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GENERAL INFORMATION 

he M 38 System is an 8&8 bit microprocessor family made up by 
the following devices: 

1 - The CPU - M 380 - 

The unit is working on 8 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 K by & bits ROM, 

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

3 - The RAM - M 383 - 

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

4 - The ROM/RAM - M 381 - 

This is a compa@ite device with 768 words of 

ROM and 18 words of RAM, 

Two 1/0 ports by 8 bits are included. 

af waa 
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Due to tts pecultar architecture the M 3% system tends itself 

to very compact hardware configurations, 

The minimum system conliguration is a 2 chip system, composed 

of: 

{ { 

Z 

CPU 

ROM or ROM/RAM 

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

CPU 

48 Registers 

f K ROM 

24 1/0 bits 

The maximum clock frequency of the system is 800 KHZ, while the 
basic machine cycle is > Sec, 
The execution time per ifstruction is ranging from 5M sec, to 
20 A sec. maximum, 

The family is implemented by P-Channel technology and it requires 
O, ~5 V, - 17 V as power supplies. 

The typical power dissipation is 500 mw/chip. 

f 
efowe 
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SYSTEM ARCHITECTURE 

Let’s look now little more in detail at the hardware configu 

ration of a system. 

Qn Figure 1 all the typical elements and devices of a small 

system are represented: 

1 - a CPU chip 

4 ~ a ROM chip 

ROM/RAM chip 

4 - a RAM chip 

5 

om
 i a)
 

- a Clock generator 

[ a Syncronization network 

a Set of internal buses (data bus, address 

bus, control lines, clock and sync. line) 

“
 f 

The clock generator is a very simple circuit and it could be 
done by 2 COS-MOS invertas and either an R.C. network or a 

erystal quarz depending on the time accuracy required, 

The syncronization network is also a simple circuit made up 

by two D Flip-flop and one inverter. Inputs on this network are 

the clock and the start switch signals, 

The Output 18 the syne. 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 tnternal timing on every chip is ena= 

bled with the same time relationship, and the system is in 
operation, 

On Figure 3, the circuit details for the clock generator and 

the syncronization 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. 3080824) - 5000 - Ocd-Sip! S. p. A.
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If we now take a look to the other interconnecting lines we 
can See 

1 - A standard & bit bidirectional data bus, 

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

3 -~ A 6 bit address bus, The address range 
of 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 
iS made up, 

The last point ts pecultar to the M 38 system, and we better 
spend some more words about that feature, 

As we have stated before, the system is divided in elementary 
blocks, (they will be called, from now on as modules) of the 
id lowing types: 

i A block of 256 words of ROM, 

A block of 128 words of RAM, tw
 | 

Le
e I Une 1/0 port. 

os
 i A block of 18 words of RAM (the smal! RAM 

included into the ROM/RAM device). 

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

‘ 

Any time that the CPU wants to enable a module an the system 
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 
enable on the module itself, 
So the address bus is used to address or enable modules (maxi. 
mum number of modules into @ system is 64), 

all & x 
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MODULE CODE ASS IGNEMENT 

It is already clear from the previous discussion that the system 

is divided in elementary blocks or modules, and that to enable a- 
specific 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 pought 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 

I 

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 
000 001 
000 O10 
000 O11 
000 6100 
000 101 
000 110 
COO 111 

- 1 kK ROM O0OL O00 

OO1 O01 

001 010 

001 O11 

af us 

_ Mod, 30806241 - 5000 - Océ-Sipi 5. 9. A.
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These are oot 100 

unusable codes 001 101 

Oo1 1106 

001 111 

- RAM 010 O00 

- 1/0 N.l 111i ooo 

- 1/0 N.2 111 O01 

Let’s make some comments about this code table. 

1 - The ROM’s have been divided in blocks of 2 K, 

It may happen that the last block is jess 

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 identi 

fied by the codes $@~ XXX (X is for “don’t 
care” 5 : 

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 O00 
001 O01 

001 O10 

001i O11 

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 - Oos-Sipi S. p. A.
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a. The choice of GOS XXX For che first 2K 
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 @. 

This ROM module must always be included 

on the system. 

The next available module code on the 

example, is O10 000 and it has been assi 

gned the RAM block. 

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

111 O00 

lil O01 

The codes for the 1/0 ports could have 
been for examples: 

010 OO1 

O10 OLO 

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: 

111 000 ‘to 111 111 

while 1/0 ports with module codes out of 

that range can be addressed only indirectly. 
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, 

Med. 30506241 - 5000 - Océ-Sipi 5.9. 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 

lil g¢¥ 
111 ¢@1 
111 ig 
111 git 
111 149 
111 191 
111 119 
1i1 111 “

S
O
N
 

B
w
W
N
e
E
 

GS
 

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 generate the following binary codes on the address bus: 

A - 088 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 - 681 GFP to address the RAM. 

D - 111 O88 to address the 1/0 port N, 1. 

E - 111 Q@1 to address the 1/0 port N. 2. 
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Let’s now Summarize the more important points about the module 
code assignement: 

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 I/O port one full code 
on the range 11199 to 111119. 

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 OOO # 111 111 range ) 

must be assigned to some of them, 

These 1/0 ports can be addressed only indi 

rectly. 

And now a small limitation on the module code assignement will 

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 
significant bits: the bits 6 and 5 of the module code are assumed 

to be 1 by the hardware inside the chip. 

This means that the possible code range is from. 

118 ZG to 111 119 

in binary or from 48 to 62 in decimal representation, 

Med. 3006241 . 5000 - Océ-Sipi 5. 9. A.
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MODULE CODE IMPLEMENTATION 

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, 

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 lines 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 

"A" means a connection to the most negative 
voltage, 

Figure 4 is an example for the hardware.con 

nections needed for code 010 000 assigned 

to the RAM and for code 111 O00 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 - $000 - Océ-Sipi S. ». A.
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HOW ABDRESS BUS AND MODULE CODE WORK 

The operation of the address bus and the module code is shown 
on tigure 5, 

Tike ROM device has a logic inside where the masked module co- 
de is compared against the three most significant bits of the 
address bus, 

bon the two information are the same, an enable signal. becames 
true inte the chip and a proper action will take place, accor- 

ding to the control Lines commands. 

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

the cade (masked or wired throught strap lines) and the address 
inuis tS extended to all the 6 bits. 

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

or 

Mod, 30SO0824i - 5000 - Océ-Sipi S. 9. 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 

Significant bits are the same as the “ROM CODE”; 

The selection between the low range modules (address J to 1777 2) 

and the high range modules (address 299% to 2777 2) is done by 
the most significant 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 is 
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 - $000 - Ocd-Sipi $. p. A.
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The program counter content may be changed in three different 

ways (fio. Fie 

i 

be
 

By the SYNC 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 Q's, 

By the increment command, 

After the fetch 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 cotnci 
dent with the three most significant bits 

of the address bus, and it will increment 

by one the program counter of those chips. 

By the jump command. 
Some instructions (the jump instructions) 

during the execution need to change the 

program counter content. 

This iS accomplished 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 

trol lines. 

As for the tncrement, the jump command will 

be enabled only by the enabled ROM or ROMS, 

ADDRESS BUS 

DATA BUS 
ET ® 

ENABLE 

J—F21@ 
fee 

ENABLE [@#—~ 
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AN EXAMPLE: WHERE TO START. 

The Yollowing paragraphs will describe the main steps throught 
which the user normally has to go in designing a microcomputer 
system. 

Of course, this will be just a review without entering to’ much 

into a detailed discussion. 

Let’s suppese that the application to be worked out is a con= 

troller for a magnetic tape cassette, 

The basic structure of the controller is shown on figure 8&8: on 

the left side of the controller there is the “MAIN SYSTEM”, ge 

nerating the commands or orders for 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 define the specifications. 

On our example the ollowing characteristics are of main concern: 

| - Magnetic tape speed, 

2 - Rasic commands for the cassette (forward, 

reversed, fast, normal, read, write, start, 

stop). 

3 - Theinterface signals necessary for the 

hardshake protocol. 

4 ~ The orders or commands coming from the 

main system (read, write, tape mark, rewind, 

Back space, erase) . 

5 + Other Features (read after write technique, 

phase encode methode for writing, operation 

accearding to ECMA specifications) 

Mod. 30$08241 - 5000 - Océ-Sipi S. p. A.
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Onee everything has been clearly stated, the hardware configu 

ration can be defined with a good approximation, 

So, for 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 gion bom and control, 

2 - The bit transter rate, 

By a first 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 if 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. 
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AN EXAMPLE: MODULE CODE ASSIGNEMENT 

We know now that the controller is made up by the following 

elements: 

- 2 K ROM 

2 RAM (128 x & } 

- 7 1/0 PORTS 

and we have to assign to every element a proper code, 

This could be the assignements: 

MODULE CODE 
| 

COMPONENT t | 
| BINARY | DECIMAL 

2 K ROM | AGO XXX 2 to 7 

1° RAM pet poe ? g 
2° RAM ag Bet ; 9 

1° 170 PORT 11d BPI 57 

2° 1/0 PORT - VbT gy 58 

2° 1/0 PORT 4a gla 59 

a {70 PORT 111 19 60 

5° 4,0 PORT eee teen’s 61 

G@- 170 PORT 7 111 L119 62 

7° 1/0 PORT a © ee 63 

Mod. 30808241 - 5000 - Océ- Sip) $. p. A.
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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 
Fully tn order to avoid errors into the program. ~ 

The first thing te remember when working on a program is to 
get the program fully Gesigned 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. 

Unee the program has been designed and coded, it must be debug 
ged, 

It is known and accepted by everybody that it is impossible to 

rest rhoroughly a program, 

Let ’s see which ts the role the testing can play. 
The First step to do 18 to get the object code from the simbolic 

code: on this stage only the lexical errors’ are detected, 

They are the tar less important and easy to recognize and remove, 

Starting from a correct object code the following point should 
he satistied: 

1 - Every statement should be executed at least 

once, , 

2 = Every condition should be tested in every 

way “ 

3 - Every elementary conponent of the input 

data has to be read, 

4 - Every elementary component of the output 

data has to be produced, 

The debuyging teols are 

- The assemblar 

- The software simulator 

- The hardware simulator 

They will be treated in a special section. 

- 
afwn 

Mod. 30808241 . 5000 - Océ-Sipi S. p. A.
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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 fetch phase and the execute phase for the instruction 

INP £ Cinput data from PORT n, 57) are shown. 

The ENP Lo oinstruetion ts lecated at the address 1131, , so the 

harst | Kool the program must be enabled, during the Fetch pha 

Se. 

Let’s look carefully to the fetch phase (fig, 10): 

Ll - The address bus has the following informa 

tion BOA XXX, 

This means that the “COMPARE” signa! is 

true in both devices ROM 1 and ROM 2, 

to
 

- The program counter content in both chips 

is li3t, or in binary 

G1 PH1 Pil PPI 

Due to the #. into the MSB of the program 

counter the first chip (ROM 1) isfenabled 

and the second (ROM 2) is disabled, 

3 - The other 18 bits of the program counter 

are addressing the location 1131, where 
the code Ale 

4 - This code is prought throught the data 

bus into the instruction register, 

is stored, 

New the execute phase will begin, and we will examine it (Fig. 

bi): 

| - The 170 port code is computed by the CPU 
starting from the software code (£1 on 

our example) and adding to it the binary 

number 1L1 QC. 

The result «8 sent on the address bus, 

Mod. 30806241 - 5000 - Océ-Sipi S. p. A.
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2 - The “COMPARE” signal of the 1/0 port 57 

becomes true and the transfer between 

the 1/0 port and the data bus will take 

place. 

The direetion of the transfer is due to 

the control tines status which ts a re- 

sult of the deceded input instruction. 

/ 

wt % 

Mod. 30SO8241 - 5000 - Océ-Sipi S. p. A.
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BASIC TIMING 

A basic instruction cycle requires 4 clock pulses, named re 
spect ivels FI, F2, F3, Pa. 

This timing is generated internally ta 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 

information is outlined briefly, before the discussion about 

the timing phases, 
Any transfer of information (data or instruction codes) whichever 
is the direction ot the transfer, itself, is performed in two 

utitferent steps: 

A - First the binary code is stored on the 

data bus. 

B - Then it is brought into the memory cells 

of the device enabled to accept the in- 
Formation, 

So, for example, during the fetch plase, 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 see now the basic operations performed by the system 

“during the four phases: 

Mod. 30$08241 - 5000 - Océ-Sipi S. p. A.
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Phase Fl. 

During that time, the data bus is tran 
sferred into the enabled Flip-Flops, 
As it is shown by the schematics of fi 
gure 12, the voltage level stored on the 

Ss capacitors during F4, is transferred 

to the Flip-Flop inputs if the enable si 

gnal has been simoultaneously generated 
by the logic. 

Phase F2, 

During F2 the data bus is prechanged to 

the BP 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 

after the leading edge of F2: their sta- 

tus iS a Function of the instruction co- 

de read into the instruction register du 
ring Fl or, in case of a multiple cycle 

instruction is a Function of the current 

cycle. 

These contro! signals are needed through 

out the system to enable the operation or 

operations to be performed during the cur 

rent machine cycle. 

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 

er from the program memory. 

The transfer timing is different depending 

it the information is coming from the CPU 

or from any other part of the system, 

On the first case (CPU to DAB), the transfer 
will begin by F3, while on all other cases 
(1/0 to DAB, RAM to DAB, ROM to DAB) the 
transfer will begin by F4. 

af w® 
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The schematic on the upper part of figure 12 shows the hard 
ware related to one tine 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 

logic 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 from an I/O 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 transfer from a RAM into the CPU has to 
be done. 

Then, the following 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 Fl 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 is then lost, 

Mod, 3050824) - 5000 - Océ- Sipi S.p. A.
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If the transfer to be 

Port, the system will 

the @ logic level. ; 

performed is from the CPU toward an 1/0 

go through a similar sequence: 

During 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 

of the CPU and the data connected to 

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

During F4 the same binary information 

is brought to the Co capacitors. 

During Fl _ there will be an enable only 

Tor the input flip-flops of the addres- 

sed 1/0 Port, and the voltage level which 
are on their CC. capacitors are transfer- 
red into the flip-flips of that 1/0 Port, 

During F2 the data bus is prechanged 

to the @ logic level. 

Mod. 30S08241 - 5000 - Océ-Sipi 5. p. A.
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QNE CYCLE INSTRUCTIONS 

Many jnastructions of the M 38 system can be executed in one 
basic machine cycle, 

The timing for a one cycle instruction its shown in Figure 13. 

Let’s assume the following system initial conditions at the 

beginning of the X cycle: 

1 - The PMC register is connected to the 
ADB (three most significant) and it 

has the same code as the module code 

of 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, 

Phe initial conditions of any other register (for example | .R., 

ACCyiayees } are not important for our discussion, 

These are the successive operations performed by the system: 

lL - & VYCLE? - During F2 the DAB is preghanged, 
The control lines are set to (: 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. 

2 - (Xt+1) CYCLE: - During Fl the program counter is up- 
dated to N + 1: the command for that 

increment is brought into the ROM by 

the control lines, 

At the same time the “INSTR A” code is 

transferred from the DAB into the 

instruction register, 

were 
Mod. 305808241 . 5000 - Océ-Sipi S. 9. A.
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- During F2) the execution of the “INSTR A” 

Rw Cxe2) CYCLE+ 

begins, the DAR 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: 

Es 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 DAB), 

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 

CPU. 

Due ta the overlapping of 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. 

4- The contro! lines are carrying throughout 

the system some commands which an perfor- 

med at a different time during the machi- 

ne cycle, 

de 
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For example, the status $48@ on these 
lines has two different effects: ROM 
output enable (during F4) . and Program 
counter increment (during next Fl), 
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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 1/0 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, 

By starting with the same initial conditions defined for the 

one cycte instruction, let’s analyse step by step how this 
transfer is done: 

1 =~ ® CYCLE: - DAB is precharged during F2, 

- The INP C code is brought on the DAB at 

Fa, 
This is caused by the control line 
status (GGG) and by the address 

bus (connected to the PMC register): in 

this case the control lines 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 “X'E) CYCLE:s- At FI the INP C code is copied from the 

DAB into the I.R. 

At the same time the program counter is 

incremented: this increment is due to the 

control lines status (298%) and to the 

fact that these lines are effective on 

the program memory logic (the address bus 
is connected to the PMC register during 
this time). 

Med. 30508241 - 5000 - Océ-Sipi S. p. A.
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- During F2 the execution of the instruc 

(X42) CYCLE:- 

tion INP C begins by connecting on the 
address bus the I/O Port module code C, 

The control lines are set the proper va 

lue by the instruction: on this case 

they will stay at Q@@d. 

This control line status will be inter- 

preted later on (at F4) by the enabled 

device (the 1/0 port C) as a command to 
send its data on the DAB. 

Always during F2, the DAB precharge is 
performed. 

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

At Fl the execution continues by tran- 

sferring the DAB into the temporary re- 

gister of the CPU and by connect ing the 

temporary register to the ALS, 

The program counter is not incremented 

now, inspite of the fact that the control 
lines are at $0G% status, because the 
enabled module is an 1/0 Port and not 

the program memory. 

During F2 the address bus comes back to 

the standard connection to the PRC regi- 
ster. : 

The control lines are set again to Q¢@¢. 
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, 

Med. 30808241 - 5000 - Oeé-Sipi S. p. A.
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4A - (X+3) CYCLE:- During Fl 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 few 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 

ties . 

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, 

Med. 30808241 - $000 - Océ-Sipi 5. 9. A.
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OVERLAPPING 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- 

jap feature, but not all the available instructions are al- 

lowed to overlap. 

Figure 15 shews 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 ju 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! 

{fetch + execute) time. 

Mod, 30508241 - 5000 - Océ-Sipi S. p. A.
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3 - The diagrams on figure L5 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 follows: 

- Fetch: A machine cycle during which 

the instruction code is read 

from the program memory into 

the instruction register. 

(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, 

- IOP 

- EOP (External operation): A ma- 

chine cycle during which an 

instruction 18 executed by 

using the data and address 

bus. 

- t .. : The effective time to fetch 

and execute an instruction, 

j - = ~ = i et
: 

* n+l: 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. 

Mod, 30808241 « 5000 - Océ- Sip! S. p. A.
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CONTROL LINES 

The control lines needed by the M 38% system are four. 
Their sSimbolie names 

1 = BRI: ~- 

2 ~ ADSL: cn 

3. - WEQZ: ~ 

and the main usage are described here: 

Data bus direction, 

A "2" logic on this line indicates a 

transfer from the Data Bus toward the 

CPU, 

Vice-versa, the logic indicates a 

transfer from the CPU to the Data Bus, 

Hep 

Address/Data select. 

A "0" logic detines the data bus content 
as a data, 

The data bus content will then be stored 

into the enabled memory or 1/0 Port. 

A "1" logic on this line defines the da 
ta bus content as an address, 

On this case the data bus content wil | 

be stored into the address register (Q 

or Z) of the enabled module, 

Write enable on Q or Z register, 

This line defines 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 "8" logic on the WEQZ line enables the 

Q register to receive the address, 

"1L” logic on that Line ena 
bles the Z register to receive the ad- 

dress, 

Vice-versa, a 

iP wae 

Mod. 308086241 - 5000 - Océ-Sipi 5. p. A.
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qd - 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 following 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 line. 
A "8" logic on this line is push/pap 
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 table is the summary for the possible contro] 
bine contigurations, 

On the table it is also indicated for every line condition: 

1 - 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 following symbols are used on the table: 

I.R. = Instruction register - 

Temp = Temporary register - 

DAB 

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

Data bus - 

The brackets have the meaning: “The content 
at" . 

Med. 30808241 - 5000 - Océ-Sipi $.p. A.
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| /O STRUCTURE 

Evers 1/0 port of the M 38 system is composed of 8 logic blocks, 
whose loqre ciaecuit and interconnection with the CPU is shown 

aon figure 16, 

The following operations may be done: 

1 = Transfer from the Data bus to the periphe- 

ral lines . 
When the transfer is performed, the volta- 

ge level ts inverted and then stored into 

the output flip-flop during Fl, 

Of course the “OUT ENABLE” must be true. 

The output to the peripheral line is done 

by means of an open drain MOS: this stage 

inverts again the voltage level. 

Please note 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 Fl, the transient at the 

point B, depends on the RC time constant 

connected to the peripheral fine (see fi 
gure 17). 

Another thing to remember is that a logic 

inversion is done when the accumulator is 

transferred on the data bus. 

So the data value along the transter 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 | LQGIC VOLT |LOGIC 

1 Ss g ON #°s g 

Mod. 30508241 - 5000 - Océ. Sipi 5.9. A.
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2 - Transter trom 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 MOS device must be 

arf « 

The data value along the transfer path 

for an input instruction (1/0 to ACC), is 

shown on the following table: 

1/O LINE BUFFER DAB ACC 

VOLT LOGIC VOLT LOGIC 

4.5 g ON ft + 5 g 1 

we’ 18 1 OFF a 12 1 g 
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The timing for an INPUT instruction has 

been also described in figure 14, 

3 - 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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1/O_ CONF LGURAT LON 

The M 38 system may be connected to external devices only. through 
the 1/6. Ports, 
The clectrical specifications for these points are indicated on 

figure 18, where the power supply is supposed to be $, - 17 V, 

When the M 3& system has to be interfaced with TTL / DTL devices, 

the common configuration for the power supply will be: + 5V,. @V,~ 
= L2¥s 

This in order to have the 6, + 5V available for the TTL, DTL lo-’ 

gic. . 

The TTL / DIL 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 I/O input, 

When the TTL / DTL device has to be connected at the output, a 

6,8 K resistor to - 12V is required to garantee the compatibi- 
lity between MOS and DIL, 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 0,4 V as input voltage. 
Ry assuming + 5% on ~- 12V and + 10% on R, the current will be: 

11,6 + 0,4 
} = 7s = 1,6 mA 

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

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 MOS R v= 1,18 Kany the equivalent circuit on this 

case iS: ig. #6 

AAS Ko 

Vow 
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STARTING OCF A PROGRAM 

As it has been described at the beginning by figure 3, a START 

switch is provided for ON/OFF operation of the system, 

When the START switch is on the OFF position, the SYNC signa! 

is at @ logic, and this has the following consequences: 

[| - The internal timing is locked - 

2 - The PMC register which is the one on which 

the current program module code is stored, 

is held to @, 

This means that the program memory enabled 

after the SYNC is moved to L is the ROM 

whose module code is @ 

3 - All the program counters are held to @, 

This means that the program execution wil | 

begin from address @ when the SYNC will be 

removed from the @ state. 

4 - All the 1/0 port flip-flops are set to @, 

This means that the output open drain devi 

ces are off, 

When, the START «ts removed from the reset position, the SYNC si- 

anal will go to 1, and the system begins executing the program 

from location @ of the module @, 

Mod. 30$O8241 - $000 - Oee-Sipi S. p. A.
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SYSTEM CAPACITY 

The system capacity is limited by the number of module codes 

avattable, 

The module code pange is from @ to 64 (decimal) and their 

assignement to the logic blocks has been already discussed 

extensively. 

We may Show tere some examples in arder to give to the user 

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

stem. 

Example 1 

1 ) Requirements for the Application: 

10 K of program memory —- 

1 K by & of data memory - 

2 } The module codes needed to satisfy these requirements are: 

10 K ROM +: @ to 39 - 

S RAMS (128x8) : 48 to 47 - 

3.) The available module codes are 24 from 45 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 of program memory - 

10 1/0 Ports = 

2) The modude codes needed for this applicazion are: 

12 K ROM : @ to 47 

10 1/0 Ports: 54 te 63 

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

They may be aksigned, if needed, to 6 RAMS (128x8), 

or may be used for later extension of the system. 

woh a 4 
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RLOCK DIAGRAM - M 380 - (Fig. 24) 

The M 380 is an & bit parallel-control processing unit built 
on a single MOS chip using P channe} Silicon gate processing. 
It includes: 

-~ An Accumulator 

- A 4% byte RAM 

An Arithmetic and Logic Unit 

A Control Unit 

One 8 bit 1/0 Port (8in, 4out) | 

The Memory has a size of 4&8 x & bit words, 

Every word can be addressed indirectly through the Address Re 
gisters S and T, 
The T Register is used as a Page address, a Page is defined 
as a block of & consecutive words starting from ¢ (G to 7, 8 
tee Ly woe Ps 
The s Register is used for Word address within a Page, 
The S Register is also an [Index Register which can be used 
to automatically scan a page. 

The words (@ to 15 can he addressed directly by the instruction 
register. 

Two words, % 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 
rations: 

i Add in binary or BCD notation 

~ fnerement or decrement 

And, Or, Exclusive-or Jogic 

One bit or four bit shift 

boad and Store 

Mod. 30306241 - 5000 - Océ. Sipi 5S. p. A.
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The operations are performed 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 of the: 

- Instruction Register 

- 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 control signals for the Arithmetic Logic Unit and for the 
addressed module, 

More complex instructions are performed step by step under the 
control of a eycle counter (the max number of cycles is A). 
The module address, generated by the CPU and coming either from 
ihe PMC register, the X or Y registers, or the instruction re- 
gister, 18 sent 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 &th bit 

(ii) accumulator contents equal zero 

(itt) accumulator positive 

{iii} pegister S contents equal to 7, 

are set by the current instruction execution and may be used 

as a condition on a pregram 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 bit) is performed through the Temporary 
Register and the information is stored into the Accumulator, 

af es 

Mod. 30808241 - 5000 - Océ-Sipi S. p. A.
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RLOCK DIAGRAM - M 382 - (Fig. 25) 

words by & bits. (a 

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 9, 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 

trol logic and is a function of the control line sta 

Fus. 

The @ and Z register content can be changed be sto- 

ring ADB bit 3/2/1 into 4 bits 11/10/9 or Z bits 11/ 

10/9 and DAB into Q or Z (bits 8 to 1): this is done 

by commands decoded from the control lines, 7 

- 2 1/0 ports of 8 bits. é 
Through each 1/0 port it is possible to transfer in- 

Formation onto the data bus from 8 independent lines 
connected to peripherals or to store the data bus in 

formation in 8 flip-flops, connected to the same 8 

lines, 

- 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 

mask/intergonnect process, 
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Possible operations controlled by the logic included on the chip 
ave: 

i Read the memory content addressed by Q@ or Z, 

- Increment Q, 

-~ Push/pop operation on the register stack (Q,RA,RB, El. 

- Store ADB and DAB on Q or Z, | 

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

- Store the data bus information in one of two 1/0 ports. 

These operations are defined at a predetermined time by the con 

trol Jine status and become effective only in the M 382 whose 

masked module code ts coincident with the code appearing at the 

proper time on the address bus (ADB). 

Med. 30508241 - 5000 - Océ. Sipi S. p. A.
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BLOCK DIAGRAM - M 381 -(Fig. 26) 

The M 381 is a ROM/RAM including: 

~ 765 words of 8 bits of Read Only Memory. 

- 18 words of 8 bits of Random Access Memory, 

- The Il 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 Q@ and Z register contents can be changed by storing 

ADB bits 3/2/1 into @ 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 I/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 8 lines. 

- 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, 

Possiople operations controlled by the logic included on the chip are: 

-~ Read the memory content addressed by @ or Z, 

Write the data bus into the RAM addressed by Z, 

Push/pop operations on the register stack (@,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 I/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 (ADB). 
The memory address of the ROM and RAM are not the same and dif- 

ferent commands are used for the two memories,. 

Mod. 30508241 - 5000 - Océ-Sipl 5. p. A.
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BLOCK DIAGRAM - M 383 - (Fig. 27) 

The M 383 is an 128 words by 8 bits MOS 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 lines (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 1/0 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 lines. ; . 

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.



e3
80
 

C
O
N
T
R
O
L
 

L
I
N
E
S
 

AB
B 

T 
DA
B 

| 
| 

y 
| 

7 
4
2
 

} 
ae
 

+o
 

44
4 

sT
aA
Ps
 

A=
G&
 

ST
RA
PS
 

| 
| 

Re
 

a 
bli

 
FO
R 

[f
o 

Pe
at
 

FO
R 

RA
W 

i 
“
4
 

M
O
d
v
L
e
 

c
o
p
e
 

M
O
A
V
L
E
 

cO
BE
e 

: 
S
 

C
O
M
P
A
 

Re
 

C
O
M
P
A
R
E
 

2 
ue
 

_ a 
_ 

bo
 

™
 

v2
 

if
 

a
 

13
 

C
O
N
T
R
O
L
 

CO
NT
RO
L 

LO
GI
C 

Lo
wi
c 

= 

TR
AN
SF
ER
 

1/0
 

@+
 
DA
B 

CO
NT
RO
L:
 

42
8%
 

8 
pH
ia
 

2° 
TR
AN
SF
ER
 

DA
B 

-©
RE
 

t
C
 

eu
 
We
 

T
R
A
N
S
F
E
R
 

DA
R 

@e
RO
K 

S
T
A
T
I
C
 

] 
BI
N 

C
O
M
 
T
R
O
L
 

S
T
R
A
P
 

= 
PE
R.
 

BU
S 

= O
N
 

t 

Fi
t 

23
 

- 
R
A
M
 

B
L
O
C
K
 

D
I
A
G
R
A
M
 

- a fa
] ~
 o
 t



O
M
P
O
N
E
N
T
i
 

E
L
E
T
T
R
O
N
I
C
I
 

S.
p.
A.
 

« 
il 

c
o
n
t
e
n
u
t
o
 

de
l 

p
r
e
s
e
n
t
a
 

fo
gl

io
 

@ 
pr
op
ri
et
a 

ri
se

rv
at

a 
de
ll
a 
S
G
S
 

- 
A
T
E
S
 

og
ni
 

f
o
r
m
a
 

di
 
r
i
p
r
o
d
u
z
i
o
n
e
 

o 
di
vu
lg
az
io
ne
 

de
ve

 
es

se
re

 
p
r
a
v
e
n
t
i
v
a
m
e
n
t
e
 

au
to

ri
zz

at
a 

pe
r 

is
cr

it
to

. 

§GS8-ATES 

CONNECTION DIAGRAM and PIN DEFINITION 

Yes, 
SYNC 

CLOCK 

Yes 

Yss 

OAS BN 

DABIN 

DABEN 

DABSN 

DABGN 

DAB2N 

DAB2N 

DABIN 

PBOBN 

PBOIN 

PBOEN 

PBOSN 

PBOEN 

PBOIN 

PBO2N 

CONNECTION DIAGRAM and PIN DEFINITION = 1K BYTE ROM 

768 BYTE ROK/18 BYTE RAM 

Yg5 
DABIN 

DAB2N 
DAB3N 

ODAB4N 

OAGSN 

DABEN 

DABIN 
DABAN 
Ne 
SYNC 
ADA IX 

ADA 2% 

ADBIK 

ADBAX 

ADBSX 
ADBGX 
CLOCK 

ADSL 
DBD! 

CONNECTION DIAGRAM and PIN DEFINITION 

i 

ADSL fj 

oBor fj? 

PADIN [} 8 

RADIN [}9 

ADBIX [J10 

PAD2ZN 

271] = ADBEX 

26] ADBSX 

as]. ADBAX 

?él]) ADBSX 

vl anazx 

of} appx 

21) PBOIN 

a 1591 

(hie 

Qea 

40f) PatIN 

397] = PB12N 

Jef} PB13N 

wh pean 

361) POISN 

is} PBIGN 

34])  PBITN 

33 PBISN 

32) = PB2IN 

2) PB22N 

30f) PB23N 

2uf)  PB2éN 

2al}  PR25N 

27) PB26N 

6) PBZIN 

2ofl PBZaN 

2ef] Yoo 

aap Yeu 
22f}) POP 

aif WEaZ 

RaAD2N [17 

ape2x = [}a 

PAOSN 

RADSN [}15 

aoeax = f}16 

PAOAN  {{I7 

RADAN []18 

AoDB4xX = [}19 

RADSN Leu 

s 1640 

40) BABIN 

49 DAB2N 

ef] BABIN 

77 OAB4N 

30f) DAB5SN 

35] DABBN 

341) BABIN 

3371 ODABSN 

324) SYNC 

31] PBOBN 

309 =PBO7N 

25) PBROBN 

28]}  PBOSN 

2771 PBO4N 

76f] PBO3N 

25)1 PBO2N 

M4 PBOIN 

ail = ADBEX 

22]) RAD6N 

21 aoesx 

5 1645 

39.1772.76 - MF/rte - 
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- 8 BIT RiCROPROCESSOR 

6/4/76 - 

Pag. 

- M388 

SYNC 

CLOCK 

DAB 8N..... DAB 1N 

PBO8N ..... PBO 5N 

PBOAN..... PBO IN 

ADBGEX..... ADB 1X 

DBDI 
ADSL 
WEQZ 
PPOP 
x 
N 

Initial reset/synchronization {input) 

Systern clock (input) 

8 bit bidirectional data~bus 

4 bit input-output peripheral-bus 

4 bit input peripheral bus 

6 bit address bus (outputs) 

Data bus direction — } 

Address/data select 

Write enable a or Z 

( 4 control 

| jines (outputs) 

Push/pop operation - 

Data true if logic level is 7 

Data true if jogic level is 0 

- M382 

~ W381 

DAB 8N..... DAB IN 

SYNC. 

ADB 1X..... ADB 6X 

CLOCK 

ABDI 

ADSL 

WEQZ 

PPOP 

PB 28N...... PB 21N 

PB 18N ..... PB 11N 

x 

N 

- 128 BYTE RAN 

8 bit bidirectional Data Bus 

Initial reset/synchronization (input) 

6 bit address bus (inputs) 

System clock (input) 

Data bus direction 

Address/data select 

Write enable aor Z 

4 control 

lines (outputs) 

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 0 

- H 383 

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 LSB of the mo- 

dule code of the peripheral channel 

{inputs} The 2 MSB are set at logic 

level 1 inside the chip. 

8 bit bidirectional peripheral bus 

Initial reset/synchronization (input) 

8 bit bidirectional data bus 

Data true if Jogic level is 1 

Data true if logic level is 0 

Med. 30808241 - 5000 - Océ-Sipi §. p. A. 
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INSTRUCTION SET 

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

a) 

b } 

c) 

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

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 
accumulator, 

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 # GY, 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 accumul ator 

and registers (@ to 47) can be performed, 

The registers @ to 11 can be addressed directly. 

All the registers can be addressed indirectly through 

S and T registers, 

Operations to be performed between the addressed regi 

ster and the accumulator are: , 

~ Logical 

~ Arithmetic 

~ Load and Store 

Registers 12 to 15 and $, T are special registers: 

they can be addressed directly only for load and 

store operations, 

Med. 30508241 - 5000 - Océ-Sipi 5. @. A.
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8GS-ATES COMPONENT!) ELETTRONICI &. p. A. Pag . 79 ; 

d} Shitt ftastructions on the accumulator (possible 

shifts: Ll or 4 bits, towards the right or left), 

e) Input/Qutput instructions for transferring infor 

mation from external lines to the accumulator or 

vice-versa, 

ft) Instructions For indirectly reading from or wri- 

ting into the RAMs and the 1/0 ports and for 

writing into the Q@ and Z registers, 

The system’s basic cycle is 5 essa 

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 necessary. 

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 
e 

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 tist of the symbols which are used throughout these paragra 

phs iS given at the beginning, 

Mod. 30808241 - 5000 . Océ- Sipi 5. p. A.
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INSTRUC q HONS Sp 

DAnietne 

+ ' 

Load accuristate: wih | 

(degimat nena 1% a tH ee 

ia Steger wit 

[elecnnat etemibers Oty Fl 

b 

Oliss 4 
= 
={ 

ee ae T requster vert | 

{decintal numbers O10 7) 

Leed accumulator with | 

(degamal tewes OT el 

ANO aceiniilabir pula 

(decimal nonmikers Oo ZO5) 

MOR accumulator veth | 

(decimal numbers Oto 205 

oF accumulator with E 

{decimal Rashid my #0 ta zt 

AOD adesutudatar with A 

CARRY 15 fost 

Conpare accumu Haver with 2° 

coraplernernt of 4 

Descriptio 

SEEGERS pats, SSR 

I fbinary form) ACC (1 to 4} 

O- ACT IS 10 8) 

i toinary funn} 9S 

1 (binary form) + oa 1 AXK 1 1 

6/4/76 - 

gO . Pan, 

TABLE 2 

Lb ibnvy form) ACC {1 to B) 

} {binary form) A ACC a to 8} > ACC 

{ (binary form) Gi @ ACC (1 to Bl -* ACC 

Ta000 

Quad 

ARKRK 

XXX 

0100. 2 2 

RRM 

1100 2 2 

XXXX 

I ipinary form) V ACC (1 to B) -* ACC 

if (binary form). eis C (ito B) + ACC 

ACE {TP #1), carry E 
ACCS 11 + Mo canry FR EA 

ACC # (1 + 1 deo FR =O 

ACG = (l 4 Woe FRY 

serctcratataponannele 
coo0 

0000: 

9000 

KKKK 

MKXX 

XXXM 

i101 | 2) 
XXKX 

KKK 

iit 2 Fe 
XXXX 

SMP LABEL 

by LABEL 

Jump to Addie qaecitied by LABEL 

HACC HO 

JAZ LABEL 

JAN LABEL] Jump to Address specified by LABEL 

HACC #O 

Jump lo Address spec 

i ACT poriuive 

JAP LABEL iby LABEL 

fie So 

JSD LABEL Jump to ‘Aadiae . sisted chee ‘LABEL 

if Register SF 7 

free to Ackiress: specifua be CARE! 

WCARRBY FRE 9 

Uneonditesal jong to Address spetried PLABEL (116 Ti PC 

it ZEROF F= 1 ~ 
LABEL {1 toNit~ PC 

if ZERO FF=0 

LABEL (h1oT1}-* Pe 

iF ACC (hit 8) =O 

LAGEL (ito Ti+ Po 

uSe7 

LABEL (1 ta 11)-+ PC 

O11 

vf CARRY = =) 

[LABEL Fito Mi FC 

01101 

P1000 

KKK 

01001 

RKXKK 

01016 

XXX 

01 100 

KXKX 

KARR 

RAK 3 2 1 

MAK 

ARK 

RERX 

XXX 

XXKX 

REX 

RK 

S29 

KARX 

RX 

RXKK 

2a | 24 

Jump te Address specitwd by LABEL 
CARRY Ff = 

J58 LABEL] Jump to sul 

dcz LABEL 

RET “Teton! iron Sabrauaine 

CARRY =0 

LABEL (1 to V1}> PC 

Push operation 

PO 41+ PC 

PO RA RB > AL 

LABEL {lto lIp>+PC 

Fog opeation: 
R2 > RB+ RA=PC 

01110 

ont 

KXAK 
—— ee 

XXRX 

XXX 

XXXK 

KXXX 

w o 

INP ON Load input trom 1/O Addirssed by WN 

inte ACC 
cy ee een 
={OUT H Stove ACE into WO pon Addressed 

by N 

LAR R Load ACC with the content of Register 

R (decitmal nutes) 

SAR R Store ACC in Reguter A 
Idecional umber) 

E. S Cc
 

z=
 

Po)
 

Bckt ACC end Ai gisies By 

JEARAY FR is nent ulfiete d 

‘TaND ACC watt Reged 

xOR ACC w with Regmter B 

® 
R
E
F
E
R
E
N
C
 

> = a
 

ce
 at ES Decree at Register R 

DAR KR Decimal addition oF OCC, Register A 

and CARRY FF. CARRY 15 affected by 

BCD tryte 

R
E
G
I
S
T
 

awerllow fram nd 
ial rere 1 a 

ef grata 
oye 7 

SoS RSLS 

Input Ne ACE 

aCe + "Dut n 

REG (110 B} + ACE 

ACC a ites 8) &) + AEG 

[ACC (1 198) A REG (1 10.8) ACC 

oo100 

oor10 | 

XXX 2 + 

ACC 1 8G! BEG (110 BP ACC 

REG a 10 8} wba REG 

OCD overflow > CAFRY 

ACL (1198) + REG (1 108) + CANA > REG] TIO. 

fetes 

XX 

XXX | 

“xxx | 

ki oad v Hite ser ynta ACC 

Loos WF yister inty ACE 

Load X Regeter nto ACE 

L es ¥ Register to WAGE 

Stare ACC unto We Rea: 

acne ACC ete ny Meqetes 

Sturm ACC ite Y Heyister 

Store ACE (4, 4, Gh ints PMO Pogter 

Store ACC (1,7. 3) ata T Register 

Store ACC (t, 2, Sb intuS Beygester 

Store ACC 14, 6 Shoato T Register 

isnt 
VY (Pto BF + ACC 

Witte Br a 

Xt ep 7 ACC 

¥ in Bl + Ace 

ACC (1 10.8 “VO 

AE (10 &) i 

AGE (Wie B®) 

ACL ibis Be ¥ 

ACC (4106) © PMC 

a 

ACC I to ‘v = 

ACC (4g 6) 07 

Sgr 
OOO 

0060 

11000 

~~ tooat 
BOD} 

OUT 

odo 

000 

sr Pa Ps 

Hua 1 1 4 

iio ft ida 
eee eee ee ee 

toot ta 
sos 4 4 4 

Wad \ 1 4 

5001 ‘abe lig 

SA ke PEA ie ona eee pater 
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TABLE 2 

INSTRUCTION SET 

Rigging 

Ue esi pe Ua mast ath pen eae UNE ite 

Description 

i ponanaran hue i Manes ean : sian 

Binary cots 

- 6/4/76 - 

Pag. 81 - 

Cyele 
rumberk™ 

AGE (1 to 7) + ACE (2 to B} 

G-r ACE 11) 

ACC teftstitt Dot CARAY FF set to 1 

(2 ww 8) - ACC (1 10 7) 

O-r ACC (8) 
O- CARRY 

1160 , | 

AGG (1 to 4) + ACC (5 tn B) 
O-+ ACE Ut 4) 

ACC left shift 4 tur 0001 

ACC (Ste 8) > ACC I to 4) 
0 ACC (Sw Bh 

ACE night shift 4 bit oat 

SIX 

uy, 

Stare ACC into RAK or bO module 

Addressed by content of CPU X (1 to 6) 

% (ro 6) + ADB 

TH module (X} 1s /0; 

ACC +10 OG 

Uemodule (X) is RAM 

ACC -* RAM WORD (7) 

Register 

The RAM locaton ss identified by the 

cuntent of 2 Reguter 

Xap © ABB 
{fi module (4) VO: 

VOD) + ACC 
H module is memory? 
memory word (Z} + ACC 

Loud ACC wih content of HAM, WO 

ot ROM module Addressed by content 

of CPU X (110 G) Reguter, 

The RAM/ROM location is identified by 

the content of Z Register. 

Quu0 

ay 

s$Ox 

say 

M
O
D
U
L
E
 

R
E
F
E
R
E
N
C
E
 

Sanve as L1% but the module Address 15 

setby Y¥ Register 

¥Yitio6) + ADE 

If module (¥) is /O 

WOtY) + ACC 

If module (Y} is memory. 

. memory word (4) >» ACC 

Ont 

Store ACC into G Register of the ROM [Xx (1 to 6) + ADB 

module addressed by cantentof CPU X [ACC (1 to Bl +O ft to 8) 

(1 to 6) Register: ACC is stored in G MX (tro 3)-r G (G19 1) 

{1 to 8) Register; X Register {1 to 3) is 

stored in @ [9 to 11) Reguster 

0110 

Same as SQX but the module Address is [¥ {1 10 + ADB 
perby Y Register ACC (1 to 8) 0 11 to 8} 

X (110 3) +0 (910 11} 

Storm ACC Free, ‘Faia ot HAMVADM LX {1 1o 6) > ADE 

module Addeessed by content of CPU Ht module 1s ROM: 

X (1 to 6) Megater ACC (+10 BI 214 to B) 

I the Addiested module is ROM the X {119 B+ 2 (9 ta 14) 

ACC (1 ta 8 6 sterndunte? (1 to 8) Ht onsiute is RAM 

awd X (1 to Gb Alegestes ts shored in ACC (107) *2 (1 to ah 

219 to 19) Pessten 

{the Addressed iedube ps RAM the 

ACC {lite Fb issvoredin 2 (1 tw 7) 

Register 

0001 

O11 

oo10 

meas S2™ but the module Address is |¥ 41 1 6} > ADB 

sct by ¥ Register I mocha is ROM 

ACC (1 to B) + 2 (1 to 8) 

¥ilio3 +2 (910 11} 

Tf module ns RAM: 

ACC (1 to 7) +20) to 7) 

NOTCS:1 

- The OAR instruction is. imp 

LABEL = Jump Addiess i the sange 0 to 2047, The direct dddiesiing fei 2 ROM focuaydlent to 8 ROM modules or 2 ROB chips) 
enabled try Address Rus bits & 8 4 

Regate, Adhiess B inthe range Oto PT isa direct Address 
1245 AdHeesseng indiwetly tec ugh ST 
13s Addressing mndivetly through S Tet: ineiraing (S- 1 +S} 

14 is Adchessing indieertiy through S To wetn indewing [5 4 ¥-* 5) 
15 code not allowed 

voted in 2 CPU cycles: 
a) 8 bet bingy a bhban 
b) Decimal qorer tin, adding VO to the first @ bits of anere is carry coming from th fourth tit asc to the seennd 4 bits, if there i car 

IMplerne Wheanstigctiens SOM Soy S4e, 8e¥ Sie, ETAL LY 

fed acddress. 

tho be generated ducing Ure first eyeie At the end of the onstruction the eth bet carry as stated in the carey flip 

- The registers V)W. OX, Youre or the CPU PAM. they are located in thy pugnons F213, 14, ohvecpectively, The resisters X, ¥ are alsa used ta 

> NM address must be cpertiedon the range O te 7) Achral HO port madate arkinss 6 compated by CHU ocdding 55 (decimal) te the spec 
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SEIT $0.1772.76. = W/rte ~ BSA 26 ~ 

$GS-ATES COMPONENTI ELETTRONICI S. p. A. Pag. 82 - 

SYMBOL LIST 

The following are the symbols used throughout the instruction 
set ches pet ien,. 

ER) ~ Means’the content of R’, 

The symbol between brackets refers always 
to a pegister, 

(ER) ~ Means ‘he content of the register or memo 

ry location whose address is on R’, 

(Rion eo om - Means ‘hits from n to m of R register con- 
tent’, 

Acctimul ator j 

[.R. - Instruction register, 

Temp - Temporary register. 

Q - Q register:ithe program counter, 

Z - Z register:the data address register, 

3 - S register:CPU-RAM row address. 

Tt -~ T register: CPU-RAM page address, 

V - Auxiliary register. 

W - Auxiliary register. 

x - Register For module. address, 

Y - Register for the current program module address, 

PMC - Program module code register. 

RA - Register RA of the hardware stack, 

RR - Register RB of the hardware stack, 

op aa 

Mod. 3030824! - 5000 - Océ-Sipi 5. p. A.
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COMPONENTI ELETTRONICI S. p. A. 
Pag. 83 - 

- DBOI: Data bus direction control line, 

- ADSL: Address/data select control line, 

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

- PPOP: push/pop operation control fine. 

~ 1/0 register of peripheral 

~ Zero fi ip-flop. 

~ Sign flip-flop. 

lines, 

~ Binary carry from bit 4 to 5, 

- Binary carry from hit 8, 

- Decimal or exadecimal number, 

- 4 Sit binary number, 

~ Logic and, 

- Logic or, 

- Exclusion or, 

~ A CPU register« 

~ The Immediate, 

~ The logic code for 1/0, 

Med. 30508241 - 5000 - Océ-Sipi S. p. A.
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Sei. 39.1772.76 - MF/rte - 6/4/76 -- 

SQS-ATES COMPONENT! ELETTRONICI S.p. A. Pag. 84 - 

INSTRUCTIONS BY SHORT IMMEDIATE 

All these instructions are one byte instructions, 

The immediate may be 3 bit or 4 bit long, 

The Format may he: 

either OP. CODE (4 bit immediate) 

f
e
n
 

ar
en
e 

y 

or OP, CODE (3 bit immediate) 

The instruction iS executed in one machine cycle. 

The operations performed and the signals available on the data 

and adaress bus and on the control |ines during the executions 

are described by the following table: 

cycit | CONTROL LINES ADDRESS PUS DATA BUS PROGRAH IRTERWAL 

DA/AS/WE/PP 6/5/4 | 3/2/41 COUNTER OPERATION 

i snide pac | na.f4/3) | (fa)) ete} (a)e1 eC] IMMEDIATE INTO 
and TEMP REGISTER 

The execution of this instruction is overlapped with the fetch 
of the next instruction, 

The internal epcration 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). 
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LOAD ACCUMULATOR BY SHORT IMMEDIATE 

| weno | 

LAS 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 of the constans is: from @ to 15 

(decimal), 

FA to FF 1ii1 BBBR 

{Exadecimal ) (Binary) 

| Exar | mnemo * LAS 5 

object : FS tb g191 

- Let ACC = 1011 0110 

~ At the end ACC = @ZSA Gigi 

Mod. 30508241 - 5000 - Océ-Sipi $. 9. A.
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REGISTER 

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

Pag. 86 -. 

BY SHORT IMMEDIATE 

MNEMO 

LSS [MM 

Qperation Operand 

Qperation: 

OQperand 

OB JECT 

2% to 2F 

{Exadecimal } 

EXAMPLE 

load S register by the specified immediate. 

The 

or exadecimal notation, 

The of the 

immediate may be expressed by a decimal 

range immediate is: from @ to 7, 

LSS) 6 

yan 

Let S register = Q1¢ 

At the end: S register = 

mnemo 

111¢ ob ject 

11¢ 

Mod. 30308241 - 3000 - Océ-Sipi 5. p. A.
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} - LOAD T REGISTER BY SHORT IMMEDIATE 

LES iMM 

Operation Operand 

Qperation: 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. 

as: | 

OR JECT 

33 fo 3F P11 1 BBB 

(Exadecimal ) (Binary) 

= fa 

sain mnemo . LTS 3 

objeet ¥ 3B OO11 1Gi1 

~ Let T register = Q@¢ 

- At the end T register = $11 

Med. 30508241 - 5000 - Océ-Sipi S.p. A.
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ee Pe 39.1772.76 = MF/rte = 6/4/76 - 

SQ3-ATES COMPONENTI ELETTRONIC! 3. p. A. Pag. 88 - 

INSTRUCTEONS BY LONG IMMEDIATE 

All these instructions are a two bytes instructions, 

The Vormat is the following: 

OP, CODE iL”. BYTE 

IMMEDIATE 2" BYTE 

The instruction is executed in two machine cycles, 

The operations performed and the signals available on the data 

and address bus and on the control lines at the execution are 
described on the following table: 

CYCLE | CONTROL LINES | ADDRESS BUS DATA BUS PROGRAM INTER RAL 

6/5/4) 3/2/14 COUNTER OPERATION 

é Ande pc | t.R,(1/3)| ((0)) > TEMP | (Q)-1—e Q (a) —> a 

page pwc | 1R.(4/3)4 ((Q))—e tp. | (Q)-1 — Q DEPFADS 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. 30808241 - 5000 - Océ-Sipi 5. 9. A.
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ft - LOAD ACCUMULATOR BY LONG IMMEDIATE 

| | 
| MNEMO | 
| | LAL IMM 

Operation Operand 

Operation: Load Acc. by next byte. 

Operand : Immediate (by decimal (DDD) or exadecimal 

notation (/DD)). The range of the immedia 

te is: @ to 255 decimal. 

| OBJECT | 

a “goad sige (1° Byte) 
Do BBBR BBBR (2° Byte) 

(Exadecimal ) (Binary) 

AT THE EXECUTION the following actions will take place: 

CYCLE | DATA RUS INTERNAL OPERATION PROGRAR COUNTER 

6 ({Q)) ~> TEMP (A) =m A (Q) «1 ~~ Q 
1 ((Q)) = 1k, (TEMP) —® A (0) «1 —» Q 

and TERP 

f 
EXAMPLE 
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M
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T
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E
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T
R
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C
!
 

S.
p.
 

A.
 

mnemo : LAL 1@ (Decimal) 
object : Y4 BLP G1 PY 

PA PPGP 1 G12 

~ LET ACC = 16@1 @111 at the beginning. 

- At the end ACC = Q@PP 1919. 
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2 — AND LONG IMMEDIATE BY ACC 

MNEMO 

ANL {MM 

Operation Immediate 

Operation:-Logical and of ACC, by next byte. 

-The result into ACC, 

Immediate: By decimal (DDD) or exadecimal notation 

(/DD). The range of the immediate is: @ 
to 255 decimal. 

OBJECT 

05 Y2GH 1p (1° Byte} 
pe BBBB BBBB (2° Byte) 

(Exadecimal ) (Binary) 

AT THE EXECUTION the following actions will take place: 

CYCLE | DATA BUS INTERWAL OPERATION PROGRAM COUNTER 

' ((Q)} —> TEMP {a) — A (Q) «1 ~» Q 

j ({a)) —» 1.R, (A)A‘TEMP) > A (Q) «1 —» Q 

and TEMP 

EXAMPLE 

mnemo £LAL  /24 (Exadecimal ) 

object +95 BEBO Gigi 

24 PPI 1 PY 

« LET ACC = 1810 @P1l 

- The Immediate is = Q71¢ Pigg 

PF1F POPP ~ At the end ACC 
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SGS3-ATES 

4 - OR LONG IMMEDIATE 

39.1772.76 - MF/rte 

COMPONERTI ELETTRONICI S. p. a. 

BY ACC 

| MNEMO 

ORL |MM 

Operation Immediate 

Operation: 

Immediate: 

onset | 

OD 
ND 
{(Exadecimal 

am of ACC, 

into ACC, 

By decimal (DDD) or 

tion, The range of t 

255 decimal, 

~ Logical 

- Result 

OY9H 1191 
BRBB BRB 

) (Binary) 

~ 6/4/76 - 

Pag. 92 - 

by next byte, 

exadecimal (/DD) 

he immediate is: { to 

nota 

(1° Byte) 

(2° Byte) 

AT THE EXECUTION the following actions will take place: 

CYCLE | DATA AUS INTERRAL OPFRATION PROGRAM COUNTER 

¢ ({a)) —> TEMP 

1 ({0)) —» i,k, 

(A) 

(A) vy (TEMP) ——> A 

—w A 

and TEMP 

(Q) -1 —» a 

(Q) oi — 0 

EXAMPLE 

mnemo 

ab jeet 

- LET ACC 

~ The 

~ At the end ACC 

r ORL 

: @D 
AA 

Immediate 

/4A (Exadecimal ) 

POPP 1191 
GIPG if 

= 1f1g pg1i 

Giggs 1919 

1110 1911 

i is 

q 
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€ = COMPARE LONG IMMEDIATE AND ACC 

MNEMO 

CML MM 

Operation Immediate 

PLEASE NOTE: 

OB JECT 

Immediate: 

l 

- Binary addition of acc. and next byte, 

- The acc. is not atfected, 

-~ Carry and zero FF are set as follows: 

M +1) 
M +1) 

M +1) 
M +1) 

- Carry = @ if ACC € (1 

- Carry = 1 if ACC » CIM 

- Zero = 9% if ACC # (I 

1 if Acc = (1 f
o
u
n
 

=
 

zl
zl

gl
 

~ Zero a5 

By decimal (DDD) or exadecimal (/DD) no- 
tation. The range of the immediate is: .@ 
to 255 decimal. 

- The CML instruction refers to the 2” 

complement of the Immediate, 

2 - The carry FF will keep the status unti | 

another CML or DAR (decimal addition) 

or ALS or ARS (shift) instruction is 

performed, 

3 ~The zero FF may be tested by the next 

4 
D 
(E 

instruction, but its status changes at 

the end of the next instruction, 

F OPPO 1111 (1° Byte) 

D BBBB- RBBB (2° Byte) 

xadecimal ) (Binary) 

af aa 

Mod. 30808241 - 5000 - Océ-Sipi S. ». A.
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AT THE EXECUTION the following actions will take place: 

CYCLE 

i 

DATA BUS INTERNAL OPERATION PROGRAM COUNTER 

f ((Q)) <-> TEMP (a) 

3 ((Q)) ~w 1.R, 

and TEMP 
(a) 

—» 4 

(A)+(TEMP) ~e CRY 

i A 

(Q) +4 — 0 

(G) st —> & 

EXAMPLE 

CQ
 

Mnemo 

Oh ject 

- The 

CML 16 

QF 

19 99P1 

(Decimal } 

1111 
PP PY 

POY 

immediate is 

- The 2’ complement of the 

immediate 

~ Let ACC = 

is 

Acc < (TMM + 1) 

-~ After the 

» Lee ACC = 

ACC > 

- After the 

- Let ACS = 

ACC = 

After the execution 

Carry = execution 

-~ Zero ol 

(TM + 1) 

execution I 

a
e
 

G
 = se
 iI 

(TMM + 1) 

! Lo
 

ied)
 

4 5 “< 

i] 

: O2P1 PYGY 

1111 

PYG 

BBR 

G19 
S
S
 

1111 g@it 

1111 ge@g¢ 

Mad. 30808241 - 5000 - Océ-Sipi 5. p. A.
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AUXILIARY REGISTER INSTRUCTIONS 

All these instructions are one byte instructions, with the Fol 

lowing format: 

OP | 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 regi 

sters located into the CPU RAM at the positions 12, 13, 1d, 15. 

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

The registers V, W have no special functions and are for géneral 

purpose operations, 

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 S. p. A.
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The Y vegister is directly connected (bits 4,5,6) to the PMC 

register and it defines the active program memory. 

It is also used to set the module address (Y reg. bit 1 to 6) 

referenced by these instructions: 

soy, SZY, LIY - 

The instructions are executed in one machine cycle. 

The operations performed, and the. available signals on the bu 
ses and control lines during the execution are described by 

the following table: 

CONTROL LINES | ADORESS "iS PROGRAM INTERNAL 
CYCLE ATA BUS 

| OB/AS/WE/PP 6/5/4{ 3/2/1 innate COURTER OPERATION 

¢ sods pec | 1.R.11/3) | (10)) “mek. fQ) 61-0 | TRANSFER BETWEEN 
and TENP THE SPECIFIED 

REGISTER 

er ices cel sass passin Renan a eiccetes pre anormal aan enuai sora a ween amet para cel 

The execution of these instructions 18s overlapped with the fetch 

of the next instruction, 

The Internal operation its a transfer between the registers speci 

Tied by the operation code, 

Mod. 30508241 - 5000 - Océ-Sipi S. 9. A.
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SHIFT INSTRUCT IONS 

The instructions of this group are one byte instructions with 
the Following format: 

OP CODE 

Ry these instructions the shift operation can be performed on 

the accumulator content. 

Two of these instructions (ALS, ARS) are used to set or reset 
the carry flip-flops, 

The instructions are executed in one machine cycle. 

The operation perievrsed, and the avatlable signals on the bu- 

ses and control lines during the execution, are described by 

the following table: 

CONTROL LINES | ADORESS AUS INTERNAL 
OATA BUS PROGRAM COUNTER 

CYCLE | oe /as /WE/PP 6/S/a| 3/2/41 : OPERATION 

f apne pec | 4.8,(1/3) | ({0)) —w I.R,| (Q)e1 OQ SHIFT ON THE 

and Temp ACC CORTE RT 

The execution of this instruction is overlapped with the fetch 

of the next instruction, 

Mod. 30808241 - 5000 - Océ-Sipi $. . A.



zarees 9 0 aid 49.1772.76 ~ Wi/rte = 6/4/76 ~ 

$@8-ATES COMPONENTI ELETTAONICI S. p. A. Pag. 10 5 - 

1 - ACC SHIFT LEFT ONE BIT 

MNEMO 

ALS 

Operation: - Ace is shifted left one bit 
- LSB of Acc = ¢ 

- MSB of Acc is lost 

- Carry FF is set to 1 

OBJECT 

ie OSG1 1199 

EXAMPLES 

1 - LET ACC = 1 11 111, CARRY = 1 

AFTER ALS EXECUTION: 

ACC = 14 Lft 118, CARRY = 1 

S
M
P
O
N
E
N
T
I
 

E
L
E
T
T
R
O
N
I
C
I
 

S.
p.
a.
 

Hi it 2= (LET Ace Of il 111, CARRY = g 

AFTER ALS EXECUTION: 

ACC = g@ 111 11%, CARRY = 1 

og
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2 - ACO SHIFT RIGHT ONE BIT 

| wwenc 

ARS 

- MF/rte 6/4/76 - 

Operation: - Ace is shifted right one bit, 
- MSB of Acc = 9 

- LSB of Ace is lost 

- Carry FF is set to ¢ 

| OBJECT | 

10 OPP1 1191 

EXAMPLES 

1 - LET ACC = @1 110 111, 

AFTER ARS EXECUTION: 

ACC = @@ iil @11, 

2= LET ACC = $6 @@1 i111, 

AFTER ARS EXECUTION: 

ACC = 9g PA 111, 

CARRY 

CARRY 

CARRY 

CARRY 

Mod. 30508241 - 5000 - Océ-Sipi S. p. A.
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REGISTER REFERENCE. [INSTRUCTIONS 

following format: 

OP CODE 

i nen aammmmemeedl 

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 following table: 

CONTROL LINES | ADDRESS BUS PROGRAM INTER WAL 
Y DATA BUS 
CCE | pp/as fwe/PP 6/5/4 | 3/2/1 ia COUNTER OPERATION 

ff aad PHC 18.(1/3) | ((a)) > FR, (Q)e1 —™Q | DEPENDS ON THE 

: and TEMP INSTRUCT 1088 

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 performed on a regi. 

STEP x 

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

The CPU memory is made up of 48 registers divided in pages 

{a block of & 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 directly. 

~ 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 jtndexed 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 

O00) J 

OO1e 2 

COLL 3 

4 

5 

No 

O100 

“OLOI 

O110 6 

O111 7 

1000 s 

1001 9 g 

1010 10 10 

1011 11 11 

1100 12 Indirect. BY (S,T) 
1101 13 Indirect BY (S,T) 

1110 14 Indirect BY (S,T) 

1111 45 Not Allowed . 

Mod. 30808241 - 5000 - Océ-Sipi $. p. A.
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i - LOAD ACC BY REGISTER 

MNEMO | 

LAR 

Operation: 

Operand 

a 

OBJECT 

Binary: 

The register content addressed by the logic. 

code is stored into the Acc, 

The register does not change. 

A CPU register R specified by the register 

logic code, 

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

189% BBBB 

Operation Reg. Address 

2 —- STORE ACC INTO REGISTER 

| MNEMOQ 

SAR 

Operation: 

Operand 

OBJECT 

Binary: 

The Acc is stored into the register addres 

sed by the logic code. 

The Ace does not change. 

A CPU register R specified by the register 

logic code, 

The code range is from % to 14 (decimal). 

19@i1 B8BBB 

Operation Reg. Address 

uf ws 
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3 - ADD ACC AND REGISTER 

MNEMO 

ADR 

Operation: 

Operand 

OBJECT 

Binary: 

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, 

A CPU register R specified by the register 

logic code, 

The code range is from $ to 14 (decimal). 

1918 BBBB 

Operation Reg. Address 

4 - LOGIC AND BETWEEN ACC AND REGISTER 

| weno 

ANR 

Operation: 

Operand 

OBJECT 

Binary 

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, 

A CPU register R specified by the register 

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

1911 BRBB 

Operation Reg. Address 

ror 

Mod. 30806241 . 5000 - Océ. Sipi $. p. A.
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5 - EXCLUSIVE OR BETWEEN ACC AND REGISTER 

MNEMO 

EOR R 

Operation: - Exclusive or between Acc and register addressed 

by the logic code, 

- The result is stored into the Acc, 

- The register doas not change. 

- The carry is not affected, 

gic code, 

The code renge is from @ to 14 (decimal). 

“OBJECT 

Binary: 112@ BBBB 

Operation Reg. Address 

6 - DECREMENT REGISTER 

MNEMO 

DER R 

Operation: - Decrement by 1 the register addressed by the 
logic code. 

The result is stored on the addressed register. 

Ace and carry do not change. 

I 

A CPU register R specified by the register lo- 
* 

Operand 

gic code, 

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

OBJECT 

binary: 1191 BBBB 

Operation Reg. Address 

Med. 3050824] . 5000 - Ocb-Sipi 5. p. A.
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EXAMPLES 

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

memory: 

Reg.Addr,| Reg.Content Page Row 

8 G2 GOS Pi 1 
9 $8 GPP 1G 

10 GJ GOP Pil 
11 GP BOP 109 
12 G2 CFP 191 
1°3 GJ GPF 11¢ 
14 9 PGP 111 
15 G2 G1 PP¢ 

16 19 ~¢9 $91 2 
17 19 G62 Pig 
18 1g ge gil 

19 1g 99 199 
20 18 909 191. 
21 19 ggg 11¢ 
22 1g g@% 111 
23 18 G1 og S

I
A
M
 
S
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N
 

KE
 

|]
 
S
A
M
S
 

W
N
 
K
e
 

Every example is supposed to begin with the following data into 

T, S registers and into the Accumulator: 

T register = $19 (T points to page 2) 

S register = $11 (S points to page 3) 

Accumulator= 11 9@1 1 
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EXAMPLE 1: LAR 1¢ 

After the execution the Acc 

EXAMPLE 2: LAR 12 

After the execution the Acc 

and the S register 

EXAMPLE 3: LAR 13 

After the execution the Acc 

and the S register 

12 999 

1f 999 

Pag. 115 - 

2 ooo 11 

199 

199 

lf the S, T registers are not changed, the next LAR 13 will pro 

duce the following results: 

Acc 

S register 

EXAMPLE 4: ADR 14 

The instruction performs the 

Acc 

and the addressed reg, 

The result will be: 

Ace 

S register 

18 9G p11 

binary addition between: 

991 
19 B¥% 19¢ 

11 

Carry flip-flop does not change. 

EXAMPLE 5: ANR 11 

The instruction performs the 

between Acc 

and the addressed register 

The result will be Acc 

logic AND 

GB 29 

GF P00 ge¢ lI 

P91 
199 

Mod. 30808241 - 5000 - Océ. Sipi 5. 9. A.
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EXAMPLE 6: EOR 12 

39.1772.76 -— MF/rte - 

The instruction performs the exclusive OR 

between Acc ss 

and the addressed register = 

The result will be Acc sy 

and the 3 register = 

EXAMPLE 7: DER 9 
iPier the exccution the Acc ts 

‘ster 9 has been decremented 

Register 9 = 

11 9Y1 gt 
1g gf 199 

6/4/76 - 

Pag. 116 -. 

Ji 1 191 
Pil 

still the same while the regi- 

2 PPP PPI 

Mad. 30808241 - 5000 - Océ-Sipi $. 9. A.
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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: 

oO 1° Cycle 8 bit binary addition Acc + Reg.t+ 
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, 

Decimal correction (Addition by ‘ 

10 dec = 1818) 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 
= ¢, 

- 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 Ace is not affected, 
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So 111% BBBB 

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: 

COATRGL LINES | ADDRESS BUS , PREGRAN 
DATA ERWAL OPERATION 

Cite pe /aS/we /PP 6/5/4 | 3/2/1 an IS COUNTER sas u 

s fits PAC | VeR.(0/3 | 1997-1999" Sates (R}P(A}CRY —< (R), CRA, CRY 

(A) ~> A 
1 mH PAC 1eRC1/3 | (£0)) —m ik, (Q}e1 0 | IF CRA 

& TEMP, (R), . i > (R), \ 

IF CRY . ff 

() gt me, 

4 

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 66, 

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 Ace added by 66 exadecimal 

2 - DAR R BCD addition between ACC, R, CRY 

Mod. 30$08241 - 10000 - GRUNER 5. n. c. 
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EXAMPLE N.1J 

Let’s suppose to have the following BCD numbers into the Acc 

and the Register R: . 

ACC = 19 = MP1 1¢¢1 
R = 74 = 111 gPig¢ 

Let also CARRY= % 

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

ADL /66 

DAR R 

1 - ADL /66 execution 

ACC is added to 66 (Exadecimal ) 

9991 19fi + 
Gilg 11g 

ACC = @111 1111 

2 - DAR R execution 

1° Cycle: ACC + R + CARRY —® R 

CARRY rm g 

ACC = $111 1111 
R = $111 g18¢ 

R = 1111 fil 

During this cycle it was: 

CARRY (4 bit) = 1 
CARRY (8 bit) = g 

a 

2° Cycle: The correction by 19 is applied only to the second 
byte, because CARRY (8 bit) = CRY = @, 
So the operation performed on this cycle will be: 

R = 1111 $911 
CORR.FACTOR = 1919 9999 

R = 1991 $911 = 93 
The CARRY (8 bit) = CRY will stay to @: it ia not 
affected by the 2° cycle correction, 

Mod. 30806241 - 5000 - Océ-Sipi S. 9. A.
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EXAMPLE N, 2 

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

ACC = 16 = g@@t g1ig 
R = 76 = 111 Pegg 

and CRY = 1 

Let’s again analize the basic program execution: 

ADL /66 
DAR OR 

i = ADL /66 execution 

ACC = @9¢1 g11¢ 
66 (exadec.) = @118 112 

ACC = $111 110¢ 

2 - DAR R execution 

1° Cycle? 

CRY = 1 
ACE = lll 1199 
R = $111 2999 
R = 111g 1191 

During this cycle it was: 

CARRY (4bit) = g 
CARRY (8bit) = g 

2° Cycle: The correction by 1% is applied to byte 1 and 2, 

eR = 1118 1191 
CORR, = 1918 1919 

R = 1990 111 

Please note that during the second cycle the carry from 

bit 4 is inhibited and so also the carry from bit &, 

As a result: CRY = CARRY (8 bit) = @. 
This means that CRY will keep the information stored into 
it during the first cycle, 
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EXAMPLE N. 3 

As a last example, the following BCD numbers are to be added: 

Acc = $911 $118 = 36 
R = G@1it 190 = 74 

1 - ADL /66 execution 

ACC = S11 piig 
66 (Exade $118 11g 

Nee = 1901 11¢¢ 

2 - BAR R 

1° Cyele: 

* ACG = 1981 116¢ 

R = 111 19g 

R = £9d1 gage 

CR4 = | 

CRY = | 

2° Cycle: no correction is applied. 

R = BAs1 gegeP 
CORR = PP8S gage 

R = @@gi gees = iA 

CRY = 

Mod. 30808241 - 5000 - Océ. Sipi S. p. A.
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INPUT -— OUTPUT INSTRUCTIONS 

These instructions are one byte instruction with the following 

format: 

OP. CODE 

1/0 PORT ADDRESS 

The 1/0 Port address is a logic code and it must be within the 

Following range: @ 4 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 99g. 
Then the correspondence between the logic code and the module co 

de is indicated on the following table: ; 

4 

Logie Module Code 

Code Dec. Bin. 

PRY 56 111 B¢¢g 
G1 57 111 991 
gig 58 111 gig 
Jil 59 111 $11 
18 6g 111 19% 
1@1 61 111 191 
11¢ 62 111 11¢ 
111 63 ia 2 

Please note that the logic code 7, equivalent to the module code 

63 (dec) is assigned by hardware to the-!/O 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 Output instruction requires three machine cycles, 

The signals on the buses and control lines are described on the 

following paragraphs. 

\ 
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i - JNPUT DATA FROM PERIPHERAL LINES INTO ACC 

MNEMO 

INP N 

Input into Acc. | Operation: 

Pag. 123 =” 

The 1/0 Port logic code is changed into the 

1/0 Port module code by adding 56 (dec) = 

til gg. 
The peripheral Ji 

at asad 
De ne SvoOre|a 

= 
wo 

Qperand 

a : 

OBJECT 

Binary: Pigg BRB 

pale 

1/0 Port logic code (O # 7). 

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 
CYCLE | oeyas/we/ep | a /s/4 { 3/2/1 DATA BUS 

PROGRAM 

COUNTER 
INTERNAL OPERATION 

] ides wi (8, (1/3) | PER LINES —> 
ate TEMP 

| poe PMC i,k, (1/3) [((Q))—% IR, 
& TEMP 

anee aw 

(Qh-et —»Q 

(A) RA 

(TEMP) —® A 

\ 
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EXAMPLE - Tlic 

LET:- Acc 

PER 

PER 

system iS composed of: 

4 ge
 

TU
 

- ROM Module code ¢ 

- 1/0 Lt Module code 58 

1 ~
 

oO
 

«L-ENES 

«LINES 2 

—
?
 

the instruction code 

is enabled and after 

2 Module 

1g 
BP 
11 

code 64 

11f 111 

1298 Sig 
BLY PPI 

“the instruction code is 

is enabled and after execution ACC 

Pag, 124 - 

PPIgy Zig the 1/0 Port 

= OF 199 Pig. 

ist “ggi gd 19% the 1/0 Port 

execution ACC = 11 29M PP1. 
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JUMP INSTRUCT LONS 

The jump instructions are two byte instructions with the fol 

lowing Format: 

MSB OF JUMP ADDRESS 

OP COLE 

LSB-OF JUMP ADDRESS 

The “RET” instruction included on this group is a one byte tn 

struction, 

The jump address may be specified either hy a number (decimal 

or cxadecimal} or hy a Jabel, 

The number of bits for the jump address are I1. 

It follows that the address range for a jump instruction is 

from @ to 2847 (decimal). 

In other words, the direct addressing Field is 2K of ROM Cequi 

valent to & ROM modules), 

The jump instruction is effective in the & ROM modules which 

are enabled 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 first byte, 

- The ether 8&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. 30808241 - 10000 - GRUNER 5.1. c.



‘2 "U's WINNYD - COOOL - IFZTBOSOE “POW 

"(6 & Boy f! dun? 44 = gay gy! dunt) yusy 

ued 4“azsiG6oy wo uo RP; NWNSSy 29Y4 OF Poddoy 

Su aue suolryonugsul dun’ jeuol yi puos oyy 

"uot 4 

Tsod ,0uaz7 UON, 243 OFUL dopy-diypy oudz 

ayy Buluqg SI] “SST suoOlyonuysul OMQ ayy 

“FUSFUOD UOZJepNuNSoY O14 

AQ Jesed 4O Jos sti doyy-diypy By4 7(S)4 

pue SS] nq) YUoOlyonugsul usayyo AusaAa UO4 

SLO Ey 

-ondzsul yyd 4 Yyqq ey4 40 4F]Nseu ayy AQ 

T 4O g OF YAS Ajuadoud si doyy-dipy sty 

"do, y-dijy Ouez ey] - Z 

“A ronal 

do,4-dij4 eyy syos uolypyonuysul SYyYy ayy = 

"7 of 

doj4y-diyy a49 szos UuolqzonNaysul STy ayYL - 

:dojj-dij4 oy} Jesau uo yas 

OF} @/Gey;IeAS S4P SUOT4oONAysUL UsYyyO OM] 

*UO91” 

Snugsur Yyg 249 Aq uo FW ey9 Aq aoyztoa 

pewuofued uolqeuado ggy eyy yo Sypnsed 

ayy Aq [ 40 FOF ¥9S Sst doyy-dryy sty] 
"TW ®844 4° 41g FUuBST prub 

-!IS Jsow oy} WO4y Goyy-diyjy Adues oy - | 

PPeysoy VG uPO YOryM sdoyy-doyy anos sey PJdqqQ 84] 

“HUOESSNOSTpP Burm 

OJOS auq yo yoalqo ayy s! asn 4alay4 pue suotagipuos dunt ayy 

UdNhzed PUB sul yNodgis Of dune = ¢ 

sdunf yeuotzrpuoy - 7 
? 

sdunf jeuol yi puoosuy | 

il 

Se t eb 

O}FEO Juadas pip aouuy ut AaptAip aq APW SuUOoL4onsysSulr dunt ai aa lf | Pe pray p: sq ! LL. 

- {Z1 *Ged ‘v ¢ “"S 1QINOHLL97a ILNENOSWOD ~Sa1v¥ SOS 

- ol£f/t/y - 2eif/aw > OL e221" 6e mn /=>— 

‘OWis9s! 
wed 

eyezzigojne 
a
i
u
a
w
e
s
i
j
u
e
r
s
s
d
 

@199Sa 
eaap 

auolzeBinaip 
0 

@
u
d
l
z
n
p
o
i
d
i
s
 

ip 
ewuoy 

subo 
S
O
S
 

t
@
p
 

e
r
e
s
s
a
s
i
s
 

e
j
a
s
d
o
u
d
 

@ 
o
o
;
 

a
l
u
e
s
e
s
d
 

jap 
o
j
n
u
a
j
u
a
d
 

|| 
V
W
s
 
|
Q
D
I
N
O
U
Y
L
I
A
T
S
 

i 
L
N
A
N
O
G
W
O
E
™
S
a
L
Y
-
 



L
A
T
E
D
 

og
ni
 

fo
rm
a 

di
 
r
i
p
r
o
d
u
z
i
o
n
e
 

o 
di

vu
lg

az
io

ne
 

de
ve

 
es

se
re

 
p
r
e
v
e
n
t
i
v
a
m
e
n
t
e
 

au
to
ri
zz
at
a 

pe
r 

is
cr

it
to

 

~
I
M
P
O
N
E
N
T
I
 

E
L
E
T
T
R
O
N
I
C
i
 

S.
p,
 

A.
 

ii 
c
o
n
t
e
n
u
t
o
 

de
l 

pr
es

en
te

 
fo
gl
io
 

@ 
pr
op
ri
et
a 

ri
se
rv
at
a 

de
ll
a 

S
G
 

S 

SGS8 .-ATES 

The jump 
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g- 

instructions 

The index register flip-flop. 

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 7” content of the § 

register. 

The sign fiip-tlop. 

This flip-flop is set to % or 1 by the 

most significant 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 

Q. 

- Negative sign means the most significant 

bit of Accumulator or register equal to 

I a 

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: 

Med. 30508241 - 10000 - GRUNER s. n. c.
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6/4/76 — - 

CYCLE 
COMTREL LINES 

DB/AS /WE/PP 

PROGRAM 

COUNTER 

ADDRESS BUS 

B/5/4| 3/2/14 INTERMAL BPERATIGNS DATA BUS 

0 | 9 

2 | pee 

PMC 1h, (341) | ((0)) wre Mp (O)p1 —» Q (A) =? A 

PMC ((G)} wih, (Ghpt wp 0 (A) —> 2 

In three machine cycles if the jump condition is 

Lrue« 

On this case, the operations and signals are indi 

cated on the following table: 

CYCLE 
CONTROL LINES 

DB/AS /WE /PP 

UNTER WAL 

OPERATION 

PROGRAM 
Cau NTER 

ADDRESS BUS 
A S 6/5/4 | 3/2/1 aks 

p Pnae 

1 171966 

° | pee 

pac | 1,8, (341) ((Q)) -—B TEMP | (O)p1~wd (A) —P A 

1,8, (341) > 

—> 0 (9611) 

PMC 

(TEMP) -®0(143) (A) —» A 

((Q)) —» i,k, | (G)pi—wo (Al—p A 
& TEMP 

pac | a, R,{3#1) 

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 

ring the second cycle (they are 1191). 

This is causing the push operation on the Q/RA/RB/ 
Z stack. 

lines signals du 

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 

fig. 

af ws 

Mod. 3050824] - 10000 - GRUNER s. n. c.
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848 - ATES COMPONENT! ELETTRONICI S. p. A. 

1 - JUMP UNCONDITIONAL 

MNEMO 

JMP LABEL 

Pag.130 

Operation: After the jump instruction the program will con 

tinue from the jump address, 

Operand : Jump address specified by a symbolic name. 

OBJECT 

C1 GPY B, B, B 

BBBB BBBB,, 

The jump code is : G1 GPP 
‘ is : B : 

The jump address is B,,B,+B., 47851 B61 Bos B gr Bg By Bi, 

EXAMPLE 

ADDRESS (Ex) | CODE (Ex) MNEMONIC 

- SPO es ae 
POA 43 JMP ERR 
ZEB 28 

328 FQ ERR LAS @ 

When the program counter has the value: 

PC = GA = GBS PAS 1918 

the CPU will execute the jump instructions, 

G19¢¢ | O11 JUMP 

» mw gil ggig 

Gig 199g ADDRESS 

After execution: 

PC = 911 PPig 19¢¢ 

1999 

ad wa 

Med. 30SG624) - 10000 - GRUMER s. n. c.
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2 -— JUMP IF ACC = ¢ 

JAZ LABEL 

Operation: When the instruction is executed, the program will 

continue from the jump address if ACC = $, other- 

wise the program will go ahead to the next instruc 
41o0n, 

Operand : Jump address specified by a symbolic name. 

OBJECT 

g1921 | BBB 

BBBB BBBB 

JUMP_IF ACC # @ w
 I 

MNEMO 

JAN LABEL 

Operation: When the instruction is executed, the program wil | 

continue from the jump address if ACC # QZ, other- 

wise the program will execute the next instruction, 

Operand +: Jump address specified by a symbolic name, 

OBJECT 

Gigid BBR 

BBBB = BBBB 

Mod. 30908241 - 10000 - GRUNER s, n. ¢.
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= 

EXAMPLES: Conditional jump on register result. 

Let’s have the following program: 

ADDRESS (EX) | CODE (EX) MNEMON IC 

go2 | sone — 
DER 023 DA 19 

G94 48 JAZ LABX 

G12 soo LABX === 

A - At PC = G@3 Let’s assume to be: 

REG 19 = 88 PH Pei ~ 
ACC = §@ 111 111 

This will be the program execution: 

‘= DER 1g execution:REG 19 = Of G8 POP 
ACC = @% 111 111 
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- Program counter is incremented: PC = 0o4 

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 Q. 

Then: PC = G12 
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B - At PC = $3 Let’s assume to be: 

REG 1¢ = Q¢ 
ACC = BY 

This will be the program execution: 

1 - DER 1% execution: REG 18 = 11 

ACC = gg 

2 - Program counter is incremented: 

PC om 

3 = JAZ LABX execution: 

PE 
LPP 

111 
BDO 

6/4/76 - 

Pag. 133 © 

BBB 
AYP 

tit 
P29 

P84 

it will not affect the normal increment of the program 
counter. 

Then: PC = BO5 
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EXAMPLES - Conditional jump on Accumulator. 

Let’s have the following program: 

94/76 - 

/ Pag. 134 

ADDRESS (EX) MNEMONIC 

PL2 

GP3 

WGA 

g12 LABX 

DER 

LAR 

JAZ LABX 

At PC = G2 

This will be 

let’s assume to have the following situation: 

REG 9 

REG 19 
ACC 

= 99 
= 99 
= 99 

the program execution: 

1 - DER 19% execution: 

REG 9 
REG 1¢ 
ACC 

= 9 
29 
89 

Ul 
l\ 

2 - Program counter 1S incremented: 

PC 

2 = LA QQ execution: 

REG 9 
REG 19 

ACC 

tl Bg 
= 99 

a4 ll 

4 - Program counter is incremented: 

JAZ LABX wn
 1 

PC 

899 
O99 
111 

OP 
BLE 
111 

BPP 
999 
89 

G91 
O91 
111 

G91 
BAe 
111 

BY3 

891 
BOo 
G91 

P04 

The Accumulator is not zero, then the program will continue 

with the next instruction. 

The program counter is 

PC = $95 

incremented: 

Med. 30806241 - 10000 - GRUNER 5. 7. c.
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Other _esamples of conditional jump affected by the Accumulator 
status are: 

A - DER 19 
9 

JMP LABY 

LABY JAZ LABX 

LABX === 

JAZ LABX 

LABX sets 

i; 
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4 - JUMP IF ACC POSITIVE 

MNEMO 

JAP LABEL 

Operation: Jump if bit 8 of Acc = G , otherwise the pro 

gram will go ahead with the next instruction, 

Operand : Jump address, 

OBJECT 

@1gi1 BBB 

BBBB BBBB 

EXAMPLE: ADDRESS MNEMONIC 

B93 DER 1¢ 
BP JAP LABX 

B12 LABX — 

Status at PC = $73 : REG 1% = 1 

- DER Execution : REG 18 = 9 

- PC = $4 
JAP LABX execution will change PC to 
od 

- Pc = G12 

Status at PC = G43 : REG 1f = 11 111 111 

~ DER Execution : REG 18 = 11 111 11¢ 
- PC = $64 
—~ JAP LABX execution will not affect the normal PC increment 

- PC = $96 

Med. 30808241 - 160000 - GRUNER 5, n. c,
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5 - JUMP IF S REG #7 

| MNEMO 

JSD LABEL 

Operation: Jump to Label 

Qperand : Jump address, 

| OBJECT 

1198 BBB 

BBBB RBBB 

EXAMPLE: ADDRESS 

if S register # 7. 

Pag.137 

MNEMONIC 

B93 
B04 

312 

Note 

A - Status at PC = 93 

- LAR *- execution 

- PC = 664 
- JSD LABX execution 

B - Status At PC = $3 

- LAR #- execution 

- PC = oo 
- JSD LABX execution 

» 
Et 

—
 

—
 

LABX 

LAR 

J5D 

il
 

% (see Note) 

LABX 

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

S REG = 7 

- REG (S,T) ———® ACC 
- S REG 

PC 

S REG = ¢@ 

- REG (S,T) ————™ ACC 

- S$ REG 

PC 

111 

11¢ 

= 312 

111 

= ¥G6 

Mod. 30808241 - 10000 - GRUNER 5. n. c.
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6 = JUMP IF CARRY # @ 

| wen 

JCN LABEL 

OBJECT 

EXAMPLE: 

Status at PC .= @3: 

— 

Owes 

execution 

LABX execution 

Q11g1 BBR 
BBBB BBBB 

Pag.138 

ADDRESS MNEMONIC 

993 
O94 

gi2 LABX 

CARRY = §& From a prev 

REG 19 = ¢g 

DER 19 
JCN — LABX 

ious CML or ALR or DAR. 

CARRY= @ not affected, 

REG 1@= 11 111 111 

= §P4 

PC 0 06=) «G6 

Med. 30308241 - 5000 - Océ-Sipi S. p. A.
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7 - JUMP _IF CARRY = ¢ 

MNEMO 

JCZ LABEL 

_ et | 

G111¢ BBB 

BBBB BBBB 

EXAMPLE 

ADDRESS (EX) CODE (EX) MNEMONIC 

O3 QF CML /C@ 
BO4 Ce 
PP5 58 JAP LABX 
9G6 39 
207 73 Jcz LABY 
PPS 62 

039 = LABX === 

362 sass LABY —- 

Status at PC = 93 ACC = 11 111 111 

- CML /C@ execution : IMM = 1180 @@YP Added to ACC 
as a result : CARRY = 1 

Sign FF set to negative 

- PC = 995 / G6 
- JAP LABX execution : ACC neg then ho Jump 

- PC = $97 / BBS 
- JCZ LABY execution : CARRY = 1 from CML exec then Jump 

~ PC = 362 
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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, 

| PC = Q REG 

| Z REG 

OBJECT 

01111 BBB 

BBBB BBBB 

NOTE 

A jump to subroutine in a ROM chip not implemented on the 
system iS automatically generating a RETURN (code #2 99 
QZ%) as a next instruction, 

This ts due to the fact that during the fetch of the next 

instruction, the code read into the instruction register 

is @ (data bus precharged). 

Mod. 30306241 - 5000 - Océ-Sipi 5. p. A.
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EXAMPLE 

~ Ferst K ROM program -— Module code @ - 

ADDRESS (OCT) MNEMONIC 

a — 

ISB SQRT 

Live ae 

~ Second K ROM program - Module code @ = 

ADDRESS (OCT) MNEMONIC 

209 — 
_— SQRT === 

IF the second K ROM has not been put into the system, after 

the JSB SQRT execution, the next code to be executed is 

GP O08 PY which meens that the program returns to the in 

struction next to JSB SQRT. 

9 =- RETURN FROM SUBROUTINE 

MNEMO 

RET Operation: A pop operation is performed on a 4 

level stack, 

OBJECT 

GLEE LAG 

Mod. 305808241 - 5000 - Oeé-Sipi S. p. A.
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MODULE REFERENCE INSTRUCTIONS 

These instructions are one byte instructions with the following 
Format: 

OP. CODE 

The use of these instructions is! 

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, 

To WRITE the address of a constant or a variabie data 

into the data address register (the Z register). 

The instructions for this are: SZX, SZY., 

1)
 I 

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: SQX and SQY, 

The instructions of thiS group use are indirect module address, 
The module address to be used by the some instructions (LIX, SIX, 

SZX, SQX) must be prepared in advance into the X register, 
The other instructions (LIY, 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. 30506241 - 5000 - Océ-Sipi S. 9, A,
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1 - STORE ACC INDIRECT BY REGISTER X 

| MNEMO 

SIX 

~ The CPU is enabling the module having the code = 

X content. 

~ The ACC is stored into the module, 

A - If the module ts a RAM the ACC is stored into 

the word addressed by Z, 

B= If the module 1s an 1/0 Pert the ACC is sto- 

red into the |[/0 Port flip-flops. 

| OBJECT | 

2 POPP MP1 

OPERATIONS AND SIGNALS 

This instruction is executed in three machine cycles, 
The operations performed and the signals available on the 

buses and control lines are described on the following ta 

ble: 

CONTROL LINES | ADORESS BUS PROGRAM iNTERRAL 
c DATA BUS 
CYCLE | op /as/ve /P 6/5/4 | 3/2/1 COUNTER OPERATION 
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fl 6166 pwc 11.8, (9¢1) (TEMP) widen fa) —> Tew 

1 1d x(6a4))X (301) (*) coone (a) —® A 

3 ioe PMC | 1.R, (341) (fa))—m ir | (Q)e1 > O (a) > a 
and TEMP 
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*During this cycle, the data bus content, coming from the accumu 
lator, is transferred into the enabled module: 

1 - If 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 1 pg 

1/0 PORT Module code 56 (DEC) 

Let % REG = 98 $G1 gg¢ 
Z REG (RAM) = @A¢ AS1E 
RAM WORD (Z) = 191¢ PYP1 
1/0 56 (DEC)= 9G~1 119¢ 
Ace = 1911 119 

I 
| 

After SIX execution only the RAM Word (Z) is changed to 

1@11 g11¢ 
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EXAMPLE 2 (SEE FIG. 30) THE 

X REG 

Z REG. (RAM) 

RAM WORD (Z) 

|/0 56 (DEC) 

Let 

Ace 

After SI Pe
 

execution only the 

39219772.76 - MF /rtc « B/A/76 = 

Pag. 146 

SYSTEM 1S COMPOSED OF 

Modu } e& eode Q 

Module OS1 ZIG 

56 (DEC) 

code 

Module code 

= 56 (DEC) 

= $98 PIP 

= 1918 991 

PPY1 1199 

~ 111 11g 

I/O Port is changed to 1911 P11g 

Mod. 305082741 - 5000 - Océ-Sipi S. p. A.
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OPERATIONS AND SIGNALS 

This instruction is executed in 4 machine cycles, which are 

described by the following table: 

CONTROL LIRES | ADDRESS BUS ! 8 DATA BUS PROGRAM INTER WAL eYCLE 
oe/aS/we/er | asso | 3/2/14 COUNTER SPERATION 

§ aL (64) | x(3e1) (*) re (A) me OA 

1 oie x(6e4) | x(367) fal saees (A) —e A 

? hie PMC 18, (341) ({Q)) ~~» 1h, 

and TEMP oo es (TEMP) coon ad A 

3 soon PMC 1.R, (341) ((Q)) —» 1,R, (Q)s1 0 | (aA) p> A 
and TEMP 

(*) Duping these cycles, the data coming from the enabled module 

is copied onthe data bus, 

At the end of the second cycle, the data bus is transferred 

into the temporary register, 

The enabled module may be: 

1 = 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 lines data are 

copied into the data bus. 
The module address is X (6 41). 

Mod. 30808241.- 5000 - Ocd-Sipi 5. p. A.
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EXAMPLE (FIG. 31) - 

The system is composed of: 

- CPU 

- ROM Module code 

- RAM Module code 291 gee 

- 1/0 PORT Module code 56 (DEC) 

LET: -~ Z2 REG (ROM) = SYPAPPREG1 1 

~ ROM WORD (Z) st GPP1 111¢ 
- Z REG (RAM) = PYRO 1 OY 
— RAM WORD (Z) - 1191 119¢ 
-~ 1/0 56 (DEC) = OFF (ALL B's) 

-~ PER BUS = 1111 218g 

- ACC = Gigi i¢gtt 

A- IF X REG ~@ 

After the LIX execution the ROM WORD addressed 
by Z£ is transterred into the ACC: 

- Acc ts PYPL 1119 

B- IF X REG = 19 ( EX ) 

After the LIX execution the RAM WORD addressed 
by Z is transferred jnto the ACC: 

~ ACC = 191 1199 i
v
a
m
e
n
t
a
 

au
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pe
r 
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er
it
te
. 

C - IF X REG = 56 (DEC) 

Alter the LIX execution the peripheral bus data is 
transferred into the ACC: : 

- ACC = 1111 Q1g@ 
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3 ~ LOAD ACC. INDIRECT BY Y REGISTER 

| MNEMO 

EF 

| OBJECT 

Q7 POOP 111 

OPERATION: Same as “LIX” but the CPU is enabling a module 

having the code equal to Y register, 

This means that the module on which the read 

operation has to be performed, is the ROM devi- 

ce whose program iS In execution, 

Mad. 30508241 ~ $000 - Océ-Sipi $. p. A.



39.1772.76 - MF/rte - 6/4/76 - 

- 1 BLETTRONICI S. p. A. SQS-ATES COMPONENT T Pp Paw, £53 

4 - STORE AcC INDIRECT INTO Q BY X REGISTER 

MNEMO 

SQ xX - The CPU enables the module having the code = 

X REG, (bits 6/5/4). 

~ The @ REG, of this module is changed by tran 
sferring tnto it 

1 - The ACC (8-1) on @ (8-1) 

2 = The X REG (bits 3/2/1) on @ (11/10/9). 

-~ The enabled module must be a ROM, 

OBJECT 

16 PGi P1ig 

NOTE : 4 - 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, 
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OPERATIONS AND SIGNALS 

This instruction is executed in 3 machine cycles which are de 

scribed by the following table: 

CONTROL LINES | ADDRESS OW NE ESS BUS DATA Bus PROGRAM PNTER BAL 
CYCLE 

bB/AS /wE/PP 6/5/4 3/2/1 COUNTER OPERATION 

p nie PMC 1.R.(3e1) | (TEMP) — (A) —» TEMP 

1 1160 x (644) | X (301) (Temp) (#) ovens (A) —w A 

3 (| pees PAC tr.(341) | ((Q))—~ 1k, | (Wer —e Q (A) —w A 
and TEMP 

(*) During this cycle, the data coming from the Accumulator (through 

the temporary register) is stored into the program counter 4 

(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. 

Mod. 30808241 - 5000 - Océ-Sipi 5. p. A.
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EXAMPLE (FIG, 32) 

Pag.155 

The system is composed of: 

Let. 

oO
o 

Oo
 

~«
< 

x
 

AC 

CPU 

ROM 

ROM 

1/0 

REG 

REG 

REG 

REG 

mn C 

PORT 

(ROM 1) 

(ROM 2) 

jodule code . @YB XXX 

Module code (G1 XXX 

Module code 56 (DEC) 

= SPPPi GP 

= 2 

= $Y 109 111 Gig 

= 10 199 911 111 

= 1 Zi 199 

After the SQX execution, the Q@ register (ROM 2) is mo 
follows: dified 

Q REG (ROM 2) 

as 

x REG BY PP1 989 
i 

| ACC @1 Qt 199 

te ; a 
ge C1 ge 19¢ 

Mod. 30508241 - 5000 - Océ-Sipi S. p. A.
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6 - STORE ACC_ INDIRECT INTO Z BY X REGISTER 

MNEMO 

SZX - The CPU is enabling the module having the code = 

X Register (bits 6 +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 8 # 1) 

o XX 4 g Ate 
Lit ; Le $ 

Lj i | LJ 
a 6 4 

{o z 
MObULE 

ADDRESS 

4 
j 

2 - RAM 

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

| OBJECT 

12 OG1 Peis 

Mod. 30508241 - 5000 - Océ-Sipi 5. ». A.
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OPERATIONS AND SIGNALS 

This instruction is executed in 3 machine cycles, which are de 

scribed by the following table: 

_ | CONTROL LIMES | ADDRESS BUS PROGRAM FRTER RAL 
DATA 

Cyete DB/AS/WE/PP 6/5/4 3/2/% ah OS COUNTER OPERATION 

] fits pwc. | UR, (341) (TERP) sic (4) —® TEM 

1 1116 X (644) | xX (301) (#) nnn (A) —p oA 

3 age PMC 1, (361) ((Q))—mik, | (G) 1-0 (A) —we 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 4 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. 30808241 . 3000 - Ocd-Sipi 5. p. A.
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7 — STORE ACE INDIRECT INTO 2 BY Y¥ REGISTER 
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Bz Y ~ The CPU is, enabling the module having the code - 

Y Register (bits 6 #4 1). 

The module is the current program memory (Y = PMC). 

~ The Z Register is modified in the Following way: 

t = Z Register (bits 11/10/9) = Y REG (bits 3/2/21) 

2 - Z Register (bits 8 + 1) = ACC, 

Y ACC 
Li tj 

L | ~ <7 
i _J 

Zz 

PMc 
<b 

MODULE Abbress 
OF THE CuRRENT ROM 

1 ee men, - 

OBJECT | 

13 Geel pers 

Operations and Signals: Similar to the ones of the SZX instruc 

tion. 
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SOME SIMPLE 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 - pata transfer between the CPU and an external 

COSMOS memory. 

Mod. 30808241 - 5000 - Océ-Sip! §. p. A.
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JUMP FROM 2k ROM INTO ANOTHER 2K ROM 

It is 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 block 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 — inable the new program memory module. 

This is the program implementing the 2K jump : 

LAL NsWM LOAD NEW MODULE CODE INTO ACC 

SAK AND STORE IT INTO X REG 

LAL STADR LOAD NEW START ADDRESS INTO ACC 

SQX 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 ”“ NEW CODE 

STADR EOU *° ADDRESS 

The Following figure 36 describes the problem and the symbols which 
have been used into the program: 

Mod. 30508241 - 5000 - Océ-Sipi S.p. A.
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ROM4 . ROMY 
MODULE Cope=AzAoA, MODULE CODE = B3B, By 

START 

JUMP f 
TO 
START oF 

ROMD 

AAA, 3 3 bit module code for ROM 1 

88, ,* 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: 

St oY ge: . 3 D., D comiwse 2D PART 14 Dag D p Py 4 

‘Ey cobs +: Is an exadecimal number having the following 
binary form: 

BRB B dD D LB By Bq By Pay Pag Po 

ADDRESS :Is an exadecimal number having the following 

binary form: 

Fig. 36 - 2K JUMP 

Mod. 30806241 - 5000 - Océ- Sip! S. 9. A.
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KEYBOARD MATRIX SCANNING (Fig.37) 

A keyboard matrix %x8 is connected from one gide to the output 1/0 

PORT having the module code 58 (decimal) and from the other side 
to the input I/O PORT the module code of which is 63. 
The keyboard has to be scanned in order to recognize which key is 
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 or, the 

mask applied to the matrix will be: 

8651 BBS 

2-= for every column mask the data coming out of the rows 

are read and analyzed. 

3 —- On the register R1M are stored the result of the scanning 
process. Every time the data coming out of the rows is 

zero, the register R1% is incremented by 1B 9° 
In case the row data is different than zero, the program 
looks for the First row which is not zero, starting from ? 

the least significant position (the bottom. one). 
For every row = g the register R19 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 45, is 

shown. 

Mod. 30808241 - $000 - Océ-Sipi S$. 9. A.
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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 resuit (R, + MN) is then copied into the 
program counter 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.38 and the 
coding is indicated on table N°3. 

_ Mod. 30808241 . $000 - God. Sip! §. 9. A.
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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 the main program there is a requirement to 
introduce a string of data into abuffer. 
The buffer is 128 words long and the conditions for ending the input 
from the teletype and continue the main program are either one of 
these two: 

,- The number of characters fed into the buffer 
has exceeded 128. 

The last character introduced by the teletype 
‘is an 'ESCAPE' (equivalent to the octal code 33). 

y 

To input a character from the teletype the hardware needed is the fol 
lowing: 

A. wa 

Qo = 

3 

\ ie 

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. 

An 8 bit input port. 

This 1/0 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 1/0 port for this operation ‘is the one with 
the module code 57. 

A 1 bit input for 'BUFFER READY'. 

This bit is connected to the 'DATA RBADY' signal 
of the UART device and is used by the microcompu 
ter to know when the output character is valid. 

A 1 bit output to reset the 'data ready" signal 
of the UART at the beginning of any character 
readout cycle. 

Mod. 30508241 - 5000 - Océ-Sipi 3. 9. A.
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The read operation is performed by means of the subroutine 'TT' 
whose Flow chart is shown on Fig.39B. 
The operation goes through the following steps: 

A us 

The operations 

A 'START' pulse is generated by outputting 

a '1' followed by a '@' on bit 8 of the 1/0 
port 56. 7 

This pulse resets the ‘DATA READY' signal of 

the UART. 

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. 

The character code is read into the Accumulator 
and a return to the main program is executed. 

executed by the main program are: 
\ 

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 

61 111 1171 

So, when the address 19 g@¢@@ GO is detected, the 
character introduction is stopped and the program 

Will continue from location ERR. 

Check if the number of characters,which have been 
introduced, is greater than 128. 
If the answer is positive, the data input is stop 
ped. 

“ : | Med. 30508241 - 3000 - Ocd-Sipl §. p. A.



c
G
O
M
P
O
N
E
N
T
I
 

E
L
E
T
T
R
O
W
I
C
I
 

S.
p.
 

A.
 

og
al

 
f
e
r
m
a
 

dl
 
c
i
p
r
o
d
u
z
i
g
n
e
 

o 
d
i
v
u
l
g
a
z
i
o
n
e
*
d
e
v
e
 

es
se

re
 
p
r
o
v
e
n
t
i
v
a
m
o
n
t
s
 

au
to

ri
zz

at
a 

pe
r 

is
cr

it
te

. 

te 
fo
gi
lo
 

4 
pr

op
ri

el
d 

ri
se
rv
at
a 

de
ll

a 
S
G
S
 

- 
A
T
E
 

te
 
d
a
l
 p 

~
 

(39.19772.76 = MF/rtc = 16.4.76 - 

SGS-ATES COMPONENT! ELETTROWE! 8. p. A. Pag.176 

3 — If the answer is negative, a new character is 
accepted from the teletype hy @ 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 — If 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 - Geb-Sipi $.p.A. . 
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=a 

DECIMAL ADDITION AND SUBTRACTION 
i} 

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 notation and are stored into 
the CPU RAM page @ and 2. 
The result of the operation is stored into page 2. 

‘The format is shown on Fig.42, while the program is listed in Table 

6» 

Let's examine step by step the ‘decimal addition’ program: 

1 - ARS The 'right shift' instructions is 
used to set the carry to @. 

2 LSS 6 Load 8 register by the immediate = 6. 
This instruction prepares the row 
pointer to the row when the least sig 
nificant digits are stored. 

3 - ALOOP LTS g Load T register by the immediate = @. 
. This instruction prepares the page 

- pointer to the page where the first 
number is stored. 

4 - LAR 12 Load into the accumulator the register 
e ' -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 
ze number located on page-f. 

: The successive times the instruction is 
executed, the accessed row on the same 

2 page will be different due to the index 
ing performed on the S register by the 
instruction at position 7. 

5 = ADL /66 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 fer the next DAR instruction. 

Mod, 3008241 - 5000 - Océ-Sipl S. p. A.
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6 - _ Lts 2 Now the page pointer is moved to page 
2 by loading the immediate 2 into the 
T register. 

7 - DAR (13 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 accwmlator 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 $ 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. 

A At the end of this instruction the $ re 
gister is decremented by 1 in order to 
point to the next two digits to be add 

: ed. 

g§ - JSD ALOOP A jump to location '‘ALOOP' is done if 
the § register content is not 7. 

- The condition S = 7 is reached when the 
~ Full page has been scanned. 

In this case, the program will continue 
by the next location. 

The decimal subtraction is performed in 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. 

) 

Mod. 30808241 - 5000 - Océ-Sipi S$. p. A.



H 
c
o
n
t
e
n
u
t
e
 

o@
 

S@S -aTES 

39.1772.76 - MP/rtc = 6.4.76 = 

COMPONENT! ELETTRONIC! $.¢ 4 Pag.134 

1h bieit 
i i feet of 

(2) Bier cia 

sen | 
4 Bier 

OD PAGE 
| 19 (4 DigiT bc. NUMBER 

Ex Poné HT 
4 Weer 

4° PAGE 

~
O
i
t
i
c
-
 

[uy Diet Tv 

4% Digat 
= 

pom 

1% Dieir 

0 Dwar 

EXP@RENT. 
A BiaT 

2° PAGE 
[ 2° ile Bier DEC. NUMBER 

FIG 42 

ad 

DATA STRUCTURE FOR TWO 1% Die’ DEL. DUMBER) 
OCATED ON PAGE 9 ANDQ 

Mad. 3USO824) - 15000 - Océ Sipe 5. p. A.



C
O
M
P
O
N
E
N
T
I
 

E
L
E
T
T
R
O
N
I
C
!
 

Si
p 

A 
« 

og
ni
 

f
o
r
m
a
 

di
 
r
i
p
r
o
d
u
z
i
o
n
s
 

o 
di

vu
lg

az
io

ne
 

de
ve
 

es
se

re
 

p
r
e
v
e
n
t
i
v
a
m
e
n
t
e
 

au
to
ri
zz
at
a 

pa
r 

Is
cr

it
to

. 

te 
fo
gi
lo
 

8 
pr
op
ri
ch
s 

ri
se

xv
at

a 
de
ll
a 

S
G
S
 

- 
A
T
.
 

te
 

de
l 

pr
 

39.1772.76 ~ MF/rte - 6.4.76. 

Ses -ATES COMPONENT! ELETTROMICI 8. pA. Pag. 185 

TABLE 6A = DECIMAL ADDITION 
2 

ARS g -—> CARRY 

LSS 6 6 —® s 

ALOOP LTS ¢ © —» T : pointer to first field 

LAR 12 Register address by (S,T) —» ACC 

ADL /66 ACC + (66), .~> acc 

LTS “2 2—~ 7 : pointer to second field 

DAR 13 (ACC) + ((S,T)) + CARRY —» (S,T) 
. STORE CARRY 

‘ (S)-1 58 

SSP ALOOP Jump to aloop if S #7 

TABLE 6B — DECIMAL SUBSTRACTION 

ALS 1 ~» CARRY 

LSS 6 6— 5S . 

LTS @ g@—»T : pointer to first field 

LAR 12 ((s,T)) —» acc 

EOL 255 Complement ACC 

LTS 2. 2—» T : pointer to second Field 

DAR 13 (Acc) + ((S,T)) + CARRY —® (s,T) 
STORE CARRY 
Decrement S 

SSP SLOOP Jump to sloop if s # 7 

Mod. 30508241 - 5000 - Oaé-Sipi S. p. A.
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DATA TRANSFER FROM CPU INTO 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 COS-MOS memory are not lost in 

case of power fallure. 
The hardware of the system is shown in Pig.43A: 

7 = Two COS=MOS memories 256 words by < bits are used 
in order to have a memory of 2°56 by % bits. 

° . The address lines A@ to AZ 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/O port 57. 

4.~ Four bits of the I/O port 58 are for control functions 

on the memories (Read/Write, Device Enable, Output 
Disable). 
The other four bits of the same I/O port are as spare, 
and on the program are always set to zero. 

') = The COS=-MOS devices are connected 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 V 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 ~ avery I/O bit of the M33 microcomputer is connected 

to the COS=MOS 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: 

1 ~ Table 7A and Fig.-\iA describe the write ope 

ration into the COS-MOS memory, while Table 

7B and Fig.:1B describe the 'read' operation 

from the COS-MOS memory. 

° — 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. 

wMod. 30508241 - 5000 - Océ-Sipi S. p. A.
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the page is scanned from the last row 

(row 7) up to the first row on either 
read or write operation. 

Similarly, the COS=-MOS memory is scanned 

always from the bottom up. 

~ The control signals for the COS=HOS memory 
are: 

~ RW (Read/vrite). It has to be @ for 
WRITS operation. 

~ Ch1, C&2 (chip enable 1 and 2). To 

enable the devices they must be: 

Chi = @ 

OG2 = 4 

tf the state for these two signals is 
different, the device is disabled. 

In particular, when Ch2 = @, 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 quiescent state 
when no read or write operation is performed. 

the quiescent or 'NO OPHRATION' state is as follows: 

nit @ = RW 
Bit 4 «= Cet = 

Pit 2 = Ce? = @ 

Bit 3 = OD = a 

iH wi
t 

—
 

To set this state on memories an immediate = 3 
must be sent out from the I/O port 58. 
ihe read state and the write state are identified 
by the following configuration: 

A~ READ +: tit dg 

Bit 1 
Bit 2 
Bit 3 

RY = 1 
CE1 g 
CED = 1 
Oop = @ 

it 

i 
I 

This means that the immediate to be transfer 
ed into the I/O port 58 is 5. 

Mod. 30808241 - 5000 - Océ-Sipi S, p. A:
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3 = WRITE : Bit @= RW = 

wm
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This means that the immediate to be transfer 

ed into the I/O 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 COS—MOoS 
memory . 
This address has to be prepared in advance before 
the beginning of the transfer program. 

During the trasfer, the address is incremented 
every time a data is transfered. 

Mod. 3050824] - 5000 - Océ-Sipi $. p. A.
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LOOPY LAR 
oun 
LAR 
Out 
LAL 
aur 
LAL 
our 
Disk 
LAR 
JAP 
JMP 

TABLS 7A — WRIT OPERATION PROGRAM 

Indirect row address set to 7 

Indirect page address set to 2 

Get the external memory address fram page 

And output it on 1/0 port 56 
Get the data, decrement row address 
And output it on 1/0 port 57 
Prepare the control signals for "WRITE* 
And output to [/0 5%: WRIT executed now 
Prepare the control signals 'NO OPSRATION' 

And output to 1/0 58 to disable memory 
Decrement external memory address 

And check if the address is valid: 

NEXTY - Address within 123: valid 

Indie -~ Address more than 72%: not valid 

LOOPW sheck if page is fully scanned 

Mod, 30$08241 - $000 - Océ-Sipt §. 9. A.
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LOOPP 

Tet 
ped 

LAR 

Our 

LAL 

OUT 

INP 

“GAR 

TAT 

omy 

Dm 

LAR 

J AP 

JiakP 
oer 

TABLIs 7B = READ OPERATION PROGRAM 

7 Indirect row address set to 7 
3 Indirect page address set to 2 

co
 

Get the external memory address from reg. 8 

cA And output it on 1/0 port 56 
Prepare the control signals for "RAD! 
And output it on I-0 port 58 
RSAD executed 

Store data, decrement row address 

Prepare the control signal 'NO OPSRATION' 
And output to I./0 port to disable memory 
Decrement the external memory address 

And check if the address is valid. 
VaXTR ~ Address within 128: valid 
BRE ~ Adddress more than 12%: not valid 
LOOPR Check if page is fully scanned. 
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prepare indirect address 

of the CPU page 

jm —___@ 

Set the memory address on 

I/O port 56 

- Output data on 1/0 57 
_ _ matic 

meee a 
aqd ndexing 

essing 

signals "RITE 
on 1/0 port 58 

Output control signals 

"0 OPSRATTON" on 1/0 58 

Decrement memory address 

Fig.4 4h — FLOW=-CHART: 

address 

$1900? 

ERR 

CONTINUE 
MAIN PROGRAM 

WRITE ON COS=MOS MEMORY 
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MAIN PROGRAM 
ee ee aa ne a Ha ek ee 

Prepare indirect address of 
the CPU page 

: ee | 

Set the memory address on 

T/O port 56 

Output control signals 

"RMAD" on 1/0 port 58 

i 

- Input data from 7,0 57° 
- Automatic indexing of 

the indirect address 

Output control signals 

"NO OPERATION" on 1/0 58 

Necrement memory address 

Data 
address 

>128? 

| BRE 

CONTINUE 

MAIN PROGRAM 

Fig.44B — FLOW=<CHART: READ FROM COS=MOS MEMORY 
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4 

M38___ SOFTWARE SUPPORT 

CROSS ASSEMBLER SOFTWARE PACKAGE 

8.0 —- General Information 

The M38 cross assembler is a computer program written in ANSI 
Standard FORTRAN IV 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 
f the term must be preceeded by af 

|The output to be produced. by the assembler is controiled by 4 
special command... 

The output may be: 

1 - A listing containing symbolic codes, machine 
codes and error Flags. 

containing machine codes on special format to be 

used either by the handware simulator or by the 
PROM. programming or as an input for the KOM mask-= 
ing production. 

2 = A paper tape or a magnetic tape or a set of cards 

3. —- A File te be used by the software simulator. 

8.1 = Statement characteristics 

15 
pear in the following The fFidds of the symbolic statement ap 

a 

Med. 30808241 - 20000 - Océ-Sipi 5. p. A.
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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 

Pield, are: 

Alphanumeric 

* asterisk 

+ (plus) 
- (minus) 

/, (slash) 
(spece) 

Any character may appear in the comment field. 

~s = 

Label field 

The label field identifies the statement and may be used as a 

reference point by other 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 alphanugeric 
characters. 

The first character must be alphabetic. 

Operation code Field 

The operation code 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: 

1 =— EQU 

The format is: 

Label FOU 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 operand v may be a decimal or exadecimal number 
or a name defined by another FQU. 

BQU may appear in any place on the program. 

ORG 

The Format is 

~). ORG ¥ 

It is used ’to define the absolute 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: 

- 12, Sa 

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 ea to skip one line on the source program listing. 

ont Cr 

The format is 

= EJECT = 

“Mod. 30508241 - 20000 - Océ-Sipi S, p. A.
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It is used to skip to the top of the page of the source 
program listing. 

The format is: 

= END > = 

im It terminates the source. program input. 
. 

8.4 —- Operand field 

The meaning and the format of the operand Field are related 

fo the operation code in the source statement. 

Some instructions do not require any operand: in this case 

the operand field is treated 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 foér a conditional or unconditional jump. 

The operand may be: 

~ A name of a label specified on the program. 

The address will te that of the instruction 

labeled by the same’ name, : 

—~ A name « 4a dacimalb pumher. 

~ AY asterisk + a> namber. 
The asterisk indicates the current address. 

3 = An address of a CPU register, 

The cpyerand may be: 

~ 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 be addressed through 
fo —o. | 

.S,-T.) Yegisters. 

The § register will not be changed. 

f 
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- An asterisk followed by + or ~, 

In this case a CPU register will be addressed through 
(S, 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, 30SO8241 - 20000 - Océ-Sipi 5. p. A.
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8.6 — MNEMONIC CODES .{CONTINUE) 

ITEMS DESCRIPTION 

A Accumulator 

A Accumulator bit 8 

os parry 
2 

£4 Least significant bits of instruction 

Te second byte of instruction 

9 Q register of ROM 

RA A degiat ar oF ROM 

A B register of ROM 

RZ 7% register of ROM 

RR Ram register of R3E 

S tow address register 

Mod. 3050824] ~ 20000 - Océ-Sipi S. p. A. 
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8.27 ~ ERROR FLAGS 

This is 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 

@) Tllegal character on an operator 

D> Duplicated label 

W srror by using the 'ORG' pseudo~instruction 

x arror by using the 'EQU' pseudo-instruction 

¥ srror on register reference instruction 

. ilissing or duplicated label 

H Urror on a constant 

F urror ov long immediate instructions or on 

1/O instructions 

They will appear at the beginning of the line where the error 
has been detected. 

= = i AAP DGS 

a
l
a
e
 

s
u
t
o
r
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z
z
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pe
r 

is
cr
it
to
. 

In this section the following examples of the M38 Assembler 

are shown: 

I 

4 = fnput Format for the Assembler 

e AssemblerListing 

a 

4 

x 

Assembler Symbol ‘able 

i Listing with “rror Flags 

VYhe program which the example refers to is the one that has 

been discussed in the Section 'Some simple examples' under the 
paradraph: 'Data input from teletype’. 

Mod. 30806241.- 5000 - Océ-Sipi S..p. A.
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wl Grow justi a few comments about these examples: 

1 ~ Tapuat format for the Assembler: 

‘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 teletyne. 

2 - Assembler listing and symbol table 

shows the Assembier printout which is one of the 

mies of the Assembler process. 

“pe pleces of information appearing on the Assembler 

listing are the Following: 

A - The first column is a progressive ‘lecimal 
number to identify any program line. 

~ "he second column (titled 'pe#C') is the 

proyram address expressed by a decimal 

notation. 

~ Phe third column (titled 'ooTn'}) is again 

the program address expressed by octal 

notation. Please note that the pseudo-in 
structions do not generate any program 
location. 

D-=- On the two columns titled 'OCT' and 'Sx'* 

the machine code corresponding to the symbo 

lic instruction code has been printed out. 

The following part of the listing is showing 
the input symbolic program. 

|
 J 

Flease note the effect on the listing of the pseudo— 
instruction 'sPngn, THIHCT' » 

On the symbol table every Label of the program is 

printed out in alphabetic order together with the 
corresponding address expressed in exadecimal notation. 

~ {isting with error flads 

‘he example shows part of the input symbolic program 
where some errors are included and the listing produced 
by the Assembler. Please note the een printed out : 
after the first column. fe m 

Mod, 30808241 - 5000 - a
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PAGE 

SUBROUTINE INPUT FROM™ TELETYPE 
THE INPUT CHARACTER IS 
IN THE ACCUMULATOR 

RESET TTY 

PORT6 WATT FOR READY 
1 TEST IF READY 

iLgoPr NO READY WAIT 

PORTS5 READ DATA CHAR.
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SIMULATION SOFTWARE PACKAGE 

4.0 - General information 

2.0 ~ 

The M38 simulator is a computer program written in ANSI 

standard FORTRAN IV language, which enables the use to test 

by a software simulation any application program of an M3& 
system. 

The simulator process does through the following phases: 

1 -—- Hardware definition of the system 

~- Program loading 

Input of the executive commands 

—- Simulation 

ot
 

r
o
 

pes
ca 

OF { 

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 $1, 56, $10, $12) 

The system definition is started by the command 

$SYSTEM 

and is ended by a "$" on the First column. 

In this phase the following information may be entered: 

7 —- PSH 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. 

2 — DSH Module code 

mvery 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. 3080824) . 20000 - Ood-Sipl %. ». A.
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ivery 1/0 port of the system must be specified 

by this command, indicating on the First field 

the module code assigned to the 1.’0 port. 
one line is needed for every 1/0 port. 

3.0 — Program loading -— sxecutive commands — Simulation 
(see table $1, S6, $10, $12) 

\ - fhe load command will transfer during this phase the 

machine code produced by the cross-assembler into the 
proper area of the simulator. 

B= The executive commands may be entered during the next 
phase. 

She executive commands allow: 

- 'o display the memory and register status 

~ To modify 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. 

CG - “he “oO command will then activate the simulation program. 

Vhe simulation will proceed until a breakpoint condition 

is met. 

2 - New executive commands may be entered and the simulation 

may be started again. , 

Please note that the order by which the executive commands are 

entered 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). 
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Bxecutive commands 

The executive commands, their format and meaning are summa 
rized briefly below.. 

The key word of every executive 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 

fo
 

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 $1 the 'LOAD' command has the 
Following format: 

SLOAD ROM,@,5 

ApD,P DUMMY? 

rhe 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 wavy that is 
peculiar for the &XscC 8 Univac system, but the 

source file call may be fitted to any computer 
or miniocomputer with its own input/output con 
figuration. 

The execution of the 'LOAD' command will access 

the 'ROM CODE' indicated in table 53 and transfer 
it into the proper ROM area. 

~-~ GO 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. 30S08241 - 20000 - Ocd-Sipi 3.9. A.
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3 BEBAK instruction number 

The BREAK command automatically stops the simulation 

after the instruction number specified in the first 

field. 

In table $1 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 

condition is reached, the next execution command is execut 

ae 

TRACE type, module, number, number, mode 

This command enables the tracing operation when the speci 
Fied conditions are met. a 

Tracing conditions are indicated in field 1, 2,3, 4. 

The first field will have the following information: 

~ ABS : Absolute tracing 

Tracing is under control of cpu cycle 
counter. 

An example of ‘Absolute! tracing is 
shown in tables $1 to S§, 

- PC : Program counter tracing 
Tracing is under control of the program 
counter. 

An example of 'Program Counter! tracing 

is shown in tables 56 to $4. 

~ 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 printed 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 5S6,S7). 
The CPU-RAM is printed out page by page, every 

page being a line. 

Mod, 30806241 - 20000 - Oed-Sipi a. A,



i 
co
nt
en
ut
s 

de
l 

pr
ec
en
te
 

fo
gl

io
 

& 
pr

ep
ri

et
a 

ri
se
rv
at
a 

de
ll
a 
S
Q
@
S
-
A
T
E
,
 

~
O
M
P
O
N
E
N
T
!
 

E
L
E
T
T
R
O
N
I
C
I
 

S.
 

p. 
A.

 
og
nl
 
f
e
r
m
a
.
 di
 
ri

pr
od

uz
io

ns
 

o 
di

vu
lg

az
io

ne
 

de
ve
 

es
se
re
 

pr
ev

en
ti

va
me

nt
e 

au
to

ri
zz

at
a 

pe
r 

Is
cr

it
to

. 
7 4 No 39.1772.76 — MF/rtc = 6.4.76 - 

Fi iia auienntimeanee 

SES-ATES COMPONENT! ELETTRONIC! 8.9. A. Pat. 

WA
 

ae
 - RAL 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 ROM specified by the module code 

indicated in the first Pield are printed out. 

i — L4G code 
Idem for the 1/0 port. 

fi = NORMAL 

ay this way a short form of tracing is requested 

(see table 31 to 85). 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 

‘[n 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 

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 : Memory content changed 

Mod, 3050824] - 20000 - Ocd-Sipt & 9. A.
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DISPLAY area, Area, AGA, «ssa. 

This command displays memory lacation, CPU registers, I//0 

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, S10, S12): 

~ ROM code 

~ RAM code 

~ T/o Code 

-~ GPU 

separated by a comma. 

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, ®OM code, 1/0 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. 

PRINT 
The PRINT command controls the output listing. 

The command $PRINT @ disables any diagnostic message and 
any message related to I/O operations. 
Qnly the TRACE and DISPLAY commands are satistied (see 
table S1@ and $11). 
To enable the diagnostic and 1/0 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 listing 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 f before 
the command word. 

Mod, 30508241 - 20000 - Océ-Sipi 5. 9. A.
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TABLE S6 SIMULATION : PROGRAM COUNTER TRACING 

ELT+1TOL TReSe.CONTST 

EL TOUS 9 Lee Pato OPP 2ST A1T Lae SEs 

CYEKE (70) 
| O9¢Gc04 GGG SPRINT 1 
/ goooo2 p90 GSYSTEM 

000003 vou PSE ON 

Oo00g4 000 DSE 10 

000008 000 I/¢ 60 

g000g6 960 T/o 61 
000007 0.90 1/0 62 

aq00008 G00 $ 

000009 O00 SRREAK 1000 
00G019 000 SLOAD ROM,O,5 
900011 000 ADD,P odUMMY?, 

on0012 ac0 STRACE PC,%,16,.20,CPU 
090013 300 $60 0,9 

000074 ong ) 
000015 O90 U 
OP1016 000 ¢ 
Q. jO17 oo0 1 

o0007& nao 8 

0n0019 Uo 0 

900020 090 u 

000021 090 G 

000022 O00 tf) 

p00be3 000 8) 

oo00024 goo et 
000025 ooo 1 
000026 coo 16 
oog0027 g0q a 

go00z2s& 000 G 

000029 g0o Q 

000030 000 4 

900031 ong 24 

000032 oco G 
900033 00 ‘a 

go00ns4 ' 000 1 

eon 35 000 22 
Ov 9036 000 0 

000037 000 | 

990038 aqere} 4 

090039 000 0 

000040 ago 1 

000041 000 ) 
000042 000 0 
000043 exere) 1 

000044 000 27 
(000045 000 SDISPLAY CPU,RAM 10 

000046 000 SEOF 

QT MOLINA*CP3F.ABS 

“Note: This printout will be followed by the same printout steewon: on cael s s2, 

$3, omitted here for sake of simplicity. 
After that, the printout continues by table 57. 
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"Cada Ne 3941772.96 = ME/rte - 6/4/; 
SS ee 

I. 
O14 

I. 
016 

62 

62 

62 

61 
24 

A S YER 
020 600 600 obo 

Ro TIME 
815 

A S T YER 
357 000 000 000 

Re TIME 

825 

DATA OUT: 128° 

DATA OUT: 0 

rc 

0 

CUSEC 2 

Cc , 

CUSECe) 

DAB ADB 1/0 ea 
074 900 000 ~ 

DAB ADB I/O 
016 000 000 — 



hee 

sae 5 = eae 
spol 

S8V"4EdI*YNT TOW LOX > 

Ee aaa a ae 
403% 000 svood0 

a a 
OL Wendy AWYiIdSsTag 060 ’+O0o0 — oer 

| 22-000 evoo00 ee ee _ 
i 000 270000 Sse 
0 000 b70000 tue ao 
6 ooo O+og00 Se : 
L 000 6f0000- Teale i 

fe) ao0 8£0006 ~ ae 
0» 00 é£0000 

ee 

L Oo0 9206 J zy 
0 000 seOo0g © 

i 
zy O00 yE0000 | ni 
L 000 £0000 

Seee ee 

9 O00 20000 | 
eer 

9 coo LEOg00 | 
lees 

+2 aca Q<0000 © 
Ze 

L 000 620000 | 
0 000 820000 wes 

4) 000 220600 | 
‘a 

0 000 920000 | 
OL 000 $20000 — 

cae 
L 000 7200007 c 
0 000 £20009 | 

oe 
9 000 eee | 
a} 000 Lzooo0 | ~ 
0 000 ozo0000 ee 
a) 000 6lLo00g ieee Ha 
0 000 stTorsg a aa ae a 
3 o00 2t04 3 

2 IX ernie 
L O0oG 9tog00 "i 
G 000 StLoodsG 
9 000 FLO0OG 

Sie oeeiare 

0 ogg £t0000 ia cai ; 
O*O 094 000 eL0000 Ee rae ees 

*ZAWWNG dandy 000 LLOoOoO co 
S*O*wou avots 00 OL0000- eee 

COOL xVauas 000 600000 
$ 000 800000 ~ 

29 O/T 600 £00000 
L9 O/T 000 900000 ae 
09 Ost 000 s00000 a 
OL 3S¢ ood VOOOGO 
00 34S¢d 000 £00000 

W3LSASS C66 200000 
GO LNldat O06 LogoGgo 

(CO) JV9A5 
© BCBS THL=LZ2/10 6 Od-29ar1y-900173 

AW Td!q LSiNOD*$4dL TOT#LTZ | 
ONIOVWHLON 

ll eee - = 9L/¥/9 saa ~ 9L*BLLT"6E"N "1 "9 Bie ANTE, ) . ae 2 citi See see + NOILWINWIS- Lars. anlddea teed oseage Gen ota ae |



000 
000 
000 
09G 
00G 
O90 

~ 006 
00 

anuiguoo- Aejdsiq — Guldeu] oN - JUldg tuoljzeynwis se PSeig ; 1 ON o rd | 

“40 AV TdSTd 

) ZH 

‘G00 QOU COG O0OG GOO GOu OGG GOO Glo Cou OCOu GEO ade Vou AaGE 2bh 
000 OO0u GOu vou GOU GOu ULO GOO ONt ECU COG UGS DOL GOO O9u 96 

ooo 000 000 g00 GOOG O0G COO O3U GOOG UOU BOO FOO O8G GOOG OL OR 

O00 O0G 000 GOO UDO D000 Goad Gov OO LOL UGE USG ORD oe oat #9 
000 006 O00 O00 GOG 008 O00 O00 O8G COO UGE COG ONG O60 206 a? 
000 O0U GOU O05 vou GOU OCU 000 COU OSG FOG UG bau O09 Doe ca 

UOO0 O06 GOL DOG BOO 90G GOOG G0G GOO LAL AOG OGG UOU UBO OOC SL 
GOL OOU COU GOG UDU OOC GAG GOO 2£f0 ElLu O90 USD Org O28 946 ls 

dang 4dVndgOn WL 3684 

Né7¢ UGu end a G 24 

¢*3935f) Jwil a ae Nh FE Len] 24 Way vd Id 

O00 900 Guo DOG GGG A200 GUO coo 

OCu0 900 EGC DoD FOG BOO S6Ge oue 

000 906 500 H800°000 800 bed boo 
BGC cOG BUG OGG G00 OGG Cou 806 

; O00 ¢2dtL6G GUE 9DB O00 COG 000 DDS 

coc O0U O00 g uvOu OOO O00 ADL 660 000 Gus 909 F100 G00 900 Oo0 

O/1 8aqy 6e¥aG 9 eA 1 S ¥ d S. © 9 g é L U 
Avd=-9d4) 

ANILNON NUTLYTWwIS/ FJd9w GHYNS WOT vex 

eee JTIISSOd LON HILAG x¥% 

G4aino4ax3 si Awidsia 
“GaLISIHNI $i LNO-LNIYd *¥"90 O09 

off GNW DILSONDVIG AUaAa 

*ay GPa tT Seve be 

*2hawhe dl day 

LSLNGD* Gaal @f ey 

* WYHOGGqa NOTLY Awl s * wdiSaSetO Sse 2 lealelt iw gia 

* ONTaH#dandony § yous Pa Les ae Si yeas 

TIS J1aVvl 

~ gzz "Sed - OL4/¥/9 - 944/4W - OL"SLLT"GE “N "1S 



eae ee 103$ 
— “. a “OL Wvutndd AvIdSTQS 

. ee 

Mm 

[ H 

V
o
e
o
0
g
p
C
8
F
K
 
O
S
C
O
O
r
+
t
T
O
D
e
 
N
O
K
 

T
O
R
K
 
A
O
R
 

*. 
me 

o5¢ 
OOOL xvas. 

OL wv¥d*iidd AWVTdSIQS - 

ae , 09% 
CL xvaiues 

CL wva'nNd)d AvidSIa¢ 
3 
L 
Q 
a) 
9) 

O0*0 096 
*ototsey aavuls 
"ZaAwwnd dtaaqy 

S*o*wou avo1g$ 
Z2 yvIuas 

$ 
OsT 
O/T 
O/I 

“OL 3s¢ 
60 4Sd 

WALSAS$ 
L LNIudgs 

TWWHON* OSE 

29 
Lo 
09 

hi EL Z re - LLEZOPBL-b27L0 
LSLNOD*S4dL 

wvu’naD Av 12sta 
VISNT 22 walav wwaEE” ge orrten ss 

‘OMIOVHL JZintTOsEV : 
= ¢997 "BEG SRNOTEW INNIS” 

(00) 37949 
“OL=Z9a1T9-900173 

Tare iya 

- fis sigv1 | 

re "i =-9L/ 0/9 ; 
aay aW - a viie 6E°N 

oto es 0009. 
000 +0000 _ 
000 —Os0000 ~ 
oheree 690000 — 
006 “890005 — 
060 270000 

000 = 9¥0060 © 
000 $0000 
000 770000 — 
000 £90000 | 
000 270000 000 70060 
aoG 070000 
000 6£0000 
0006 820000 - 
goo é¢0060 
000 9200 2 | 
ayeve s£o0000. 
000 £0000 | 
900 ~££0000 
000 220000 ~ 
000 LEO000 | 
000 00000 
000 620000. 
N00 ez0000 1 
000 220000 
000 920000 
000 $20000 
000 »20000 af} 
000 ¢20000 | 
000 220005 © a 
000 120060 | 
foyer) o26600 | 
000 éL0000 | 
ooo SLOreg || 
000 2t0L9 | 
000 910000” 
90c stooo0 © 
O00 ¥EOOUD — 
000 ~ €LQ000 
ood — “eéb0000 — 
000 “Vio000 ~ 
000 — OLOCEO 
“000 “600000 © 
050 800060 
000 — 200000 © 
ooo 900000 
000 scooto 
900 700000 7) 
qac 200000 
aac 2006¢G0 
000 Lod0G0 

pes 



SGS ; 
+ S a 

z * ¢ i 

MODULE 

MODULE 

MODULE 

JDULE 

MODULE 

MODULE 

MODULE 

MODULE 

MOD EL E 

MODULE 

MODULE 

MODULE 

PORE AK 

SIMULATION 

Cale Nw 39.1772.76 - MF/rtec - 

TABLE 313 (Sim. Abs - Break - Display - continue) 

4 

oa ay ‘ ess! Wak RE RR Rea S 2-06 # ; 

TPES wCONTS 

PORT CODE ASSIGNED 415 

CODE ASSIGNED TO PSF 35 : 0 

CP DeE TO ASSIGNED 

ASSIGNED TO 

GOOF ASSIGNED TS 

CODE ASSIGNEE 

CODE ASSTENES 

CODE SLGNneD 
« 

‘\ a 

CODE ASSTIGNE L 

CODE ASSIGNED 

ASSIGNED 

ASSIGNED T9 

ASSIGNED 

AFTER 3: 27 +TLL & TOP 

TLOAD 86%,0,5 

MODULE 

LOADED PROGRAM 

ADDRE §5 INSTRUCTION 

ATES « OTOITAL SYSTE™S DNGINEERING 
bes : c 

SIMULATION PROGRAM # 

INSTRUCTIONS EXECUTED



"Hx? O O95 

0 NOTLVIO7 L¥* GO 3 1NGOw NO SS34uaay Ldvis 

G*O 09$ 

"xO JdvUL 

TWWYONSOSZ°O'O*Say Jdyvulg 

"4° O GaqvOT SdHOM Ly 

Nys Uy 0 
Og9¢ ond 6] 
0un ae 6) 
$76 Z¢ fe 
970 oF 0 
OLL Se U 
LOQ Ed G 
§00 ce G 
990 Ze G 
990 LE 0 
O9¢ GE 6 
990 62 O 
ue ae 0 
7U0 £e fs) 
Sun 92 G 
OGL ae G ] 
OLA v2 C 
27g Fe 0 
ObL Ze G 
0) Lé2 g 
GLO Ge u 
LUO 6 0 
gto 3h G 
22¢ zt 0 
7EO GL U 
200 SL 0 
£20 La 0 
Odb gL 6 
ect) él G 
O60 bb Gg 
OGL ub U 
vate, 6 G 
Seb 3 G 
O£0 Fa Q 
LOO g 0 
9LO g u 
2de " o 
700 x ¢ 
2x0 é a 
240 3 u 
900 UG iu 

"ECAWWNO d'aay 

(enurqzuco ~ Aejdsig - yee4ug - sqy ‘Wig) FTS J1avl 
i Reka aed - 9L£/0/9 - 244/4W - OL*ZLLT6OE “N TIO 



= ere “Seg 

G00 
000 
006 

o0u 
oou 
000 

000 
COG 
000 

COU 
uOo0 

000 

OCG 

000 
000 

O0U 
000 
ohare) 
000 
000 
000 
000 
000 
000 
Coc 

aqyv 

(eanuljquos ~ Kejdsig - yeedg - sqy *wis) 

$70 
GULL 
$00 

990 
Olt 
$00 

970 
GLL 
S00 

9970 
OL 
S06 

940 

99G 
O9% 

eee) 

700 
G2b 
ecu 

Ofk 
Q£0 
FLO 
700 
e£U 
700 

avd 

C
o
G
)
 

£> 
es 

Be 
Ua 

o
o
 

3
 
P
o
e
 

sel 

O
e
e
t
e
a
o
n
 
S
o
o
 

o
 

wo 

LOG S62 
LOU $82 
LOG «S22 

000 S92 
G00 ‘Sez 
000 ssz 

000 6 6s$22 
900 saz 
OOO $éL 

O06 SBl 
000 s9L 
O00 SSL 

O00 Sr 

"ino viva 

000 Gs 
ong Set 

7iNO Viva 

002 OLL 
o0G OGL 
000 G8 
000 ~s9 
QOU S$” 
00G OF 
gt O¢ 
240 C2 
LG SE 
000 6s 

Vv Swill 

U 

2G 

Eo 

9 

ey 

22> >> 

>> >>> 

000 
OOO 
G00 

a> >>> 

>> >>> 

O00 
O00 
Ou0 

PP 2D 

>? >>> 

CGE 
Goa 
OGQ 

>>> >> 

2>>>> 

GOO 
U0 
gu0 

>> >>> 

PPP >> 

GOO 

K<<<< 

GOO 
O00 

<<cde 

oGO 

eer) 
G00 
O00 

GUO 

cua 
Oud 
ooo 
GOO 

GOO 

uYdA 

2 ¢ Wa 
Oy vate 

vee 52 

oe ae 

9% Le 
oF Oe 

Fx éL 
9% eh 

vas Zt 

FE PL 
oF St 
Ve vee 

Gb eb 

és ét 

be LL 

Of Oob 

Se 6 
TL. * 

gL 2 

6 o) 

4 g 

9 vi) 

9 F 

f. C 

L L 

aie) "SLSNI Git )x3 

ST S 41gvl 

- 9L/0/9 - 234/4W - OL°ZZLZT"6E “N *1°9 



G4aLNI9X3 SNOTLINYLSNI 

Gt 

asaugiN3 

-GNVIANINOS "94axXa MAN 

G00 000 004 
000 
000 
006 
g0u 

000 O00 
000 O00 
g00 O0U 

000 006 000 
000 000 00u 
000 O00 O00 

uoo O00 
O/I aay 

NOTINDAXS wi 

~-Eee reed 

00G 000 
000 
000 
Gog 
000 
000 
000 
OOu 
000 

00U 
GOG 
000 
000. 
yoo 
000 

QOU 
000 

000 
000 
G06 
000 
eres) 
chene 
000 
006 

G00 
000 
G00 
000 
000 
000 
000 
O00 

000 COU 
000 000 
GQQ Q0G 
000 O00. 
G00 000 
000 000 
G00 000 
goo G00 

Sue 
C*93SN) awit 

000 000 000 GLO 
aga ol § v 

200 O 
g6vaq 3 

SNOTLINALSNI Galnd3axg 

NWAua MON 

000 20G 0 
000 000 OQ 

OLO 
ObO 

gle 

Soe 

@dv aya 3 y awit 

OL 

c00 
“al 

COU 
006 
00G 
000 
O0u 
COG 
OOU 
U0G 

a) 
) 
D 
0 
Oo 
000 

de 

NOTLV¥IO1 iv* Q 

ag 

uOG O00 
000 000 
goGc Q00 
oOo0 OOU 
O0u O00 
gou O00 
UCU CUO 
CU O00 

awn 

i2 

"N “als 

oo 

GQ 
ena 
oc 
00 

oc0 
O00 
O00 
000 
2lt 
000 

Fi y 

ZU0 
Nu0 

eee 

"4°0 09 

JINGOW NO SS3uQ0Y LYvLS 

09% 

Ldv¥ dOLS TIIM NOTLYINWIS 

OL AWaUas 

"HO AW TdSIa 

O90 
006 
Gag 
O00 
000 
O0U 

000 
C00 
QOO 
god 
900 
000 
vod O00 
O09 GOO 

37NdOw OL 

900 
O00 
O0c 
Q0U 
G0u 
O00 

O06 ell 
006 96 
oda Og 
0b 99 
000 af 
O0u e¢ 

GOuU OOv 9b 
O00 d0u G 

369 

9b 
NI dd 

0G 
goo 
OOF 
000 

000 900 
N00 000 
g00 900 
nooo 000 

000 000 900 006 
000 000 000 900 

$ He & é ‘ Q 
AWY-Nd7 

Gao 
oud 
GUO 
000 

OL wv¥h*Ndd AVIdSId$ 

Yaidvy Mvgus NOUTLVTAWIS 

rate 
Me 

GOO 

900 

ea: 

Ge 

4gA Be RL owt salt ees 

\ 

(enusquoo = ke desig - yee4g - sqy “HWIS) OTS J1aVL 

- 9£/¥/9 - 294/4W - OL°CLZZT"6E “"N “19



Cale Ne S0,0772.96 4 ME/pte ~ 6/4/76 - 

nn Peg. 234 - 
BSQG-ATES COMPONENT! ELETTROWIO! Sp. A. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Yop Supply voltage (referred to Vag) «20 to + 0,5 V 

v Input voltage V to. 2 D.5 V 

| : Output current (at any pin) 3 mA 

T Storage temperature -65 to 150 ities & 

T Operating temperature 0 to 70 &¢ 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage -~ 17 + 5% 

DD ” 
Input voltage 0 to Yop 

V 

Supply voltage - 5+ 5% V 

V 

Clock generator amp! iture 17 + 10% V 

Input frequency $00 KHz 

Operating temperature _ 0 to 70 oe 
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* Typical data power consumption per chip 500 mW 

STATIC ELECTRICAL CHARACTERISTICS for M380-M381-M382-M383 (Tamb 

ee ne _ = OV, over recommended operating conditions) 

Legare "1" is defined as the most negative level. 

Logic "0" is defined as the most positive level. 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

380 20 48 mA 
381 20 48 mA 
382 25 55 mA 

383 0 0 mA 

yp Average supply for 

DD 
current from V 
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380 ao... 35 mA 
381 27 50 mA 
382 36-50 mA 
383 20 32 mA 

i Average supply for 
6G 

current from Voc 
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STATIC ELECTRICAL CHARACTERISTICS {continued} 
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Pag. 235 - 

ELECTRICAL SPECIFICATIONS (cont. ) 

PARAMETER TEST COWOIT HORS RIN TYP MAX URIT 

I Input voltage Data bus 

all other pins 

oY ah 

Y Low level ovtput 
OL 

wait age 

Date bus 

Peripheral channel See test circuit 

Address and control 

bus 

C 9200 pF for 

V_ High level output 

- vol tage 

Data bus C = 275 pf L p 

Peripheral channel lw 0.8 eA 

Addres and control 

bus 

C720 pF fer 

H 381 only 

ai y 

‘oy Low level input 

voltage 

Clock 

Reset 

Data bus 

Peripheral channel 

Address bus and 

Contra] 

for 8 381 - 382 

363 onky 

Y High level input 
1H 

voltage 

Clock 

Reset 

Data hus 

Peripheral channel 

Address bus and 

control 

fer # 381 - M 382 

M 383 only 

Nee Ntgh level output 

current 

Peripheral bus : od 
OHP 

6,85 aA 

is * 

Mad, 30508241 - 15000 . Oed-Sipi S. p. 4.



Cit. N. 39.1772.76 - MF/rtc - 6/4/76 - Pag. 236 

Se8-AT#S componenti eveTrronicis.p.4. ELECTRICAL SPECIFICATIONS (Continue) 

DYWAMEC ELECTRICAL CHARACTFRISTICS: (¥ 5 -1IY + SZ, Vi @ OY, ‘Op - -SV + Sf; Tagh « 0 to 70 °C unless 

0 herwise specified) 

PARARETER TEST CONDITIONS RIN TYP = BAX UNITS 

T Clock neriad t t, 130 ns 1,25 3 us 

Lt, t, Clock rise and fall tines hetwean -5 to -14,3 V 430 ns 
r 

+ clock pulse width} Low Level maasured at -74,3 V 458 ons 

High Level measured at - 6,5 V 450 ns 

tas Hold time SYNC (hia to Tow measured at - 1 ¥ 200 ns 

with reference to 

clock (high to low) 

*\ddress and control for M 381 - 382- 383 0,3 yp 

lines with referen- 

ce to clock (high 

to low) 

t ®utput delay Address bus 

P tima 
C = 200 oF for M 380 0,3 

Data fur C = 275 pF for 280 Qf g 

for ¥881-382-383 1,2 i 
** Peripheral channel G = 400 pF for #380 1 y 

C, = STS0F for 961-382-383 1 | 

ae Input ** Data bus for M386 1.1 ‘ 

setup {ise for M 381-382-383 0,6 ry 

** Peripheral channel | for M 396 . . & 8 

* for M381-382-383 0,8 / 
Us 

} 
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CAPAC LTARCE 

C tnout capacitance f = 1 Miz 5 10 pF 

¢ jiafOut capacitance on data bus and fs 7 MHz 7 5 of 

peripheral channels 

* Heasured from F3 negative clock edge for HM 381 -382 - 383 only - 
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ELECTRICAL SPECIFICATIONS (continue} 

TEST CIRCUIT (for peripheral channels) 

ip eae 1 
fF il 

- R= 10k £10% FOR M38t-M382-MI83 
a 1akn £10% FOR MIBO 

S 1648 

~ Timing diagrams 

Aloe 
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SUSTOM ROM PROGRAMMING INFORMATION 

ROM programming information for M352 and M353 devices should be 
sent in the form of computer punched cards. AlN 80 column Hollerith 

card, preferably interpreted, punched by an IBM 026 or 029 keypunch © 
should be submitted. 
The deck of cards is composed of: 

4 - A title card 

° -— A fcontrol POoM' 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 "0" and 

"4" (binary). 

The required format is detailed in the following tables and Fig.43A, 
Byos 

M382 PROGRAMMING FORMAT 

A — FIRST CARD (TITLE CARD) 

Tt must nave the following format (see Fig.43A): 

Column Data 

144 Punch "M382" 

4610 Blank 

11416 6 alphanumeric characters that 

should identify the contents. 

Must be repeated identically 

on all data cards. 

17480 Blank 

Mad. 30808241 - 5000 - Océ-Sipi S$. p. A.
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~ S350uD CARD (CONTROL ROM) 

it must have the Following format (see Fig.43B): 

Colum Data 

Punch “58%e2" 
Blank 

Punch "CRrL" 

6 alphanumeric characters that 
should identify the contents. 
Blank 

@ to address ROMlow range (+1423 
address) 
1 to address ROM-high range (1@24+ 
2847 address) 
Blank 

Specify the module code assigned to 
the ROM (decimal number 3463) 
Blank 

Specify the module code assigned to 
the 1/0 Port n° 1 
Blank 

Specify the module code assigned to 
the IO Port n® 2 
Blank 

Mod. 30508241 - 5000 - Océ-Sipt S. p. A.
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a] ; om SATA BARDS (i024 CARDS) 

They must have the following format (see Fig.13C): 

Column Data 

Tee 
Asie 

11414 
15420 

24426 

ea 2610) 

31440 

Punch "M390" 

Blank 

Punch "Main" 

Blank 

§ alphanumeric characters: must be 

the same that have been punched 

on title card in column 11416 

Blank 

Ten binary bits (@ or 1) that repre 
sent the binary address of the ROM. 

They must be ordered from OO00000000G 

to 1111111111 (decimal @ to 1923) 
Blank 

Output word 

S1 out 1 

538 out 3 

Blank 

Decimal count of cards and address 

(from @ to 1823) 
Blank 

M301 PROGRAMMING FORMAT 

A - FIRST CARD (TITLE CARD) AND DATA CARD 

Same as "M382" except column 144 that must have "M381" instead 

of "M382" on both title and data cards. In addition, it should 

be noted that the maximum address is 1011111111 (Decimal 767). 

B = CONTROL ROM 

Same as "M392" except column 144 that must have "M381" instead 

Of "Mace". 

Mod, 30508241 - 5000 - Océ-Sipi §. p. A.
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