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PAS 19
PAS 23
PAS 24
PAS 50
PAS 54/56
PAS 55/57
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PAS 200...212
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PARTH AUXILIARY INSTRUCTIONS, LEVEL 2
H1 One-Tline instructions

NOP 1111 Direct interface operation
The instruction NOP 1111 may be used in a program as often as desired. It
causes immediate operation of the serial interface on the receiving side.
NOP 1111 1is particularly used where no PP-change and thus no interface
operation is performed due to bit processor instructions in succession
(e.g. some SCR-instruction in succession).

SCR 260

31 262
SCR 260

28 281
NOP 1111}; NOP 1111 causes operation of the interface

SCR 260

30 4

NOP 1111 1is independent of the ACCU state and does not influence it either.

.
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H 2 2-Tine PAS-instructions

PAS 16, PAS 17| Exclusive operation without time base

To be able to supply accurate timing pulses (e.g. for step motor), or to
execute a small part of a program rapidly, it is often desired to have
activated only one parallel program.

PAS 16 blocks all other PPs, timers, the serial data interface and software

date-time.

PAS 17 cancels the blocking instruction, i.e. the parallel programs, timers
and date-time continue from where they were interrupted. The serial inter-
face is active again.

Instruction format

PAS (29) 16 Blocking instruction

0@ g 2nd line always remains @
PAS (29) 17 Deblocking instruction

) g 2nd Tine always remains 0

1. Example of an accurate timing pulse of 2ms*

The user program consists of several parallel programs. A circulating
program consists of the following instructions:

STH 400
JI0 —— Duration of interrupt during which all
V//other parallel programs, timers, serial data
Y interface and software date-time are blocked.
PAS 16
) )
SCR 260
LY 16
SEQ 4 == Calculation of the pulse length:
DEC 260 (35ps x 4 x 16) x 90% = 2ms*
STH 260
JI0 The reduction factor of 9¢% results from the
REO Yy) cessation of PP processing. It must be checked
by means of measurements.
PAS 17
oo 6| |¥
STH 3=

ANL 7

*) Times are valid for PCA232. They are twice as
Tong for PCA@2, PCA14 and PCA222.
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2. Example of an extremely short reaction time

A carriage moving at creep speed must be positioned extremely accurately
by means of a signal switch (12).

Rapid speed (051) Approach speed (058)

S0 ¢ 5l

Start approach speed

SEQ 50
PAS 16 . )
o0 0 Blocking of parallel programs &
REO 45 §
REO 46 Reset dangerous outputs ®
REQ 47 %
< s
4
@
STL 2 T::
ANL 26 | Position checking &
Checking cycle (35us x 3) x 99% = 1p@us o
—_— L
+
JIZ s
(=]
=
7 S
REO 50 Stop advance s
E
PAS 17 Deblocking of PP
o9 2
v
SEO 45
SEO 46 Setting of correspondi tput
20 i g orresponding outputs
SEQ 69

I Continuation of program

In the above example the interrogation loop 12 consists of 3 instruction lines.
Depending on the time of arrival of the stop signal (opening of 12) 4 to 6 pro-
gram Tines up to REQO 5@ must be executed. This corresponds to an internal
reaction time of approximately 125...190ps.*

The total reaction time is calculated by adding the delays at the input and
output interfaces to the above mentioned values. If smoothed DC-current is
supplied, these delays are constant and can directly be introduced in the
process.

*) Times are valid for PCA232. They are twice as long for PCA@2, PCAl4
and PCA222.

N

———\1 1L
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Remarks

- The duration of blocking is independent of the user program and can last
several seconds. In the above-mentioned example, all monitoring functions
are interrupted during this time. If this is to be avoided, these functions
can be integrated into the interrogation loop.

- If blocking lasts longer than 9@ms, the software clock and the internal
timers will be slow by the amount of the corresponding time exceeded (with
selected time base 1/1@s).

- During blocking no transmission of information via the serial data inter-
face is allowed, since transmission errors may occur.

.
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PAS 19| End of interrupt management

(see PAS 190)

PAS 23| Text output in the bit processor
(see chapter K 5 - text input and output)

IPAS 24 : Immediate telegram output

PAS 24 allows immediate output of a character or telegram via the serial inter-
face irrespective of the time base. The response times can thus be reduced with
PAS 24 via the serial interface.

Description

The user program informs the system when a character or telegram must be out-
put by setting the element TBY "high". The system program, however, analyses

the logic state of TBY only at certain, defined points of time (provided that
the serial interface is not yet transmitting). These points of time are:

- clock of the time base, i.e. every 1@@ms or 1@ms respectively

- when the characters ACK, ENQ and the last character of a telegram are output
or received (ETX or BCC)

- after terminating an interrupt service routine with the instruction PAS 19
- after outputting a text with the instruction PAS 23 or TXT (PCA232)

- with the instruction PAS 24

Application

SEQ 509 Transmit Busy (TBY) is set high
PAS 24
go ) Immediate telegram output

PAS 24 is always executed independently of the ACCU and does not influence the
ACCU.

N
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PAS 50 | Data transfer between date-time and counter

Writing and reading of the date-time in the address range 4000...40¢7 by means
of the programming unit P@5 was described already under operating modes MAN
BIT. This section deals with date-time access via the user software. It allows
setting of the date-time via user software as well as using date-time for real
time switching functions.

By means of a 2-Tine PAS-instruction the date-time can be read out or new
values can be entered.

CODE OPERAND
1st Tine | PAS (29) 5@
2nd line ¥K cce
¢ write in date-time Counter/timer receiving
1 ¢ read from date-time the input resp. read
value
Address in
operating mode
MAN Numerical values in counter ccc
i
(4000) @ 2 week of the year 1...53
(4001) 1 @ day of the week 1...7
(4002) 2 € year $...99
(4003) 3 2 month 1...12
(4004) 4 ¢ day of the month 1...28, 29*, 3¢, 31
(40085) 5 € hours 0...23
(4006) 6 ¢ minutes g...59
(4007) 7 © seconds @...59

Qutput of date and time is also possible in several ways via the serial inter-
face (see K 5 "Meaning of the special characters").

Example:
The minutes and seconds are reset in the 3@th minute of every hour via input 7
according to the rising edge of a synchronisation pulse.

STH 7; Synchronisation input
DYN 400
—JIZ
SCR 3090 Set reference counter to zero
0] )
PAS 5@ |** Set seconds to zero
g7 300
SCR 300 Set reference counter to 30
0 30
PAS 50 | ** Set minutes to 30

#6 300 Part L
R _-Z@ Example 1

*) Only a hardware date-time takes leap years into account, the software date-
time of the CPU does not.

**) The PAS 5@ instruction is always executed independently of the ACCU-state
and does not influence the ACCU.
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l PAS 54 I Data exchange counter register <---> text memory

l PAS 56 l Data exchange counter register <---> data memory (only PCA232)

As evident from the following overview, both instructions can be used to
store a great amount of data in the SAIA°PCA by using the text memory (or
part of it). For PCA232, a special data memory is available which can be
activated with PAS 56. In order to ensure upwards-compatibility with the
other PAS 54 can also be used between counter register and text memory for

PCA232.
Overview
PCAP2
Counter
register User memory
- PAS 54 - 4K bytes for
N - text or data
2K program
steps
PCA14, PCA222 and PCA231
Counter
register User memory
. PAS 54 R 8K bytes for
N > ()| textor data
‘ 4K program
(@) steps

PCA232
Counter
register User memory
“ PAS 86 > D Data memory
- " for 8K byte
p PASS54 . C Text memory
B " for 8K byte
B
8K program
steps
A
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The following points must be noted:

PAS 54

- The memory area of the text memory or data register needs to be designed as
a RAM, if data must be entered into it.

- "Manual” reading and overwriting of the data memory with the aid of the
programming unit is described in chapter "Operating modes" text or MAN BCD.

- The term "data memory" will be used for both memories (text and data) in
the following description.

- A1l following descriptions and examples refer to PAS 54. The instruction
PAS 56 (for PCA232) can be used exactly in the same way.

Transfer between data memory and counter register

Instruction format:

o

Ist line PAS (29) 54
2nd line ¥X Cbp
l |
X=@ : Write the contents of
counter CDP+1 into the
data memory
X=1 : Read the data memory
and transfer the value
to CDP+1
I
Y=@ : Value of 2 bytes (#...65535)
Y=1 : Value of 1 byte (@...255)

Counter for
CDP  : data register no.
CDP+1 : Counter for data

L—-———(_Zpunter as Data register Pointer

The first of two counters
contains the data register no.
(of the data memory), the second
counter supplies the data value
or receives this value.

PAS 54 is executed independently of the ACCU and does not change the ACCU.

SAIA'PLC Programmable controllers
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The instruction PAS 54 causes the following actions:

- Write (X=@): The value of CDP+1 (1 or 2 bytes) 1is written into the data
memory with the data register number according to the contents of CDP.

- Read (X=1): Read the 1 or 2 data registers of the data memory with the
data register number according to CDP and transfer to counter CDP+l1.

- After executing one of these operations the contents of counter CDP is
automatically increased by 1 or 2 (corresponding to 1 or 2 bytes). The
pointer is automatically at the correct data register number for the follow-
ing data transfer.

Examples

- Write a value of 1 byte from a counter into the data memory

The counter 257 contains the value 96 and must be transferred to data
register 7123.

SCR (15) 256 Load counter CDP
0¢ 7123 J with data register number
PAS (29) 54
g1 256 Write 1 byte into CDP+1 (C257) into the data memory

Counter register Data memory
before PAS 54 : Data register no.
7125
CDP+1: 257 i 96 Value 7124
CDP : 256 7123 Data reg. no. 7123
7122
after PAS 54 7125

7124 ......
CDP+1: 257 96| 8 bits 7123
COP  : 256 7124 | * 7122

K\ *) The value of CDP has been increased by 1.

Il
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- Write a value of 2 bytes from a counter into the data memory
Counter 314 contains value 328 and must be transferred to data registers
7466 and 7467.
SCR (15) 313 Load counter CDP
1 7467 | with the higher data register number
PAS (29) 54
00 313 Write 2 bytes from CDP+1 (C314) into
the data memory
Counter register Data memory
before PAS 54 Data register no.
7468
CDP+1: 314 3280 Value 7467
COP @ 313 7467 Data reg. no. 3 7466
7465
after PAS 54 7468
7467 (x 256)
CDP+1: 314 3280 16 bits > 7466 12 (x 1)
CbP : 313 7469 |1 7465
- Read a value of 2 bytes from the data memory and transfer it to a counter
The value 56477, stored in data register numbers 1930 and 1931 must be
transferred to counter 275.
SCR (15) 274 Load counter CDP
09 1931 with the higher data register no.
PAS (29) 54
10 274 Write 2 bytes into CDP+1 ((C275)
1> The value of CDP has been increased by 2.
2> The value is stored in the data memory in binary notation
(12 x 256 + 28 = 3280). The monitor of the CDP allows representing these
values as a combined 2-byte-value with the aid of P1#/P@5 (see "Operating
modes").
3) It is recommended to choose odd data register numbers for values of 2
bytes.
-

SAIA'PLC Programmable controllers Em

Il




11H

4 N
Counter register Data memory
before PAS 54 Data register no.
1932
CDP+1: 275 1931
CoP : 274 1930
1929

*) Value 56'477 = 22( x 256 + 157

after PAS 54 Data register no.
- 1932
CDP+1: 275 s 56477 | < 16 bits 1931
cop  : 27 , 1933 | * 1930
1929

*) The counter CDP has been incremented by 2.

- 32 counters from C288...C319 with values from @...9999 must be transferred
to the data memory starting with data register number 40@1.
SEI /]

SCR 260 Load counter CDP with the
06 4901 lowest data register number
—=SCR 261 Carry bit counter (CDP+1)
31 1288 for C288...C319
PAS 54
] 260 Write 2 bytes from CDP+1 (C261) into the data memory
INI 31
—J10
0319 [ 33 |~ 4063 0g } E
5 i 4062 33
C288 | 8888 |—a. J 4001 34 E
4000 184
Notation Notation
1 byte bin. 2 bytes bin.
N\
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PAS 55| Data exchange word register <---> text memory (PCA231 and 232)
PAS 57 | Data exchange word register <---> data memory (only PCA232)

Like PAS 54/56, the instructions PAS 55/57 can be used for data transfer

to the word registers.

Only the instruction PAS 57 will be described in the following. PAS 55

assumes the same function in the transfer to the text memory which is

evident from the following two diagrams.

PCAZ31 PCAZ32

Word Word

register Usermemory register Usermemory

A PAS 55

- .| b | 8Kbytefor PAS 57 D Datamemory
- g text or data 4 P for 8K byte
PAS 55
a 4Kprogram ¢ > C Textmemory
steps for8Kbyte
B
8Kprogram
steps
A

Instruction format:

Ist line " |PAS (29) 57 COP  : Counter for data register

2nd Tine X CcbpP CDP+1 : Counter for word

register address

X=@ : Write the contents of Counter as Data register Pointer

the word register block The first of 2 counters (CDP)

(pointer CDP+1) into the contains the register no. (of the

data memory (pointer CDP) data memory), the second counter

(CDP+1) contains the address of the

X=1 : Read the contents of the word register block.

data memory (pointer CDP)

and transfer the value

into the word register

(pointer CDP+1)

The instruction PAS 57 triggers the following actions:

- Write (X=@): The contents of the word register block with address CDP+1
(5 word registers = 9 BCD-values + preceding sign on the whole) is written
into the data memory as a 5 x 8 bit value starting with the data register
according to CDP.

- Read (X=1): The 5 values starting with the number according to CDP are read
in the data memory and transferred to the word register block acc. to CDP+l.

- The contents of the counter CDP and CDP+1 are then increased by 5 respec-
tively. The pointers are automatically in the correct positions for the
following data transfer.

-
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Examples

- Write a word register block into the data memory

The register block R515...R519 must be written into the data memory at th

data register numbers 4115...4119.

SCR (15) 280 Load CDP with
00 4119 register number (MSD)

SCR (15) 281 Load CDP+1 with
519 word register address (MSD)

PAS (29) 57 Write value of register
]1) 280 block into the data memory

before PAS 57 Counter reg. Word register Data memory

Addr. Register no.
R519 g i
R518 7
CDP+1: 281 519 R517 5
R516 3
CDP : 280 4119 R515 s+] B
after PAS 57
R519 9 137
R518 7 103
CDP+1: 281 524 | * R517 5 69
R516 3 35
COP : 280 4124 | * R515 1 g1
BCD binary BCD-
(+123'456'789) notation notation

The preceding sign + is received as a §#. The other values are stored 8 bit-
wise in the correct sequence, if interrogated manually, however, they are
displayed in binary notation. For manual conversion to BCD-notation refer

to section "Operating modes". When they are transferred back into the word
register later, these data are read in BCD-notation with the original values
again.

*) The counters for CDP and CDP+1 have been incremented by 5.
It is of advantage to choose addresses ending with 4 or 9 when transferring

register blocks.

Jmnma——— l
SAIA'PLC Programmable controllers Em




14H

- Read 5 characters in the data memory and transfer into the word register

o0 422

SCR (15) 281 }

Uy 624
PAS (29) 57
10 280

The data registers 422@...4224 are to be read and transferred to the word
register block R62@...R624 **,

SCR (15) 280 }

Load CDP with the
highest data register no. (MSD)

Load CDP+1 with the highest
word register address (MSD)

Read value in the data memory
and transfer to word register

register blocks.

-

before PAS 57 Counter reg. Word register Data memory
R624 33
R623 67
CDP+1: 281 624 R622 | 191
R621 135
CDP : 280 4224 R620 153
binary BCD-
notation notation
after PAS 57
R624 [ 33
R623 | 67
CDP+1: 281 629 | * R622 | 101
R621 § 135
CbP : 28p 4229 | * R620 153
" BCD binary BCD-
(-987'654'321) notation notation

*) The counters for CDP and CDP+1 have automatically been incremented by 5.

**) It is of advantage to choose addresses ending with 4 or 9 when processing

T —— '
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- The entire word register R20...R999 must be copied into the data memory
starting with data register number 6120.
R2@...R999 are 196 register blocks.
SCR 289 Load Toop counter with
0g 196 the number of register blocks
SCR 290 Load CDP with the
o) 6124 lowest data register no. + 4
SCR 291 Load CDP+1 with the
g9 24 Towest word register address + 4
=1 PAS 57
) 290 Write to data memory
DEC 289
STH 289
——JI10
after PAS 57 Word register Data memory
R999 9 153
998 8 152
997 7 151
996 6: 15¢
R995 149
| T
| .
! ! }
R24 36
23 35
22 34
21 33
R20 32
binary BCD-
notation notation
-
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PAS 58

Data exchange between RAM memory module PCALI.R25 and counter register

\

The RAM memory module PCA1.R25 of the PCAl4 is a large, buffered data memory
The PAS 58 instruction allows data transfer between

(only PCA14 from V6.636 onwards)

of 16 K words (32 K bytes).
the data memory and the counter registers.

Overview

Instruction format:

Counter Memory module PCA1.R25
register
16383
C479 12288
C478 12287
Ca77 PAS 58
N~
8192
8191
I S e N
C258
C257 4096
C256 4095
. 16 bits
0
16 bits
PAS (29) 58
Xp CDP | CDP : Counter for memory

address R25

X=@ : Write the contents of

counter CDP+1 to memory

module R25.

X

1 : Read the contents of

memory module R25 and
transfer the value to CDP+1.

CDP+1 : Counter for data

Counter as Data register Pointer

The first of two counters (CDP)
contains the memory address of module
R25, the second counter provides or
receives the data value.

PAS 58 is executed independently of the ACCU and does not modify it.

SAIA'PLC Programmable controllers
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The instruction PAS 58 assumes the following functions:

- Write (X=@): The value of CDP+1 (1 word = 2 bytes) is written to memory
module PCA1.R25 memory address in accordance with CDP.

- Read (X=1): Read the value (1 word = 2 bytes) in memory module PCAl.R25,
memory address in accordance with contents of CDP, and transfer to counter
CDP+1.

- On execution of one of these operations, the contents of counter CDP is
automatically incremented by 1. The pointer is consequently at the correct
memory address of R25 for the data transfer following next.

Examples

- Write the contents of C257 (e.g. value 12345) to the data memory of the
module PCA1.R25, address 6154.

SCR (15) 256 ; Load counter CDP with memory address of R25

gg 6154
PAS (29) 58
00 256 | ; MWrite the value of CDP+1 (C257) to memory
module R25
Counter register Memory module R25

before PAS 58 Address
CDP+1 : C257 #:123455 Value 6155
CDP  : C256 6154 |{Memory addr. R25 6154

after PAS 58

CDP+1 « C257 123455 6155
CDP  : C256 6155 |* 16 bits > 6154  [:123453:

\\7 *) The value of CDP has been incremented by 1.

=
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- Read the value (e.g. 54321) of memory module R25, address 143@@, and
transfer to counter C275.
SCR (15) 274 ; Load counter CDP with memory address of R25
g6 2012 (6 x 2048 + 2012 = 14300)
PAS (29) 58
14 274 | ; Read the value in R25 and transfer to CDP+1 (C275)
Counter register Memory module R25
before PAS 58 Address
CDP+1 : C275 1 14301 N _
COP  : C274 14300 14300 543215
after PAS 58
CbP+1 : C275 543214 { 16 bits 143¢1 . _
CDP : €274 14301 |{* 14309 543215
*) The value of CDP has been incremented by 1.
N
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4 A
- The 160 counter contents from C32¢ to C479 must be transferred to memory
module PCA1.R25 starting with address 400@1.
SEI )
SCR 260 ; Load counter CDP with memory address of R25
g 4001
—= SCR 261 ; Transmission counter (CDP+1) for C32@...C479
| 31 132¢
|
| PAS 58
: g6 260
l INI 159
JI0
- The 160 values of memory module R25, addresses 4@@1...4160, must be
transferred to counters C32¢...C479.
SEI )
SCR 260 ; Load counter CDP with memory address of R25
00  4p01
| PAS 58
| 19 260
!
| SCR 1320 ; Transfer value of transmission counter (CDP+1)
| 31 261 to C32¢...C479
l
' INI 159
JI0
-
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H 3 1@-Tine PAS-instructions
PAS 19¢ and PAS 19 | Interrupt management (IM)
Functional description
An interrupt service routine can be exclusively started via an element,
normally an input. This interrupt service routine (ISR) is assigned instead
of parallel program PP15 via PAS 190.
The element INTRQ (Interrupt Request) can either be defined to be active "H"
or active "L".
If the element INTRQ is active "H" and the element INTA (Interrupt Acknowledge-
ment, normally an output) is "L", the interrupt service routine is started
exclusively when the next change of a parallel program occurs. Execution of
the remaining parallel programs is interrupted simultaneously.
In the interrupt service program normal program execution can be continued
after the necessary measures (PAS 19) have been taken.
Assignment via PAS 190 is effected instead of the 15th parallel program via
a 1@-Tine instruction (usually at the beginning of a program in the assignment
section):
1 | PAS  (29) 19¢ ; Interrupt assignment
2 0o ssss | * Start of ISR (Interrupt-Service-Routine)
3 00 En : Interrupt Request (input INTRQ)
4 ]l Goox ; Level INTRQ ("H" =1, "L" = @)
5 0@ En : Interrupt Acknowledge (output INTA)
6 00 )
7 . .
8 NUL
9 . .
1¢ g0 )
Exclusive operation is stopped at the end of the interrupt program via the
two-1Tine instruction PAS 19:
1 | PAS (29) 19 : End of the exclusive run of the inter-
rupt service routine (End ISR)
2 ) 0 ; NUL
*) When IAD/KAD (INSERT and KILL) are used by the "CI" program of the PCA-
ASSEMBLER, this step address is not corrected automatically.
o

Prrrer———— !
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Details
a) Program organisation
PAS 1)
PAS 2
> Assignments (Nmax = 14)
PAS
PAS 190 | J
PP PP1 PP2 ...PPn (PP15)
(max. PP14)
no yes
* = Interrupt
12 O’ ? Service
< Routine
(ISR)
Jup JMp JMP Jmp
~ Start
o of ISR
-4
A
~
PAS 19
op 9
JMp
The interrupt conditions are interrogated on each change from one PP to the
next whereby the interrupt service routine is exclusively executed, if the
result is positive.
If the conditions for returning to the normal program are given, this is
initiated via PAS 19 in the ISR:
- The PPs are continued from where they were interrupted.
- A defined restart can be effected by reassigning the PPs.
\
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b)

d)

Reaction time

Since the interrupt conditions are interrogated on each change from one PP
to another, the reaction time between closing of the "interrupt contact" and
start of the ISR-program virtually depends only on the input delay of the
“interrupt input". The standard input delay of 8ms is increased by max. 1lms
(PCA232) resp. 2ms (PCA@2/14/222) resulting from the internal execution even
in the case of an unfavourable program structure.

Timer execution and serial data interface

During exclusive execution of the ISR the time base is active, i.e. both
timers and serial data interface can be used unrestrictedly. Consequently,
the ISR may contain the output of texts or messages to a superior system in
addition to time functions.

Interdependence between INTRQ, INTA and the interrupt service routine (ISR)

The following criteria must be fulfilled before starting the ISR:

- INTRQ (normally an input) "H" resp. "L", depending on the definition
of the 4th Tine in the interrupt assignment.

- INTA (normally an output) "L".
INTA is automatically set to "H" by the system program. After approximately

Ims the exclusive run of the ISR is started. Execution of the ISR should
take Tess time than two changes of INTRQ to "H" or to "L" respectively.
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Regarding REQ INTA, two cases having completely different effects are
distinguished:

1) outside the ISR
REO INTA s ——"____
2) within the ISR

1) REO INTA outside the ISR (general case) in a circulating program

a) INTRQ active "H" : STL INTRQ
RED INTA

b) INTRQ active "L" : STH INTRQ
REO INTA

In this case the ISR is executed only once, when INTRQ changes to "H" or to
"L" respectively.

typical input delay of 8ms

PLC-input 1 _ ‘-——————
L

INTRQ "H"
(INTRQ "L") ——— _
A I
. =lms resp. 2ms (time until PP-change)
INTA (:i/// PA? 19 L
ISR (PP15) S S S S
1 ST A 77T

N

== B
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Example of a once-through exclusive ISR execution (REQ INTA outside ISR,
INTRQ active "L")

Didactic example:
851 PAS 19¢ h
2 ol 873 Start of ISR
3 09 3 INTRQ
4 00 @ LEVEL INTRQ active "L"
5 Ul 55 INTA
6 gy ) Assignment
7 0o 0
8 09 0
9 0g 0
860 | 00 g |
—= 863 STR 256 b
4 ol 5
5 WIH 256 (PP-change --->)
6 _C00 47 | PP
7 STH 3 INTRQ
8 REQ 55 INTA
—— 869 JMP 863 (PP-change --->) J
—=873  SCR 260 Start of ISR h
4 4] 6
—>5 STR 257
6 ol 2
7 WIH 257
8 €00 63 %7/] ﬁ?] EZ] > ISR (PP15)
9 DEC 260
880 STH 260
—1 JI0 875
2 PAS 19 End of ISR
3 0g )
— 884 JMP 873 -
~ 9ms
-
INTRQ "L" I3 ——] I
ISR (PP15) (63 (% VIV 3
- oy I L] M LIt
.
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2) If REO INTA is effected within the ISR (PP15), the ISR is executed as long
as INTRQ is "H" resp. "L". The instruction PAS 19 indicates the end of an
exclusive run of the ISR and enables the next PP to execute a logic opera-
tion. The ISR is subsequently processed again. The ISR may also consist of
several blocks, which are processed with considerably higher priority (e.g.
time-critical actions) than the other PPs.

typical input delay of 8ms
—>|-———-<-—
PLC-input I ______J I
INTRQ "“H" I *
(kg 'y T T
/
/
| ,=lms resp. 2ms (time until
T PP-change)
!
i N I I o B
]
1 A B C A
ISR (PP15) q ANV AN
PPD. ..14 77777 VAP 7 vz
(e.g. PPD...4) (PP2) (PP3)  (PP4) (PPP) (PP1)
Start of
ISR [T —— A h
(PP15) S
REO INTA
PAS 19
09 g =next PP
J
REOQ INTA L ISR subdivided
PAS 19 into several blocks
00 0 = next PP
— } ¢
REO INTA
PAS 19
L) 0 = next PP
— JMP Start -
N\

SAIA'PLC Programmable controllers
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Didactic example of multiple ISR execution with high priority

(REO INTA within the ISR, INTRQ active "H")

-

899 PAS 1 Assignment PP1
900 0o 920
901 PAS 190 7
2 oo 930 Start of ISR
3 )] 3 INTRQ
4 )] 1 LEVEL INTRQ active "H"
5 3] 55 INTA
6 0@ ] > Assignment ISR (PP15)
7 00 0
8 ol 0
9 00 ]
0 | g8 0 J
—=013 STL 256 7
4 STR 256 Indicator
5 l0) 1 046
6 Co0 46 > PP@
7 JMP 918 PP-change*
918 JMP 913 PP-change )
=020 STL 257 h
1 STR 257 Indicator
2 ] 1 047 > PP1
3 Co0 47
—— 924 JMP 920 PP-change J
—=>93¢  SCR 260 Start of ISR A
1 ) 6
r*—932 STR 258
| 3 o 5
| 4 WIH 258 Indicator
5 0 8 03 PPl P
| 6 DEC 260 3x > ISR (PP15)
l 7 STH 260 ‘
L-938  J10 932
9 REO 55
940 PAS 19 INTA
1 00 7} End of ISR
——942  JMP  93p J
INTRQ “H" 13 -_———-J 3x 1
ISR (PP15) 063 AN AN A0 NAAATANNY
PPP s JUUUL
PP1 o7 UUUU

*) As a result of the artificially added JMP an additional PP-change is caused.

SAIA'PLC Programmable controllers

=,

Il




27H

e) Various interrupt priorities

Various priority levels or differentiated ISRs are taken into account as
described in the following:

- For INTRQ active "H":
external PCA
=
I-signal 1
oo > Ip = INTRQ
11
I-signal 2
oo ol
12
I-signal 3
-0 Bl
13
- For INTRQ active "L":
external PCA
< B
I-signal 1 I-signal 2 I-signal 3 !
Ip = INTR
o0 00 oj—c p Q
.__o)’c : i Il
I
| .
' |
oiﬁ}— | 12
|
l
o’l'c I3

The various interrupt signals are transmitted to one input each.

%f INTRQ is "H", a common interrupt input is formed via a diode matrix
e.g. 10).

If INTRQ is "L", 2 contacts are required for each I-signal. The joint interrupt
input is formed by a serial connection of the 2nd contact. The latter must be
assigned as INTRQ via PAS 194.

Within the ISR the respective priority with the corresponding program section
\_ can then be assigned to the individual I-signals.

Il

EEEEE§§§ [
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PAS 200 to 212 PID-control

General

The practical use of PID-control systems requires some knowledge of control
engineering. The following sections can merely explain the basic principles of
a control Toop and processing via the instructions PAS 20(...212.

Correcting variable Controlled variable
—>> Controlled system B> >

| : : —

g Control system

<g— Reference value

W W W W W

SAIA-PCA Fp Fi  Tp Tg Control parameters

The above figure shows a closed control Toop. The controlled variable X appears
at the output of the controlled system. This value X is supplied to the con-
troller and compared to the reference value W. The result of this comparison,
the correcting variable Y, influenced by the control parameters Fe, F: and Fp,
is in turn supplied to the controlled system according to the sampling period
Te.

The digital control system, represented by a SAIA-PCA, comprises the following
parts:

- Analog input for the controlled variable X (with A/D-converter)
- Processor (CPU)
- Analog output (with D/A-converter)

Every CPU of the PCA series provides registers (so-called data blocks) for

a maximum of 32 PID-control loops. This means, preassuming sufficient in-

and outputs, that a maximum of 32 independent control loops can be processed
with juit one SAIA-PCA employing the so-called DDC-technology (Direct Digital
Control).

SAIA'PLC Programmable controliers
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4 ™
The processor (CPU of the PCA) uses the following formula to calculate
the correcting variable Y:
Yy = Fp [ (W-X4) + F; Sy + Fp (Xo - X4) ] whereby S = Sg + (W - X1)

Meaning of the letters:
W = Reference value
X = Controlled variable (controlled value)
Y = Correcting variable
Fe = Proportional factor =1/ Xs

Xe = Proportional band
F: = Integral factor = Tg / T:

Tg = Sampling period /////

T: = Integral time ]

= Tn= Integral action time
Fo = Differential factor = Tp / Ty

To = Differential time X9 X1

= Ty = Rate time

=

Indices @ and 1 mean: ////4f: Tg ;\\\\\
@ = preceding value preceding new
1 = new value value value
For PCA232 (from firmware version V7.12¢ onwards), the following extended
formula may be used alternatively, which also allows taking reference value
Jjumps into account rapidly.

Yiw = Fp { (W1 -Xq) + F; S4 + Fp [ (Xp-Xy) - (Wo-W¢) ]}

-
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Program organisation

By calling the parameter instructions PAS 20@...212 the system program of the
PCA calculates the new correcting variable Y. based on the preceding values Xg,
Yo, Se and on the control parameter contained in the PAS-instruction.

The PAS 20@...212 instruction is therefore no assignment instruction, it must
rather be incorporated in a circulating program for periodical execution
according to the following example.

Example:
STH 256
—J10
STR 256
0] 4
SEO 3
SEQ 8
SCR 260
25 11
PAS 206...212
16-1ine
instruction
SCR 260
22 11
SE0 15
B ©

-

] Check, if timer for Tg (sampling period) has elapsed.

[ If yes, then:
- Restart sampling period e.g. .4 sec.

- Read in controlled variable X from analog input
channel 3 i.e. transfer 12 bit value into auxiliary
counter 260 (applies to module PCA2.W14).

} - Calculate correcting variable Y

channel 15 thus supplying it to the controlled system

- Qutput correcting variable Y via analog output
(applies to module PCA2.W14)

SAIA'PLC Programmable controllers
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Description of parameter instructions PAS 200...212

The meaning of the instructions PAS 20@...212 slightly differs between CPUs
with 8-bit pP (PCA@2, PCA14 and PCA222) and those with 16-bit pP (PCA231 and
PCA232), which is evident from the following table. It also shows that the PID-
parameters for every instruction group may be "specified in user program" or
"variable from counter register". This enables the user to protect the control
parameters from being altered or to select them via BCD-switches, for example.

Differencesregardingto

PID parameterinput PCA@2/PCA14 | PCA222 PCA231/PCA232
Resolution: 8bits (set)
Duration: 2ms Resolution: pbits (8...15) Resolution:nbits (8...15)
Duration : approx. 8ms * Duration :§,5ms
Al PID parameters
permanently set Coldstart S
accordingto PAS 200 initialization Coldstartinitialization YS
user program w
2different algorithmns
PAS 219 \(only PCA232
from V7.120
on)
ReferencevalueW
variable
from PAS 201 PAS 200
counterregister
PAS 211
PAS 2P1
AIPID parameters
z;nn___aﬂ.e_ PAS 202 PAS212 PAS 2¢2
counterregister

\_
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/
PAS 200, 201, 2@¢2| For series PCA@2 / PCA14 / PCA222
(fast PID-algorithm for 8-bit analog modules)
Detailed description of parameter instructions 2@ and 201
Overview Comment Numerical range

1 PAS(29) 200 | ; PID-control instruction 200 or 201

2 I DBLK | ; Data Block No. 31...0

3 pe W | ; Reference value Value @...255%

4 0 X, Y | ; Counter addr. for controlled

variable or correcting variable ADDR 256...319

5 XX Fr | : Integration factor (Tg/T:) Value @...32767

6 XX Fo | ; Differential factor (To/Tg) Value §...32767

7 XX Fe | ; Proportional factor (1/Xs) Value §...32767

8 0 DR | ; Dead range Value @...255

9 0g ) } NUL

10 oo 0
*) for PAS 2@¢1: Counter addr. 256...319

Ist line

PAS 20@: The reference value W from Tine 3 is to be programmed directly

PAS 2@1: The reference value W from line 3 is taken from the respective

counter,

2nd line Data Block

A maximum of 32 independent PID-Toops can be defined. In order to be able to

store values Xz, Yg and Sg in separate registers, which are necessary for

calculating value Y, numbers 31...0 of the data block must be specified for
each control Toop. In order not to affect the counter registers (up to C479),
it is recommended to start with Data Block 31 (see "Register organisation"”

in the hardware manual).

3rd line Reference value W

. For PAS 200 put in the 8-bit value §...255 directly (immediate).

. For PAS 241 put in the respective counter address (256...319), from which
the value (@...255) must be taken. PAS 201 is therefore suitable for the
external input of a reference value.

4th Tine Auxiliary counter for X or Y respectively

To read in the actual controlled variable X1 and to read out the actual

correcting variable Y1 an auxiliary counter (addr. 256...319) is required.

See C26f in the example of section "Program organisation". This must

correspond with the address of line 4.

-
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- Lines 5...7 Fy, Fo, Fe

In practice these values amount to between §#.1 and 7.99. To obtain
sufficient resolution, the value must be multiplied by 256.

Practical value Input value in the operand

f.1 25

1.9 256

7.99 2045
24.25 6208 --=> 0 3 / 0064

Even operands exceeding 2047 can be entered directly. The PLC stores the
modulo in the operand and the multiple of 2048 in the code. Key (convert)
is used to represent the value in one way or the other.

- Line 8 Dead range DR

Little fluctuations of the correcting variable Y can be compensated for by
determining a dead range, thus avoiding oscillations.

L3 A

: E — 7

BN AN

If the calculated value Y1', remains within the dead range DR, the output
correcting variable Y1, 1is not changed.

DR is entered as a value between @...255 in the same unit as the reference
value W. DR is active for fluctuations both downwards and upwards.

Important:

PAS 200, 201 and 202 are always executed independently of the ACCU state.
Execution of the 1§-line parameter instruction takes approximately 2 ms.

N
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Detailed description of the parameter instruction PAS 202

Overview:

For testing and commissioning a control loop it can be of advantage to enter
all parameters externally and to change them as desired during operation. The
PAS 202 instruction meets this requirement.

1
2
3
4
5
6
7
8
9
0

1

PAS(29)

00
00

202 | : PID-control instruction
DBLK | ; Data Block

FIC | ; First address of 6 counters
for values W, X/Y, F:, Fo, Fe, DR

f NUL

VRSV VDD

€ 260
¢ 261
C 262
C 263
C 264
C 265

(el
NN
=

- Line 3 FIC (first counter)

If e.g. address 260 stands for FIC, the following assignment ensues auto-
matically:

Numerical values for C

Reference value W f...255
Auxiliary counter for X1 or Y1 @...255

F: Integration factor @...32767

Fo Differential factor @...32767 p *
Fe Proportional factor @...32767

DR Dead range @...255

Part L

Example 6

-

The numerical values which must be entered in the respective counter
registers first have the same meaning as those in PAS 200 and 201.

*) In order to obtain the numerical values, which must be entered in the
counters, multiply the practical values for F:, Fp and Fe by 256.

=

SAIAPLC Programmable controliers ...z_——:m

Il




35H

PAS 21¢, 211, 212 | For series PCA@2 / PCA14 / PCA222

PAS 2¢@, 201, 202 | For series PCA231 / PCA232

Resolution selectable from 8...15 bits

For historical reasons, the various series do not use the same instruction for
the same function. The processor module PCA2.M31 or M32 developed after the
PCAl4 has featured a selectable resolution for calculation of the correcting
variable Y right from the start after the introduction of analog modules with

a 12-bit resolution of the PCAl series, an appropriate PAS-instruction also had
to be created for PCAl4. In order to ensure compatibility with existing pro-
grams, the new instruction needed to be given a name different from the 8-bit
instruction, namely PAS 210 etc.

In the following description, only the instructions PAS 21@, 211, 212 for
series PCA@2 / PCAl4 / PCA222 will be mentioned. However, all versions are
also valid for the instructions PAS 200, 201, 202 for series PCA231 / 232
(see also table on page 31H).

There are only two differences:

- Execution time for PAS 20@...212~<CPCA@2 / 14 / 222 : approx. 8 ms
PCA231 / 232 : @,5 ms

Despite the execution time of 8ms, the serial interface is operated every
Ims, so that communication up to 96@@ bauds is not impaired concerning this
instruction. ~

- From firmware version V7.12@, the PCA232 provides an extended algorithm,
which also allows taking reference value jumps into account rapidly (see
line 9 of the PAS instruction).

N
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Detailed description of the parameter instructions PAS 210 and 211

for PCA@2 / PCA14 / PCA222 (resp. 200 and 21 for PCA231 / PCA232)

-

Overview Comment Numerical range
1 PAS(29) 216} : PID-control instruction 210 or 211
2 n DBLK| : Resolution n bit and 31... @
data block no.
3 1) W|{*>; Reference value Value @... 4095 233>
4 ] X, Y| ; Counter addr. for controlled
or correcting variable ADDR  256... 319 2
5 XX Fr| ; Integration factor (Ta/T:) Value @...32767
6 XX Fol : Differential factor (To/Tg) Value 0...32767
7 XX Fe| ; Proportional factor (1/Xe) Value g...32767
8 09 DR| ; Dead range Value f... 4095 2
9 @X YS| ; Counter addr. for cold ADDR  256... 319 =
start value YS
16 g9 gy ; 0
- Line 1:

PAS 21f: The reference value W of line 3 must be programmed directly.
PAS 211: The reference value W of 1ine 3 is taken from the respective
counter.

- Line 2: Resolution n-bit and data block
In the code, n indicates the number of bit to be processed for the values
W, X, Y, YS and DR:

n=@8 4 ¢ 8 hits ---> @P... 255
12 8> 2 12 bits ---> @... 4095
15 2 15 bits ---> §...32767

A maximum of 32 independent PID-loops can be defined. In order to be able to
store values Xg, Yg and Sg in separate registers, which are necessary for
calculating value Y, the number of data block 31...0 must be specified for
each control loop in the operand. In order not to affect the counter registers
for PCA14 (up to C479), it is recommended to start with data block 31 (see
"Register organisation" in the hardware manual).

- Line 3: Reference value W
. For PAS 210 enter the 12-bit value @...40953> directly (immediate).
. For PAS 211 enter the respective counter address (256...319), from which
the value (@...4095)3> must be taken. PAS 211 is therefore suitable for
external input of the reference value.

- Line 4: Auxiliary counter for X or Y
For reading in the actual controlled variable X. and for outputting the
actual correcting variable Y, an auxiliary counter (address 256...319) is
required. See C260 in the example of section "Program organisation". This
must correspond to the address in line 4.

1) For PAS 211: Counter addr. 256...319

2) The values in the operand or in the counter depend on n in line 2.

3) Applies to n = 12 of the 2nd line.

4) With PCAl4 it is also possible to enter #§ instead of #8 for 8 bits.
5) With PCA232 it is also possible to enter #f instead of 12 for 12 bits.
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- Line 5...7: FI, FD, FP

In practice, these values are usually in the range from @.1 to 7.99 approxi-
mately. To obtain sufficient resolution, the value to be entered is multi-
plied by 256.

Practical value Input value in the operand
g.1 25

1.0 256

7.99 2045
24.25 6208 ---> 0 3 / 0p64

Even operands greater than 2(47 can be entered directly. The PLC stores the
modulo of 2@48 in the operand and the multiple of 2048 in_the code. In order
to represent the value in one way or the other, use key (convert) of the
P1@/P@5 programming unit.

- Line 8: Dead range DR

Minor fluctuations of the correcting variable Y are compensated for by
determining a dead range, thus avoiding oscillations.

A A=t L -

@

&

If the calculated value Yi' remains within the dead range DR, the output
correcting variable Y. is not changed.

DR 1is entered as a value between (...4095 having the same unit as the
reference value W. DR is applied for fluctuations both downwards and upwards.

- Line 9: Cold start value YS (initial correcting variable)

Since the data block registers 31...0 are non-volatile, the respective values
must be set to a certain starting value when being used for the first time
(or for another controlled system).

If the value YS is loaded into the counter CYS of the operand addressed in
line 9, the following values are used for the cold start (and stored in the
data block register):

YS/Fe = (W - X)
Data block: Xo = X; Yo = YS; SO =

Fx
Correcting value: Y =YS

After the first execution of the PAS-instruction the counter CYS is automa-
tically reset (= @) and will not be taken into account during the next run.
In addition to the cold start, smooth transitions from manual to automatic
operation or parameter changes can also be achieved with the CYS counter
(see programming example 7).

In the Code of Tine 9, @@ is used to activate the regular algorithm for
calculating correcting variable Y. If @1 is used, the PCA232 (from V7.120
onwards))app]ies the extended formula with the reference value jumper (see
page 29H).

.
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As operation of the analog module of the PCA2 series is easier than operation
of the corresponding module of the PCAl series, CPU PCA2.M22 and analog module
PCA2.W14 at basic address 176 is used here.

A cold start control program is thus organised as follows:

100 Wi
161 SCR 282 Cold start value YS:
192 o9 1924 e.g. 1/4 of Y max.
163 SEO 176
ig4 SEO 184 I-channel 176 (#): ¥
Load W 165 SCR 276 (as analog value)
g6 25 187
107 SEO 177
Load X 148 SEQ 184:> I-channel 177 (1): X
0a 189 SCR 277 Basic address ) | 176
119 25 187
«-0 15 o 191 (D<- 277
111 [ PAS 211 h .. o .
112} 12 31 0
113 | p@ 276 .0 .
114 08 277 PAS 21i 0 12 o 188
PID 15|  Fp L C276: M
(PAS 211) 116 Fi €277: X/Y I 7 o 183
©117 Fe C282: YS . 0 .
118 Dr 0
119 | o¢ 282 )
120 | 06 0000 | 0
. 0 .
0 v 121 SCR 277 -—>1 1 o 177 --> €277
utput 122 22 T@j:) 0-channel 191 (15): Y ->1 @ o 176 --> (276
, 123 SEO 191 YS —-> (282
Await samp- ' 124 STR 256
ling period 125 {0 g2 Te = §.2s
126 WIH 256
IAddresses of the analog module
127 JMp 103 type PCA2.W14

Control example: By means of this program, the following RC circuit
(simulating a controlled system) must be PID controlled.

Simulated controlled system:

4,7kQ 16k @ 18kq
o 1 —{ 3 —0
correcting
variable . 4 - - LoDk \C/;):;'C;g:;ed
Y— a70uF 1 220uF T 220uF T —_—
f...10V @ g...Ipv*
o l °

Switch (:) produces a disturbance of about 2% in the controlled system.
A record of the step function response (@ ---> 1@V) allows calculating the
parameters Fo , Fx , Fo and Tg according to Takahashi's algorithm.

*) The measuring instrument for X must have an input resistance of at
least 1MQ.

— B
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Evaluation of the step function response of a controlled system

Behaviour of the controlled
value W = 1424 (2.5V):

Start

["]| / Yy
L 1
TU ' TG /[
i 51-2'TG_¢'3'TG'TU=915
P Ty+Tg (Ty+Tgl2 ——
T = 24[s] - 2
8,6 -Tg - T
51 Ty = 2,5[s] F '__(_———QFP-TS+'%QL;=M
IQ. = %’, : @,2s
"> ’g'sz% =85,74
_. P
g 4 T T T T T T T
o/ T % ' 199 €
The above calculated values must be multiplied by 256 for the input using
PAS 211:
Fr = Fr x 256 = 1¢ PAS 211
Fo = Fo x 256 = 1469 12 31 12 bits, data block 31
Fe = Fp x 256 = 2341 ) 276 Counter for W
00 277 Counter for X/Y
09 19 Fr
p@ 1469 Fo
g1 293 Fe ( = E E 2341)
0o 1) DR
0o 282 Counter for YS
09 ) --

system with the above parameters for a reference

\_ (:) : Simulated disturbance (=20%).

()
N o —
x i ] °
E }_—»@: ON r—-@ : OFF
g
P T T T T 5!Q T 160 t [53
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Detailed description of the parameter instruction PAS 212

Overview:

PAS(29)
n

00

OO~ OO [SX I ON
=
=

—

212 | ; PID-control instruction

DBLK | ; Resolution n bit and data block
FIC | ; First address of 7 counters

for values W, X/Y, F:, Fo, Fe, DR,

NUL

STETEeaesaw
\'

tions.

-

Important:
A1l PAS 20@...212 are always executed independently of the ACCU state.

- Line 2: see PAS 21§

- Line 3: FIC (first counter)

For testing and starting a control loop it can be of advantage to enter all
parameters externally and to change them as desired during operation. The
PAS 212 instruction (PAS 202 for PCA231/232) meets this requirement.

YS

If e.g. address 276 stands for FIC, the following assignment ensues auto-

values for C

matically:

Numerical
C 276 Reference value W g... 4095
C 277 Auxiliary counter X1 or Y1 @... 4095
C 278 F: Integration factor @...32767
C 279 Fp Differential factor g...32767
C 280 Fe Proportional factor g...32767
C 281 DR Dead range g... 4095
C 282 YS Cold start value @... 4095

2> Values for analog module with 12-bit resolution (n).

2)
2)

}1)

2)
2)

The numerical values, which must be entered into the respective counter
registers first, have the same meaning as for the PAS 21§ and 211 instruc-

1> In order to obtain the numerical values which must be entered into the
counters, multiply the practical values for F:, Fo and Fp by 256.
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PAS 25(¢/251| Rotation register, shift register and FIFO-stack register

PAS 250 Rotation and shift register

The 1@-1ine instruction PAS 250 can be used to define and process a rotation
or shift register in the bit processor which is preferably assigned to the
flag range - a register can of course be defined and processed using readable
outputs, too. The PAS instruction is organised as follows:

1 PAS  (29) 250 | ; Activation of the parameter function
2 o0 SADD | ; Source address of register SADD 1)
3 @0 DADD | ; Destination address of register DADD 1>
4 ) NNN | ; Width of the information (N bit) 2)
5 ) )
6 ) )
7 00 ) NUL
8 ) 0
9 00 )
10 00 ¢

Depending on whether SADD or DADD is at the lower address the rotation or shift
register is shifted upwards or downwards. The parameter function PAS 250 is
executed independently of the ACCU state and does not influence the ACCU.

1> Both SADD (source address) and DADD (destination address) are indexable.

2) The width of the information can be 1...255 bits.
NNN 1...255: Fixed value
NNN = 256...511: The information N bit is contained in the
respective counter.

"
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N
Functional description
a) SADD < DADD 2 shift upwards
before PAS 250 after PAS 250
highest address T T T 51 T T
of the register O) %.DADD = " %—-DADD
3 1
N . £ 1L _g e |
T e o ST T ]
C = B8
lowest S0 — T = SADD —| . -~
address of 7 A 7 ®
the register - N bit N bit
The same register shown differently:
SADD (Towest address DADD (highest address
of the register) I of the register)
mmmpmﬁe [T 5 T{IT el xTITT ®© G I
N mt N bit B N bit N bit 1
> . |
Shifting direction
SADD DADD
y |
after PAS 250 % T~ [ 1 ]] g(ﬂ L LT T« :“Z@:f:
| Nobit N bit ) N obit | Nbit |
[ i -
___X_J T
The figures show that starting with address DADD the following addresses
of N bit must be reserved, since an additional register level is used as a
circulating buffer.
b) SADD > DADD ¢ shift downwards
before PAS 250 after PAS 250
highest address L SADD E @) A SADD e
of the register K 2 L I
| = K I
1 B g‘ <
ag‘gisezs of DADD-‘y' n @ ‘7’; DADD —-n [ IB Vo
the register AU R j JULI T C R
N bit N bit
The figures show that before address DADD the addresses of N bit immedia-
tely located in front must be reserved.
As is evident from the figures, the instruction PAS 250 processes a rotation
register. If this must be turned into a linear shift register, make sure in
case a) (shift upwards) that the information is taken from level DADD.
After shifting, the new information to be introduced must be transferred
to level SADD.
Part L @Y_
Examples 8 and 9
\

Il
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N

PAS 251 Input into the FIFQ register (First in - First out)

The 1@-1ine instruction PAS 251 is used to write information of N bit into the
FIFO register and to shift it to the last free space.

The size of the FIFQ 1is defined by the source address SADD and the destination
address DADD.The PAS-instruction is organised as follows:

1 | PAS  (29) 251
2 00 SADD
3 00 DADD
4 7] NNN
5 () ¢
6 oo ¢
7 o0 0
8 0o 0
9 oo 0
16 () ¢

o wmo wo wo

Activation of the parameter function

Source address of the register SADD 1L
Destination address of the register DADD >
Width of the register (N bit) 2>
NUL

SADD must always be on a lower address than DADD. The parameter function is
executed independently of the ACCU state. PAS 251, however, does influence the

ACCU (see two pages later).

*> Both SADD (source address) and DADD (destination address) are indexable.

2) The width of the register can be 1...255 bits.
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o

Functional description
before PAS 251 after PAS 251
Busy _{  Busy
highest 1T A 4 oaod suthit —A A P2 oA
address 1 B eve T %
ﬂ [ “ 1
o
7] £ [
Towest p . © ]
t o
address  SADD —level £ SADD  —
N bit = N bit

The above figures show that in the FIFQO-register a new value of N bit is stored
on the last free space in the direction SADD ---> DADD.

In order to prevent information from being lost in the FIFO-register, make
sure every time a new value is input that the FIFO is not yet full. If this
is not done, the value last introduced will be replaced by the new value.

In order to be able to carry out this test a "busy" bit is reserved in front of
each register level. This bit will be "H", if the respective level is full.

It is sufficient to test the "busy" bit of the input level before every new
input via PAS 251. Then make the right decision depending on the result.
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The example of a FIFO-register is thus organised as follows:
Busy

DADD - (N-1) —1 b

Proceed:

a)

Bit Information

DADD

Qutput
Tevel

()

\N
SNV
A

i i i
e 631 1632 1633 [6

N .
625 1626|627 628 629

b i i i
620 16211622 |623 |62

= b i i i i
£ 615 1616 | 617 |618 {619
i I T O AT O SADD = 600
£] 1610 16111612 1613 | 614 DADD = 634
- b : ; i ; N =5 bits
b 605 | 606|607 |608 | 609 Information = 4 bits
?/6/ . , . . Input
SADD ——%/F ! ! ! ! Tevel

5004 6011602 |603 604

Info = N - 1 bit

<t Lo

N bit

If the value last introduced does not have to be erased, check in advance
whether SADD (busy bit) is "H".

SADD
SADD

H : FIFO full
L : free spaces in the FIFQ

n i

The user now enters information of (N-1) bit at the input level and sets the
bit "SADD" to "H".

Execution of PAS 251.

After PAS 251, SADD is automatically set to "L", provided that the FIFQ is
not yet full. It remains "H", if all register levels are full.

Processing of the result after PAS 251:

ACCU = 1: No errors detected.

ACCU = @: Faulty definition of the FIFO, PAS 251 was not executed.

SADD = H: FIFO full. The input of another value replaces the value last
introduced.

SADD = L: FIFO not full, i.e. free spaces for further information.

DADD - (N-1) = L: FIFO empty.
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Notes:
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