate‘(by decimal
notation (/DD)). The range of the immedia
te is: @ to 255 decimal.

g4
DD
(Exadecimal )

geRe Figg

BBBR RBBEBR
(Binary)

AT THE EXECUTION the following actions will

Pag. 89 -

by next byte.

(DDD) or exadecimal

(1° Byte)
(2° Byte)

take place:

EXAMPLE

mnemo & LAL

object : P4
OA

- LET ACC =

- At the end

CYCLE | DATA pUS INTERNAL OPERATION PROGRAM COUNTER
# ((Q)) = TEMP (A) - & Q) +1 = @
1 ((Q)) == 1R, (TENP) =o A (0) «1 = Q
and TEPP

1¢ (Decimal)
geeg d1gg
doPe 1918

1601 @111 at the beginning.

ACC = ¢ggd 1014,

Mod. 30508241 - 5000 - Océ-Sipl §. p. A
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2 — AND LONG IMMEDIATE RY ACC

Pag- 90 =

MNEMO
ANL I MM
Operation Immediate
Operationi-Logical and of ACC. by next byte.

~-The result into ACC.
Immediate: Ry decimal (DDD) or exadecimal notation
(/DD). The range of the immediate is: {
to 255 decimal .

OBJECT
s dogs P91 (1° Byte)
DD BRBBE BBBRB (2° Byte)
(Exadecimal) (RBinary)

AT THE EXECUTION the following actions will take place:
CYCLE DATA BUS INTERNAL OPERATION PROGRAM COUNTER
# ((0)) == TEMP (A) - A (Q) «1 ~»Q
1 ((Q)) - iR, (M)A [TEW) = & (Q) «1 = @
and TEMP
EXAMPLE
i T moema.  t$LAL /24 (Exadecimal)
object :05 PP @191
24 gdg  g1g¢
- LET ACC = 1g1¢ ¢g11
- The lmmediate is = @g@1¢ @P1gg
- At the end ACC = @g1y @egp
wih
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IMMEDIATE BY ACC

MNEMO

EOL

IMM

Operation

Ilmmed i ate

I OBJECT

AT THE EXECUTION the following actions will

Operation:

Immediate:

- Exclusive or of Acc.

- Result into Acc.

6/4/76 -

Pag. 91 -

by next byte.

Ry decimal (DDD) or exadecimal (/DD) nota
tion. The range of the immediate is: ¢ to

255 decimal .

pC Popg  11¢Y
DD BBBB BBBE
(Exadecimal) (Rinary)

(1° Byte)
(2° Byte)

take place:

CYCLE | DATA RUS

INTERMAL OPERATION

PROGRAM COUNTER

f ((Q)) ~= 1Fmp (A) - |\

1 {{Q)) ~= 1.k,

(A @(TEM) —> A
and TEMP

[Q) +1 =» (
{Q) «1 =» Q

EXAMPLE

mnemo : EOL /35 (Exadecimal)

ob ject : @C
35

- LET ACC

2ep9 1199
g1l gLyt

= 1419 @911

- The Immediate is = @@t Ji1¢t
- At the end ACC = 1¢¢g1 ¢@gi11¢g
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4 - OR LONG IMMEDIATE BRY ACC
l MNEMO
ORL MM
Uperation Immediate
Operation: ~ Logical or of ACC. by next byte.
- Result into ACC.
Immediate: By decimal (DDD) or exadecimal (/DD) nota
tion. The range of the immediate is: @ to
255 decimal.
ORJECT
iy gogg 1181 (1° Byte)
DD BRBE BRBBB (2° Byte)
(Exadecimal ) (Binary)

AT THE EXECUTION the following actions will take place:

cycLr DATA RUS INTERNAL OPFRATION PROGRAM COUNTER
& # ((@)) —>1emp (A) ~» A (Q) o1 = 0
1 ((Q)) == i.R. (A) v (TEWR)—> & (@) 1= 0
and TEHP
EXAMPLE
mnemo & ORL /4A (Exadecimal)
object @D Lo 11@1
AN 198 121P
- LET ACC = 181¢ @gg11
- The Immediate is = @gigg 1g1¢
- At the end ACC = 111¢ 1¢11
t/l ]

Mad. J0508241 - 5000 - Ceck-Sipi §. p. A.
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5 ~ ADD LONG IMMEDJATE AND ACC

MNEMO

ADL

| MM

Operation

Immediate

GRJECT

AT THE EXECUTION the

Pag. 93 -

Operation: - Binary addition of Acc and next byte.

Immediate: Bv decimal

The range of the

PE
DD

(Exadecimal)

The result into Acc.

The carry is not affected by this instruction.

gggg  t11g
BBBEB REBR
(Binary)

following actions will

(DDD) or exadecimal (/DD) notation.,
immediate is: @ to 255 decimal.

(1° Byte)
(2° Byte)

take place:

CYCLE | DATA RUS

INTERNAL OPERATION

PROGRAM COUNTER

EXAMPLg1

f (1)) ~= TEMP 'x) - ) (Q) «1 > ¢
1 ((Q)) == 1.8, (A)e(TEMP) —> A Q) +1-» @
and TEWP
mnemo @ ADL 161 (Decimal)
Object : YE  @ggg 111¢
At 1g1¢  ¢gggt
« LET ACE : 1g1g  @dil
- The Ilmmediate 1s : 1418 gl

~ The carry is set to

At the end:

ACC ; 199
CARRY FF .

g
7

g1oy

"
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IMMED IATE AND ACC

MNEMOQ

CML I MM

Operation Immediate

Operation: - Binary addition of acc. and next byte.
- The acc. is not altected.
- Carry and zero FF are set as follows:
I - Carry = @ it ACC € (IMM +1)
2 - Carry = 1 if ACC » (IMM +1)
3 - Zero = @ if ACC # (IMM +1)
4 - Zero = 1 if ACC = (IMM +1)

Immediate: Ry decimal (DDD)} or exadecimal (/DD) no-
tation. The range of the immediate is:. ¢
to 255 decimal.

PLEASE NQTE: 1 - The CML instruction refers to the 27
complement of the Immediate,

2 - The carry FF will keep the status until
another CML or DAR (decimal addition)
or ALS or ARS (shift) instruction is
performed,

3 -The zero FF may be tested by the next
instruction, but its status changes at

the end of the next instruction.
OBRJECT

P
D
(

F adgdg 1111 (1° Byte)
D BBBB RBBRR (2° Byte)

Exadecimal) (Binary)
adla s
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AT _THE EXECUTION the following actions will take place:

1

JMPONENT! ELETTRONICI S.p. A

1l contenuto de! prssente foglio & propristh risarveta della SES - ATES

ogni forma di riproduzions o divulgazione deve essers preventivamente auiorizzats per iscriito.

CYCLE DATA BUS INTERNAL OPERATION PROGRAN COURTER
# ((Q)) = TEWP (A) . (Q} «1 0
1 (Q)) —» I.R. (A)+(TENP) ~» CRY (Q) +1 =
and TEMP (A) st )
EXAMPLE
Mnemo CML 16 (Decimal)
Ob ject gF  gogg 1111
¢ gggr  gpge
- The immediate is : 9091 gy
-~ The 27 complement of the
immediate is 1111 ¢dgg
A - Let ACC = goee  grgg
ACC < (TMM + 1)
- After the execution - Carry = % ¢
- ZLero = ) - o)
B Let ACC = 1111 g1t
ACC > (TMM + 1)
~ After the execution - Carry = : 1
-~ Zero = 2 @
g ~ Lt AC = 1111 ggge
ACC = (TMM + 1)
- After the execution - Carry = 3 1
- Zero = 1
wf 5k
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AUXILIARY REGISTER INSTRUCT IONS

All these instructions are one byte instructions, with the ]
lowing format:

oP l CODE ,

The instructions of this group are for:

- Loading the accumulator by the auxiliary registers.

~ Storing the accumulator into the auxiliary registers,

- Storing the accumulator into T register or S/T re-
gister.

The auxiliary registers referred by the instructions are the fegl
sters located into the CPU RAM at the positions 12, 13, 14, 15.

e

I

ki

Their symbolic name is V, W, X, Y respectively.

The registers V, W have no special functions and are for general
purpose opcrations,

The X register is for general purpose operation and to set the
module address (bit 1 to 6) referenced by these instructions:

SQX, SzQ, SIX, LIX -

Mod. 30508241 - 5000 - Océ-Sipi . p. A,
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The Y register is directly connected (bits 4,5,6) to the PMC
register and it defines the active program memory.

[t is also used to set the module address (Y reg. bit I to 6)
reterenced by these instructions:

ROy, BZV. LIY -

The instructions are executed in one machihe cycle.

The operations performed, and the available signals on the bu
secs and control lines during the execution are described by
the following table:

CONTROL LINES | ADDRESS AUS PROGRAM INTERNAL

¢ :
CYALE | oasas/uesop | 6/5/4( 3/2/1 GRIR B3 COUNTER OPERATION
¢ ) prc | 1LR.11/3) | (1Q)) iR, 1Q) o1 ~»Q | TRANSFER BETWEEN
and TENP THE SPECIFIED
REGISTER
S T i R R e R S S S s i p s s sl s s s i)

The execution of these instructions is overlapped with the fetch
of the next instruction.

The Internal operation is a transfer between the registers speci

fied by the operation code.

Mod. 30508241 - 5000 - Océ.-Sipl §. p. A.
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is per iseritto.
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10, 115230 = MF/rtc - 0/4/76 -

po- 1Q§BWQSVHMHLAIQE~EEWN REGISTER CONTENI

P

e e e At

444<
|/

Lxﬂﬁmxhﬁﬁﬁﬂ Acc

MNEMO

LAV

e o i b

\ OB.JECT ‘

| e e

¢ 8 pogy  199Y
EXAMPLE - LET VREG
ACC

_ AT THE END VREG
ACC

i

Y

fi

Pag. I8 =
gg1g @119
iggt 1t
prip #1198
gg1g @11
ol we
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2 - LOAD ACCUMULATOR BY W REGISTER CONTENT

MNEMO LAW

—_— d dees 1ge

3 - LOAD ACCUMULATOR BY X REGISTER CONTENT

MNEMO LAX

ORJECT @A goge 1919

4 - LOAD ACCUMULATOR BY Y REGISTER CONTENT

OMPORENTI ELETTRONICI S.p. A,

MNEMO LAY

OBJECT | @B - Pogg 1g11

ogni forma di riproduzione o divulgazions deve essere preve-tivaments autorizzata per iscritto.

il conienuto del presente foglic & proprleld riservata della SGS - ATE §
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I - STORE ACCUMULATOR INTO V REGISTER

MNEMO

SAV

OBJECT

18 _ 2031 1939

EXAMPLE - LET V REG = gg1d P11y

- AT THE END V REG= 1¢¢1 1111
ACC = 1@d1 1111
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——

39.1772.76 - MF/rtc - 6/4/76 -

SGS-ATES COMPONENTI ELETTRONIC! 8.p.A. Pag. 101 -

2 - STORE ACCUMULATOR INTO W REGISTER

MNEMO SAW

OBJECT 19 gogl  1g¢1

3 - STORE ACCUMULATOR INTO X REGISTER

MNEMQO SAX

OBJECT 1A peg1 - 11

4 - STORE ACCUMULATOR INTO Y REGISTER

COMPONENTI ELETTRONICI S.p. A

ogni forma di riproduzione o divuigazione deve essers p* .. tivamen's sutorizzate per iscritio.

Il contenuto de! pressnte foglio & proprield riservata della S8S - ATE

MNEMO

OBJECT

1B 2@d1 1g11
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SE8-ATES

| = STORE ACCUMULATOR

6/4/76 -

Pag. 102 -

INTO T REGISTER

T register

LﬂNEMG

SAT

Cperation: The three

are copied

BBAECT

#1 gogy o

LXAMPLE ~ LET T REG
ACC
- AT THE END
T REG
ACC

least significant bits of the Accumulator
into the T register.

The Accumulator is unchanged.

L@t
1 111 g¢1

]
14 111 g¢1

Mod. 30508241 . 5000 - Océ-Sipi 5. p. A,
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2 - STQRE ACCUMULATOR INTO S.T REGISTERS
i & 3 4 3 2 1 @
_ ACC
L DU
L RES S REG
| MNEMOQ
S5T
Operation: - Bits@, 1, 2 of the Accumulator are copied into
the S register,
- Bits 2, 3, 4 of the Accumulator are copied into
the T register.,
-~ The Accumulator is unchanged.
% OBJECT

#3 gege PPt

EXAMPLE - LET S REG = 111
T REG = i1
ACC = p1 p1g ¢eg
- AT THE END
S REG = ¢gp
T REG = g1

ACC = @1 ¢g1¢ ¢ggd

Mod. 30508241 - 5000 - Océ-Sipi S, p. A.
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SHIFT

INSTRUCT ONS

The

instructions of this group are one byte

the following format:

By these

the
Two
the
The
The

COMPONENT! ELETTRONIC! S.p. A,

oP

CODE

accumul ator content.

of these instructions (ALS, ARS) are used to set or reset

carry Tlip-flops.

instructions

operation

Are

executed

in one machine cycle.
mertforsed, and the available signals on the bu-

Pag. 104 -

instructions with

instructions the shift operation can be performed on

ses and control lines during the execution, are described by
the following table:
CONTROL LINES ADDRESS RUS INTERRAL
IN] ROGRAM COUNTE
COEL papsmesee | sy sren | AR i MEE 1 oprmaTron
A PrC | 1.R.11/2) | (10)) < LLR,| (Q)e1 —® @ SHIFT oW THE
and Temp ACC.CONTERT

The
of

the

execution of this

next

instruction
instruction.

Mod. 30508241 - 5000 - Océ-Sipi 5. p. A,
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1 - ACC SHIFT LEFT ONE BIT

MNEMO
ALS
Operation: - Acc is shifted left one bit
- LSB of Acc = ¢
~ MSB of Acc is lost
- Carry FF is set to 1
OBJECT

1C | pegL 1190

EXAMPLES
I - LET ACC = @1 1i¢g 11t, CARRY = 1
AFTER ALS EXECUTION:
ACC = 11 1¢1 118, CARRY = 1
2 - LET ACC = ¢¢ @11 111, CARRY = ¢
AFTER ALS EXECUTION:
ACC = @@ 111 11g, CARRY = 1

Il contenute del presents foglio & propristh rissrvata della SGS - ATES

ogni forma dl riproduzione o divulgazione deve essere preventivamenie autorizzata per isopitto.
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2~ ACC SHIFT RIGHT ONE BIT

, MNEMO

ARS

39.1772.76 = MF/rtc

6/4/76 -

Pag. 106 .-

Operation: - Ace is shifted right one bit.

- MSB of Acc = §

- LSB of Acc is
- Carry FF is set to

l OBJECT ,

D gegl L1

EXAMPLES
1 - LET ACC = @1 11¢
AFTER ARS EXECUT ION:

ACC = @¢ 11t

i

2 -« LET AfC g¢  ¢gt
AFTER ARS EXECUT ION:
ACT =  g¢ ¢o¢

111,

gii,

lost

CARRY

CARRY

CARRY

CARRY
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A = ACC SHI1FT LEFT 4 BITS

MNEMO

ALF

Operation:

OBJECT

I1E

EXAMPLE
LET A

b

- Acc is shifted left 4 bits
- 4 LSB's of Acc = ¢

- 4 MSB’s of Ace - are lost

- Carry i1s not affected

aegr 111¢g

gl giig

w
AFTER ALF EXECUT ION:

ACC =

g11g ¢@g@ - CARRY AS IT WAS BREFORE

4 - ACC SHIFT RIGHT 4 BITS

MNEMO

ARF

Operation:

OBJECT

LF

EXAMPLE
LET ACC =

- Acc is shifted right 4 bits
- 4 MSB’s of Acc = ¢

- 4 LSB’s of Acc are lost

- Carry is not affected

fggL 1111

11g1 gr1g

AFTER ARF EXECUTION;:

ACC

@¢Pg@ 1141 - CARRY AS IT WAS BEFORE

wid wn
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REGISTER REFERENCE INSTRUCT IONS

The instructiomof this group are one byte instruction with the
following format: :

0P CODE

SrT————
Register Address

All these instructions (but the DAR instruction) require only
one machine cycle for the execution.
The DAR instruction is executed in two machine cycles: and it

will be discussed in detail by itself.
For all the other instructions, the available signals on the
buses and control lines during the execution are described by

the tollowing table:

CONTROL LINES | ADORESS BUS PROGRAM INTERNAL
, DATA BUS
SHA OB/AS/NE/PP /574 | 3/2/1 B COUNTER OPERAT 1N
# e PIC 1R(173) | ((Q)) =18, (Q)e1 =*Q | DEPENDS ON THE
and TEW I NSTRUCT 1035

The execution of these instructions is overlapped with the fetch
ol the next instruction.
The internal operation may be:

- A load / store between Acc and a CPU register.

An arithmetic or logic operation between Acc and
a CPU register, with result into Acc.

- A decrement operation directly pertormed on a regi
sters

Mod. 30508241 - 5000 - Océ-Sipi S. p. A.
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All these instruction refer to a CPU memory register.

The CPU memory is made up of 4% registers divided in pages
(a block of 8 consecutive registers) and rows (a row within
a page is an & bit register).

These registers (see fig. 28) may be addressed:

- Directly - Only some of them (specifically
registers @ to 11) may be ad-
dressed directiy.

-~ Indirectly - By means of the (S,T) registers,
All the 48 registers may be ad-
dressed on this way.

The indirect addressing of the CPU registers is done by the
page address through the T register and by the row address
through the S register. '

The last one may also be indexed by plus or minus 1,

The register address is specified by a 4 bit logic code pla
ced into the 4 least significant bits of the instruction co
de.

The correlation between the logic address code, the addressed
register and the indexing operations is indicated on the follo
wing table:

Register Logic Code Address Register Indexing
Binary Decimal Type Addressed

0000 0 Direct 0 No

0001 1 1

Q010 2 2

0011 3 3

0100 4 4

QL 5 5

0110 6 6

0111 7 7

1000 & e

1001 9 9

1010 10 10

1011 11 11

1100 12 Indirect BY (S,T) No

1101 13 Indirect BY (S,T) S-1 —» S
1110 14 Indirect BY (S,T) S+1 ~» S
111t 15 Not Allowed

Mod. 30508241 - 5000 - Océ-Sipl §. p. A.
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t - LOAD ACC _BY REGISTER

MNEMO l

LAR R

Operation: - The register content addressed by the lfogic
code is stored into the Acc.

- The register does not change.

Operand - A CPU register R specified by the register
logic code.
The code range is from @ to 14 (decimal).
S——
OBJECT
Binary: 193¢ RRBBB

Operation Reg. Address

2 - STORE ACC INTO REGISTER

’ MNEMO

SAR R

Operation: - The Acc is stored into the register addres
sed by the logic code.

The Acc does not change.

A CPU register R specified by the register

Operand -
logic code.
The code range is from @ to 14 (decimal).
OBJECT
Binary: 1991 BRBB

Operation Reg. Address

&f 5

Med. 30508241 - 8000 - Océ-Sipi 5. p. A,
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3 - ADD ACC AND REGISTER

MNEMO

ADR R

Operation: - Binary addition between Acc and register addres
sed by the logic code. -
- The result is stored into the Acc.
- The register does not change.
- The carry is not affected.

Operand : ~ A CPU register R specified by the register
' logic code.
The code range is from @ to 14 (decimal ).

OBJECT

Binary: 191¢ BBBB

Operation Reg. Address

4 - LOGIC AND BETWEEN ACC AND REGISTER

I'MNEMO

ANR R

Operation: - Logic AND between acc and register addressed
by the logic code.
- The result is stored into the Acc.
- The register does not change.
- The carry is not affected.

OMPONRENT! ELETTRONIC! S.p. A

deve sssere praventivamente autorizzats per lsesitto.

Operand : - A CPU register R specified by the register
logic code.
The code range is from @ to 14 (decimal).

OBJECT

Binary 1@11  BBBB

Operation Reg. Address

sgnl forma di piproduzi

s

H centenuto de! pressmis foglie & proprield rlservals della 868 - ATE L
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5 - EXCLUSIVE OR BETWEEN ACC AND REGISTER

IMNEMO :

EOR
Operation:

OQerand

"OBJECT

Binary:

- Exclusive or between Acc and register addressed
by the logic code.

- The result is stored into the Acc.

- The register does not change.

- The carry is not affected.

-~ A CPU register R specified by the register lo-
gic code.
The code renge is from @ to 14 (decimal).

1193 BBBB

Operation Reg. Address

6 - DECREMENT REGISTER

MNEMO

DER
Operation:

Operand

OBJECT

binary:

R

~ Decrement by 1 the register addressed by the
logic code.

- The result is stored on the addressed register.

Acc and carry do not change.

A CPU register R specified by the register |lo-

gie code.
The code range is from @ to 14 (decimal).

11¢1 BBBB

Operation Reg. Address

Mod. 30508241 - 5000 - Océ-Sipl S. p. A.
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EXAMPLES

Let’s have the following date on page 1 and page 2 of the CPU

memory:
Reg.Addr.| Reg.Content Page Row
8 g @vg @d1 1 ¢
9 gdg ogg g1g 1
10 g ggg 11 2
11 g¢ g¢g 196 3
12 g¢ deg 141 4
I3 g¢ ¢eg¢ 11¢ 5
14 | g¢ gg¢ 111 6
15 ge  ger g 7
16 19 ¢¢¢ ¢d1 2 g
17 1§ g9 gig 1
18 1¢ ¢gg ¢g11 .
19 1¢ g¢g 190 3
20 g ¢g¢g 191 4
21 19 ¢9¢g 11¢ 5
2 1¢ ¢ggg 111 6
23 14 dd1  ¢od 7

Every example is supposed to begin with the following data into

T, S registers and into the Accumulator:

T register = #1¢
S register = @11

Accumul ator= 11 @@t

(T points to page 2)
(S points to page 3)

gg1

Mod. 30508241 - 5000 - Océ-Sipl 5. p. A.
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EXAMPLE 1: LAR 1¢
After the execution the Acc = ¢¢ @g¢ @11
EXAMPLE 2: LAR 12
After the execution the Acc = 10 ¢@¢¢ 1¢¢
and the S register = @11

EXAMPLE 3: LAR 13
After the execution the Acc = 1¢ ¢ggd 1¢¢

" and the S register = @1
If the S, T registers are not changed, the next LAR 13 will pro

duce the following results:

Ace = 1¢ d¢gg @11
S register = @@ -

EXAMPLE 4: ‘ADR 14

The instruction performs the binary addition between:

Acc ' = 11 ¢¢g1 gg1
and the addressed reg., = 1¢ @¢¢ 1¢¢

The result will be:
Acc = @1 @gg1 1d1
S register = 1¢¢

Carry flip-flop does not change.
EXAMPLE 5: ANR 11

The instruction performs the logic AND

between Acc = 11 @g¢g1 gg1
and the addressed register = g8 ¢gd 1¢¢
The result will be Acc = @gg @¢gg ooy

Mod. 30508241 . 5000 - Océ-Sipl 5. p. A.



OMPOMNENT! ELETTRONIC! S.p. A

ts foglio & propriehh riservats delta 86S - ATE
ogal forma di riproduzione o divulgazione deve essers preluntivamente autorizzata per Iscritto.

to del pr

Ii eont

868 -ATES COMPONENT! ELETTRORNICI S.p. A.

EXAMPLE 6: EOR 12
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The instruction performs the exclusive OR

between Acc =
and the addressed register

i

The result will be Acc
and the S register : =

EXAMPLE 7: DER 9

After the exccution the Acc is
'ster 9 has been decremented

Register 9 _ =

Pag.116 il
11 ¢g1 g
1¢ go¢ 1¢¢
g1 gp1 1g
@11
still theasamé while the regi=-

T
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7 - DECIMAL ADDITION BETWEEN ACC AND REGISTER

MNEMO

DAR R

Operation: - Addition of 2 BCD bytes.
- The addition is implemented in 2 cycles:

1° Cycle - 8 bit binary addition Acc + Reg.+
Carry.
- The result is stored into the addres
sed register..
The carry flip-flops are properly
set by the operation.
- The Accumulator does not change.
= 2° Cycle - Decimal correction (Addition by :

10 dec = 1@1@) on one or both the

2 BCD bytes, depending on the 4
bit or 8 bit carry generated during
the first cycle, _

- The correction is applied if carry
:Qj" '

- At the end’'of the instruction the
carry from the MSB is stored into
the carry FF for next DAR operation.

- The result is stored into the addres
sed register, and the 8 bit carry is
stored into the carry flip-flops. "

- The Acc is not affected.

OMPONENT) ELETTRONIC! S.p. A

ognl forma di riproduzione o divulgazione deve essere preventivamente autorizzata per Isceitto.

OBJECT

e 111¢ BRBRBB

Operation Reg. Address
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The operatiors performed by the DAR instruction and the availa
ble signals on the buses and control lines are described on
the following table:

CONTROL LINES | ADDRESS AUS ' PROGRAN ‘ .
CYCLE DBISNENP | 8/ | 3f2 DATA BUS ENRER INTERMAL GPERATION
¥ (3] ) P | LR(A3 ) 11 ane —— (R}+{A}+CRY = {R), CR&, CRY
' (A) = &
1 e PKC 1.R(1/3 ] {{Q)) = IR, (@1 =0 | IFCRY - §
. § -
5 TEN, (a)1 . ‘+ ) | (rt)1 -
IFCRY . §
W g, g+ W=®)

For a correct operation of the DAR instruction one of the two BCD
bytes must be prepared in advance by adding to it the exadecimal
constant 660,

By assuming that the byte to be prepared is on the Accumulator,

the basic instructions needed for the BCD addition will be:
1 - ADL /66 Acc added by 66 exadecimal
2 - DAR R BCD addition between ACC, R, CRY

Mod. 30508241 - 10000 - GRUNER 3. . c.
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EXAMPLE N.1

Let’s suppose to have the following BCD numbers into the Acc
and the Register R: '

CACC = 19 = gdd1  1¢gd1
, R = 74 = 111 g1gg
Let also ‘ CARRY= )

Let’s now analize which are the operations performed on R and
ACC by the basic program:

ADL /66
DAR R
Il - ADL /66 execution
ACC is added to 66 (Exadecimal)

ggg1  1gg1  +
giig g@giig
- ACC = @111 1111
2 - DAR R execution
1° Cycle: ACC + R + CARRY —» R
CARRY = g
ACC = @111 1111
R = @111 ¢18¢
R = 1111 g@g¢g11
During this cvecle it was:
CARRY (4 bit) = 1
CARRY (8 bit) = f's

2° Cycle: The correction by 1f is applied only to the second
byte, because CARRY (8 bit) = CRY = @,

So the operation performed on this cycle will be:
R = 1111 @¢g11
CORR.FACTOR = 1§1¢ ¢gg@
R = 1¢¢1 ¢@g11 = 93

The CARRY (8 bit) = CRY will stay to @: it is not
affected by the 2° cycle correction.

i v

Mod. 30508241 - 5000 - Océ-Sipi 5. p. A
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EXAMPLE N. 2

The following BCD numbers are stored into the ACC and R:

ACC = 16 = @ggdr giig
R = 78 = @111 Joed

and CRY = 1

Let’s again analize the basic program execution:
ADL /66
DAR R

1 - ADL /66 execution

ACC =  @ggd1  d11¢g
66 (exadec.) grig grig

ACC = gritr 119¢g
2 - DAR R execution

i

1° Cycles:
CRY — 1
ACE = @111 11¢¢
R = @111 ¢gpg
R = 111¢  11¢1
During this cycle it was:
CARRY (4bit) = 2
CARRY (8bit) = @
2° Cycle: The correction by 1@ is applied to byte 1 and 2.
* R = 1119 11¢1
CORR, = 1¢1g 1d1¢

R =  1fgg @111

Please note that during the second cycle the carry from

bit 4 is inhibited and so also the carry from bit 8.
As a result: CRY = CARRY (8 bit) = @.

This means that CRY will keep the information stored
it during the first cycle.

)

Mod. 30508241 - 5000 - Ock-Sipi S. p. A.
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As a last example, the following BCD numbers are to be added:

1 - ADL /66 execution

ACC =
60 (ExadE

2 - DAR R

12 Cwaele:

CR4 5
CRY e

2 Cycle: no correction

R ==
CORR =

@@l
g1t

P11
pLig

g11g
@109

Prig
gLig

11

1gg1
@111

11¢9

1199
g1¢g

pegL

1
1

1s appilied.

ggt

gl

g,

ulo o T

R =
CRY =

dagt
1

¢oed

= 36
= 74

= 1g

A
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INPUT - QUTPUT INSTRUCT 1ONS

These instructions are one byte instruction with the following
tormat :

/0 PORT ADDRESS

The 1/0 Port address is a logic code and it must be within the
following range: @ + 7,

The CPU will change this logic code into the 1/0 Port module
code at the execution time, by adding to it the quantity 56 (dec)
= 111 ¢gd.

Then the correspondence between the logic code and the module co
de is indicated on the following table: '

\

Logic Module Code
Code Dec. Bin.

) 56 111 @gd
@@ 57 111 g1
g1 58 111 g1

g1 59 111 @11
1 3¢ 6y 111 1¢¢
1¢41 61 111 1¢
11¢ 62 111 11¢

111 63 i1t 111

Please note that the logic code 7, equivalent to the module code
63 (dec) is assigned by hardware to the- /0 Port of the CPU,.
Remember also the hardware implicazions for an 1/0 transfer:they
have been discussed under the paragraph ”1/0 STRUCTURES”,

The input instruction is executed in two machine cycles, while
the Qutput instruction requires three machine cycles,

The signals on the buses and control lines are described on the
following paragraphs. ' :

\
Mod, 30508241 - 10000 - GRUNER 3. n. c.
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1 - INPUT DATA FROM PERIPHERAL LINES INTQ ACC
! MNEMO
INP N
Operation: - Input into Acc.
- The /0 Port logic code is changed into the
1/0 Port module code by adding 56 (dec) =
111 ggd.
~ The peripheral |line data of the enabled /0
Part |z gtered itto Accs
Jperand - 1/0 Port logic code (@ ¢ 7).
OB.JECT )
Binary: PPi1gY BRB
Operation 1/0 address
The operations performed and the signals on the buses and
control lines are described by the following table:
CONTROL LINES | ADDRESS BUS PROGRAN
, DATA BUS . INTERNAL OPERATION
o os/asfuefer | 675/« | 3/2/1 = COUNTER
g #oed 111 LR, (1/3) | PERLIMS ~» | cneann () -wa
~» TEWP
z sise PHC | 1R, (1/3) (@)= 1R, | Q1 »Q | (TEW) =>4
& Tewp

\

Mod. 30508241 - 10000 - GRUNER s. n. c.
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EXAMPLE

LET:

- The

- ACC
PER
PER

- I

5%

- It

%

COMPONENT! ELETTRONIC) 8. p. A,

sysrem s composed of':

- CPU
- ROM Module code @

- 1/0 1 Module code 58
/0 2 Module code 6¢

1

= 1g 11g 111
LINES 1 = g 19¢ ¢1¢
LLINES 2 = 11 g@¢  @¢1

the instruction code is

Pag. 124 -

PEtgg  P1g the 1/0 Port

is enabled and after execution ACC = @¢ IGQ #1g,

the instruction code is: @@1g¢ 10¢ the [/C Port
is enabled and after execution ACC = 11 ¢@¢¢ @ggl.

Mod. 30508241 - 10000 - GRUMER s. n. c.
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2 - OUTPUT DATA TO PER. LINES FROM ACC

1 ORJECT

QuT N

Operation:-Output trom Acc,
- The 1/0 Port logic code is changed into the 1/0
Port module code by adding 56 (dec.) to it.
- The Ace is stored into the enabled /0 Port flip
~tlops, and the information is going to the per.
iines via an open drain MOS3.

Operand. :- 1 /0 Port logic code (@ = 7).

Rinary: dd11¢  BBR

Operation 1 /0 Address

Note: The 1/0 Port of the CPU has only 4 flip-flops into
which Ace (bits 528) are transferred,

The operations performed and the signals on the buses and
control lines are described by the following table:

CONTROL LINES | anopess sus PROGRAN
RATION
CYCLE | DB/AS/¥WE/PP 6/5/s | 3/2/1 DATA RUS — {NTERNAL OPERATI

§ 1M 1 R03/1) | TEWP p— (A) ~¥ TEWP

1 1884 11 LR e —F S {(8) —» &

~» PER,L INES
3 soue P | 1803/ | () =R, | (QH1=>Q |[ (A &
‘ L TEMP

Mod. 30508241 - 10000 - GRUNER s, n. c.
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JUMP  INSTRUCT IONS

The Jump instructions arc two byte instructions with the (ol

lowing lormat:

MSB OF JUMP ADDRESS

OP CODE

LSB OF JUMP ADDRESS

The "RET” instruction included on this group is a one byte in

struction.

The jump address mav be specilied either by a number (decimal
or cxadecimal ) or by a label,

The number of bits tor the jump address are 11.

It tollows that the address range lor a jump instruction s
from @ to 2847 (decimal).

In other words, the direct addressing field is 2K of ROM (equi
valent to ¥ ROM modules). '

The jump instruction is cffective in the 8 ROM modules which
are enablced by the address bus bits 6/5/4.

As it has been indicated by the format, the jump address is di
vided in two parts: '

- The three most significant bits are stored into
the Tirst byte,

~ The other 8 bits are stored into the next byte.

When the instruction is executed, while the First byte is into
the Instruction Register, the second byte is read into the

temporary register., :

Then the complete 11 bit address is transferred into the ena-
bled program counter via the ADB (bit 3/2/1) and the data bus
(see also fig. 7, and the paragraph “Program Counter”).

" Mod. 30508241 - 10000 - GRUMER s. n. <.
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The jump instructions may be divided in three different cate

gor 1 es:

b

The jump conditions

wing discussion.

Unconditional jumps
@
Conditional jumps

Jump to subroutine and return

and their use s the object of the follo

The CPU has four (lop=-llops which can be tested:

L

[N

The carry flip-tlop from the most si-
gnitficant bit of the ALU,

This tlip-tlop is set to @ or 1 by the
results of the ADD operation performed
either by the CML or by the DAR instruc
tion.

Two other instructions are available to
set or reset the flip-flop:

- The ALS instruction sets the Flip-flop
to 1.

- The ARS instruction sets the flip-flop

t() Qt‘u

The zero {lip=ilop.

This flip=-flop is properly set to @ or 1
by the result of the DER or DAR instruc-
tions.

For every other instruction (but LSS and
LTS), the (lip-flop is set or reset by
the Accumulator content.

The two instructions LSS, LTS bring the
zero flip-Tlop into the "Non Zero” posi
ti .

The conditional jump instructions are re
ferred to the Accumulator or Register con

tent (ngp if ACC =@, jump if ACC # Q).—

Mod. 30508241 - 10000 - GRUNER s, n. c.
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The index register flip-tlop.

This flip-flop is set to # or 1 by the S

register content,

The conditional jump instruction by which
the S register can be tested, refers to

the "different then 77 content of the S

register.

The sign tlip-flop.

This flip=flop is set to ¥ or 1 by the
most signiticant bit of the result, when
either a DER or DAR instructions are exe
cuted,

For every other instruction (but LSS and
LST), the flip-flop is set or reset by the
most significant bit of the Accumulator.
The two instructions LSS and LTS bring
the signal flip-flop into the "positive
sign” condition.

The conditional jump instructions always
refer to the positive or negative sign
either of the Accumulator or the Register.

Remember that:

- Positive sign means the most significant
bit of accumulator or register equal to

?.

- Negative sign means the most significant
bit of Accumulator or register equal to
]l

are executed:

In two machine cycles if the condition is
not true. _

The operations performed and the availa-

ble signals on the buses during the exe-

cution are described by the following ta

ble:

Meod. 30508241 - 10000 - GRUMNER s. n. c.
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CONTRGL L INES ADDRESS RUS PROGRAN
CYCLE DATA BUS INTERNAL BPF
DB/AS/WE /PP 8/5/41 3/2/1 COUNTER a L WERRATINR
'] gogs PIC | 1LR(341) [((Q))-wTE®e | (U1 >0 | (&) =» &
3 $oid PEC | LR [ ((C))wik, | (Ul | (A=
. b TEMP
R In three machine cycles il the jump condition is
true.
On this case, the operations and signals are indj
cated on the tollowing table:
COKTROL LIMES | ADDRESS BUS PRﬂGﬂAH‘ INTERNAL
Cycur | DATA BUS
DB/AS/WE /PP 6/5/4 | 3/2/1 ' CRUNTER OPERATIGN
§ | i PHC | 1,R,(341) ((Q)) —»TEw  [(0}41 0 (4) ~» &
T 1 PIC | 1R, (3e1)
0 (9411) | (TENP) —30(143) | wncnmse () ==
3 sdg piC | 1.R,[341) {((a)) = 1.8, | (Q)p1-2Q (a) = &
& TEHP
o '
C = The "jump to subroutine” is a three machine cycle
instruction with tha same characteristics descri-
bed under the comma B.
The only changes are the control lines signals du
ring the second cycle (they are 1181).
This is causing the push operation on the Q/RA/RB/
Z stack.
D ~ The “return” instruction is a two machine cycle

instruction.

The characteristics are the same as the one de-
scribed at comma A with the following change: du
ring the first cycle the control line signals are

#1y1,

wf

Mod. 30508241 - 10000 - GRUNER 3. n. c.
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1 - JUMP UNCONDIT IONAL
MNEMO
JMP LABEL
Operation: After the jump instruction the program will con
tinue from the jump address,
Operand Jump address specified by a symbolic name.
OBJECT
g1Lagg 81 B2 83
BBBB BBBB11
The jump code is £ ﬂlwﬁﬁ
. s B
The jump address is 81,82,83, 4'BS'B6'B7'BS'B9'B
EXAMPLE
ADDRESS (Ex) | CODE (Ex) MNEMON IC
. Qag e oy
ggA 43 JMP ERR
#R 28
328 F@ ERR LAS ¢

When the program counter has the value:

PC = @gA ~ ¢98 ¢ood

the CPU will

execute the _jump

giggg | o1t

go1g  199¢

After execution:

PC = ¢g11 ¢g@ig 1g@g

Jump
N

1914

instructions,

= J11 gg1g 1999

P4
ADDRESS

wi

10’511'

Mod. 30308241 - 10000 - GRUNER 5. n. c.
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ogni forma di riproduziene o divulgazions deve essere praventivements
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2 - JUMP _IF ACC = ¢

MNEMO
CIFTREY, |

JAZ

LABEL

6/4/76

Pag. 131

Operation: When the instruction is executed, the program will
continue from the jump address if ACC = @, other-

Operand

OBJECT

wise the program will go

tion-

ahead to the next instruc

Jump address specified by a symbolic name.

g1991

BBB

BEBB

BBBB

3 - JUMP_IF ACC # ¢

MNEMO

JAN

LABEL

Operation: When the instruction is executed, the program will
continue from the jump address if ACC # @, other-

Operand

OBJECT

wise the program will

execute the next instruction.

Jump address specified by a symbolic name.

gigra

BBBB

BBB

BBBB

Mod. J0308241 - 10000 - GRUNER 5. n. .
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L3

EXAMPLES: Conditional jump on register result.

Let’s have the following program:

ADDRESS (EX) 7 CODE (EX) MNEMON IC

P2 S =

P93 DA DER 19
3g4 48 JAZ LABX
495 12 o,

@$12 e LABX ===

A - At PC = @3 Let’s assume to be:

REG 1¢ = 09 ¢P¢ og1

ACC = @@ 111 111

This will be the program execution:
1 = DER 1¢ execution:REG 1¢ = g¢ ¢gg ogd
ACC = @g¢g 111 111
2 - Program counter is incremented: PC = g4

3 - JAZ LABX execution:
The conditional Jump comes after an operation on register,
then the jump is performed by looking at the register con-
tent, which is now equal to @.

" Then: PC = g12

Mod. 30508241 - 10000 - GRUNER 1. . ¢.
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»

B -~ At PC = @¢3 Let’s assume to be:

REG 1¢ = ¢¢ pog oy
ACC = 0¢ @8 9od

This will be the program execution:
1 - DER 1@ execution: REG 1g = 11 111 111
ACC = @ g oo

2 - Program counter is incremented:

PC = P94

3 - JAZ LABX execution:
it will not affect the normal increment of the program
counter.

Then: PC = @85

ELETTRONICI S.p. Al

OMPONENT!

foglic & proprietd riservata della SGS - ATE .,
ogei ferma di riproduzione o divuigezione deve essere prevenrtivamenis avlorizzate per iscritto.

tenufo del pr
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EXAMPLES - Conditional jump on Accumulator.
Let’s have the following program:

ADDRESS (EX) MNEMONIC

@P2 DER g

gg3 LAR 9

gd4 JAZ LABX

-

@12 LABX

At PC = g2 let’s assume to have the following situation:

REG 9 = @¢¢ gg¢g @@
REG 1¢ = ¢¢ 9¢g P
ACC = @g¢ 111 111
This will be the program execution:
1 - DER 1¢ execution:
REG 9 = ¢¢ ¢g¢ g1
REG 1§ = ¢¢ pggg oee
ACC = @#¢ 111 111
2 - Program counter i1s incremented:
PC = g93
J = LAR 9 execution:
REG 9 = @g¢ ¢g¢ @a1
REG 1¢ = ¢g dgg dog
ACC = g¢ oggg o
4 - Program counter is incremented:
PC = gg4
5 - JAZ LABX
The Accumulator is not zero, then the program will continue

with the next instruction.

The program counter is incremented:

PC = @¢5

Mod. 30508241 - 10800 - GRUNER 5. n. c.
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Other esamples of conditional jump affected by the Accumulator

status are:

A - DER 1g
LAR 9
JMP LABY
LAR 8
LABY JAZ LABX
LABX e
p B - DER 1d
= SIX
pe JAZ LABX
=
u e ——
-
W et
P LABX e
z ——— s,
2 foon ey ]
=
(=]
[ &)

ognl forma di riproduzions o divulgszions deve essere y.eventlvamente autorizzata peor lseritto.

i contenute da! presents fegilo 3 propeletd riservate deolla SGS - A
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4 - JUMP IF ACC POSITIVE

MNEMO

JAP LABEL

Operation: Jump if bit 8 of Acc = @ , otherwise the pro
gram will go ahead with the next instruction.

Operand : Jump address.

OBJECT
#1611 RBB
RBRR BRRB
EXAMPLE : ADDRESS MNEMON I C
g¢3 DER  1¢
294 JAP  LABX
@12 LABX —

A - Status at PC = @@3 : REG 1¢ = 1

- DER Execution : REG 1¢ = ¢

-PC = gga

-~ JAP LABX execution will change PC to
- PC = ¢i12

B - Status at PC = ¢¢@g3 : REG 14 = 11 111 111

11 111 11¢

-~ DER Execution : REG 1¢ =

- PC - g4

- JAP LABX execution will not affect the normal PC increment
- PC = @¢g6

Mod. 3030824] - 10000 - GRUNER ¢, n. €,
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5 - JUMP IF S REG # 7

I MNEMO

JSD LABEL

Operation:
Operand

l OBJECT

EXAMPLE:

A - Status at
- LAR #*-
- PC = ¢g¢4
- JSD LABX
B - Status At
- LAR #*-
- PC = @§¢4
- JSD LABX

Pag.137
Jump to Label if S register # 7.
Jump address.
g11¢¢  BBB
BBBR RBRB
ADDRESS MNEMONIC

?a3 LAR ;- (see Note)

gda JSD LABX

312 LABX =

Note: Load ACC indirect by (S,T) then
decrement S,

PC = @@3
execution 1 =
2 _
execution
PC = @¢3
execution 1 -
Z =
execution 2

S REG = 7 = 111
REG (S,T) —— ACC

S REG = 11
PC = 312
S REG = ¢
REG (S,T) ——w ACC
S REG = 111
PC = @g@6

Mod. 30808241 - 10000 - GRUNER 5. n. c.
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6 -~ JUMP IF CARRY # ¢

, MNEMO

JCN LABEL
OBJECT
g1ig1 BBB
BBBR BBBR
EXAMPLE : ADDRESS MNEMON [C
P93 DER 1
8d4 JCN  LABX
g12 LABX ==
Status at PC = ¢g@3:
1 - CARRY = @ From a previous CML or ALR or DAR.

2 - REG 1¢ = ¢

- DER execution : CARRY= @ not affected.
| REG 1g= 11 111 111

- PC = @94

- JCN LABX execution : PC = @g6

Mod. 30308241 - 5000
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7 - JUMP_IF CARRY = ¢

MNEMO
JCZ LABEL
IOBJECT l
griig BBB
BRBBB BBRB
EXAMPLE
ADDRESS (EX) CODE (EX) MNEMON I C
P93 @F CML /Cg
ge4 o)

‘ g5 58 JAP LABX
: % W
- pe7 73 JCz LABY
2 pes 62
o e JE— P
:% = e e
W 33¢ - LABX =
z g e .
TE 362 E LABY ==
= £
oz
23 Status at PC = @g@3 ACC = 11 111 111
E: - CML /C@ execution : IMM = 11¢¢ gd@@ Added to ACC
ég as a result : .CARRY =1
gé Sign FF set to negative
32 - PC = gg5 / 9e6
§% - JAP LABX execution : ACC neg then no Jump
£3 - PC = @gg7 / ¢88
5; - JCZ LABY execution : CARRY = 1 from CML exec then Jump
§§ - PC = 362
2 £
i
aé -/ln
3
i

Mod. 30808241 . 5000 - Océ-Sipi $. p. A.
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8 - JUMP TO SUBROUTINE

MNEMO

JSB LABEL

Operation:~PC is incremented.

-A push operation is performed on a 4 level stack,

Operand : Subroutine address.

B | PC = Q REG

L ] A

| Z REG

OBJECT

01111 BBB
BBBB BBEB

NOTE

A jump to subroutine in a ROM chip not implemented\on the
system is automatically generating a RETURN (code @¢ @¢¢g
d@¥) as a next instruction.

This is due to the fact that during the fetch of the next
instruction, the code read into the instruction register
is § (data bus precharged).

I contenute del presents fogllo & proprield riservata della SGS - AT I

ognl forma di riproduzions o divulgazione deve essere preventivamente autorizzata per Iscritte,
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EXAMPLE

- First K ROM program - Module code @ -

ADDRESS (0CT) MNEMON I C
@‘ =

JSB SQRT

s e

~ Second K ROM program - Module code @ -

ADDRESS (0CT) MNEMON 1C
2099 e

e SQRT ===

I the second K ROM has not been put into the system, after
the JSB SQART execution, the next code to be executed is

¢d @@ @PF which meens that the program returns to the in
struction next to JSB SQRT.

9 - RETURN FROM SUBROUT INE

MNEMO

RET Operation: A pop operation is performed on a 4
" level stack.

OBJECT

goee  pevd

Mod. 30508241 - 5000 - Qeé-Sipi 5. p. A.
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MODULE REFERENCE INSTRUCT IONS

These instructions are one byte instructions with the following
Format:

Op. CODE

The use of these instructions |s:

A - Indirect READ operation of either a constant (From ROM)
‘ or a variable data (from RAM or 1/0 Port),
The instructions belonging to this class are: LIX, LIY.

B - Indirect WRITE operation of a variable data into either
a RAM or an 1/0 Port.
The instruction for that is the SIX instruction,

C - To WRITE the address of a constant or a variable data
into the data address register (the Z register).
The instructions for this are: 3ZX, SZY.

D - To change the program counter content. (the Q register).

The change may be done either on the enabled program me
mory module or on any other program memory module.

The first case is equivalent to an unconditional jump
execution and it is usefull as a program branch in a
look~up table technique.

The second case is a program counter preset before
Jumping from the enabled 2K program memory into another
2K program memory (module range change).

This will be explained in details by the example N. 1 and
2 on the next section,

The instruction for these operations are: S@X and 3QY,.

The instructions of this group use are indirect module address.
The module address to be used by the some instructions (LIX, SIX,
SZX, SQ@X) must be prepared in advance into the X register.

The other instructions (LY, SZY, SQY) use the current module ad

dress,

The number of cycles and the available signals on the buses and
control lines are described instruction by instruction.

Mod. 30508241 - 5000 - Océ-Sipi 5. p. A
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- STORE _ACC

[ MNEMO

INDIRECT BY REGISTER X

SIX
~ The CPU is enabling the module having the code =
X content.
~ The ACC is stored into the module.
A - If the module is a RAM the ACC is stored into
the word addressed by Z.
B - Il the module is an /0 Port the ACC is sto-
red into the /0 Port flip-flops.

, OBJECT l

@2 gy 9p1¢

OPERAT IONS AND S IGNALS

This instruction is executed in three machine cycles.
The operations performed and the signals available on the
buses and control |ines are described on the following ta

ble:
o |CONTROL LINES | ADDRESS BUS PREGRAM INTERRAL
CYELE | paas /e /pp 6/5/ | 3/2/1 GATH: O COUNTER OPERATION
fl fed PMc | 1.R.(3¢1) (TEWP) (a) = 1w
1 1988 X(6ad)}{X  (341) (%) ensas (A) =¥ 4
3 ] PNC | 1.R.(341) ((Q))»1,R | (Q)e1 =@ (A) =* &
and TEWP

Mod. 30508241 - 5000 - Océ-Sipi S. p. A,
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*¥During this c¢ycle, the data bus content, coming from the accumu
lator, is transferred into the enabled module:

I - It the address bus enables a RAM module, the da
ta bus is copied into the RAM word addressed by
the Z register,

2 - If the address bus enables an 1/0 Port, the da-
ta bus is copied into the 1/0 Port flip-flops.

EXAMPLE 1 (SEE FIG. 29) THE SYSTEM IS COMPOSED OF:

- CPU
- ROM Module code ¢
- RAM Module code @@l ggg

- 1/0 PORT Module code 56 (DEC)

Let X REG = ¢¢ ¢g1 ¢goy

Z REG (RAM) = gpg pp1g
RAM WORD (Z) = 1g1¢ dad1
1/0 56 (DEC)= ¢@gp1 11¢¢
ACC = 1911 @119
After SIX execution only the RAM Word (Z) is changed to

1¢11 giig

Mod. 30508241 - 5000 - Océ-Sipi S. p. A.
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Il contenuto del presente foglio & proprieta riserveta della SGS - AT

SAS-ATES
EXAMPLE 2 (SEE FIG. 30) THE
= G
- ROM
- RAM
= 1,/ FORT
Let X REG
Z REG. (RAM)
RAM WORD (Z)
1/0 56 (DEC)
ACC

ognl forma di riproduzions o divulgazione deve essere preve
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SYSTEM |3 COMPOSED OF

Module code @

Modul e PL gy
56 (DEC)

code

Moduie code

= 56 (DEC)

gog  PRip
1319 gyt
egL 11¢¢.
= 1911 giig

Il

It

After SIX execution only the 170 Port is changed to 1911

Mod. 30508241 - 5000 - Océ-Sipi S. p. A.
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2 - LOAD ACC INDIRECT BY X REGISTER

MNEMO

L1X

- The CPU enables the module having the code =
X register.

- The data coming from the enabled module is sto
red into the accumulator.

The enabled module may be:

A - RAM module or ROM module.
The word addressed by Z is transferred into
+he ACC.

B - 1/0 PORT.
The data coming trom the peripheral |ines is
transferred into the ACC,

OBJECT

a6 goge  dr1g

COMPONENT!I ELETTRONICI S, p. A

ntivamante autorizzata per iscritto,

-
Ew

ognl forma di riproduzione o divulgazions deve essers prave

i contenuie del presente fogllo & proprieta riservata della SGS - AT
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OPERAT IONS AND SIGNALS

This instruction is executed in 4 machine cycles, which are
described by the following table:

i contenuto del presents foglio & proprietd riservata delfa SGS - ATE 5 UOMPONENTI ELETTRONIC! S, p. A,
ognt forma di riproduzions o divuigazione deve essere praventivamente autorizzata per iscritto,

CONTROL LINES | ADDRESS BUS PROGRAN INTERNAL
YCLE , DATA 8US
pp/asfuefee | B/l | 3fei s CRUNTER BPERATIOR
2 (2] X(644) | %(3¢1) (%) - ) — &
1 s X(6+4) | X(3#1) {#) — (A) —» &
2 1l ] PM; iR, (341 ({Q)) ~» 1.1,
aﬂd TEW Bsaas (TEHP) —p )
3 Sigg PMC IR, (3#1) ((Q)) == |,R, Qa ¢ | —» &
and TEWP

(#) Duping these cycles, the data coming from the enabled module
is copied on the data bus,
At the end ol the second cycle, the data bus is transferred
into the temporary register.

The enabled module may be:

i1 = RAM or ROM device,
On this case the word addressed by the Z Re-
gister is copied on the data bus.
Please note that a RAM module is addressed
by X (1 = 6), while a ROM module address re-
quires only X (4 + 6).

2 - 1/0 PORT.
On this case the peripheral |ines data are
copied into the data bus.
The module address is X (6 & 1).

Mod. 30508241 - 5000 - Océ.Sipl S. p. A.
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EXAMPLE (FIG. 31) -

The system is composed of:

- ChU
- ROM Module code ¢
- RAM Module code @@1 @g¢g

- 170 PORT Module code 56 (DEC)

LET: - Z REG (ROM) =  QUePegRed11
- ROM WORD (Z) - ggel 1119
- Z REG (RAM) = nllr Rl
~ RAM WORD (Z) = 11¢1 11¢g
- 1/0 56 (DEC) = OFF (ALL §’s)
- PER BUS = 1111 g1¢g
- AlE = gyl 1gd

A - IF X REG - ¢

Alter the LIX exccution the ROM WORD addressed
by Z is transferred into the ACC:

- ACE _ = godt 111¢g

B - IF X REG = 19 ( EX)

After the LIX execution the RAM WORD addressed
by Z is transferred into the ACC:
- ACC = 11¢1 1199

C - IF X REG = 56 (DEC)

After the LIX execution the peripheral bus data is
transtferred into the ACC: .
- ACC = 1111 g1¢@

Mod. 30508241 - 5000 - Océ-Sipi §.p. A,
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3 - LOAD ACC. INDIRECT BY Y REGISTER

l MNEMO

LLIY

i OBJECT

@7 gpge @111

Pag.152

OPERATION: Same as "LIX” but the CPU is enabling a module
having the code equal to Y register.

This means that the module on whi

ch the read

operation has to be performed, is the ROM devi-

ce whose program is in execution,

Mod. 30508241 - 5000 - Océ-Sipi §. p. A.
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4 - STORE ACC INDIRECT INTO Q BY X REGISTER

MNEMO
SQX - The CPU enables the module having the code =
X REG. (bits 6/5/4).
~ The Q@ REG. of this module is changed by tran
sterring into it
1 - The ACC (8-1) on Q@ (8-1)
2 - The X REG (bits 3/2/1) on @ (11/10/9).
-~ The enabled module must be a ROM.
OBJECT

16 gegr @1

NOTE : 1 - if X # Y this instruction does not change
the program counter in operation

2 - if X =Y this instruction changes the pro
gram counter in operation,

Mod. 30508241 - 5000 - Océ-Sipi 5. p. A.
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OPERAT IONS AND SIGNALS

This instruction is executed in 3 machine cycles which are de
scribed by the following table:

CONTRBL LIMES | ADDRESS BUS PROGRAM IRTERNAL
CYCLE : DATA ;
pe/AS/VE/PP  |B/5/s | 3/2/ 15 COUNTER SPERATION
[ ] PIC 1.R.(3e1) | (7EMP) (k) —» TEWP
1 14 X (6s4) | X (341) (TEwe) (%) (1) -» &
3 | e PIC LR(3#1) | ((Q) =» 1R, | (0)e1 = Q (A) — A
and TEWP

(#) During this cycle, the data coming {rom the Accumulator {(through
the temporary register) is stored into the program counter @
(bit 8 #1), belonging to the ROM module enabled by X (6 + 4).

The same program counter Q (bits 11 + 9) are modified by bits
X (3 # 1) coming through the address bus.

Med. 30508241 . 5000 - Océ-Sipl 5. p. A.
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EXAMPLE (FI1G. 32)
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The system is composed of:

Let

o D =<

AC

CPU
ROM
ROM
(/0

REG
REG
REG
REG

~

C

1
2
PORT

(ROM 1)
(ROM 2)

Module code @g@ XXX
Module code @@l XXX
Module code 56 (DEC)

= gPed1ueyd

= ¢

= @¢ 19p 111 g1g
= 1 1¢¢ ¢11 111
= @1 ¢¢g1 1¢¢

After the SQX execution, the Q register (ROM 2) is mo

dified as

ol lowss

REG

A _REG

Q REG (ROM 2)

g g

L

s
l ACC g1 ggt 1¢q
i

) pJ3
geg U1 gdt  19@

Mod. 30508241 - 5000 - Océ-Sipi S. p. A.
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5 - STORE ACC. INDIRECT INTO Q@ BY Y REGISTER

OBJECT

17 ggd1  gii1

Operation: Same as "SQX” but the CPU enables a module
: having the code = Y REG.

At the end of execution, the current program
counter is changed.

Mod. 30508241 . 5000 - Océ-Sipi S. p. A.



Pag.158

L 4

39.1772.76 - MF/rtc - 6.4.76 -

NOILNI3IX] ADS _ ¢y
SINIT "d3d
tHod FNOY Nd?
[ ]
2% 0/1
| gey vad ra|v
)
EE |
| vvvd vro@e| 8l
B ] bgo v Tw_u_\a_aml_\T
gs18vsIq 9378 vsId J3718vNZ { 4hd
[ ma_h(azav ] [ mm{wzoo_ [ 3¥ <4a20u_ -
i | (22 298 7] 4
L2 vvi rZ o eo g s el d




foglio & proprield riservaie della 868 - ATES OMPGNENTI! ELETTRONIC! S.p. A

egal forma di riproduziene o divulgaziene deve esscre preventlvameste sutorizzata per iscritio.

-y

[

del

@ 39.1772.76 - MF/rtc - 6/4/76 -

8@8-ATES COMPONENT ELETTRONIC 8.p. A . Pag. 159

6 - STORE ACC INDIRECT INTQ Z BY X REGISTER

MNEMO

52X - The CPU is enabling the module having the code =
X Register (bits 6 =2 1).

~ The module may be:

1 - ROM

: The X Register (bits 3/2/1) is stored into Z
Register (bits 11/10/9).
The ACC is stored into Z Register (bits & # 1)

6 X 4 8 Acc {
CT1TTC | ]
< .

Ll J 1 1]
4*{0 9 - 1
M@b U/LE
ADDRESS

2 - RAM
The ACC (bits 7 # 1) is stored into Z Register
(bits 7 # 1).

5 X y € 7 Acc 4
[ ] C ]

T
L

Oz

MODULE
AD PRE$3

l OBJECT

{2 gegL  ggig

Mod. 30808241 - 5000 - Océ-Sipi 5. p. A,
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OPERAT IONS AND SIGNALS

This instruction is executed in 3 machine cycles, which are de
scribed by the following table:

CONTROL LiWES | ADORESS BUS PRGGRAR FRTERNAL

A DB/AS/NE/PP | B/S/% | 3/2/4 SATA. 305 COUNTER SPERATION
] (4 PRC | 1.R.(3#1) (Tew) i (A} =% TEW
1 114 X (6+4) | X (341) (%) - (A) —» &
3 g PKC 1R, (3s1) ((@)=>ir, |(Q) 1=»q | (A} —» &
and TEMP

(*¥) During this cycle, the Z register of the module enabled by the
address bus is changed:

A - If the addressed module is a ROM, the data co-
ming from the Accumulator (through the tempora
ry register) are copied into the Z register
(bit 8 = 1),

The X Register (bit 3 # 1) are copied into the
same Z Register (bit 11 + 9),

B - If the addressed module is a RAM, the data co-

ming from the Accumulator (bit 7 # 1) are co-
pied into the Z register.

Mod. 30508241 - 5000 - Océ-Sipi 5. p. A
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EXAMPLE - THE SYSTEM IS COMPOSED OF (Fig.34)

-~ CPU

- ROM Module code

- RAM Hodile code

= {/0 Module code
LET: Z REG (ROM) = p1 gd¢ 14

Z REG (RAM) = 1 ggt

ACC = 16 11¢

A - IF X REG

i

™~

@
PR1egd
56 (DEC)

g1
gog
gg1

o J9¢ 181 atter SZX execution
REG (ROM) = 1¢1 1¢11 gggt

B - IF X REG = 11 @¢1 g@@ after SZX execution
Z REG (RAM) = ¢11 @g@t

Mod. 30508241 - 5000 - Océ.Sipi §. p. A,
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~ RIORE ACC INDIRECT (NTO Z BY ¥ REGISTER

SZY ~ The CPU s, ¢nabling tihe module having the code =
Y Register (bits 6 = 1),
The module is the current program memory (Y = PMC).
- The Z Register is modified in the following way:

| - Z Register (bits 11/10/9) = Y REG (bits 3/2/1)

2 - Z Register (bits 8 2 1) = ACC.

Y ACC
|

| J

‘ I'{b <>

PMcC

MODULE ADDRESS
OF THE [URRENYT ROM

R ,___11
OBJECT |

i3 ge@dr @@l

Operations and Signals: Similar to the ones ot the SZX instrugc
tion.

Mod. 30808241 - 5000 - Océd.Sipi 5. p. A.
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SOME GIMPLE EXAMPLES

The following paragraphs of this manual are devoted to show some
simple programs.
The examples which are discussed are:

1 - Program to jump from a block of 2K of ROM
into another block of 2K ROM.

2 - Keyboard matrix scanning.
3 - Data input from a teletype.
4 - Decimal addition and substraction.

5 — Data transfer between the CPU and an external
COS=M05 memory.

Mod. 30508241 - 5000 - Océ-Sipi 5. p. A.
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JUMP FROM 2K ROM INTO ANOTHER 2K ROM

It i1s apparent from the jump instruction format that the jump address
may be specified by 11 bits.

This means that the address range for a jump instruction is 2048 (deci
mal).

For every program which is greater than 2K other ROM devices are need--
ed,When a 2K program is in execution, to go and execute another 2K pro
gram, the following steps are to be performed:

1 - Prepare the module code of the next block into
the three most significant bits of the X regi
ster,

2 -~ Prepare the start address of the new bl?ck into
the accumulator and into the three least significant
bits of the X register.

3 - Store the start address into the new program
counter.
4 - T@©nable the new program memory module,

This is the program implementing the 2K jump :

LAL NBWM LOAD NEW MODULE CODE INTO ACC
SAX AND STORE IT INTO X REG

LAL STADR LOAD NEW START ADDRESS INTO ACC
S5QX AND STORE IT INTO NEW Q REG

LAX LOAD NEW MODULE CODE INTO ACC
SAY AND STORE IT INTO Y AND PMC REG

NEWM EQU / VUEY CODE
STADR EBQU “ ADDRESS

The following figure 36 describes the problem and the symbels which
have been used into the program:

Mod. 30508241 - 5000 - Océ-Sipi S, p. A.
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ROM? | ROMQ
MODULE CODE= AzAgA; MODULE CODE = B3By By

START

TUHPr
ToO
START
oF
NROML
4
A3A9A1: 3 bit module code for ROM 1
B3BZB1: 3 bit module code for ROM 2

START : Start address when the jump from ROM1 to ROM2
is executed. Let's assume that its binary re-
presentation is:

Sr1 i & ) . DﬁD cccotooD
PART 11 DiO D9 o P 1

MEY CoDs 0 Is an exadecimal number having the following
binary form:

B B D D D
B3 %2 %1 P11 Pio Po

ADDRESS :Is an exadecimal number having the following
binary form:

Mod. 30508241 - 5000 - Océ-Sipl S. p. A,
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KEYBOARD MATRIX SCANNING (Fig.37)

A keyboard matrix 9x8 is connected from one side to the output i/0
PORT having the module code 58 (decimal) and from the other side
to the input I/0 PORT the module code of which is 63.

The keyboard has to be scanned in oxrder to recognize wvhich key 13

pressed.

The problem has been simplied with the following assumptions:

1 - The key bouncing has not been taken into
account.
2 - The first key detected by the scanning program

is executed and therefore there is no control.-
about two or more keys depressed at the same
time.

The scanning process is performed in this way:

1 = A column mask is generated by the microcomputer.
The mask is so done to enable one column per time.
If the column to be enabled is the fifth ore, the
mask applied to the matrix will be:

)9 Lol o}

2 - TFor every column mask the data coming out of the rows
are read and analyzed.

COMPONENT! ELETTRONICI S.p. A

riproduzions o divuigzzione deve essers preventivamente autorizzata per isgritte.

3 — On the register R1@ are stored the result of the scanning
process. Every time the data coming out of the rows is
zero, the register R1g is incremented by 14,.

In case the row data is different than zero, the program
looks for the first row which is not zero, starting from i
the least significant position (the bottom one).

For every row = @ the register R1Z is incremented.

When the condition row = 1 is found the scanning is ended

and the register R1@ content corresponds at that moment

to the code of the key depressed.

On Fig.37 the situation for the key having the code 458 is
shown.

te foglio & propristh riserveia delia SGS - ATE
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The program computes now the start address of the service

routine for that key.
This is performed by the following steps:

A - The R1¥ content is added to the initial address
N of the look up table.
Into this table for every key it is stored the
start address of the corresponding service rou
tine.

B - The result (R, + N) is then copied into the

program countég itself.
From that moment on the service routine for the

key depressed is in execution.

The flow chart of the program is shown on Fig.33 and the
coding is indicated on table N°©3.

~ Mod. 30508241 - 5000 - Qoé-Sipl §. . A,
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TABLE 3 = 8 BY 8 KEYBOARD MATRIX SCANNING

LAS
SAR
LAL

AGAIN  SAV
LAV

- JAZ

oUT

INP

JAZ

SAR

LAL

INLOOP SAW
LAW
JAZ
ANR
JAN
LAS
ADR
SAR
LAW
ALS
JMP

NEXT LAS
ADR
SAR
LAV
ALS
JMP

LOOK LAR
ADL
SZY
LIY
SQY
ouT

ERR e

ZERO

R1¢

ONE

ouT
KBIN
KBOUT
NEXT
R11
ONE

ERR
R11
LOOK
ONE

R1¢g
R1¢

INLOOP
TEN

R1d
R1g

AGAIN

R1¢

N

INITIALIZE KEY CODE
INITIALIZE COLUMN MASK

COLUMN MASK IN V REG

SCANNING COMPLETED : NO KEY DOWN
COLUMN MASK TO KB MATRIX

READ MATRIX ROWS

NO KEY DOWN FOR THIS COLUMN

KEY DOWN DETECTED. RESULT TC R11
INITIALIZE ROW MASK

S#VE ROW MASKX TO W

NO KEY DOWN : ERROR

ROW MASKING

FOUND KEY DOWN : TO LOOK UP COMPUTATION
THIS KEY UP, THEN

INCREMENT KEY CODE

AND SAVE IT

GET ROW MASK AND

UPDATE IT THEN

GO TO EXAMINE NEXT ROW

HO KEY DOWN ON THIS: COLUMN:
INCREMENT BY 8 THE KEY CODE
AND SAVE IT TO R1¢

GET COLUMN MASK AND

UPDATE IT THEN

GO TO EXAMINE NEXT COLUMN

GET THE COMPUTED KEY CODE AND

ADD THE LOOK UP TABLE START ADDRESS
DEPOSIT IT INTO RZ ‘REGISTER THEN

READ THE LOOK UP TAEﬂE CONTENT AND

CHANGE THE PROGRAM COUNTER BY THIS CONTENT

P

Mod. 305089241 . 5000 - Océ-Sipi 5.p. A.
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TABLE 3 - 8 BY 8 KEYBOARD MATRIX SCANNING

(2)

LITERAL DEFINITIONS

ZERO EQU

ONE EQU
Rig EQU
R11 EQU
KBIN EQU
KBOUT  EQU
“TEN EQU
N EQU

+OMPONENT!I ELETTRONIC!I S.p. A
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"
19
11
58
63
8

(LOOK UP TABLE START ADDRESS)

/
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INPUT FROM TELETYPE

The example which is analyzed is described by the Fig. 39 and 40.
At a certain point of tlie main program there is a requirement to
introduce a string of data into abuffer. i
The buffer is 128 words long and the conditions for ending the imput
from the teletype and continue the main program are either oOne of
these two:

1 = The number of characters fed into the buffer
has exteeded 128.

2= The last character introduced by the teletype
'is an 'ESCAPE' (equivalent to the octal code 33).

&

To input a character from the teletype the hardware needed is the fql
lowing: -

1 = An UART device. The basic input operation of
this device is described on Fig.41.
Serial data are received by the device and
presented at the output in parallel form.
The 'DATA READY' signal may be reset by the
‘data ready reset! before presenting the serial
data of the input.
After a serial data has been received and .tran-
slated in parallel form the 'DATA READY' is set
again to 1.

2 - An O bit input port.
This I/0 port is directly connected to the 8 bit
parallel output of the UART device.
The microcomputer will read the character from
this port when the character is valid.
The I/0 port for this OPeratlon 'is the one with
the module code 57.

deve essere prevaentivamenis autorizzata per isoritto.

3 - A 1 bit input for 'BUFFER READY'.
This bit is connected to the 'DATA READY' signal
of the UART device and is used by the microcompu

te feglic & proprietd viservala della SGS - ATEL COMPONENT!I ELETTRONICY S.p. A

X ter to know when the output character is valid.
g
] ;
3 4 - A 1 bit output to reset the 'data ready" signal
i of the UART at the beginming of any character

readout cycle.

Mod, 30808241 - 5000 - Océ-Sipl 5. p. A,
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The read operation is performed by means of the subroutine '7TI!
whose flow chart is shown on Fig.39B.
The operation goes through the following steps:

1 - A 'START' pulse is generated by outputting
a '1" followed by a '@' on bit 8 of the I1/0
port 56. )

This pulse resets the *DATA READY' signal of

the UART.

2 - After that, the 'DATA READY' signal is conti-
nuously read and tested up to the moment when

it is found equal to 1.
This means that a character from the TTY has

been received by the UART and its code is now
valid to the 1/0 port 57. '

3 - The character code is read into the Accumulator
and a return to the main program is executed.

The operétions exeruted by the main program are:
LY

1 - Prepare the new buffer address where to store
the new character.
The characters are saved into the buffer start
ing from the @ address and, after a character
is copied into the buffer, the current address
is incremented by adding 1 (ADL ONE) to it.
The last available address is:

L

LOMPONENT!I ELETTRONIC!I S.p. A,

ognl farms di riproduzione o divulgarzione dave essere pravestivameniz autorizzata per iscritto.

g1 111 111

So, when the address 10 @00 @0d is detected, the
character introduction is stopped and the program
will continue from location ERR.

2 = Check if the number of characters,which have been
intrqhuced,is greater than 128.
If the answer is positive, the data input is stop
ped.

H contonute del presenta fogilo & proprietd riservoia della SGS - ATE _
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3 - If the answer is negative, a new character is
accepted from the teletype by a 'read' opera
tion as described before.

4 -~ The character is saved into the buffer area
and then is compared against the 'ESCAPE' code.

5 - IFf the character is equal to the ESCAPE code,
the input from teletype is terminated and the
main program will continue from the 'OUT' loca
.tion, otherwise the program comes back to the
point 1.

The program listing is shown in table 4 and 5.

. Mod. 30508241 - 5000 - Oct-Sip! 5. 9. A. .
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lﬁm PROGRAM -

To E£RRoOR RoOUTINE

CONTINUE MAIN
PRoGRAM-

DATA [NTO RJIFFER

DATA FROM TTY INTo A BYFFer - FIG 39 A

s

~ RessT ¥para @énn\(” .

sMPONRENT| ELETTRONIC! S8.p. A

READ CHAR PROM T4 5

ReETORN HAIN

ogn! forma di riproduzions o divuigazione deve ssedrs preventivamente autorizzata per iscritte.

SOBReUTING  TO ' READ  cHAR FROK TTY.

FIG 33 &
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DECIMAL ADDITION AND SUBTRACTION

The example refers to a decimal addition or substration of 2 num
bers, each one with 14 digits.
The 2 numbers are represented in a BCD notatlon and are stored into

the CPU RAM page & and 2.

The result of the operation is stored into page 2.

6.

Let's examine step by step the 'decimal addition' program:

™

ALOOP

ARS

LSS 6

LTS ¢

LAR 12

The ‘'right shift' instructions is
used to set the carry to &.

Load 8 register by the immediate = 6.
This instruction prepares the row
pointer to the row when the least sig
nificant digits are stored.

Load T register by the immediate = ¢.
This instruction prepares the page
pointer to the page where the first
number is stored.

Pag.182

" The format is shown on Fig.42, while the program is listed in Table

Load into the accumulator the register

indirectly addressed by S, T.

The first time this instructions is

executed the accumulator will be load
ed by the first and second digit of the

number located on page-g.
The successive times the instruction

is

executed, the accessed row on the same
page will be different due to the index

ing performed on the 5 register by th
instruction at position 7.

@

The Accumulator is added by the exadeci
mal number 66 and the result is stored

into the Accumulator.

This prepares the 2 digits on the accu
mulator feor the next DAR instruction.“

Mod. 30508241 - 5000 - Océ-Sipl S. p. A.
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7 - DAR 13
]
8 - J3SD ALOOP

Pag. 183

Now the page pointer is moved to page
2 by loading the immediate 2 into the
T register.

The accumulator is added to the 2 digit
number addressed by S, T.

By performing this operation the carry
is taken into account and is also chang
ed by the result itself.

The first time this instruction is exe-
cuted the acummlator is added to the
first and second digit on page 2.

The successive times the accessed row
on the same page 2 will be different
due to the indexing on the 8 register
performed by this instruction.

The decimalcorrection, as explained on
the instruction set, is applied to the
result, which then will be saved into
the register addressed by S and T.

At the end of this instruction the 5 re
gister is decremented by 1 in order to
point to the next two dlglts to be add.
ed.

A jump to location ‘ALOOP' is done if
the 8§ register content is not 7.

The condition S = 7 is reached when the
full page has been scanned.

In this case, the program will contznne
by the next location.

The decimal subtraction is performed i a similar way.

Please note the following things:

1) The carry flip-flop must be set to 1 at the

beginning.

2) The subtractor must be on the page referenced

as the first.

\ 3) The subtractor is complemented but not corrected
by, 66 exadecimal.

J
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ARS
LSS
LT3
LAR
ADL
LTS
DAR

5SP

COMPONENT! BLETTROMICI 8.p. A.
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ALS

LSS5

LAR
BOL
LTS
DAR

TABLE GA = DECIMAL ADDITION
@ —* CARRY
6 6 —» 5
# @ —% T : pointer to first field
12 Register address by (S,T) =% ACC
/66 ACC + (66), = acc
2 2 -~ T : pointer to second field
13 (Acc) + ((s,T)) + CARRY ~» (S,T)
STORE  CARRY
(§)-1 -»s
ALOOP Jump to aloop if S # 7
TABLE 6B — DECIMAL SUBSTRACTION
1 —» CARRY
6 6 ~» S |
d g —» T : pointer to first field
12 ((s,T)) =» ACC
£5% Complement ACC
2 2 —» T : pointer to second field '
13 (Acc) + ((s,T)) + CARRY =¥ (s,T)
STORE  CARRY
Decrement S
SLOOP Jump to sloop if § # 7

Meod. 30508241 - 5000 - Owé-Sipl S.p. A,
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DATA TRANSFER FROM CPU INTQ COS-MOS MEMORY

AND VICEVERSA

The example describes an application where some data have to be saved
into an external COS=MOS memory backed-up by a battery during power
down periods.

In this way, tne data stored into the C0S-MOS memory are not lost in

case of power failure.

The hardware of the system is shown in Fig.43A:

1 = Two COS=MOS memories 256 words by & bits are used
in order to have a memory of 256 by 8 bits.

2 ~ The address lines A@ to A7 of the two devices are
connected in parallel and to the I,/0 port 56,

3 - Data inputs and outputs are wired-or on every device
and connected to the I/0 port 57.

4 - Four bits of the I/0 port 58 are for control functions
on the memories (Read/Write, Device Enable, Output
Disable).

The other Ffour bits of the same I/0 port are as spare,
and on the program are always set to zero.

5 —~ The C05-M0S devices are comnected to the +5V power
supply through a diode.

At the power supply pin the battery back-up circuit
is also connected. By this circuit a 3 Vv battery is
continuously kept under charge. In case of +5V power
failure the data retention on the memories is guaran
teed by the battery back-up circuit which is able to
supply 2,3 V to the devices.

6 ~ “very I/0 bit of the M37 microcomputer is connected
to the C0OS=M0OS device by the circuit shown in Fig.43B.

The data transfer programs are described on Tables 7A and 7B, and by
the flow=charts of Fig.44. _
For a better understanding of the program please note the following

things:
i ~ Table 74 and Fig.- A describe the write ope

ration into the COS-MOS memory, while Table
7B and Fig.~1B describe the 'read' operation
from the CO0S-1105 memory.

7 — In both cases the block which is transfered
in or out is an 8 word block, which corresponds
to a RAM page of the CPU.

~.Mod. 3050824] - 5000 - Océ-Sipi 5. p. A.
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''The page 1is scanned from the last row
(row 7) up to the first row on either
read or write operation.

Similarly, the COS-MCS memory is scanned
always from the bottom up.

3 ~ The control signals for the COS~HQS memory
are:

-~ RW (Read/Write). It has to be @ for
WARITE operation.

- CBE1, C&2 (chip enable 1 and 2). To
enable the devices they must be:

CR1 = ¢
oR2 = 1

1EF the state for these two signals is
different, the device is disabled.
In particular, when CE2 = ¢, the device
is disabled and a minimum stand-by cur-
rent is drawn by the device itself.

- OD (output disable). It must be set to 1.
for an input (or write) operation.

They are normally set into the guiescent state
when no read or write operation is performed.
The quiescent or 'NO OPERATION' state is as follows:

Bit @ = BN
Bit 1 = CB1 = 1
Rit 2 = CE2 = ¢
it 3 = 0D =@

i
-

To set this state on memories an immediate = 3
must be sent out From the I/0 port 58.

i'he read state and the write state are identified
by the following configuration:

A~ READ : Bit ¢ = RW = 1
Bit 1 = CE1 = ¢
Pit 2 = CE2 = 1

BitS:OD :":Q’

This means that the immediate to be transfer
ed into the I/0 port 58& is 5.

Mod. 30508241 - 5000 - Océ-Sipi 5. p. A.



to toglic & proprists riservata della SGS - AT ... COMPONENT! ELETTRONIC! S. p. A,
deve essere preventivamente autorizzata per iscritto.

io del pr

ognl farma di riproduzions o divulgazions

888 -ATES COMPONENTI ELETTRONICI 8.p.A. Pag .18 ot

G- WRITE ¢ Bit # = RW_ = @
Bit 1 = CRB1 = ¢f
Bit 2 = CE2 = 1
Bit 3 = OD = 1

This means that the immediate to be transfer
ed into the 1/0 port 58 is 12 (decimal).

- The regster 8 of the CPU is reserved to hold the
current address of the in/out data of the C0S-MOS
memory .

This address has to be prepared in advance before
the beginning of the transfer program.

buring the trasfer, the address is incremented
every time a data is transfered.

Med. 30508241 - 5000 - Océ-Sipl S. p. A,
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TABLZ 7A — WRIT: OPERATION PROGRAM

L35 % Indirect row address set to 7
LS 2 Indirect page address set to 2

LOOPYW  LAR 5 Get the external memory address fram page

ourT @ And output it on I./0 port 56

LAR 13 Get the data, decrement row address

ou7 1 And output it on [70 port 57

LAL 12 repare the control signals for *WRITE!
oy @ And output to 170 %%: WRITE executed now

LAL 3 Prepare the control signals 'NO OPERATION'

oUT 2 And output to I/0 58 to disable memory

DIEE 8 Decrement external memory address

LAR 8 And check if the address is valid:

JAP HEXTY = Address within 123: wvalid

JMP BRE - Address more than 123: not valid

HIEXH: - J30 LOOPW sheck if page is fully scanned

Mod. 30508241 . 5000 - Qcé-Sipl §. p. A.
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808 -ATES

LOOPT

bl B
Tdad

LAR

ouT

LAL

onr
LHP
“SAR
LAT
o
DER
AR

JAP

TP

TABLE /B = RIEAD OPERATION PROGRAM

7 Indirect row address set to 7

3 Indirect page address set to 2

3 Get the external memory address from reg. 8
A And output it on T,0 port 56

5 Prepare the control signals for 'READ'

2 And output it on I/0 port 58

1 RTAD executed

3 Store data, decrement row address

3 Prepare the control signal 'O OPERATION!
2 And output to I/0 port to disable memory
8 pecrement the external memory address

8 And check if the address is valid.

HEXTR ~ Address within 128: valid

RE - Adddress more than 122: not valid
LOOPR Check 1f page is fully scanned.

S
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MAIN PIOGRAM
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Prepare indirect address
of the CPU page

P

Set the memory address on
1/0 port 56

- Output data on 10 57
—_ Augomatlc é ex1ng of the
irect a e551ng

Cutput control signals "WRITE

on 10 port 58

1

Output control signals
"0 OPERATION® on 1I/0 58

Decrement memory address

address

>1207

ERR

|

CONTINUE
MAIN PROGRAM

Fig.414A - FLOW=CHART: WRITE ON COS=MOS MEMORY
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Prepare indirect address of
the CPU page

P iy

Set the memory address on
1/¢C port 56

Output control signals
"READ" on I/0 port 58

- Input data from 1,70 57

- Automatic indexing of
the indirect address

Output control signals
"NO OPERATION" on 1,70 58

Decrement memory address

Data
address

L BRI

Fig.44B - FLOW=CHART: READ FROM COS=MOS MEMORY

CONTINUE
MAIN PROGRAM
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39:1772.76 = HF/0iC =~ Geta76 =

'l

M38 _ SOFTWARE SUPPORT

CROSS ASSEMBLER SOFTWARE PACKAGE

8.0 - General Information

The 1138 cross assembler is a computer program written in ANSI
standard FORTRAN 1V language. - >
This program provides a translation into a machine language of
M38 programs written by using simbolic codes as specified in
tne paragraph (8.6).

Input data can be Fed into a computer either by cards or paper
tape or directly by a teletype keyboard.

Maximum number of lines per program to be assembled are 16.000
Symbolic addresses  through labels can be used: the maximum

number of labels is 1000.

Numeric .terms may be decimal or exadecimal. In the second case

/

the term must be preceeded by a /i

' The output to be produced. by the assembler is controiled Ly a

special command. .
The output may be:

1 - A listing containing symbolic codes, machine
codes and error flags.

2 = A paper tape or a magnetic tape o¥ a set of cards
containing machine codes on special format to be
used either by the hardware simulator or by the
PROM programming or as an input for the ROM mask-
ing preduction.

3 - A file te be used by the software simulator.

Statement characteristics

The fidds of the symbolic statement appear in the following
i
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- Label
Operation code
Operand
Comments

One or more spaces separate the fields of the statement.

Some of those fields are optional or are not required by some
types of instructions. : ‘

The characters that may appear in the label, op code, operand
field, are:

Alphanumeric

* asterisk

v (plus)

- (minus)

/. {(slash)
(space)

Any character may appear in the comment field.

Label field

The label field identifies the statement and may be used as a
reference point by cther statements in the program.

The fields starts in position one.

A statement with a space in position one is considered unla

beled. ‘
A label must be symbolic. It may have one to five alphanumeric

characters.
The first character must be alphabetic.

Operation code field

The operation cocde defines an operation to be performed by the
computer or the assembler. :
The machine operation codes must be specified by the mnemonic
codes which are described in the paragraph 8.6.

The pseudo-operation codes which are used by the assembler are

the following:
- EQU
The format is:

Label EQU v

Mod. 30808241 - 20000 - Océ-Sipi 5. p. A.
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During the assembly phase any reference to the label
is assigned the value v,

The cperand v may be a decimal or exadecimal 'nhumber
or a name defined by another EQU.

EQU may appear in any place on the program.

ORG
The format is

~ ORG Vv
It is used to define the absoiute address of a program
or the absolute address of subsequent sections of the
program. '
A zero address is assigned the first instruction of a
program not having any ORG statement at the beginning.
The operand v may be any decimal or exadecimal number or
a name defined by an EQU.
DC
The format is:

- 1%, A

This pseudo-instruction stores a constant on the object

. program at the current address.

The constant has the value v specified in the operand
field and it may be any decimal or exadecimal number or
a name defined by =QU.
SPACE .
The format is:
- SPACE -
It is‘uséd to skip one line on the source program listing.
EJECT
The format is =

< EJECT =

“Mod. 30808231 - 20000 - Océ-Sipi §. p. A.
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It is used to gkip to the top of the page of the source
program listing.

6 -~ END

The format is:

= TBHND -

s [t terminates the source program inpuf.

. Operand field

1 The meaning and the format of the Operand field are related
. to the operation code in the source statement,

Some instructions do not reguire any operand: in this case
the operand field 15 .reated as a comment field.

The operand may be:

1 ~ A data to be loaded into the registers.
The operand may be any decimal or exadecimal
number or a name defined by EQU.

2 - An address jor a conditional or unconditional jump.

Thé operand may be:

- A name of a label specified on the progranm.
Toe address will e that of the instruction
lJabeled Lv the same name, ;

- A name < a decima) pumher,
= An asterisk + a number.
The asterick indicates the current address.
3 = An t—;dr".t"ﬂ%‘\; of & CrU ]"r"n_listi‘l".

The cperand may he:

- A decimal number from ¢ to 11. In this case it
will be addressed one of the first 12 registers on
the CPU.

- An asterisk.
In this case a CPU . register will b2 addressed through
(8, T) Yegisters. .
The 8 register will not be changed.

Mod. 30508241 - 20000 - Océ-Sipi 5. p, A.
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- An asterisk followed by + or -,
In this case a CPU register will be addressed through
(5, T) registers and the S register will be incremented

or decremented.

8.5 - Comments field

The comment field may be used by the user for documentation
purposes.

The notes on the comment field will be listed with the source
language coding on the assembler printout.

The comments field terminates on position 72.

A full ‘line of comments may be included by using an asterisk as

a first character.

Mod. 30508241 . 20000 - Océ-Sipi % p. A.
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3341772476 = MF/TLC ~- 6544476

SGS . ATES COMPONENTI ELETTRONICI S. p. A. 5.6 - MIEMONIC CODES ; Pag.19¢
Mnemonic Opcrarld Internal Function
code code
LAR® RR 8 + 8B (RR) —»= A
SAKR RR ‘o9 + 9B (A) —= RR
ADR RR A %+ AE (A) + (RR)== A (binary)
ANR RE B# + BE (A) A (RR)—=A -
BOR RI C@ + CE (A) ) (FR) —= 4
DER RR DA + DE (RR) -« 1 —RR
DAR RR By + BB (A) + (RR) + (C)—»RR, C (decimal)
' &
LAS I1 FE + FP - . B RRE (B
.SS 11 a8 3 2P IT 1 see 395
LTS L1 38 « 3F ) (R W
Inp L1 28 % 27 {(Port number 56 + I1) —=A
ouUT I1 3@ + 37 (A) - Port number 56 + 11
LAL  §2 P4 12 —= A
(#f + FF)
ANL 12 453 I2A(A)—A
(@d + FF)
BOL 12 dc i2 ) (A)—=—a
{ Ak 26y
(df + FF)
ORL I2 @D 12 +{(A)—=A
(dd + FF)
ADIL 12 Jr I2 + (A)—»= A {(binary)
(¢d. '+ FF)
CML [2 %13 I2 + (AY—=C, 7
(8d + FF)
Jup LAB 40 + 47 =
(dy + PF) \
JAZ LAR 48 4 4F (A) = @
(fd + FF)
Jan LAB 50 + 57 LAY £ &
(@8, + ¥F) _ .
) 1‘ ‘}lll:‘ 'F:;itt_‘}}
JAP LAD 58 + 5F (Ady = @ 2 ol RS
(B8 + Fr)
JSD LAR 68 + 67 s T T
(gd + FF)
- Jou LAB 68 4+ 6F (C) 1
(@@ + FF)

Med, 30508241
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Mnemonic |[Operand

code
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8.6 - MNBMONIC CODES
{CONTILUE )

Internal Function

-

code-

JC2Z

JS3B

RET
ALS

= ALF
" ARF

. ‘:
: SST
-
a [J‘q‘;
‘f I:."\'\‘J
2 LAX
= LAY
5 SAV
E SAW
& SAX
= SAY
-
w
4 SIX
o
b3
o
(&}
= lfT‘(

LY

SQX

Sy

sgnt forma di riproduzione o divulgazione deve essere ‘.‘.‘.ﬁven‘.lvam:nla aulorizzala per iscriito.

Il contenute del presente foglic & proprieta riservala della SGS - Ar

LAB

LAB

e T . il G B

7% |
(g

78

(gg

4

1A

go

a6

7. 8]
N2 7

77

FF

I
EP

(c) = @

)
QO+ 1 —=0Q

) RE —=RZ, RA~>RB,
() —pm= A

(A) 1eq-=A 5+8, o G B
(A) 5+8-+A 144, gJ—=A 5+5
(A) 133-=T
(A) 1s6-+S, T
(V) —=4

(W) —= A
(X)—=A
(Y)—=A

(A) ==V

(A —=W
f:f.“-——--"."_

| (A)—Y

RAM: @ A alT1, s 7)ol i)

L/0 A= T/0 (X1, es6)

RAM: (Z1ee 7)) (X/Y1 e a6)—>A
ROM: ((Zheen11)) (X/YGivab)s=A

F/O% 5 A0 KA Y e 96.) i

RAM: A —o TT0ess7 ("{,/Y‘i a e 06)
ROM:" A Z/Q1...8 (X/¥4..:6)
XIY“o-oo:a 4',- .J‘}~-l1_!

(X/¥4 4. <5

Mod. 30508241
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RH

-

390177276~ MR/ pte = Bud.76 =

8.6 -~ MNEMONIC CODES (CONTINUE) j

ITEMS DESCRIPTION

Accumulator !

Accumulater bit 8

Zarry {
Least significant bits of instruction |
{

: i

Second byte ¢f instructiocn RaR
|

!

Q register of ROM i
Vg - !'
A register of ROM |
B register of ROM i
|
% register of KOM i
Ram register of R3R ;
{

kow -address register f
!

Page address register 1
t

RAM register V,W,X,Y {
;

ero:-klag {
i

{

Mod. 30508241 - 20000 - Océ-Sipi & p. A,
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5.7 = SRROR FLAGS

This 1s the list of the error flags which are generated by
the assembler, when an error is detected during the assembly

phase:
L Illegal character on a label
0 Tllegal character on an operator
D Puplicated label
W srror by using the 'ORG' pseudo-instruction

b4 srror by using the 'EQU' pseudo-instruction

Y Srror on register reference instruction

> ilissing or duplicated label

S

H orror on a constant

F LYror on long immediate instructions or on

I1/0 instructions

They will appear at the beginning of the line where the error
has been detected.

L2
3
i

ERAMPLES
e i i

n;l}m'n.nto sutorizzata per iscritto.

In this section the following examples of the M28 Assembler
are shown:

1 — Tnput format for the Assembler

- AssemblerlListing

X
(%) >
{

Assembler symbol ‘'able

4 - [isting with iLrror Flags

The program which the example refers to is the one that has
been discussed in the Section 'Some simple examples' under the
paragraph: 'Data input from teletype'.

Mod. 30508241 - 5000 - Océ-Sipl S. p. A.
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it

iugl o few comments about these examples:

Tnnat format for the Asgssembler:

't shows the data input as it should be presented
to the Assembler.

The program may be punched on a deck of cards or
on a paper tape or may be input directly through .
the teletvpe.

- Asgsembler listing and svmbol table

after the first column.v

shows the Asgembler printout which is one of the
‘ﬁﬂults of the Assembler process.

The plieces of information gppearing on the Assembler
listing are the following:

A - The Ffirst column is a progressive ‘lecimal
number to identifyv any nrogram line.

- vhe gecond column (titled 'DECTY) is the
program address expressed by a decimal
notation.

-~ The third colwumn (titled 'OCTLY) is again
the program address eXpPeSbed by octal
notation. Please note that the pseudo-in
structions do not generate any program
location.

D - On the (wo columns titled 'OCT' and '8SX°
the machine code corresponding to the symbo
lic instruction code has been printed out.

The following part of the listing 1§ showing
the input symbolic program.

el
I

Please note the effect on the listing of the pseudo-
Ligtrnction 'SRAGHY:; 'RIHET'.

On the symbol table every label of the program is
printed out in alpihabetic order together with the
corresponding address expressed in exadecimal notation.

Listing with error flags

the example shows part of the input symbolic program
where some errors are included and the listing produced
by the Assembler. Please note the flags prlnted out

Mo¢.3030514t. 5000 - Ocl-ﬂpls.p.h.
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TABLE A1

* .

: INPUT FROM TELETYPE INPUT FORMAT
RAMCO EQU 10 RAM CODE FOR THE ASSEMBLER
ONES EQU 255 ALL ONES

£SC EQu 27
PORTS ERY S
PORTS EQU 6
*
* 4
LAL RA&MCO
SAX
LAL ONES
SPACE

AoL 1

SAV

JAP AHEAD
JMP ERR

SPACE
AHEAD

SZX

JSR TT

B s

EOL OMES

ADL 1

ADL ESC

Jaz ouT

LAV

JMP BACK

EJECT

* % %k

SPACE

LAL 128
QUT PORTG

Las 0O

OUT PORTE
LOOP

INP PORTS

ANL 1

JAZ LDOP

INP PORTS

RET

EJECT

* CONTINUE
SPACE

ouUT  LAS O
i CONTINUE
ERR

LAS O

END

SUUBRQUTINE
THE INPUT CHARACTER IS
IM THE ACCUMULATOR

CATA IN PORT
CONTROL PORT

RAM CODE
SET RAM CODE
RAM POINTER

INCREMENT

RAM POQIMTER

SAVE

RAM POINTER

JUMP TO READ

CHARACTER FROM TTY

JUMP TO ERROR

MORF THEN 128 CHARACTERS

SET I-RAM-REGISTER
JUMP TO SUB.TI
STORE DATA IMTO RAM
COMPL. ACC.,

"TEST FOR ESCAPE

END OF DATA
RESUMES RAM POINTER

INPUT FROM TELETYPE

RESET TTH

WAIT FOR READY
TEST 1IF READY
NO READY WAIT
READ DATA CHAR,



Rk R R F R K A R R H # % B F B H,

iR % A % * * %% # *:lﬁ:t'** A

% % % B R % ¥

. TABLE A2

SRR : !
—‘D‘GCG:\!‘O‘U‘IS“MN—"

S S
inl P

S T o OB
Lo SR Y-

17
18
19
20

21
22

23
24
25
26
27

28
29

30
31
52

33
34

0 39.1772.76 = MF/TTC = ©.4.7/0 =

raye.cwy

M38 ASSEMBLER

DEC 0CTL

wi

10
11

12
12
1.5
14
15
16
i
18
19
20
21
22
23
24
25
26

R A A =

0000

0001
gooe
0C03
0004

goos
goo0s
6006

conv

o0&
ooae

000A
0008

0ooc
oooc
000D
G00E
00OF
0019
0011
po12
8013
0014
0015
G016
0017
0018
0019
g01aA

oCcT

012
377

0T

005
006

004
012
Q32
004
377

016
nG1

03n

130
014

100
050

Dz
170
955
002
014
577
016
001
016
033
110
047
010
100
aas

0OA
FF

1B

05
06

04
DA
1A
04
FF

DE
11

18

58
oc

49
28

12
78
18
02
ac
FF
NEe
01
0E
te
48
27
na
40
ns

_ __ASSEMBLER

~ LISTING g © PAGE
-
- INPUT FROM TELETYPS
-
-RAMCO EGQU 10 RAM CODE
-ONES EQU 255 ALL ONES

-ESC EQU 27
-PORTS EQU 5
-PORTE& EGQGU 6

-

DATA IN PORT
CONTROL PORT

-t

- LAL RAMCO RAM CODE

= SAN - SET RAM CODE

> LAL ONES RAM POINTER

~RACK

- ADL 1 INCREMENT

_— RAM POINTER

- SAV SAVE

— RAM POINTER

- JAP AHEAD JUMP TO READ

- CHARACTER FROM TTY
- JMP ERR JUMP TO ERROR

HE" MORE THEN 128 CHARACTEF
~AHEAD

- SZX SET 7-RAM-REGISTER
= JSB TI JUMP TO SUB.TI

- SIX STORE DATA INTO RAM
- ECL ONES COMPL. ACC.

- ADL 1

T ADL ESC TEST FOR ESCAPE )
- JAZ oUuT END OF DATA

* LAV RESUMES RAM POINTER

- JMP BACK



. 3P0 1 1120 /B = MF/ELC = ©e4ef0 - = R R g I A, 5 i
 TABLE A3 - ASSEMBLER LISTING (Continued)
__M38 ASSEMBLER e esy By _ FAGE
REL BCIL . OCT EX
* 16 S EH - e
L 2T - % SUBROUTINE INPUT FROM TELETYPE
* 38 -* THE INPUT CHARACTER IS
. - : - IN THE ACCUMULATOR
* 40 - % 3
* 41
* 42 : 27 0018 -T1 ,
o x 43 27 G018 004 D4 - LAL 128
_® 28 001¢ 200 20
* 44 29 0010 D66 3¢ - - OUT PORTA
* 45 - RESET TTY
* 46 30 001€ 360 FO - LAS D
% &7 g 21 001F 066 26 - OUT PORTE
* 48 ' 32 0020 -LOOP - BTED
ok 49 32 (020 046 26 - INP PQRTE WAIT FOR READY
* 50 25 pOR7 0os 0s - ANL 1 TEST IF READY
o 34 0022 001 01 e
LI 51 - 35 pD23 110 48 - JAZ LooP NO READY WAIT
* © 36 0024 04n 20 .
* 52 37 0025 045 25 ~ INP PORTS READ DATA CHAR.
* 5% I8 0026 00N 00 -~ RET
\
)
5 il T
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~ M38 ASSEMBLER P
CE RS BEC 0CTL ~ OUT EX

é

57 -
58 39 (@027 3eN FO -0UT
59 -k
60 L0 0028 -ERR
61 L0 (o028 367 FO -

62 _ -

L TS

% x % TOTAL ERRORS NUMBER = 0

TABLE A4 - ASSEMBLER LISTING (Coutimed)

CONTINUE
LAS 0
CONTINUE

LAS O
END

wPag.a07

5 G'E: .

A, e s T T i - - U R T & S TR R ST i T T
el 3 it RS |
o e — S, o e
o ;

e — o ——— s
""“56..‘_::"—,-’ hE £ Sk i TR Do EEEA e s S e oot RS e A e
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TABLE A5 SR SR | T GOSN SR e :
' - S ~_ _ ASSEMBLER
~ SYMBOL TABLE
® = * LASELS
- 1= AHEAD  COOC
- 2~  BACK 0005
- 5=  ERR uoze
Tw . ks oo 0020 ;
" S~ QUT 6027
A Sl < | T - Co1B %
* % * END LABELS
BRKPT PUNCHS ° e |
FREE DUMMYZ2, g
""" =
A
o 3 : SPOIOES
A b
| v
o [ R R R e
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SOB.ATES OCOMPORENTI BLETIRDNG S 0. 4, Pag . 280
114 TABLE A6
5 =4 -
* INPUT FROM TELETYPE ERROR FLAGS :
*
RAMCO EQU 10 RAM CODE SYMBOLIC INPUT
ONES EQU 255 ALL ONES :
ESC EQU 27
PORTS EQU 5 DATA IN PORT
PORTé EQU 6 CONTROL PORT
& _
W
BACK
LAL RAMCO RAM CODE
SAX SET RAM CODE
LAL ONES RAM POINTER
' SPACE |
BACK ‘ ERROR :
. ADL 1 INCREMENT LABEL . DUPLICATED
* RAM POINTER ‘
SAV SAVE
* , RAM POINTER
' JAP AHEAD JUMP TO READ
* CHARACTER FROM TTY
JMP ERR JUMP TO ERROR
* MORE THEN 128 CHARACTERS
SPACE
AHEAD ERROR:A SPACE BEFORE
SZX SET Z-RAM=REGISTER LABEL .
JSB TI JUMP TO SUB.TI
SIX STORE DATA INTQO RAM
EOL ONES COMPL. ACC.
. ADL 1
ADL ESC TEST FOR ESCAPE
JAZ OUT END OF DATA
LAV RESUMES RAM POINTER
JMP BACKK ERROR: UNKNOWN LABEL
EJECT
*
* SUBROUTINE INPUT FROM TELETYPE
* THE INPUT CHARACTER IS
* IN THE ACCUMULATOR
*
SPACE
TI ERROR: IMMEDIATE OUT
LAL 328 OF RANGE
OUT PORTS
* RESET TTY
LAS O ‘
QUT PORTS6
LOOP :
INP PORT6 WAIT FOR READY
ANL 1 TEST IF READY
JAZ LOOP NO READY WAIT
INP PORTS READ DATA CHAR.
REV ERROR: UNKNOWN OP. CODE

Med. 30508341 - BUDG - Des. Bl . 5. A.



TABLE A7 ERROR FLAGS
LISTING
M38 ASSEMBLER ‘ PAGE
DEC OCTL 0CT EX :

* 1 -k
* 2 -* INPUT FROM TELETYPE
* L -
* 4 012 0A -RAMCO EQU 10 RAM CODE
W 5 377 FF -ONES EQU 255 ; ALL ONES
* 6 033 1B  =-ESC EQU 27
* 7 005 05 -PORTS5 EQU 5§ DATA IN PORT
* 8 006 06 -PORT6 EQU 6 CONTROL PORT
* 9 -
* 10 -k
* 11 D 0 0000 -BACK
* 12 0 0000 004 04 - LAL RAMCO RAM CODE
* 1 0001 012 0aA
* 13 2 0002 032 14 - SAX - SET RAM CODE
* 14 3 0003 004 04 - ' LAL ONES RAM POINTER
* & 0004 377 FF '
* 15
= 16 D 5 0005 -BACK
g 17 5 0005 016 OE - ADL 1 INCREMENT
W 6 0006 0ot 01
* 18 - % RAM POINTER
* 19 7 0007 030 18 - SAV SAVE
* 20 -% RAM POINTER
* 21 S 8 0008 130 58 = JAP AHEAD JUMP TO READ
# % 0009 000 00 _
* 22 ik CHARACTER FROM TTY
* 23 10 0O0CA 100 40 - JMP ERR JUMP TO ERROR
* 11 000B 047 27
* 24 - % MORE THEN 128 CHARACTE
* 25
* 26 0 - AHEAD
* 27 12 000¢ 022 12 - SZX SET Z-RAM-REGISTER
* 28 13 000D 170 78 e J§B TI JUMP TO0 SUB.TI
* 14 000E 032 1B
* 29 15 00OQ0F 002 02 - SIX STORE DATA INTO RAM
i 30 16 0010 014 OcC - EOL ONES COMPL., ACC.

17 0011 377 FF
* 31 18 0012 016 0€ - ADL 1
® 19 0013 001 01
* 32 20 0014 016 OE - ADL ESC TEST FOR ESCAPE
* , 21 0015 033 18
* 33 22 0016 110 48 - JAZ 0OUT END OF DATA
* 23 0017 D4d 26 _
* 34 24 0018 010 08 - LAV RESUMES RAM POINTER
. $ 25 0019 100 40 - JMP BACKK
* 26 001A 000 00



39.1772.76 — MF/TtC ~ 6.4.76 -

TABLE A8

M3B ASSEMBLER

DEC
* 37
* 38
* 39
® 40
* 41
* 42
* 43 27
* b F 27
* 28
* 45 29
* 46
* 47 30
* 48 31
* 49 32
* 50 32
* 51 .33
* : 34
= 52 35
* 36
* 53 i
# 54 0

oCTL

0018
0018
001¢
0010

001E
001F
0020
0020
0021
0022
0023
0024
gozs

S0CT

004
000
066

360
D66

046
005
001
110
040
045

EX

04
00
16

FO
36

26
05
01
48
20
25

"ERROR FLAGS
LISTING

LAL

ouT

LAS
ouT

INP
ANL

JAZ

INP
REV

Pag.21 |

PAGE

SUBROUTINE INPUY FROM TELETYER
THE INPUT CHARACTER IS
IN THE ACCUMULATOR

528

PORTS

PORTG

PORT6

Loor

PORTS

RESET TTY

WAIT FOR READY
TEST IF READY

NO READY WAIT

READ DATA CHAR.



MPONENTI ELEYTRONIC! S.p. A,

ognl forma di riproduzions o divulgezione deve essers prevenuvamente avtorizzata per Iscritte.

i sontenvic del psesenie fogile d proprietd rlserveia dolla SGS - ATES

39.1772.76 = MF/Ttc - 6.4.76 -

8GS-ATES COMPONENT) ELETTRONIC! 8.p.A. Pac, 942

SIMULATION SOFTWARE PACKAGE

1.0 - General information

The M38 simulator is a computer program written in ANSI
standard FORTRAN IV language, which enables the user to test
by a software simulation any application program of an M38
system.

The simulator process does through the following phases:

Hardware definition of the system
Program loading

Input of the executive commands
Simulation

-
|

g L
i

The required information may be loaded into the computer either
by a card reader or by a time sharing terminal.

In the second case, the simulation is an interactive process
and gives to the user a high degree of flexibility.

system definition (see table S$1, 36, 510, $12)

n

-

o]
i

The system definition is started by the command
$svsTREM

and is ended by a "$" on the first column.
In this phase the following information may be entered:

17 = PSE Module code

Every 2K ROM or every fraction of 2K ROM

has to be specified by this command.

On the first field the first module code of
the corresponding 2K ROM has to be indicated.
One line is needed for every ROM block.

? -« DSE Module code

svery block of 128 RAM words included in the
system must be specified by this command.

On the first field the module code assigned
to the RAM block has to be indicated.

One line is needed for every RAM block.

Mod. 3030824 . 20000 - Océ-Sipi 8. p. A,
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30

P - T riodinle code

ivery 170 port of the system must be specified
by this command, indicating on the first field
the module c¢ode assigned to  the 170 port.

ome line is needed for every 1/0 port.

-~ Program loading - saxecutive commands - Simulation

(see table 81, S6, 510, $12)

Y = The load command will transfer during this phase the
machine code produced by the cross—assembler into the
proper area of the simulator.

i - The executive commands may be entered during the next
phase.,

The executive commands allow:

- to display the memory and register status

- To modifyv the simulation system (memory,
registers, initial value set up...)

- To inform the simulator about program break
points and tracing conditions

Thev are described in the next naragraph.

C - The M0 command will then activate the simulation program.

“he simulation will proceed until a breakpoint condition
is met.

2 - lNew executive commands may be entered and the simulation
may be started again. ‘

Please note that the order by which the executive commands are
antered is not important.

sxamples of the simulation package

The tables from 51 to S16 show some simulation examples where
the most important executive commands are illustrated.
The program which the examples refer to is the same
that has been used to demonstrate the assembler package.
The example has been discussed in the section 'Some simple
examples' under the paragraph 'Data input from teletype!
(page 174).

Mod. 30808241 - 20000 - Océ-Sipl & p. A.
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4.0 = EBxecutive commands

The executive commands, their format and meaning are summa
rized briefly below.

The key word of every executiye command must be preceeded
by a "§" and it may be followed by some fields separated by
a comma on which the information required by the command
must be specified.

1 - LOAD type, module, source

The LOAD command reads the machine code of the source
file into the simulated memory whose module code is
specified in the second field.

The first field is used to specify the memory type
(ROM or RAM).

Looking at the table S1 the 'LOAD' command has the
following format:

$LOAD ROM,E,5
ADD,P DUMMY?2

The meaning of this command is:

A = Load the source file into the ROM whose first
module code is (.

B -« The source file is indicated in a way that is
peculiar for the @XBC 8 Univac system, but the
source file call may be fitted to any computer
or minijocomputer with its own input/output con
figuration,

The execution of the 'LOAD' command will access
the 'ROM CODE' indicated in table 83 and transfer
it into the proper ROM area.

I
I

G0 module, address

The GO command activates the execution of the loaded pro
gram.

The start address is indicated by the First field (ROM
module code) and the second (address inside the module).
In case that a breakpoint was previously encountered, the
execution continues and the module address may not be spe
cified.

Mod. 30508241 - 20000 - Ocd-Sipi 3, p. A,
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$G8-ATES COMPONENT! ELETYROMCI 3.p. A Piﬂfj o 2

3 — BREAX instruction number

The BREAX command auvtomatically stops the simulation
after the instruction number specified in the first

field.

in table 51 a break after 1000 instruction is indicated
but the end of the simulation process is not printed

out.

The same break condition is used in the example of table
510 and in table $11 is shown the result: after the break
condltlon is reached, the next execution command is execut
ed.

4 - TRACE type, module, number, number, mode

3 This command enables the tracing operation when the speci
fied conditions are met. i
Tracing conditions are indicated in field 1, 2,3, 4.
The first field will have the following information:

An example of 'Program Counter! tracing
is shown in tables 56 to 346.

i - ABS : Absolute tracing

‘s Tracing is under control of CPU cycle
o counter.

< An example of 'Absolute' tracing is
s shown in tables $1 to S§5.

=

E - PC : Program counter tracing

- Tracing is under control of the program
= counter,

=

o

&

&

=

-~ INSTR : Instruction tracing
Tracing is under control of the instruction
code to be executed.

The second field will indicate the module code to whom the
tracing is referred to.

The third and fourth field will indicate the start and the
stop limits for the tracing.

The fifth field will specify the data to be prlnted by the
following format:

A = OPU
The data of the CPU registers (including S,T
register, the PMC register and the 1/0 flip=-
flops) are printed out. (See table 56,57).
The CPU-RAM is printed out page by page, every
page being a line.

agnl forma di riproduzione o divulgazione deve essere preca. .vamente autorlzzata per Iscritte.

% contenuie del precente foglie ¥ proprielh rleervets della SGS - ATES

Mod, 30508241 - 20000 - Ocd-Sipl 5. p. A,
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ogni ferma. di riproduzions o divulgazione dsve essere preveniivameate autorizzeta per isoriito.

8688 -ATES COMPONENT! ELETTRONICI S.p. A. Padr. 55
3~ RAM code ‘

The data of the RAM specified by the module
code indicated on the first field is printed
out.

© ~ ROM code
The data of 2K 10M specified by the module code
indicated in the first field are printed out. .

- T/0 code
Idem for the I/0 port.

B — NORMAL
3y this way a short form of tracing is requested
(see table 31 to 53). The result of this command
is shown in table S4 and S5. For every instruc—
tion executed the following data will be printed
out on one line:

- Program number of the executed
instruction

~ Program counter

- The PMC register

- The Instruction register

- The cumulative time required for the
program execution

- The accumulator and the carry from the 8th
bit

- The data-~bus and address-bus

in addition to that,every time an I/0 operation is
performed, it is also printed out:

- The arrows ' ' will indicate an output
- The arrows ‘! ' will indicate an input

5 = STOP condition, module, address

The stop command stops the simulation when the condition spe
cified by the first field is met in the memory location indi
cated by the second field and third field.

The conditions are:

- ABS : Memory location addressed
- CHANGE ! Memoxy content changed

Med, 30508241 - 20000 - Ocd-Sipl 3. p. A,
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COMPONENT! ELETTRORIC! 8.p. A, Pag

o

DISPLAY area, area, arcCd, .eeses.

This command disgplays memory lacation, CPU registers, 1,/
ports, as indicated by the first field.

- The memory location to be displayed have to be indicated

10 -

by one or more of the following mnemonics (see table 51,
56, 510, B12)¢

- ROM code

—~ RAM code
- I,/O Code
- OPU

separated by a comnma.

CHANGE type, module, address start, address end, value

This command will set to the specified value a memory
block, as indicated by the field one to four:

~ 'The first field is used to specify the type
of memory on which the changes are to be
done (CPU, RAM code, ROM code, I/0 code).

-~ The second field is used to specify the module
code of the memory.

-~ The third and fourth field are for the start and
end address of the locations which are to be chan
ged.

PRIWT

The PRIVNT command controls the output listing.

The command $PRINT @ disables any diagnostic message and
any message related to I/0 operations.

Only the TRACE and DISPLAY commands are satistied (see
table S1¢ and s11).

To enable the diagnostic and T/0 messages, the $PRINT 1
must be entered,

NAME
This command allows the user to specify 6 alphanumeric cha
racters to be used on punched cards or on the 1listing as a title

PUNCH type, module, output file, start address, end address.
This command will allows the user to punch the memory content
whose address is specified by the 1, 2, 4, 5 field.

The format is the one required for ROM programming.

The third field is available to specify the output device (ma
gnetic type, card punch or a file).

The command BREAK, TRACE, STOP may be deleted by using / before
the command word.

Mod, 3050824] - 20000 - Oecé-Sipi §. p. A.



TABLE S1
ELT 41
ELTONA=RLINGE7 =10
CYCLE [RUD
gae909 Wit
aipgadabe y a0
006002 060
N0J0od 200
00anus a0
gnonos Jon0
aaona? 000
ooooue w0
0aQgu° J00
3200810 G
Qo001 BEEIY
gnQosz an0
000013 Ja0
000014 0ol
Qoegls ane
000014 g0
0n=917 00
0t 818 uoo
a0oo1e N0
000020 00
000021 a8
gaooez Uag
Gn00e3s a00
0No0za 0oo
000025 ono0
0nodozé D00
goo0ev 046
0000z8 noe
0nooe9 uac
000030 D00
Qo00Dz1 2010
000032 089
B0OO33 000
0N0034 G000
000035 000
079036 000
Gu037 000
000038 Coo
000039 coo
000040 000
000041 a0o0
- 000042 000
| 000043 000
| 000044 000
000045 000
- 000046 000

Culu N. 39.1772.76 - MF/rtc - 6/4/76 -

XQT

SIMULATION : ABSOLUTE TRACING

BL TPFS.CONTST

G1/21=14%2:19:209

EPRINT 1 .
1,: Y s r}rq SYSTEM DEFINITION
pae 0N

pse 10
LiAg &0
170 a1
i &2
B
BEEEAK 1000 EXECUTIVE COMMANDS
SLUAD ROM, G40 ,

A0D,P  DUMMYZ, ROM CODE FILE
FTRACE ARS,0,0,250,NORMAL

S0 QL0

4 DATA

O =i €

e ) e e

o B g

— e

g
fos

= OO0 = O Ol C =00

T

(B8 ]

el
$DISPLAY CRU,RAM 10
SEOF

MOLINA*CP3F.ABS

Pag, 21'«.; -
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TABLE S2

# SGS~ATES » DIGITAL SYSTEMS ENGINEERING +#
* (P~3F MICROPROCESSOR-~SYSTE™ * SIMULATION PROGRAM *

ADD,P TPFSLCONTST ] . ;
SIMULATED SYSTEM

CPU I/0 PORT CODE ASSIGNED 15 : BB

_MODULE CODE ASSIGNED TO PSE IS : O oo
.MODULE CODE ASSIGNED TO PSE IS : 1 e
MODULE CODE ASSIGNED TO PSE IS : 2 ‘ " el
MUDULE CODE ASSIGNED TO PSE IS : 3 . e I

_ MODULE CODE ASSIGNED TO PSE IS : 4 SERIRE s
MODULE CODE ASSIGNED TO PSE 15 : 5 | Nl
MODULE CODE ASSIGNED TO PSE 5 : 6 s

 MODULE CODE ASSIGNED TO PSE 15 : 7 : a g o b

MODULE CODE ASSIGNED TO DSE IS : 10 e s
MODULE CODE ASSIGNED TO I1/0 1S : 40 i
MODULE CODE ASSIGNED TO I/0 IS : 61 _ S
MODULE CODE ASSIGNED T0 I/0 IS : 62 i

_$BREAK 1000 L Fa

_SIMULATION WILL STOP AFTER : 1000  INSTRUCTIONS EXECUTED : gy 2k

__SLOAD ROM,0,5 | Y OG-

> LOADED PROGRAM S ST
 _MODULE ADDRESS INSTRUCTION SRR S~

55 =

‘M..-L- i A



L ADD,P

Culs N. 39.1772.76 - MF/rte - 6/4776 =~~~

TABLE S3 - e

pUMMY2, . . .
? ans - ROM CODE
012 .
032
004
377
a16
G601
030
130
U14
100
50
022
170
033
002
014
377
016
001
016
033
110
047
210
100
0os
004
200
066
360
066
046
005
001
110
040
045
0co
360
360

e
= D0 W0 N N = O

FIIRE il il il e il G
e IEVo BN BN e SRRV, B - S UYL V)

PR TO
Lo S B R gt

W NN
T N0 05~ On &

Il
n -

~

L

Lad L M N
~N o

L
o]

ANt (2]
O =

.
=}

- 41 WORDS LOADED 0K,
- —-$TRACE ABS,0,0,250,NORMAL

-~ TRACE. OK.

. $TRACE.  PC,0,16,20,CPU

S T RATE. O

~_Pag. 220 -
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TABLE S4

EXCUTD

INSTR

D00 ~NO 8D

—

11
12

15

14
TH
16

17
18
19

20
21

22

23
24
2o

21
32

33

24
36
33

24
36
53

24
36
33

34
36
38

YER

onn
000
000
oo
000
goo
000
000
gaoo
000

2225>

000
0o

2235>

000

<<€
<<<<<

aaa
009
00o

<L
LR

000
000
000

<LK
<€LLL

000
000
ano

<LK
<<<<<

000
000
000

£<<<LKL
<<<LL

I«Re

G04
52
a4
316
030
130
g2z
176
004
066

PORTH#

360
066

PORTH
Gée

PORTH
DATA:

005
110
046

PORTH
DATA:

0ns
110
046

PORTH
DATA:

005
110
046

PORTH
DATA:

005
110
045

PORTH
DATA:

62

62

62

62

61

6/4/76 -

TIVME

5
15
28
30
40
45
65
&0

100

110

DATA STy 12

A

000
012
012
377
noo
000
000
noo
000
200

125 200
120 000
DATA QUT:
145 000
155 D00
165 000
185 000
195 000
205 D09
225 000
5
235 060
245 NGO
265 000
275 001
285 001
295 001

I

COoOoOoO00DO0Oo oD D

o O o B

Qoo

Do O

DAR

D04
032
004
016
Q30
130
Qe
170
Q04
066

260
066

046

005s
110
046

005
110
046

005
110
046

nos
110
045

nPag; Eﬁil,
ABS TRACING

ADB

noo
000
noon
000
200
D00
000
0G0
neon
oo

000
0on

000

000
000
000

0o
000
noo

000
000
000

noo
000
000



T, Cul. N. 39.1772.76 - MF/rte - 6/4776 - .. . Pda. 232 - .
TABLE DS e g e AN T RRCUNG
™
EXCUTDE ITNSTR, PC YER TaRa TIME A E DAB A&DR
26 19 000 000 305 010 O 000 000
27 16 000 002 315 010 0 002 000
28 17 000 014 330 010 0 014 NON
29 19 000 016 340 267 0 016 000
30 21 003 016 350 370 0 014 000
31 23 000 110 360 023 0 110 000
32 25 000 010 370 023 0 010 000
23 26 000 100 375 Q00 O 100 000
34 6 000 016 395 000 0 016 000
35 & 000 030 405 D01 0 030 000 I
36 9 000 130 410 001 0 130 000 , PR
317 13 000 022 430 001 D 022 000 N
38 14 000 170 445 001 O 170 000 i
39 26 000 0N6 465 ND01 0O 004 000 e A3
40 30 000  Géé 475 200 0 066 DOO
>>5>>> PORTHY 42 DATA OuT: 128 ) _ 4
41 311 000 360 - 490 200 0 260 000 e
42 12 000 066 495 000 0 066 000 R
>>>>> PORTH 62 DATA QUT: 0
43 33 000 046 510 000 0 N46 000 i
<<<<< PORTH 62 e
<<<<L< DATA: 0 gt
Lé T4 000 005 520 000 O 005 00O LA
45 36 000 110 530 000 O 110 000 i
4k I3 000 046 550 000 0 046 000 B
<<<<< PORTH 62
<<<<< DATA: D izt el
C 47 4 Q900 00S 560 000 O 00S 000 b e S
48 36 000 110 570 000 O 110 000 T
49 I3 000 G4 590 000 0O 046 000 TR R
| << PORTH &2 | i ;j
<<<<< DPDATA: 0 T LT
$ 50 34 000 005 600 000 O 005 000 - e
. EXCUTD INSTR. PC  YER  I.R. TIME A C DAB ADB S
iR T 36 000 - 110 610. 4fig. .0 fte gop TS
A 52 I3 000 046 630 000 O 046 000 oot
<<<<< PORTH £2 B g e HEE R Wy v |
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TABLE S6
ELT+1DL
ELTOUS=-RLT®e7=-10
E¥YLLE (O3
paBLit 056
000002 000
000003 200
000004 000
000005 000
000006 000
000007 000
000008 000
000009 000
000010 Qoo
000011 000
000012 000
000013 500
000014 000
000015 000
0nN016 000
0. Jjo17 000
000018 n0d
000019 000
000020 000
000021 000
000022 000
000023 500
000024 Goo
000025 000
000026 000
000027 000
000028 000
000029 000
000030 ooo
Q00031 0nQ
000032 000
0000373 000
000034 - 000
270035 000
w036 000
000037 000
000038 000
000039 000
000040 000
000041 000
000042 000
000043 000
000044 000
000045 000
000046 goao
_XQT

SIMULATION : PROGRAM

TPFE.CONTST

OV 721=17 169 24%

BPRINT 1
$SYSTEM
PSE QO
DSE 10
1/0 &0
1/0 61
1/0 62
$
$SRREAK 1000
SLOAD ROM40,45
ADD 4P DUMWY2,
$TRACE PC,N,16,20,CPU
$G0 0,0
0
U
0

—iCBI‘\—EDI\_—-"C}C‘.‘P‘-—*C&GC’DO\—‘CJC.‘GC?CCJ'3-"-5

~o

-

27
SDISPLAY CPU,RAM 10
$SEOF

3  MOLINA*CP3F.ABS
-Note: This printout will

S3, omitted here for sake of simplicity.
After that, the printout continues by table S7.

Pag. 223 -
COUNTER TRACING

be followed by the same printout shcwn on table 82

wd = s



TABLE

0
000
el 1ol
T

~ 000
— =TG-
LiGHus

1
000
000

000
000
000

1
000
000

0
Qoo
000

a0y oog

~ 700 00D

00 oo

L
N
R

RL4E:

000

2 il

2
000
000
000
000
0ao
000

Z
000

coo

000
000
000
000

A

g 5

CPU-RAM
3 4
000 oo00
00c 000
060 000
000 000
000 000
000 000

RZ
0

CPU-RAM
3 4
000 000
000 000
000 000
000 000
000 000
000 000

RB
0

RZ
0

”CPUFRAM
iy

222>
2255>

<<
<<<<LKL

<€<L<L
<L <<KL

CLL<LL
€L

<LK
<< <LK

<<<C<<
<L

5
000
000
000
000
000
Q00

INS

5
000
000
000
000
000
000

__INS

5

Culu N, 39,1772.76 - MF/rtc - 6/44

PORTH
PORTH

PORTH
DATA:

PORTH
DATA:

PORTH
DATA:

PORTH
DATA:

PORTH
DATA:

7
eoo
000
00a
ono
6oo
000

6
000
012
000
000
000
000

TR
27

N o

7
000
600

6
000
012
000
000
000
000

000
gno

TRe Ne
Sig

000
000

62; ‘DATA 3371'128" 5 =

62 DATA OUT: 0

62 3
0

62 A
8] ) !_"

62 T
0

42 i
1 _ﬁm

61 + T
5 g

PC TRBRACING START

Ao & "7 ¥WER ® BAE DS 176 T - T aad

010 000 000 @O0 O ‘B0z 000 D00

(USEC,)
215

T.Re TIME

002

A S T YER C DAB ADB 1/0
010 000 000 000 0O 014 000 00O

TIME (USEC.)

R

IeRos
5 T




000

000

000
. Q00

. gh.
000
_PC
19

00a
GoOo

000

000
000

000

e 1%
000 000 000

00D 000 000
000 000 000

_...000 000 000

000 000 000
. 000 000 000

000
000

oQo
000

CPU-
=

00a¢
000
000
000
000
oo

000

Q00

"~ C.l. N. 39.1772.

000
Q00
goo
000
000

000.

RZ
0

=i cEadds

oo
0oo
000
oo
600
000

000
012
000G
000
000
000

0no
000
000
0oo
INSTR.,
29

N

>>>>> PORTH#

000
000 -

i S ey

76 - MF/rtc - 6/4

I.R'
016

b2

TIME

7 Ry

TTPeg s

367 000 000 000 0 016 000 DOO

(USEC.)
340

TR. END

P22

<<<<<
<<€

<<<<<
<€<<<

<<<<<
<<<<<

<<CCL<
P TLL LS

€L
<€<<<LL

<L£L<<L
<<<£<<

<€£<<<
<€<<<<

<<<<<
<<<<<

RAM
4 5
000 000,

001 000
000 060

c00Q 000

000 000

000 000

000

PORTH

PORTH
DATA:

PORTH#
DATA:

PORTH
DATA:

PORTH
DATA:

PORTH
DATA:

PORTH
DATA:

PORTH
DATA:

PORTH
DATA:

é
000
012
000
0oo
a00

?

000
000
000
000
000

000

DATA OQuT: 128

62 DATA OUT: © X 2R T
b2
0
T e B Nl B | £\ 3
0 o
62 ; %
0 =
62 :
0 =
62 :
0

62 o
1 g 20

61
16

PC TRACING START

A .8 T YER T DAB ADB.LJ6. . . .

020 000 000 000 O 002 000 000 B



000
000

000
- 000
000
_.boo

P

e

e

000 000
000 000
000 0G0
600 000
G00 000
000 000

1 2
000 000
gno 003
000 00C
000 000
000 000
000 000

RB
o 0

CPU=~RAM
3 4

000 000

000 001
000 000
go0 000
000 000
000 00C

CPU~RAM
3 4
000 000
000 001
000 000
000 000
000 000
000 000

RB RZ
0 0

<<<<<
<<<<<

<<<<<
ERE L LY

LK€L
<€<<<

RZ

5
000

ooo

00o
000
000
000

INSTR.

5
000
000
000
0oe
goc
000

INSTR,

INSTR.

N
66

6 7
000 000
012 000
000 000
000 000
000 GO0
0006 GO0

&7

4 .
000 GO0
012 C0O
000 000
000 ano
000 000
000 090

68

el N, 39.1973.96 CWE/rie - 6/A)6

(USEC«)
L RS

YER

C DAB ADB I1/0

0 014 00C 000

(USEC.)

B15"7

YER

C DAB ADB I/0

T PR

(USEC.)

TaRe TIME
noz PR DB

A 5 .0

020 000 000 oOO
faRs TIME
014

A S T

35? 000 000 000
14Rs TIME
016

335>5> PORT# 62

>335

<LLLKL
<<<<<

<€<<L
€<<L<<

PORTH

PORTH
DATA :

PORTH
DATA:

PORT#
DATA:

PORTH
DATA:

PORT#
DATA:

62

62
0

62

62

825

DATA OUT: 128

DATA OUT:

N e

61
24

g

TR. END




T e ) ~ SIMULATION: _ L Paglaane

C.l. N.39. 1772 76 = MF/rtc 6/4/76 - > PRINT 0

TABLE S10- - M ] - _NO TRACING ,

_ELT,IDL  TPF$.CONTST DiPLAY

ELTO06-RLIBE7-20 D1/21-14:58:28 . :

CYCLE (QO)

g09801 000 IRPRINT O

000002 000 $SYSTEM

006003 000 PSE 0O

000004 D00 psSE 1D s

000005 0ol 1/ 60 e

400006 000  1/0 61

000007 00C  I1/0 62

000008 000 3

000009 000  $BREAK 1000 : §R,
00001 000  SLOAD ROM,0,5 e

0000119 000 AUD,P DUMMY?, PN el

00Q012 oo $60 0,0 ' R T WY, O

000013 0no 0 S-SR

000014 Q0o 0

pO001S 000 0 ik

000016 000 1 NI

075017 000 8 R A O
GuJ018 00Q 0 _ N

000019 000 0 s

000020 000 ¥
| 000021 000 0
000022 000 G , , . Y -
000023 000 o : o
..000024 000 1 - SR
ﬁgnanozs 000 1¢

000026 000 0 g Ao e
/ 0068027 000 G e
| .000028 000 0 N
- @nooze 000 1 e
. 000030 000 Bl e
[ 000031 000 g f s
L 200032 uoo U i L

000033 800 1 SR,
|,ﬂaao34 0aa 2z .

000035 000 9 i

[ D036 000 1 ek

Q00037 006 40 SRR
._Qp003s 000 0 e
000039 000 1 , ) Ry
Q06040 okede; g o
000041 000 0 MELAR g R L
006042 aoo 1 , ‘ PO N ol
..0080043 060 27 s
000044 goo $DISPLAY CPU,RAM 10 L
- 0D004S 000  S$EOF LA
_XAT  MOLINA+CP3F.ABS EESEN



C.l. N. 39.1772.76 - MF/rtc - 6/4/76 - Pag. 228 -
TABLE S11 (simulation: Print @ - No Tracing - Display -comtinue)

ITAL AYSTEYS EMOGINREERING *
CESEiU-SYETEY % SIMYLATION PROGRAM *

ADB B  THES.CONTST

ADD,P BlFRYE,

41 wORDS LOKDED O.K.
EVERY DIAGNOSTIC AND 1/O
GO 0.k, PRINT-OUT IS INHIBITED.
DISPLAY IS EXECUTED

*k*x FETCH NOT POSSILLE +#%x

kxx TLLEGAL GUARD MCODE /SIMULATION ROUTINE

CPU=RAN
0 1 Z 3 4 E "H.4® A S T YER € OAS ADR 1/0
ACO 90C 00d 207 GO 500 000 099 000 000 200 oM O 0G0 700 D0QO

200 Q00 ofd 000 gds6 200 912 400
goo anoH oo g0g goe ant 200 990
DGO Q00 008 GO0 004G 0NB 900 G0
a08 200 §on A6 oo 408 00u ang
Qao 000 20¢ 020 000 onf 00C ONDO

P R R 6 R INSTR, Na TeRs TIME (USECS)
& n 7 m 2U2 i 2620

BSE 10 MORDULF DUmMP

9 0% - G20 030 Gan 050 711 037 06D U802 086 080 400 400 900 900 060
16 GCC ©ao6 000 6ofH B0C 000 200 C0CC 000 oCG 000 200 NCO 000 000 NQO
52 onn oot oo 00N 000 200 D00 0G0 QDO Q0C DON Q0D 000 200 000 DGO
48 nae Goao %00 0040 0480 008 700 0CCc Q00 £0C 209 200 000 7200 Q00 000
Gh 70C . 000 00 02CN 050 200 €02 nG0 nOen A6G 0dn 000 000 20C 000 0G0

g0 AG0 D00 200 00N 00D NCN 100 NCD 000 200 DOO 000 DOO 000 000 000
96 n00 00D N0 0G0 D00 790 700 200 000 600G 000 o000 209 700 000 Q00
112 G000 000 DGO €00 N00 NGO 207 00D 200 0O0C OON OGO D500 N0OO 00O0-NCO

BZ &

DISPLAY OR.



-IABLE 812 _ DISPLAY CPU, RaM
L ELTeIOL TPES.CONTST ) i
ELTOO06-RLIBEY=10 01/21-18:07:11 - ‘ & g el 5
LBYCRE . (00D
Q0oago1 Q00 $PRINT 1
000002 200 $SYSTEM
000002 300 PSE (0
000004 000 DSE 10
000005 000 1/0 60
| 000006 000 1/0 61
..ogoooz. . 000 1/0 62
000008 080 . %
. 00C00% 000  $BREAK 27
000010 000  $SLOAD ROM,0,5 : i e e
000011 . 000 ADD 4P DUMMY2, ‘ I e P i
__QQQQJZ___ 900 $STRACE ABS,0,0,250,NORMAL
,V_DQQ,Q‘l 3 Q200 $G0 0,0
D004 000 0
- Q00015 300 0 1
|..000016 000 0
| _g™017 000 1
| Owd018 009 &
i 000019 000  $DISPLAY CPU,RAM 10
| 800020 200 $BREAK 10
000021 000 $G0 3
_pooo22. 000 _ $DISPLAY CPU,RAM 10 i :
|__000023 000  $BREAK 1000 : - sl
800024 000 $60
000025 oco 0 z
. .poboozes ono &
000027 000 0 .
| D0go2s8 00G O
',000029 000 g 4
000030 000 8]
000031 000 1
_poo032 000 16
| 000033 000 0
000034 000 0
000035 200 0 4
L D036 000 1 e
000037 Q00 24 o
000038 000 0 S
000039 000 0 ‘ i
000040 000 1 :
000041 000 32 sl
000042 000 0 :
000043 000 1. - =
000044 000 40 =
000045 - 000 L o e R L 2
. 000046 000 1 - z
000047 000 g & P by
- 000048 000 O L p
000049 00O 1 e S e E
Tgogbs0 2 000 27 “ o
000051 000 $DISPLAY CPU,RAM 10 ) "
800052 000  SEOF - &

C,!J__!.. NM- 2 _1,222 1]6 S MFjr‘tC :,, .
; 6!4,(16. i SESEE :

,SJAQULJLIJIINL_ _Pag, 229 -~
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s

*
Y L

MOBULE
MODULE
MODULE

JDULE
MODULE
MODULE
MODULE

MODULE

MODULE
MODULE
MODULE
MOBULE

»HEREAK

SIMULA

SLOAD

MODULE

Cuola Nu 39.1772.76 - MF/rtc -

TABLE S13 (Sim. Abs - Break - Display - continue)

ATES # DIGITAL S¥sTE=g
. S

R e . o
A S Ll i ) ¥

u
T gt *

TP L GONTS

O PGRT CODE ASSIGMNFD 8 : &5
CODE ASSIGNED TO PSF IS = 0
COLE ASSLGRED TR BPSF I§ = 1
(BDE ASSIGNED TO PSE IS 2
CHDE ABSIGHNED TO PSE 1§ : 3
CODE ASSIGNEEL TO PSE T§ ¢ 4
CODE ASSICGNED Tn BSE I8 3
CODE ASSLENED TO PSE IS &
CObE ASSIGHNEL TO PSE 15 7
COADE ASSIGHMED TO DSE IS5 10
Cape ﬁSSIGNED 18 /g I§ ¢ 40
CODF ASSIGHEL TO I/0 T35 51
éWDE ESBIGHED 10 140 18 o 52

TEON HILL STOFP AFTER ¢ 27

ROyt

LIADED PROGRAM

ADDRESS INSTRUCTION

LMGINEERING »
SIMULATION PROGRANM =

INSTRUCTIONS EXECUTED



Culu N. 39.1772.76 - MF/rtc - 6/4/76 - Y Pl 230,
TABLE S14 (Sim. Abs - Break = Display - continue)

ADD,P DUMMY2,

" n 04
b, 3 012
" 2 q22
0 2 004
n 4 e
n 5 016
4] 6 001
0 7 030
0 8 130
0 9 014
0 10 100
0 11 0s0
0 12 022
0 13 170
0 14 033
n 15 o2
n 16 014
0 17 377
0 18 016
0 19 001
N 20 016
0 21 033
0 22 110
0 23 047
8 24 010
a 25 100
) Z6 GRS
0 27 0n4
0 2% 200
n 29 066
0 30 360
0 31 066
0 32 046
n 33 00s
n 34 09n1
n %5 110
0 26 040
4 27 045
0 38 uno
0 39 360
0 40 340
41 WORDS LOADED 0.K.,.
$TRACE ABS,0,0,250,NORMAL
TRACE 0DK.
$G60 0,0
START ADDRESS ON MODULE 0 ,AT LOCATION 0

GO DeKe



C.le N. 39.1772,76 - MF/rtc - 6/4/76 -
TABLE S 15

EXCUTD INSTR.

L o SC N & LS 7 [ - S 0 1 3

b

i
12

14
15
16

17
13
19

2.5
24
25

e )
o3

[, I g 4
OO0 WO RO =

-

23

24
36
33

34
36

3

34
26
33

24
36
38

(Sim. Abs - Break - Display -~ continue)

YER

009
U090
000
gaa
0no
ono
000
onn
000
uao

222>

a0
ann

33355
0nn

<K<
CEALEL

00n
00g
ann

<<<<C<
<< <K<

000
000
ano

<<
<<<LL

0o
Q00
anao

<€<<<
€K<

005
000
uno

<L
<<<<<

IeRo

ong
D32
004
U146
020
1320
022
120
D74
J58%5

PORTH

360
066

PORTH
Que

PORTH
DATA:

0n5%
110
D46

PORTH
DATA:

gns
110
046

PORTH
DATA:

005
110
040

PORTH
DATA:

005
110
045

PORT#
DATA:

52

4

Gid

52

61

TIME A L
S 000 O

15 012 0
20 012 0
30 377 0
40 000 O
45 000 0
65. 000 0
20 000 0
100 000 O
110 200 O
DATA OUT: 12£
125 200 0
130 000 O
DATA QUT: 0
145 000 O
155 000 O
165 000 O
185 000 G
195 000 0
205 000 O
225 000 0
235 000 O
245 000 O
265 000 O
275 001 O
285 001 0O
295 001 0

DAR

QG4
032
004
016
Q30

130

022
170
004
066

360
Noé

D46

DOE
110
045

005
110
046

005
110
046

005
111
045

ADB

000
aan
000
0oo
000
ngo
N00
000
n0a
000

0o0n
000

0090

000
aon
nao

0a00
040
non

000
noo
noo

000
0oo0
000

Pag. 232 -



60 0.K.

IN EXECUTION

000
N0
000
100
500
000
000
0u0

Cui- N- 39!1772.76 ] MF/I"tC = 6/4/76 = Pag' 233"
TABLE S16 (Sim. Abs - Break - Display - continue)
\ )
B4R LYY BNETR, o TER 1wl s TIME A C DAB ADB
26 79 006 onu 05 D16 6 4080 00p
2 16 goo one s D0 & T2 00
NOW BREAK
SIMULATION EBREAK AFTER 27 EXECUTED INSTRUCTIONS
$DISPLAY (PU,RAM 10
CPU=RAW
0 1 2 3 4 5 4 7 A 5 T YER C DAB ADB I/O
000 000 000 000 GO0 000D 000 00O 0190 000 DOC Q0N ¢ Q02 500 non
J00 000 0CO QOO 0RO 00D 212 0ng
000 000 000G Q00 QO00C 000 000 ©o0o
JOO Q00 004 000 00C 000 000 0Nna
ooo GDG poo o000 000 ONGg QC0 006
Q00 00C COO CO0C UDOD 000 0O0 ©oo
PC RA  RB  RZ  INSTR. Ne.  1.R. TIME  C(USEC.)
16 G 8] 0 27 nG2 215
DSE 10 MODULE DUMP
0 nO0 000 000 200 000 NON 7Un NOO 000 Q00 OGO 00C 000 NOO 00D
16 N0C Q00 000 200 000 700 NO0 0CD 000 000 000 000 NGO HOO0 000
32 100 600 000 600 000 00C N0 000 000 000 000 00D 000 700 000
48 Noo 0po 000 CO0 NOOD NO00 0Qg0 ROD OOO_OOO Con oog oon opo 0noon
bb 100 000 000 00O 000 D00 000D 00O 000 QOO0 00N 000 00N 000 Ngo
a0 noe 000 °00 o0 OO0 200 000 00D 00D DOO 200 00G0 00N 000 ODG
96 000 000 NOO 000 000 000 D00 000 000 000 000 QOO0 000 000 00O
112 nog 0600 NOO 000 NDOO N00 NgH 00H 000 NOO 00O DOUD NOOD "00 OOO
RZ n
DISPLAY OK.
SBREAK 10 NEW EXEC. COMMAND
ENTERED
SIMULATION WILL STOP AFTER 10 INSTRUCTIONS EXECUTED
$GO
“START ADDRESS OM MODULE O ,AT LOCATION 14
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' Pag. 234 -
SGP-ATES OOMPONENT! ELETTRONIO! 8.p. A.

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RAT INGS

'VBD Supply voltage (referred to VSS) ~-20 to + 0.5 v
VI Input voltage VDD to + 0.5 \
l0 Qutput current (at any pin) 3 mA
. 3 ; : = ; e
- Storage temperature 65 to 150 4
- Operating temperature 0 to 70 i
RECOMMENDED OPERAT ING CONDITIONS
VGG Supply voltage - 17 + 5% v
VDD Supply voltage - 5+ 5% v
Vl input voltage Q0 to VDD v
de Clock generator ampliture 17 + 10% v
Fi Input frequency 800 KHz
Tog Operating temperature 0 to 70 L

COMPORENTY! ELETTROBIC! S.p. A

* Typical data power consumption per chip 300 mW

STATIC ELECTRICAL CHARACTERISTICS for M380-M381-M382-M383 (Tamb
= S8 of ¥ = QV, over recommended operating conditions)

Logic "1” is defined as the most negative level.

Logic "0” is defined as the most positive level.

& ripredasione o divulgazione dwug casere pr.. intivemects autcsizzats per leeritte.

Walis & prepoield slowvats dalle SA8 - AT

PARAMETER TEST CONDITIONS | MIN TYP MAX | UNIT
IDD Average supply for M 380 20 48 mA
current from VDD M 381 20 48 mA
M 382 25 55 mA
M 383 0 0 mA
IG Average supply for M 380 30 55 mA
current from VGG M 381 27 50 mA
M 382 36 50 mA
M 383 20 32 mA

ofue

Mod. 30008241 + 5000 - Osd-Sigi 5. p. A.



Cole No 39.1772.76 - MF/rtc - 6/4/76

868 - ATES COMPONENWI 'I‘Tmmn 8.p. A Pag. 235 -
STATIC FLECTRICAL CHARACTERISTICS {cantinued) ELECTRICAL SPECIFICATIONS (cont.)
PARAMETER TEST CORDITIONS BIN TYP MAX umiT
IL laput voltage Data bus . V' .e Y 1 oA
all other pins 10 uh
¥ Low level outpwt Data bus ' GL = 275 pF
wpttage
Peripheral chasmel| See test circuit -4 y
Address and control | C =208 pF for
bus M SH only
¥ High level output Data bus CL = 275 pf
voltage .
Peripheral channel T.“- 0.5 aA -1 y
<
; hddres and control C =200 pF for
e bus M 381 only
P
o vV Low level imput Clock v T I
- 8 veHage
i Reset y 4,3 v
: 4 ese 66 T4,
;E Data bus o & v
Wg
® b
<2
; g Peripheral channel - & Y
o2 '
,u'"_ Address bus and for B 381 - A 382 -4 v
s Cantral M 363 only
i
§- o Y High level 1nput Clock -0,5 v
i 'E voltage
{i Resat =1 ¥
-g ; Dat
5 a bus . “1,2 v
gi Peripheral channe! -1,2 ]
i‘ Address bus and for M 361 - M 382 -1 - v
IE control W 383 enly
1' If"' High level output Peripheral bus ?ﬂHP =1 ¥ 6,85 sA
! ‘ current
o

\‘” ./. L4 .

Mod. 30508241 - 15000 - Oeé-Sipi §. p. A.



) COMPONENT! ELETTRONICI S.p. A

ognl forma di riproduzions o divulgazione deve essers .~eventivamente autorizzatz per iscritto.

foglic & proprietd rigervata della SGS - &

"

te del pr

s@s-ATES

DYRAMIC FLECTRICAL CHARACTFRISTICS: (v "

COMPONENT!I ELETTRONICI 8. p. A.

Cul. N. 39.1772.76 - MF/rtc - 6/4/76 -

Pag. 236

ELECTRICAL SPECIFICATIONS (Cont inue)

L U
! b
c?‘uerﬂse speciﬂea

-0V, v

= =5V + 5%; Tasb « D to 70 °C unless

PARAKETER TEST CONDITIDNS RIN  TYP  MAX CUKITS
T Clock perind i, t 130 = 1.25 3 us
r 1 i
¥, ff Clock rise and fall times hetween -5 to =14,3 ¥ 130 ns
r
t clock pulse width| Low Level measured at -14,3 V|40 s
¥ High Level weasured at - 8,5 V 450 ns
t, ]d_Hoid time SYNC {hiah to Tow measured at - 1V 200 ns
= with refercnce tn ‘
clock {high 1o low)
*Address and control for M 381 - 382- 383 0,3 fss
lipes with referen-
ce to clock (high
to low)
t Butput delay % Address bus CL = 200 pF for M 380 8,3 fus
? tima
** Nata bus £ = 2715 pF for 380 n.6 "
for M3B1-382-383 1,2 ol
#% Peripheral channel CL = 400 pF for M 380 1 .
C, = ST50F for 381-302-363 1 i
t s fnput ** flata bus for M 388 1.1
s€
y setup tlne for M 381-382-383 0,6 /us
% Peripheral chanmel | for M 380 0.8 i
* for M381-382-283 0.8 o
CAPAC I TANCE
C’ lnput capacitance f -1 Wiz 5 10 pF
¢ infOut vapacitance on data bus and fo1 Mz 7 15 pf
peripheral channels '
*  Measwred from f3 negative clock edge for M 381 -382 - 383 only -
% Measured from [ negative clock edge -
./..
Mad. 30808241 - 15000 - Océ-Sipi §. . A.
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ELETTRONIC!

SOMPONENTI

ogni torma di rigroduzione o divulgazione deve essere preveniivamenie autorizzata per isceitio.

H contencto del presentie foglic @ propriatd riservata dells SGS8 - AT F

8568 - ATES

Cale 39.1%72.76 =~ MFfrte

COMPONENTI ELETTRONIC! S. p. A,

/4776 =

Pagn 237 Emira's

ELECTRICAL SPECIFICATIONS (continue)

TEST CIRCUIT {for peripheral channels)

- Timing diagrams

| i
S e S
'3

|
A= 10k 10% FOR M381-MIB2-M383
18k 2107 FOR M3B0
S 1648

Clovn

] |

i
T i W |
i !
k]
|

ADDRLES. BUS AW
PRI, AUSL WELZ, FROP

uale s
ouARIT g

TIPS

ADURESS DU1S AWD
FHILANSEWEQZ PROP

DG AN PRECHAR

[ I
Loonmur can e

BT
v

)

T
| v

e 1 ] R
a9 i e \ i A

PPN S 75 Wameery SIE E M 380

b s’ T HANGE Ll ORIA B

W DANCE 2

LINE S ane

NS
LRl i
nPuT S ik

Lot setun
R A .
G e v
it e
i

c1ocK
svme

38l

i
AOURLES BUS Ariy 2 x1a B
L AT WEP P G LINES ARE

ta Wiy
GG Iy

e

OB O o~ 7
N
|
|

— FHEIT

I ADEL WEQE, Pror

LUORE LS HUS  AND EJ"

|
St -
Joea |

naiA

—

AT At !. Bt

g

RIS

1 AIPHERAY
ButRET e

Mod, J0SOB24] - 10000 - GRUNER 5. n. ¢,



"COMPONENT! ELETTRONICI S.p.A.

o divuigaziene deve essere preventivamenie auiorizzata per iseritto.

H econtenute del presenis fogilo & propristd riservetia della SGS - AT
ogni forma di riproduzione

39:1772.76 = MF/YEC - 16.4.76 ~

SaGS-ATES COMPONENT! ELETTROMICI S. p. A. Pag.238

SUSTOM R2OM PROGRAMMING INFORMATIOLN

ROM programming information for M302 and M383 devices should be
sent in the form of computer punched cards. AN 850 column Hollerith
card, preferably interpreted, punched by an IBM 026 or 029 keypunch
should be submitted. :

The deck of cards is composed of':

1 - A title card
> = A 'control ROM' card For the module code
identification

3 -~ The data cards
The following general format is applicable to
the data field:

- A data field must start with the most
significant bit and end with the least
significant bit.

- A data Field should consist of "O" and
w1® (binary).

The required format is detailed in the following tables and Fig.43A,
B,C.

M382 PROGRAMMING FORMAT

A = FIRST CARD (TITLE CARD)

it must have the following format (see Fig./43A):

Column | Data
1+4 Punch "M382*"
4410 Blank
11+16 6 alphanumeric characters that

should identify the contents.
Must be repeated identically
on all data cards.

17480 Blank

Med. 30508241 - 5000 - Océ-Sipi §. p. A,



SOMPOMNENT! ELETTRONIC! S.p.A.

ogni forma di riproduzione o divulgazione deve essers praventivaments auterizzata per iscritio.

il eontenute del presents foglio & proprieta riserveta della SGS - A1

m 30.1772.76 — MF/DtC = 16.4.76 -

$08-ATES COMPONENT) ELETTRONICI §.p.A. Pag.239

- 33C0uD CaRD {CONTROL RGH)

It must have the following format (see Fig.43B):

Column

Data

1+4

310
11+14
21426

4 ey
2750

a

Punch “i3nav

Jlank

Punch "CRTL"

6 alphanumeric characters that
should identify the contents.

Blank

@ to address ROM-low range (@F+1d23
address)

1 to address ROM~high range (1@24+
2@aq address)

Blank

specify the module code assigned to
the ROM (decimal number J+63)

Blank

Specify the module code assigned to
the 1/0 Port n° 1

Blank

Specify the module code assigned to
the I/0 Port ne 2

Dlank

Mod. 30508241 - 5000 - Océ-Sipi 5. p. A.



;, COMPONENT!| ELETTRONIC! S.p. A,

ogal ferma di riproduzione o divuigazione deve essere preventivamente autorizzata per Iscritto.

te fogllo & proprieta riservata delle SG6S - &

to del p

il eont

SG8-ATES

3. 1770.76 — ME/2Le » 16,484,976 -

COMPONENT! ELETTROMICI 8. p. A.

TATA CARDS (31024 CARDS)

They must have the Following format (see Fig.|3C):

Column Data
Tt Punch "iM302w
4510 Rlank

11414 punch "Main®

15+20 Blank

21426 6 alphanumeric characters: must be
the same that have been punched
on title card in column 11316

277 %30 Dlank

21440 Ten binary bits (# or 1) that repre
sent the binary address of the ROM.
They must be ordered from 0000000000
to 1111111111 (decimal & to 1¢23)

A1=50 3lank

51458 Output word
51 out 1
58 out &

50472 3lank

73476 Decimal count of cards and address
(From @ to 1¢23)

77480 3lank

M301 PROGEAMMING FORMHAT

A - FIRST CARD (TITLE CARD) AND DATA CARD

Pag. 240

Same as “M332" except column 1+4 that must have "M3061" instead

of "M382%" on both title and data cards. In addition,

it should

be noted that the maximum address is 1011111111 (Decimal 767).

. CONTROL ROM

Same as "M3{2" except column 144 that must have "M381" instead

Gf mH3aav.

thod, 3050824) - 5000 - Océ-Sipl 5. p. A.
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e b

3 i

b e | CONTENY
IDENTiF IER

Fig, 434

/} 144 1e1é 21426 31 41442 51452 61462
»

KR eRTL CONTENT for 1 HIOULE HOOUL £ MOOULE %,
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s ™
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Fig, 43§ 5
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