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ABSTRACT

This thesis describes the design, development and
implementation of an intelligent printer sharer, capable of

servicing ten personal computers and two printers.

OPSOMMING

Hierdie tesis beskryf die ontwerp, ontwikkeling en

implementering van 'n intelligente drukker-deler, met die

vermoe om tien persoonlike rekenaars en twee drukkers te dien.
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1. INTRODUCTION.

The printer sharer is a stand alone unit capable of
interfacing ten personal computers (P.C.s) to two printers
(figure 1.1.) wvia their parallel ports. By the term
"intelligent™ the printer sharer will be capable of knowing,
at all times what is connected on its various ports, whether
any error conditions exists and in turn will provide visual

indication thereof.

Intelligent Printer Sharer




Printer Sharer Block Lavout

HITHHTT HITHITHIY

Figure 1.2. provides the block structure around which the
printer sharer was designed. The INTEL 80186 micro-processor
is used to control the operation of the printer sharer. 16X
ROM, used for program memory and 16K RAM used for storage of
the interrupt vector +table, P.C. headers and other data

variables aid the uP in its operation.

A DRAM controller is used to provide the critical timing and
control signals required to address the 1 Meg DRAM buffer
array. Files received from P.C.s are stored in this buffer
where they are later printed out in the same order as they
were received. To ensure error free transmission from the ten
P.C.s to the two printers via the printer sharer, error

generation and detection circuitry has been incorporated into



the design. Whenever a byte or word is written to the DRAM
buffer a parity bit is generated which is then stored in a
separate ﬁarity DRAM array. On reading from the same location
a new parity bit is regenerated and then compared to the
original one that was stored. If a discrepancy exists it is
assumed that the DRAM chip is faulty and has to be replaced.

Visual indication is provided (figure 1.1.).

In order to provide parallel communication, programmable
peripheral interfaces (P.P.I. =~ INTEL 8255A) are used. They
are also used to provide visual indication as to the status of
the printer sharer via one of its ports (L.E.D.s are used). On
a P.C. or printer port requesting service the 8255A will relay
an interrupt request to one of two cascaded peripheral
interrupt controllers (P.I.C. - 82593) which in turn will

inform the uP.

All P.C. and printer ports are continuously monitored sc that
the printer sharer is at all times aware as to the status of
its ports. If a P.C. or printer's interface is disconnected or
the power to it is switched on or off the unit will provide
visual indication via L.E.D.s. If for some or other reason one
of the printers becomes off 1line, runs out of paper or
experiences a critical error the printer sharer will also be

aware of this and indicate it.



2. OBJECTIVE.

Cases have arisen where a number of personal computers (P.C.s)
are situated in close proximity to one or two printers. A
computer classroom presents 1itself as an example where a
substantial amount of printing has to be done, yet only cne
printer might be available. This could lead to a degree of
frustration especially when several operators try to access a
printer at the same time and are held up for as long as the
printer is servicing other requesting P.C.s. This led to the
idea of an intelligent printer sharer capable of servicing ten

P.C.s and two printers.

An intelligent printer sharer with the following features was

suggested:

(1) The printer sharer should be able to accommodate ten
P.C.s and two printers via their parallel ports.

(ii) A buffer for the storage of files to be printed would
have to be in the order of 1 Meg of dynamic RAM (low
cost).

(1ii) Parity generation and parity error detection for the
dynamic RAM would have to be present to ensure error
free transmission.

(iv) Would have the capability to distinguish between the
different P.C.s and printers, sort out files in order
of "first come first servéd“ basis and reroute to an
operational printer if one of them had to become
faulty.

(v) Would be able to detect incorrect conditions on its

parallel ports and provide visual indication thereof.



(vi) Documents printed must be identifiable to the P.C.
operator to indicate to him which printout is his.

(vii) The unit would be a stand alone unit.

One of the ad#antages of using this unit is the time saved
when printing a document. The operator may commence with other
urgent matters as his P.C. will not be held up by the slow
throughput of printing directly to the printer (i.e. P.C.s are

connected transparently to the printers).

Another advantage is the cost saving, as additional printers

for each P.C. do not have to be purchased.



3. HARDWARE IMPLEMENTATION.

In order to address 1 mega-byte of DRAM a suitable
microprocessor had to be chosen. The INTEL 80186 was decided
upon as it is capable of doing this and has a number of the
most common 1APX system components integrated into the same
chip which in turn leads to simplification in the overall

system design.

3.1. Microprocessor (INTEL 80186).

Figure 3.1. provides the overall organisation of the 80186 and

all its integrated peripherals.
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The features of the INTEL 80186 are:

*

le-bit ‘CPU.

. 20-bit Address/Data bus (1 mega-byte address space).

. 8 MHz operation.

. On board cléck generator.

. On board programmable interrupt controller (P.I.C.).

* Three on board programmable 16 bit timers.

. On board programmable memory and peripheral chip select
logic.

e Two independent, on board, high speed direct memory access
(DMA) channels.

¢ On board programmable wait state generator.

e Internal peripheral interface.

. on board local bus controller.

¢ This high scale integration doubles the throughput of the

standard 8sMHz INTEL 8086.

3.1.1. Address/Data Bus.

The 80186 has a ‘16 bit Address/Data bus (ADO - AD15) which
constitutes the time multiplexed memory or input/output
addfess and data bus. Address bits, Al6 - Al9, are the four
most significant address bits, therefore enabling the uP to
address 1-mega byte of memory area (A0 - Al9). Data bits DO -
D7 represent the lower half of the data bus, while D8 - D15
the upper half. Address bit A0 should be used to determine
whether data should be enabled onto the lower half of the data
bus, while the control 1line, Bus High Enable (gﬁi), can be
used for the upper half of the data bus (Ul4 and U15 pin 20 -

Appendix C-5).



The Address/Data bits ADO - AD15, address bits Ale - Al9, as
well as Eﬁﬁ, are connected to an address latch (74HCT373) and
are stored in the latch by Address Latch Enable (ALE) (US, Usé
and U7 pin 11 ~ Appendix C-3) going high during the first of
the CPU's clock cycles (state Tl1l). This 20 bit address bus
allows for the 80186 to address 1 mega-byte of memory (ROM,

RAM and other memory).

In order to prevent bus contention, data buffers (74HCT245)
are required. Data ENable (Eﬁﬁ) and Data Transmit/Receive
(DT/E) (U8, U9, Ul0 and Ull, pins 1 and 19 - Appendix ci4) are
used to simplify buffer interfacing. The DEN signal is dri;en
low whenever the processor is ready to receive data (during a
read) or when it is ready to send data (during a write). The
DT/E signal determines the direction of data propagation
through the bi-directional buffers. It is high whenever data
is being written and low whenever data is being read into the

uPI



3.1.2. On Board Clock Ge:ierator.

A clock generator and a crystal oscillator exists on board the

80186 (Figure 3.2.).

80186 Clock Generator and Oscillator
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Figure 3.2.

The crystal oscillator is used with a 16 MHz parallel
resonant, fundamental mode crystal (Ul pins X1 and X2 Appendix
C-2) where its output is internally divided by two to provide
the 50% duty cycle (8MHz) needed to run the uP. The 8MHz clock
is externally available from the internal clock generator
through the CIKOUT pin of the processor. Ready synchronisation

is also performed by the clock generator.

3.1.3. Programmable Interrupt Controller.

The 80186's on board Programmable Interrupt Controller (PIC)
performs in the same way as the 8259A type interrupt
controller. This includes synchronising and prioritising
interrupt requests, request type vectoring and nesting so that
lower priority interrupts may be interrupted by higher

Ppriority interrupts. From figure 3.3. it can be seen that the



integrated PIC can receive external as well as internal

interrupts (DMA and Timer channels).

80186 Interrupt Controller
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Figure 3.3,

There are two major modes of operation:

* The non—-iRMX 86 mode (master mode).

*+ The iRMX 86 mode.

In master mode the integrated PIC acts as the master interrupt
controller for the system, presenting the interrupt requests
directly to the 80186 CPU, while in iRMX 86 mode the PIC
operates as a slave to an external master interrupt
controller, handing its interrupts to the external interrupt
controller, who in turn hands it to the CPU. For this design

the master mnode of operation is used, for which there are

10



three basic modes:

o The fully nested mode.

e The cascade mode.

¢ The special fully nested mode.

The four external pins, INTO - INT3 can be configured in any
of the three modes of operation while the fifth external
interrupt pin is dedicated to being a Non-maskable Interrupt

(NMI) .

In fully nested mode the four pins are configured as four
separate interrupt lines with each having their own internally

generated interrupt vectors.

For the cascade and special fully nested mode both may have
the four pins configured as either having three interrupt
input 1lines and one interrupt acknowledge outpﬁt line (1
external INTEL 8259A PIC) or two interrupt input lines and two
interrupt acknowledge output lines (2 separate external INTEL

8259A PICs).

In céscade mecde of operation, when two interrupts are received
from the same external PIC, one after the other, the internal
PIC will wait until the service routine for the first is
completed before acknowledging the second intetrupt. However
in special fully nested mode the second interrupt can

interrupt the first if it has been assigned a higher priority.

For this application the NMI interrupt was used as the
interrupt indicating parity error when reading from the DRAM

memory buffer and two INTEL 8259A PICs where cascaded with the

11



80186's internal PIC in order to provide interrupt requests
from ten P.C.s and two printers. Pin INT1 of the 80186 serves

as the interrupt input from the two cascaded INTEL 8259As and

INT3/INTAl provides the interrupt acknowledge output to the

INTEL 8259As (U4 and U5 Appendix C-10). INTO and INT2/INTAO

pins are not used as in this design.

3.1.4. Programmable Timers.

The 80186 1integrated timer contains three independent
programmable 16-bit timers/counters (Figure 3.4.) of which two
may be used to count external events, to provide waveforms
derived from either the uP clock or an external clock of any
duty cycle, or to interrupt the uP after a programmable number
of timer "events". Each of the two timers has its own two
external pins (TI0, TI1, TOO, TOl).

80186 Timer Unit
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Figure 3.4.



The third timer counts only the uP clock and can be used to
interrupt the CPU after a programmable number of clocks, to
prescale either of the other two timers, or to give the
integrated Direct Memory Access (DMA) unit an interrupt

request.

All three timers were used for this application but only as
internal timers and therefore the two timers input pins are
taken high (Ul pins 20 and 21 Appendix C-2). The third timer

is used in the prescaler mode of operation.

3.1.5. Chip Select and Ready Generation Unit.

The integrated chip select logic unit provides programmable
chip select generation for both memory and input/output
peripherals, WAIT state (READY) generation, and latching of

address bits Al and A2.

The four areas addressable by the chip select legic unit are:

* Upper memory (E(‘.'_S) used to address the ROM area.

s Tower memory (-I?.‘E) used to address the RAM area.

» Mid-range menory (W) used to address other temporary
storage area (DRAM).

 TInput/cutput (P_CKE) used to address the fourteen

input/cutput peripherals.

The range for each memory chip select line is programmable and
can be set to 2K, 4K, 8K, 16K, 64K and 128K blocks (1K and
256K for upper and lower chip selects). In this application
16K of ROM (UCS) and 16K of RAM (LCS) is used. The rest of the

memory is programmed to the printer sharer's DRAM buffer

13



(MCS0-3) .

In order to address input/output peripherals seven Peripheral
Chip Select lines have been provided which are programmed in
128 byte continuous blocks. The peripherals may be addressed

from either memory or input/ocutput mapping.

Each of the above chip select areas has a set of programmable
READY bits which controls the integrated wait state generator.
It is therefore possible to insert wait states (from 0 to 3)
for any of the memory and input/output chip select areas. In
this application no internal insertion of wait states were
needed for both memory and inpﬁt/output areas. External ready
was however used for operations performed to the DRAM
controller (R8207-8) and the interrupt controller (8259A) as

explained below.

Each set of ready bits contains a bit which determines whether
the external ready signals (ARDY and SRDY) will be used or
ignored. In this case ARDY is used to indicate to the CPU that
an interrupt acknowledge has been received (from the INTEL
8259A) by the CPU and that it may now read the interrupt type
off the data bus (Ul pin 55 Appendix C-2). SRDY is taken from

the INTEL R8207-8 DRAM controller's Advanced Acknowledge Port

A pin (AACKA) (Ul pin 4 Appendix C-7) during a read or write
to the DRAM to indicate to the CPU that it may continue
processing.

3.1.6. Programmable Direct Memory Access Unit (DMA).

The integrated programmable Direct Memory Access Unit (DMA)

14
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The third timer counts only the uP clock and can be used to
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prescale either of the other two timers, or to give the
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internal timers and therefore the two timers input pins are
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(MCS0-3).
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Chip Select lines have been provided which are programmed in
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to the DRAM to indicate to the CPU that it may continue
processing.
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The integrated programmable Direct Memory Access Unit (DMA)
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contains two independent high speed DMA channels which are
capable of transfers from any combination of input/ocutput and
memory space (memory to memory, I/0 to I/0, memory to I/0 or
vice versa) in either bytes or words. Figure 3.5. provides an

overview of the organisation of the DMA unit.

80186 DMA Unit
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Figure 3.5.

Each. DMA channel has a 20-bit source and destination register,
allowing access to the full 1 mega-byte address space of the
80186, which can be programmed to be incremented or
decremented whenever a data transfer takes place. Each data
transfer takes two bus cycles (a minimum of 8 clocks), one
cycle to fetch the data and one cycle to deposit the data.
This provides a maximum data transfer rate of 1 mega-

word/second (or 2 mega-byte/second).

One channel in this project has been allocated to transferring

15



data from the ten P.C.s to the DRAM buffer (I/0 to memory),
while the other channel, to transferring from the buffer to
the two printers (memory to I/0). All transfers are initiated
from software and no use is made of external requests. The DMA
request lines, DRQO and DRQ1l are therefore taken low (Ul pins

18 and 19 Appendix C-2).

3.1.7. Internal Peripheral Interface.

The 80186 CPU uses 16-bit registers, contained within an
internal 256-byte control block, to control all the on board
integrated peripherals. This contreol hlock may be mapped into
memory or input/output space and most of them can be written

to or read from.

3.2. Program Memory Interface. (EPROM - 2764A)

Two INTEL 2764A UV Electrically Programmable Read Only Memory
(EPROM) chips are used for program memory (8192 words of 8
bits each) (see figure 3.6.). Two of these EPROMs therefore
allow a total program memory space of 16K, one for the lower
portion of the data bus and one for the upper. The access time
of this chip is 180 ns which allows full speed operation
without the addition of wait states when connected to the

80186.

16



2764A EPROM
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The 80186's output address bits, Al - Al3, are connected to
the EPROM's address input 1lines, A0 = Al2 (Ulé and Ul7
Appendix C-6). A0 from the 80186 1is not connected as it is
commonly used to specify a low or high byte transfer on the 16
bit data bus. The Upper Chip Select (E) line of the CPU is
connected directly to the Chip Enable (_CE) pin of the 27643
and is used to select the EPROMs whenever a read is performed
to the chip. Output Enable (E) of the EPROM is used to gate
data from the data output pins, 00-07, and is connected
directly to the uP's Upper Chip Select line, UCS. As can be
seen from table 3.1. (mode selection) the stored progranm
memory can only be read from the EPROM if its Vpp and Program
(ﬁ) lines are taken to +5V. These pins otherwise have other

voltages applied to them in order to program or verify

programming the 2764A.

17



Mode Selection

Table 3.1.

3.3 Data Memory Interface. (RAM - 5164S/L)

Two INTEL 5164A Static Random Access Memory (SRAM) chips,
organised as 8192 words of 8 bits each, are used for external
data memory (see figqure 3.7.). The chip is made using the CMCS
silicon gate process and by asserting either of the Chip
Select (ES-E or C€S2) lines false the chip is placed in power

consumpticn mode (standby mode).
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Static RAM (5164SL)
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Figure 3.7.

The 80186's output address lines, Al - Al3, are connected to
the 5164S/L's input address lines, A0 - Al3 (Ul4 and U1l5
Appendix C-5). In order to extract data con the lower half of
the data bus the 80186's address line, A0, is connected to the
SRAM's Chip Select 1 (Egi) input pin (Ul4 pin 20 Appendix C-
5). Bus Enable High (EEE) is connected to U15's CS1 pin, to
enable the upper half of the bus. Both byte and word transfers
can be performed. The uP's LCS line is inverted (U2 Appendix
C-5) to provide the correct condition to the SRAM's cs1,
whenever an access is made to the external data memory. ﬁ and
RD from the uP is directly connected to Write Enable pin (W_-E)
and the Output Enable pin (—C;-E_) of the 5164S/L respectively, in

order to perform reading and writing to the chip.

The SRAM is primarily used to store temporary data (variables)

1%



the interrupt vector table and the variocus P.C. headers.

3.4. Dynamic RAM Controller. (R8207-8)

R8207-8 DRAM Controiler

4 [& .QL‘I [TH

Figure 3.8.
The INTEL R8207-8 (Figure 3.8.) is a Dynamic Random Access

Memory (DRAM) Controller capable of interfacing (addressing,
refreshing and directly driving) 16K, 64K and 256K DRaMs to
the 80186 or cther INTEL uP systems. The INTEL R8207-8 has two
ports to enable it to work between two uPs (two different bus
structures). In this case there is only one 80186 and
therefore the DRAM controller will operate in the single mode

of operation (Port A).
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34.1. Microprocésor Interface.

The 80186's output clock is connected to the DRAM controller
so that it works in synchronous with the 80186 at 8MHz.
Whenever a read or write is performed to the DRAM one of the
Mid-range Chip Selects (EEEEZSJ will go 1low. These chip
selects are logically anded together (U4A Appendix C-2) to
provide a signal to the R8207-8's Port Enable for port A pin,
EEX, so that it will be aware that it has been selected to
transfer data to or from the DRAM. The 80186's status lines
§6, gi and EE are connected directly to the R8207-8's ﬁﬁg, EBK
and PCTLA pins to ensure no wait state operation and are
decoded so that the DRAM controller will knew whether a read
or write is being done to the DRAM (Ul pins 65, 66 and 68

Appendix C¢-7). This interfacing with the 80186 is known as the

slow-cycle (8MHz) synchronous status interface.

The uP's address 1lines, A2 - Al0, are connected to the
R82078's lower address inputs, ALO - AL8, in order to generate
the row address for its internal address multiplexcr and the
address lines A1l - Al9 are connected to the higher address
inputs, AHO -AH8, in order to generate the column address for

the internal address multiplexor (Ul Appendix C-7).

The R8207-8 is capable of addressing four banks . of DRAM array
by decoding its Bank Select inputs, BSO -~ BSl. By taking BS1
low and connecting the uP's address 1ine, Al, the R8207-8 has
two banks of DR2ZM that it has to address (Ul pins 36 and 37

Appendix C-7).
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3.4.2. DRAM Interface.

Each bank o©of the R8207-8 has its own Column Address Strobe
(-C;S-) and Row Address Strobe (EAE) pair to enable the DRAM
controller to refresh and address each memory location in the
DRAM array. The CAS and RAS lines in the two banks not used in
this design have been reassigned to the banks that are
occupied (U1l RASO-3 and CAS0-3 Appendix C-7). This decreases
the loading on the RAS and CAS drivers. In order to
distinguish between writing or reading to a word, an even byte
or an odd byte in one of the banks, the 80186's address line,
A0, and Bus High Enable (B—HE) signal are latched by the R8207-
8's Port Select ENable pin (PSEN) into a D type 1latch
(74HCT74) (U7 Appendix c-7). The 6 output of the 74HCT74
latches are then gated (U8 Appendix C-7) with the Write Enable

(WE) pin of the DRAM controller in order to enable the lower

or upper banks or both.

3.4.3. Reset and Programming the R8207-8.

The reset input to the R8207-8 is taken from the system reset
(80186 reset output) and has to be a differentiated reset
because of the time needed to program the DRAM controller

before the uP executes its first instruction.



R8207-8 Differentiated Reset

SYSTEM RESET

B207RESET

T1 =Programming Time of the R§207-8

R3207-8

s =

Differentiated Reset

Figure 3.9.

As can be seen from the timing signals in fig 3.9. the R8207-8
reset pulse is a lot shorter than that of the 80186 reset
ocutput. This is accomplished by the circuitry in Appendix C-7,

components U4, U5 and U6.

On the falling edge of the reset pulse the R8207-8 begins
programming operations by shifting in the contents of the two
external shift registers (74HC:T165) (U2 and U3 Appendix C-7)
into its Program Data Input' pin (PDI). The external shift
registers are parallel-in/serial-cut 8-bit registers and
shifting is enabled by a low on the Shift/Ioad (SH/LD) input
pin. Clocking to the 74HCT165 is derived from the DRAM
controller's Multiplexor Control/Programming Clock (MUX/PCLK)
pin. The parallel hardware strapped inputs (A - H) are clocked
via the Q output in order to pre-program the R8207-8 whilst

the rest of the system is still in the state of reset. It can
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therefore be seen that the reset pulse for the R8207-8 has to
be sufficiently short to enable the DRAM controller to have
encugh time to program itself. Figure 3.10. displays the
structure of the mode program data word that 1is used to
program the R8207-8. Table 3.2. provides the options available
when strapping the shift register's parallel inputs to obtain

the mode program data word.

Mode Program Data Word

L ersisE:

Programming Options for the Mode Program Data Word

Program Data Bit

Table 3.2,
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3.5. Dynamic RAM Buffer (KM44C256A-8 and P21256-80).

Two types of Dynamic Random Access Memory (DRAM) are used in

this application (U9 -U20 Appendix C-8).

The SAMSUNG KM44C256A-8 (see figure 3.11.) is a CMOS high
speed, 262144 x 4 bits, (DRAM) with an access time of 80 ns
and is used purely for the storage of files received from the

different P.C.s.

SAMSUNG KM44C256A-8 Dvnamic RAM
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Figure 3.11.

Since the KRM44C256A-8 has only 9 address inputs (A0 - A8),
time multiplexed addressing is used to input the 9 row and 9
ceclumn addresses. This is done by individually strobing the
Row Address Strobe (?RAS_) first to input the row address and

then the Column Address Strobe (CAS) to input the column



address. The state of the Write Enable (ﬁ) and the Output
Enable (&) input pins determine whether a read, write or
refresh operation is being performed on the DRAM. The DRAM's
data pins, DQl - DQ4, are in the high impedance state whenever
CAS or OE pins are high. The critical timing required between
the various signals is provided by the DRAM controller (R8207-

8).

The chip features fast page mode operation which allows high
speed random access of memory within the same row. This allows
for RAS - only refresh to be used by strobing in the row
address and refreshing the entire row. The cycle must be
repeated for each of the 512 rows every 8 ms. CAS must remain

high during this refresh cycle.

The other DRAM implemented in this design is the INTEL P21256-
80 which is a NMOS DRAM organised as 262144 x 1 bit and also
has an access time of 80 ns. Its function is to store the
parity bit generated by the parity generation circuitry. It
operates in the same way as the KM44C256A-8 except that it has
separate data input/ocutput pins (DI and DO) and does not have

the OE pin.

3.6. Error generation and detection (74HCT280).

Four 74HCT280 chips are used for parity generation and
detection, of which two serve the lower half of the data bus
and the other two the upper half. U21 and U22, Appexﬁdix c-9,
provide parity generation while U23 and U24 provide parity

detection for the uP's 16 bit data bus.
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Whenever there is a change on any of the parity generator's
input data pins, A-H, the even output pin (EVEN) will change
accordingly - to provide a even parity bit that may be written
to the appropriate P21256-80 DRAM (take note that the I input
has been taken low). The address to which this parity bit is
written too will be the same address that is being accessed in
the DRAM buffer array (KM44C256A-~8). Although the 74HCT280 is
generating even parity continuously as the states on the data
pins change this parity bit will only be stored if the P21256-
80's W pin is taken low (U13, Ul4, U19 and U20 pin 3 Appendix
C-8} (i.e. a write is being performed to the DRAM buffer

array) .

When a read is done on the DRAM buffer array at a specific
location (KM44C256A-8), a read will simultaneously be done on
the DRAM chip (P21256-80) at that same location. This parity
bit is then fed to the parity detection circuitry (U23 and U24
pin I Appendix C-9), where even parity is regenerated but this
time with the byte present on the data bus as well as its I
input. U23 and U24 pin 5 (EVEN pin) is connected via a D-type
latch (74HCT74, U26) and a OR-gate to the uP's NMI interrupt
pin. In order for the NMI interrupt to become active it would
mean that the EVEN output from either of the two 74HCT280
would have to be high (this would indicate an error at the

location accessed in the DRAM array).



Function Tahble for the 74HCT280

Table 3.3,

In order to understand this principle better lets take an
example where the byte to be stored at a location is OAAH. The
parity bit generated from this byte at the EVEN output (U21 or
U22) will be a "1" (refer to table 3.3.) and will be stored at
exactly the same location in the parity section of DRAM. On
reading from the same address as previously mentioned, we
should find the byte O0AAH on the data bus and the parity bit
to be a "1"., This fed to U23 or U24 pins A-I will cause the
EVEN output to now be a "0" and therefore the NMI interrupt
will not be activated. If however the parity bit read was
perhaps a "0" or the byte was of another value then the EVEN
output will become a "1 resulting in the NMI interrupt

beconing operational.

Output Enable (EE) which is connected to the DRAM array is
used to clock the 74HCT74 whenever a read is done to the DRAM
buffer. In order to ensure correct conditions on the NMI line
the EVEN outputs of the parity detection circuit are only let
through (via the tri-state buffers, U4) if the Mid-range Chip
Select (Eg) line from the 80186 goes low. The MCS line is
also gated with the A0 and BHE lines from the uP (U25) so that
the correct tri-state buffer is enabled for an access to

either the lower or upper part of the data bus.



3.7. Input/Qutput Ports.

Parallel communication with ten PC's and two printers requires
the need to supply some means of interfacing the 80186's
system bus with these peripheral devices. To achieve this a
programmable peripheral interface chip (INTEL 8255A) is used

for each parallel port.

If a P.C. should want to transfer information via its parallel
poert, the 80186 must somehow be informed that it must service
a requesting port. Twe cascaded programmable interrupt
controllers (INTEL 8259A) are used for this purpose and they

férm part of the 80186's input/output address map.

Addressing these input/output peripheral interfaces is done by
decoding the uP's address lines, A4 - A7, with a 74HCT154 4-16
line decoder (Ul A - D pins Appendix C-10). If a input/output
operation is performed the uP's PCS lines will become active
and enable the decoder via its Gl input pin. The A - D inputs
will then determine which one of the sixteen normally high
6utput pins will go 1low in order to select the correct
peripheral device. In this application only 14 of the 16
output lines are used to select between the parallel

peripheral interfaces feeding the ten P.C.s and two printers

as well as the two programmable interrupt controllers.

Two octal tri-state transceiver (74HCT245) (U2 Appendix C-10
and U2 Appendix C-12) are connected to the lower half of the
data bus to drive six individual peripheral interfaces and two

tri-state buffer (74HCT244) (U3 Appendix C-10 and Ul Appendix



C-12) is used for the uP's ﬁ, E, Al and A2 lines.

3.7.1. P.C. and Printer Ports. (8255A)

The INTEL 78255A Programmable Peripheral Interface (PPI) is
used as the communication interface between the 80186 and the
ten P.C.s and two printers. The PPI requires no external logic
to control its operation as it is programmed from the system

software.

8255A Programmable Peripheral Interface
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Figure 3.12.

From figqure 3.12. (alsc Appendix C 14-~15) it can be seen that
the 8255A has a 3-state bi-directional buffer which is used to
interface the 80186's data bus to the chip. Data, control
words and status information can be transferred via the data

bus buffer whenever a input/output instruction is executed by

the 8018s6.
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The chip has three 8-bit input/output ports (A, B and C) which
are able to be configured in a variety of operating modes by
the system software of which there are three major modes.

(i) Mode 0 (basic input/output): This mode provides for
simple input and output operation where no
"handshaking” is required.

(ii) Mode 1 (strobed input/output): This mode allows the
transfer of data to or from a specific port in
conjunction with "handshaking" signals. Both ports A
and B may be configured in this mode but data transfer
is uni-directional. Lines on port C are used to
generate or accept these "handshake" signals.

(iii) Mode 2 (strobed bi-directional input/ocutput): This mode
operates in the same fashion as mode 1 except that data
can be transmitted bi-directionally and only port A can
be configqured in this mode o©0f operation. Control
signals ("handshaking") to maintain proper bus flow are

also provided by port C.

For this application each 8255A has port A configured for mode
1 and port B as mode 0. Port A for the ten P.C. ports serves
as an input port for data that is to be stored in the DRAM
buffer and an output port for the two printers. Lines on port
B are connected to light emitting diodes LED's to indicate
various status and diagnostic conditions. Port C's pins that
are not needed for "handshaking" are used as either input or
cutput pins to the P.C. or printer parallel interface (error,
select etc.). The functions of each port pin for 8255As
servicing a P.c. and 8255As interfacing a printer are

specified below in tables 3.4. and 3.5..
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P.C. Interface

Table 3.4.

Notes:

! These pins operate in conjunction with port A (mode 1) and cannot be used for any other purpose.
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Printer interface

Table 3.5,

Notes:

1 Only on second printer port.
2 These pins operate in conjunction with port A (mode 1) and cannot be used for any other purpose.

Address lines, Al and A2, from the 80186 are connected to the
8255A's A0 and Al input pins. This enables the system
software, in conjunction with the RD and WR input pins, to

control the selection of one the three ports or the control
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word registers.

Lines on the P.C. and printer interfaces are buffered with
74HCT244s in order to protect the 8255As from damage and to
also drive these lines. 22nF capacitors on these lines are

also used to minimise noise.

3.7.2. Cascaded Programmable Interrupt Controllers. (8259A)

In order to make the 80186 aware of the fact that there are
P.C.s or printers that need servicing, two cascaded INTEL
8259As (fig. 3.13.) (U4 and U5 Appendix C-10) are implemented
in this design. Each 82592 is programmable from the system

software and is capable of handling 8 individual interrupts.

8259A Programmable Interrupt Controller

Figure 3.13.
The lower half of the uP data bus, D0 - D7, is connected to



the 8259A's data input pins as well as address line, Al, is
connected to the its input pin, A0. This allows for the uP, in
conjunction with the RD and WR lines to write and read to the

various command and status registers.

The Slave Program/Enable Buffer (E?/Eﬁ) input pin for U5 is
taken high in order to designate that this chip is the master
controller in the cascade arrangement. U4, being the slave
controller has its gE/EE pin taken low. The slave interrupt
output (INT) pin is taken to the master's Interrupt Request
(IR7) input pin to indicate to the master controller whenever
an interrupt request is pending. When a slave request is
activated and then acknowledged by the uP's Interrupt
Acknowledge (EEEX) line the master controller will instruct
the slave to release its interrupt vector information onto the

data bus. Vector information is only allowed onto the data bus

after the second INTA pulse from the 80186 has occurred and
control of the slave is achieved by using the three 1line

cascade bus, (CAS(0-2).

The masters INT output pin is connected to the uP's INT1 input
pin which provides access to the 80186°'s on board programmable

interrupt controller.

3.8. Power Supply Unit (PSU).

The printer sharer requires +5V and 0V to all its chips for it
to function correctly. A power supply board was recovered from
a personal computer that was not in use anymore. Being a 200
Watt power supply it is capable of providing the stable

voltages that are needed for the printer sharer's operation.
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4. SOFTWARE DEVELOPMENT,

Once the hardware was tested to be connected electronically
correct, test routines were written to initialise and test the
various chips. Light emitting diodes (LED's) were placed on
port B of all the 8255As in order to indicate whether a test
was successful or not. Contents of a particular register could
also be displayed. After initialisation and testing, separate
routines were written for the overall operation of the printer
sharer. These routines were later combined into one large

program which were burned into two 8K-byte INTEL 2764A EPROMs.

4.1. Program Development Tools.

Due to the high cost and the availability of an in-circuit
emulator for the 80186, software for this project was written

with the aid of an EPROM enmulator.

Debugging the software consisted of writing to one of the
8255A's port B (LED's were connected to these ports) whenever
a certain portion of the software had been successfully
completed. If the contents of a particular register had to be
monitored the above mentiocned LED's provided visual indication
of its change by writing to the separate ports during the
execution of the program. The system software was written in

assembler language.

4.2, Memory Map.

The 20-bit address bus of the 80186 is capable of addressing 1
mega-byte of external memory and 64K of input/output space.

Incorporated into the memory space there exists 16K ROM



(Program memory), 16K RAM (data memory) and almost 1Meg of
DRAM buffer (storage for files received from P.C.s). Figure

4.1. provides the layout of the memory and input/output

address space.

Memeorv and Input/Qutput Address Map

=
=t
S

Figure 4.1.

The read only memory (ROM) section of memory is primarily used
for the storage of the system software that enables the
printer sharer to operate properly. Data variables and the
interrupt vector table are also originally stored in ROM but
are transferred to RAM as soon as the Lower Chip Select {E)
line 1is initialised. These variables, once in RAM can be

written to and read back whenever the need arises.
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Upon reset of the 80186 the Upper Chip Select (U_CE) line will
be programmed to reset at address OFFFFOH. The first 16 bytes
of program that the 8 018f executes must therefore initialise
the UCS line to select 16K of ROM in the upper most part of
the memory map and themn perform a jump to the bottom of ROM in

order to start the main part of the system program.

All files that are recejived® from the ten P.C.s are stored in

the DRAM buffer until they are printed.

The top of input/output space has been reserved for the
peripheral control block where control registers are used to
define the operation of the 80186 integrated peripherals. The
ten P.C. ports, two printer ports (8255A) and the two external
interrupt controllers (82592) are addressable in input/output

space from 0O00GH to 02D2H.

4.2.1. Interrupt Vector Table.

The interrupt vector tabl.e when transferred to RAM will occupy
284 bytes starting at address 00000H. Table 4.1. provides a
breakdown of the intexrrupt wvector table used for this

application.



Interrupt Vector Table

Table 4.1.

The non-maskable interrupt routine is performed whenever a
error is found at a DRAM memory location by the parity

generation and detection circuitry.

Only timer 0 and 1 are used in this applicaticon. Timer 2 acts

as a prescaler for timer 1.

The master and slave interrupt routines serve the ten P.C.s

and two printers that are connected.

4.3. 80186 Peripheral Control Block

The four 80186 programmable integrated peripherals are
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controlled by 16-bit registers located in an internal 256-byte
control block (see figure 4.2). Control and status registers

are provided for each of the programmable peripherals.

Internal Control block
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The control map may be mapped 1into either memory or
input/output space and each peripheral's registers are located
at a fixed location above the programmed base address which is
found in the relocation register. Upon reset the peripheral
control block will be located at the top of input/output space
(0FFOOH - OFFFFH). See figure 4.1., Memory and Input/COutput
Address Map. If the control block is to be moved to another
area in either memory or input/cutput space the relocation
register has to be procgrammed with the new base address. The

layout of the relocation register may be found in figure 4.3.



Relocation Register

dress Bits R19-R
¢ ET:
ESC Trap/No ESC Trap (1/0).
&  M/IO:
Register block located in memory/TO space (1/0).
& RMX:

Normal Interrupt Controller mode/iRMX compatible Interrupt Controller mwode (0/1)

Figure 4.3.

For this application the peripheral ceontrol block is left in

input/output space starting at address OFFOOH.

4.4, 80186 on Board Address Decoding,

Most of the address decoding is done via the 80186 on board
chip select unit which provides programmable chip select

generation for both memory and input/output peripherals.

The memory chip select lines are divided into three groups:
¢+ Upper menmory for ROM.
¢+ Lower memory for RAM.

* Mid-range memory for the DRAM buffer.

The size of each group is user programmable and can be set to
2K, 4K, 8K, 16K, 32K, 64K, 128K as well as 1K and 256K for ROM
and RAM chip selects. The memory chip selects are controlled
by four registers located in the internal control block (see
figure 4.2.). One register is needed for both upper and lower

memory chip selects, while two are needed to control the mid-

range chip selects.
The input/output area is accessible via the 80186's seven
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peripheral chip select 1lines (m). An external decoder
(74HCT154) is used to assist in addressing the ten P.C. ports,
two printer ports and the two external interrupt controllers.
The 74HCT154 is a 4 to 16 line decoder with the 80186 address
bits A4-A7 connected to its A-D inputs. Address bits Al and A2
are connected to the various peripherals in order to select
internal registers which define the mode of operation of the
different peripherals. The address decoding for the external

peripherals is provided in table 4.2.

Input/Output Address Decoding

01BOH - 01B6H:

Table 4.2.

4.4.1 Programming the Upper Memory (ROM).

On reset the 80186's UCS line is defined to address a 1K area
of upper memory (ROM). The 80186 also starts executing from

address OFFFFOH and because the upper memory limit is OFFFFFH
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the uP has 16 bytes to redefine a larger ROM area, if it is
needed, and then to jump to the lower limit of the ROM area

where the main program starts.

In this application 16K of upper memory is used and therefore
the Upper Memory Chip Select (UMCS) register, which is located
at offset OAOH in the internal control block (figure 4.2.), is
reprogrammed. Figure 4.4. displays the layout of the UMCS

register.

UMCS Register

15 11 7 3 0

PP - on
Figure 4.4.
UMCS Programming Values

Tabled.3.

This register can only be programmed with the legal values for
bits 6-13 displayed in table 4.3. Any combination of bits 6-13
not in table 4.3. will result in improper function of the ucs
line. The UMCS register was programmed with OFC38H which

allows a ROM area of 16K starting at a base address of



OFCOOOH. RO-R2 bits are used to specify the number of wait
states to be inserted on a operation that is performed to ROM

(UCS becomes active). No insertion of wait states are needed

when addressing the INTEL 2764A EPROM chip.

4.4.2. Programming the Lower Memory (RAM)

The LCS line selects the lower memory area (RAM) where the
lower limit is always defined as 00000H. The upper 1limit, and
thus the size of the block, is defined by the contents of the
Lower Memory Chip Select (IMCS) register 1located in the
internal control block at offset OA2H (figure 4.2.). On reset
this register is not programmed at all and no memory location
in RAM will be accessed until the IMCS register is programmed.
A 16K RAM area is used in this design. The layout for the IMCS

register is provided in figure 4.5.

LMCS Register

Figure 4.5.

(assuming
R2=R1=R0=0} .-

Table 4.4.



This register can only be programmed with the legal values for
bits 6-13 displayed in table 4.4. Any combination of bits 6-13
not in table 4.4. will result in improper function of the Lcs
line. The IMCS register was programmed with 03FCH which allows
a RAM area of 16K , with its upper memory 1limit at O3FFFH. RO-
R2 bits are used to specify the number of wait states to be
inserted on a operation that is performed to RAM {E becomes
active). No wait states are needed when addressing the INTEL

5164S/L SRAM chip.

4.4.3. Programming the Mid-range Memory (DRAM).

The 80186 has four Mid-range Chip Select lines (MCS0-3) which
together are used to address a specific memory block within
the 1 mega-byte memory space of the DRAM buffer. The areas

defined for the UCS (16K) and the LCS (16K) lines are not

addressable by the MCS0-3 lines.

Two registers control the size and the base address of the
memory block that is being addressed. Bits 8-14 of the Memory
Peripheral Chip Select (MPCS) register at offset 0A8H in the
internal control block (figure 4.2.) determines the size of
the memory block and bits 5-15 of the Mid-range Memory Chip
Select (MMCS) register at offset OA6H defines the base
address. Figure 4.6. and 4.7. shows the structures of the MPCS
and MMCS registers. |

MPCS Revister

15 11 7 3 [+]
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Figure 4.6,
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MPCS Programming Values

Table 4.5.

When programming the MPCS register one of the values in table
4.5. pust be used otherwise unpredictable operation of the
m will occur. The EX, MS and RO-R2 bits are used for
peripheral function and are described under the heading 4.4.4.
Peripheral Chip Selects. Each of the four MCS0-3 lines will each be
active for one quarter of a particular memory block. Therefore

if the block size was programmed to be 64K then each MCS line

would be active for 16K of that block with MCSO0 being active

for the first quarter and MCS3 being active for the last

quarter.

MMCS Register

Al9 Al3

Figure 4.7.

Bits 9-15 of the MMCS register (figure 4.7.) correspond to
bits A13-A19 of the 20-bit DRAM memory address and with bits
A0-A12 always being 00H when the MMCS register is programmed,
this constitutes the base address for the memory block being
addressed. The 80186 is capable of addressing the DRAM chips

without the use of intermnal insertion of wait states but a
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external ready is still needed from the INTEL R8207-8 DRAM
controller to tell the 80186 when it 1is ready to perform

another operation (80186 SRDY line).

After reset both the MPCS and MMCS registers are undefined and
will only become active once both of them have been accessed.
Figure 4.8. displays the memory block mapping for the DRAM

buffer.

Mid-range Memory Block Mapping

OFFFFFH
0BCO00H
OBBFFFH
0B3000H
OBTFFFH
0B00OOH
0AFFFFH
0A0000H
09FFFFH
080000H
O07FFFFH
| esoo00m
OSFFFFH

040000H
03FFFFH

020000H
01FFFFH

¢ico00H
G0FFFFH

C08000H
007FFFH

¢04000H
003FFFH

00c000H

16K ROM

16K RAM

Ficure 4.8.

———

The base address may be set to any integer multiple of the
size of the total memory block selected. For example if a 512K

memory block had to be used it would not be possible in this
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application because the base addresses for a 512K memory block
would either have to be C0C0OH or 080000H and this would be in
conflict with the definition of the LCS and UCS (16K RAM,
starts at O00O0OH and 16K ROM, ends at OFFFFFH which would fall
into the 512 memory block). Therefore it was necessary to
start addressing the DRAM block with a 16K memory block
following the RAM memory area (figure 4.8.). Integer multiples
for 16K are O0000H, 04000H, 08000H, OCO00H etc. The next
memory block that had to be prograrmed was a 32K block because
08000H is also an integer multiple of 32K (00000H, 08000H,
C10000H, 018000H etc.). The rest of the DRAM memory buffer is

divided into memory blocks reaching up to 128K.

4.4.4. Programming the Peripheral Chip Selects.

The 80186 provides peripheral chip selection for up to seven
peripheral devices. The chip select lines, EEEE:E, are active
for seven contiquous blocks of 128 bytes (table 4.6) and may
be mapped into memory or input/output space. They are
controlled by programming the PACS and MPCS registers located
at offset OA4H and O0A8H respectively in the internal control
block (figure 4.2.).

PCS0-6 Address Ranges

“Active Between locations
PBA+000 - PBA+127
PBA+128 - PBA+255
PBA+256- PBA+383
PBA+384-PBA+511
PBA+512-PBA+639 =
PBA+640 - PBATT767
PBA+768-PBA+895

Table 4.6.



The layout of the MPCS register can be found in figqure 4.6.
under the previous heading, 4.4.3. Mid-range Memory. Although this
register is primarily used for defining the mid-range memory

block size, five bits are used to define the operation of the

PCS lines. EX defines the function of the PcsS5 and PCS6 lines

wvhere they may be programmed to provide latched address bits

Al and A2 (EX = "0") or function as normal chip select lines
(EX = "1"). MS is used to select whether the PCS0-6 lines are
mapped into memory (MS = "1") or input/output space (MS =

"0"). Ready bits, R0-R2, define the amount of wait states to
be inserted on a operation performed by the PCS4~6 lines. For
this application all seven PCS lines are used as chip select
lines mapped into input/output space and with no wait state
insertion (RO-R2 = m"g"). An external ready signal is however
required from the INTEL 8259A interrupt controller (80186 ARDY
line).

PACS Register

15 11 7 3 0
viul Uil R2PRL RO |
Al0

Figure 4.9.

The Programmable Base Address (PBA, table 4.6.) for a chip
select block is programmed into the PACS register (figure
4.9.). Bits 6-15 of this register corresponds to bits Al10-Al9
of the 20-bit PBA. Bits 0-9 will all be zeros. Ready bits RO-
R2 specify wait state insertion for operation by the PCSO-3
lines. No internal ready generation was required in this
application. The PACS register is programmed with 003CH
indicating a base address (PBA) of O0O00C0H. See figure 4.1.

(Memory and Input/Output Memory Map) as well as table 4.2.
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{Input/Output Address Decoding}.

4.5. Programming the on Board DMA Controller.

Each of the two 80186 on board DMA channels are controlled by
four contrel registers located in the internal control block
(figure 4.2.). These registers include a 20-bit source pointer
(2 words), a 20-bit destination pointer (2 words), a 16-bit
transfer counter, and a 16-bit control word. Changes made to
these registers will be reflected immediately in the operation
of the DMA channel. Table 4.7. specifies the offset at which

these registers are located in the internal control block.

DMA Internal Control Block Format

ree Pointer (lower16 bits) - {1 o

Table 4.7.

Both DMA channels are used in this design, channel 0 for the
transfer of data from the ten P.C. ports to the DRAM buffer
and channel 1 for transfers from DRAM to the two printer
ports. The following sections describe the programming of the

different control registers.

4.5.1. Programming the channel control word.

The channel control word contains information that determines
the precise mode of operation for each channel. Figure 4.10

provides the layout of the channel control word with a brief



summary of the functions of each individual bit.

X=

DMA Channel Control Word Register

15 14 13 12 11 10 9 -]

Dan't care

Bw:
Byte/Word (0/1) transfers,
ST/STOP :
Start/Stop (1/0) charmel operation.
COG/NOCHG :
Change/Do Net Change (1/0) ST/STOP bit. If this bit is set
when wrifing to the control word, the  ST/STOP bit will
be programmed by the write to the control word If this bit

cleared when writing the control word the ST/STOP bit will
niot be altered.

INT:

Enable interrupts to uP on Transfer Count tamunation.
TC:

SYN:

0" - No synchronisation.

*(1* - Sourcs synchronisation.

*10" - Destination synchromisation.
*11" - Unused

Source

INC : Increment source pointer.

DEC: Decrement destination pointer.
M/IO: Source pointer is in MO (1/0) space.
Dest.

INC : Increment source pointer.

DEC: Decrement destination pointer.
M/I0O: Source pointer is in M/IO (1/0) space.
P:

If set, DMA will terminate when the contents of the Channel pricrity - "0" = low priority, "1 high priority.
Transfer Count Register reaches zero. The ST/STOP bit ¢ TDRQ:

will also be reset at this poim if TC is set If this bit is Disable/Enable timer 2 requests.

clearcd, the DMA unit will decrement the Transfer Count
register.

Figure 4.10.

After initialisation in the main part of the system software,

where the DRAM TEST TX variable in RAM (00000H and then

OFFFFH) is sent to each location in a particular DRAM memory
block (DMA performs a memory to memory transfer), the DMA
channel 0 control word is programmed with a value of 0B227H
(see Appendix B-8, DRAM BLOCK TX routine). This value allows
the channel to: neither increment nor decrement the source
RAM memory address, to increment the

pointer for the

destination pointer for the DRAM memory address, and to
perform word transfers until the transfer count register

reaches 00H (transfer count register will be programmed with

the size of the DRAM memory block)}. Interrupts from the

channel or timer 2 are disabled and the channel 1is given
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highest priority with no synchronisation.

Once 00000H or OFFFFH has been written to each memory location
within a DRAM memory block the DMA channel 0 is reprogrammed
with a value of 09627H (see Appendix B-6, MAIN program) in
order to perform single memory to memory transfers (DRAM to
RAM). This is done to check the DRAM chip for errors by
comparing the contents of the DRAM memory location read, to
what was originally written to it. This value allows the
channel to: increment the source pointer for the DRAM memory
address, to neither increment nor decrement the destination
pointer for the RAM memory address (DRAM~TEST-RX variable in
RAM), and to perform word transfers until the transfer count
register reaches O00H (transfer count vregister will be
programmed with only one count). Interrupts from the channel

or timer 2 are disabled and the channel is given highest

priority with no synchreonisation.

Where the DMA channel 0 is used for input/output to memory
transfers (P.C. to DRAM) the contrel word is programmed in the
same fashion except that the source address (P.C.) is neither
to be incremented nor decremented, while the destination
address (DRAM address) 1is to be 1incremented, and byte
transfers are to be performed. The value programmed is OA226H

(see Appendix B-14, PC-ACCEPT routine).

DMA channel 1 is used for Tmemory to input/output (DRAM to
printer) transfers. The control word is also programmed in the
same fashion as channel ¢ except that the source address (DRaM

address) is to be incremented, while the destination address

52



(printer address) is neither to be incremented  nor
decremented, and byte transfers are to be performed. The value

programmed is 01606H (see Appendix B-32, TX PRINTER routine}.

4.5.2. Programming the Dest. and Source Pointer registers.

Each DMA channel has a 20-bit source and a 20-bit destination
address pointer register. These registers hold the address to
which data will be written to or read from and they can be
either incremented or decremented after a transfer has taken
place. They can also be programmed via the channel control
word to either increment or decrement. Figure 4.11 provides

the layout of the source and destination pointer registers.

DMA Source and Destination Pointer Registers

15

Higher Address Register
Lower Address Register i
XXX = Don't care

Figure 4,11.

Two 16-~bit registers are needed to store the 20-bit source or
destination pointer addresses. This therefore enables the DMA
channels to have access to the full 1 mega-byte memory space
of the 80186. The lower four bits of the higher address
register specify the four high order bits of the 20-bit
physical address while the lower address register specifies
the last 16 bits. The source and destination pointer register
offsets in the internal control block for both channels are

laid out in table 4.7.

4.5.3. Programming the DMA Transfer Count registers.

The transfer count register specifies the number of transfers

that the DMA channel must perform. The register is



decremented after every successful transfer. If the TC bit
(figure 4.10.) in the channel control word is set the DMA
channel will terminate all activity when the transfer count
reaches zero. The register is a 16-bit register therefore

allowing 64K (216) transfers to be made.

4.6. Programming the on Board Timers.

The 80186 has an integrated timer unit which provides three
16-bit timer/counters. Two of the timers have input/cutput
pins, allowing counting of external events and for generation
of waveforms, but these facilities are not used in the printer
sharer's operation. They are used purely as timers and are

initiated from software.

The timers are controlled by eleven 16-bit registers located
in the internal control block. Table 4.8. provides the offset
for each register in the internal control block. Timei's 0 and
1 both have four registers to control them and timer 2 has

three.

Timer Internal Control Block Format

Table 4.8,



4.6.1. Programming the Timer Mode/Control Registers.

The timer mode/control register is used to program a specific
mode of operation or to check the current programmed status of
any of the three timers. Figure 4.12. shows the bits in this

register and describes the function of each bit.

Timer Mode/Control Register

11

ALT:

The ALT bit determines which of two MAX COUNT
registers are used for count comparison. If ALT = 0, register
A for that timer is always used, while if ALT = I,
comparison will alternate between register A and register B
when each maximum count is reached This altemation
allows the user to change one MAX COUNT register while
the other is being used, and thus provides a methed of
generating non-repetitive waveforms. Square waves and
puise outputs of any duty are a subset of available signals
obtained by not changing the final count registers. The ALT
bit also determines the function of the timer output pin. If
ALT is zero, the outpret pin will go LOW for one clock, after
the maximum count 1s reached If ALT is oue, the cutput
pin will reflect the current MAX COUNT register being used
(01 for BYA),

CONT:

Setting the CONT bit causes the associated timer 1o ran
continuously, while resetting it causes the timer to kalt upon
maxinmum count. If CONT = 0 and ALT = 1, the timer will
count to MAX COUNT register A value, reset, count 1o the
register B value, reset and halt.

EXT:

The external bit selects between internal and external
clocking for the timer. The external signal may be
asynchronous with respect to the 80186 clock. If this bit is
set the timer will count LOW-t0-HIGH transitions for the
imput pin. If cleared, it will count an ternal clock while
using the input pin for control. In this mode, the function of
the extemal pin is dafined by the RTF bit The maximum
input to output transition latency time may be as much as 6
clocks. However, clock inputs may be pipelined as closely
together as every 4 clocks without losing clock pulses.

P:

The prescaler bit is ignored unless internal clocking has been
selected (EXT = 0). Ifthe P bit is a zero, the timer will count
at one-fourth the internal CPU clock rate. If the P bit is one,
the outprt of timer 2 will be used 23 a clock for the time.
Notz that the user must initialize and start timer 2 to obtain
the prescaled clock.

RIG:

Retrigger bit is oly active for internat clocking (EXT = 0}
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In this case it determines the control function provided by the
input pin. If RTG = 0, the input level gates the internal clock
on an off If the input pin is HIGH, the timer will count; if
the input pin is LOW the timer will hold its value As
indicated previously, the input signal may be asynchronous
with respect to the 20186 clock. When RTG =1, the input
pin detects LOW-o-HIGH transitions. The first such
transition starts the timer runming, clearing the timer value to
zero ou the first clock and then incrementing thereafier.
Further transitions on the input pin will again reset the timer
to zexo, from which it will start counting up again. If CONT
= { when the timer has reached maximum count, the EN bit
will be cleared, inhibiting further timer activity.

EN:

The enable bit provides prograrmoner control over the timer's
RUN/HALT status. When set, the timer is enabled t0
incremee subject 1o the input pin constraints i the mternal
clock mode (discussed previously). When cleared, the timer
will be mhibited from counting All input pin transitions
during the time EN is zero will be ignored. If CONT as
zera, the EN bit is amtomatically cleared upon maximum
count,

INH:

The inhibit bzt allows for selective updating of the enable
(EN) bit If INH is a cne during the write o the
mode/control word, then the state of the EN bit will be
modified by the write If INH is 3 270 during the write, the
EN bit will unaffected by the operation This bit is oot
stored; it will alwaysbe a 0 cn aread.

INT:

When set, the INT bit enables interrupts from the timer,
which will be generated on cvery terminal count. If the timer
is configured in dual MAX COUNT register mode, an
interrupt will be generated each time the value in MAX
COUNT register A is reached, and each time the value in
MAX COUNT register B is reached. If this enable bit is
cleared after the imterrupt request has been generated, but
before a pending intemrupt is serviced the Interrupt request
will sfill be in force. (The request is latched in the Interrupt
Controller).

MC:

The Maxizmm Coum is set whenever the timer reached its



final maximum count value. If the timser i3 configured in
dual MAX COUNT register mode, this wilf be set each time
the value in MAX COUNT register A js reached, and each
time the value in MAX COUNT register B is reached This
bit is set regardless of the timer's interrupt-enable bit. The
MC bit gives the user the ability to monitor timer status
through software instead of through interrupts. Programmer
irtervention is required to clear this bit.

RIU:

The Register in Use bit indicates which MAX COUNT

register is currently being usad for comparison to the timer
count value. A zero value indicates register A The RIU bit
camot be written, iLe., its value in not affected when the
control register is written to. It is always cleared when the
ALT bit is zero.

Not all model bits are provided for timer 2. Certain bits are
kardwired as indicafed below: ALT =0, EXT=0,P=0,
RTG=0,RIU=0

Figure 4.12,

Whenever timer 0 needs to be enabled, a value of O0OEO000H is
written to its mode/control register. (Appendix B-10,
TIMERO_ENABLE routine). This will allow timer 0 to use the
80186's internal clock for clocking, with no timer 2 as
prescaler or external events on its input pin interfering with
its operation. Timer 0 will use register A as its maximum
count register and on reaching the maximum count the timer
will halt and interrupt the 80186. Each time this value is
written to the mode/control register timer 0 is enabled

immediately.

Timer 2 acts as a prescaler to timer 1 in this application.
The value of 0C001H is written to its mode/control register
(Appendix B-11 TIMER1 ENABLE routine) which will enable the
timer to run continuously until it has been disabled to do so.
The 80186 clocking speed determines the rate at which timer 2
will run and whenever its maximum count is reached it will
indicate this to timer 1. Timer 2 will then restart the
counting at zero again and is programmed with its interrupt

bit disabled.

A value of OE0Q08H is programmed into timer 1's nmode/control

register to enable it to interrupt the 80186 whenever it has



reached its maximum count. The maximum count register A is
used as a compariscn to the timer count value in order to halt
the timer and cause the interrupt to the uP. Instead of using
its external input pin or the uP clock to perform its
operation, timer 1 makes use of timer 2 (prescaler) for
clocking. Timer 2 must therefore be initialised in order for

timer 1 to run.

4.6.2. Programming the Maximum Count Registers.

Each of the timers has a 16-bit count register. The current
value of these registers can be read and written to by the uP
at any time. If the register is written to while the timer is
in operation, the new value will take effect immediately. The
count register is 16 bits wide, allowing a total of 64K, 216,

timer events to be counted by the timer.

In this design the timer 0 makes use of the 80186 clock to
count on every fourth uP clock cycle. The 80186 runs at a

speed of 8 MHz therefore allowing the timer to increment in

count every 500 ns.

Timer 1. uses timer 2 to count and timer 2 in turn uses the
80186 clock (500 ns). The count registers for all three timers
are programmed with the value of 0000H allowing the timers to
commence counting from zero (Appendix B-11, TIMER ENABLE
routine) .

4.6.3. Programming the Maximum Count Registers.

Timers 0 and 1 both have two maximum count registers while
timer 2 has one. These registers will contain the number of

events that have to be counted before the timer will timeout.
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After the timer has counted to the value in the maximum count
register it will reset the contents of the count register back

to zero so that counting can be restarted.

The maximum count register for Timer 0 in this application is
programmed with a value of 2000 (Appendix B-10, TIMERO_ENABLE
routine) which in effect will cause the timer to timecut in
approximately 1 ms (2000 x 500 ns) from when it is enabled. On

timing out the timer ¢ interrupt routine will be invoked.

Whenever timer 1 is to be enabled, timer 2 must first be put
into operation. A value of 00C00H is programmed into timer 2's
maximum count register (Appendix B-11, TIMER1 ENABLE routine).
This will enable timer 2 to count to the full 64K, therefore
providing a timeout of 32,768 ms (65536 x 500 ns). Once this
value is reached by timer 2's count register, timer 1 will see
this as an event and increment its count register. Timer 2's
count register will be reset to 2zero and will recommence

counting.

Once timer 1 has counted 01FH ({(31) events from timer 2, which
was programmed into the maximum count register (Appendix B-11,
TIMER1_ENABLE routine), the 80186 will be interrupted to
perform the timer 1 interrupt routine. This allows a total
timing of 1,0158s (timer 2 = 32,768 ms - 31 x 32,768 ms =

1,0158 s).

4.7. Programming the on Board Interrupt Controller.

The 80186 integrated interrupt controller operates in two

major modes of operation: non-iRMX and iRMX mode. Non-iRMX



mode is alsc known as master mode and the integrated interrupt
controller acts as the master contreller to any external
controllers. In iRMX mode the internal interrupt controller is
slave to a external controller. In this design the on board
interrupt controller operates in the non-iRMX mode with two

external interrupt controllers (INTEL 8259A).

There are three basic modes of operation in the non-iRMX mode:
* fully nested mode
* cascade mode

*» special fully nested mode.

In fully nested mode the four interrupt controller input lines
are used as direct inputs. Special fully nested mode allows
more than one interrupt from an external interrupt controller
to be channelled through to the 80186 interrupt controller on

the same interrupt request line.

Cascade mode which is applicable to this project uses the four

interrupt lines as dedicated interrupt request - interrupt

acknowledge pairs. The INT1 and INT3/INTAl pair is used in

this case to service two external cascaded interrupt

contreollers (8259A)

Although the interrupt controller has various registers that
can be used to control its operation, only three are used in
the execution of the system software: the INT1 and timer
control registers, and the In Service register. Table 4.9.
provides a layout of the various registers and their offset in

the internal control block. A discussion follows on the



registers pertaining to the development of this project.

Interrupt Controller Registers

Tabled.9,

4.7.1. Programming the INT1 Control Register.

The INT1 control register is used to setup the INT1,

INT3/INTA1 1line pair in order to provide the necessary
interface between the 80186 and the two external interrupt
controllers. Figure 4.13. provides the bit layout of the

register and the functions of each bit.

INT1 Control Register

15 11 7 3 0
[efoTolofololelofolSFnM [ ClETM | MSK| PR2 | PRI | PRO |

* PRO-2: inactive-to-active transition on the line. Inboth  cases,

Priority programming information.  Highest Priority = 000, the level must remain active until the interrupt is

Lowest Priority = 111 acknowledged :
* LTM: e MSK:

Level trigger mode bit. 1 = level triggered; 0 = edge- Mask bit, 1 = mask; 0 =noomasi.

trigeered. Intzrrupt input levels are active high. In level- e C:

triggered mode, an interrupt is gencrated whenever the cascade mode bit, 1 = cascade; 0 = direct

external line is high. In edge-triggered mode, an imterrupt e SFNM:

will be generated only when this level is precedad by an Special fully nested mode bit, 1 = SFNM

Figure 4.13.

A value of 0030H is programmed into the INT1 control register



(Appendix B-7, INIT_80186 routine) which enables the INT1,

INT3/INTAl lines to work as a pair to the two cascaded 8259As.

INT1 will be the interrupt request input line to the uP, while

INT3/INTAl will provide the interrupt acknowledge. Incoming
interrupts have to be level triggered and on writing to the
control register the interrupt line is unmasked. The interrupt
works in cascaded mode, not special fully nested mode. INT1

will have the highest priority in the interrupt structure.

4.7.2. Programming the Timer Control Register.

The timer control register is programmed to set the priority
of the three on board timers and to allow any interrupts
generated by them to go through. Figure 4.14. displays the

various bits associated with the timer control register.

Timer Control Register

7 15 11 7 —3 0
MSK [ PRz | PRI PRO]

Figure 4.14.

The MSK bit is used to mask/unmask (1/0) the three timers and
PRO, PR1 and PR2 determines the priority of the timers with
reference to other interrupts (000 = highest, 111 = lowest).
0007H is programmed into the timer control register (Appendix
B-7, INIT 80186 routine) to unmask interrupts from any of the
three timers and place them at the lowest priority in the
interrupt structure.

4.7.3. Programming the In-Service Register.

This register contains In-service (IS} bits for each of the
80186 interrupt sources indicating whether its service routine

is in progress or not. If a IS bit is set for a particular

61



interrupt source, no other interrupts of a lower priority
level will be generated. The structure of the IS register is

provided in figure 4.15.

In-Service Register

15

7

& DB3=INT3ISbit s  DMA]=DMA Charmnel 11S bit
® D2=INT2IShbit *  DMAO=DMA Chasnel 1 ISbit
®* I1=INT1ISbit ®  TMR=Timer0, 1,2 IS bits

¢ [0=INTOIS it

Figure 4,15,

Whenever a interrupt routine is about to be completed the IS
bit for the interrupt source has to be reset to enable future
interrupts through. In the system software a value of 0000H is
programmed into the IS register just before 1leaving the

interrupt routine to reset all IS bits.

4.8. Assembler Programs.

Assembler language programs translate directly into machine
code which the 80186 requires to make the printer sharer
operational as a whole unit. The software was written based on
the assembler language used by INTEL 8086/80186 family. A

editor was used to write the source, which was then assembled

by the Microsoft macro assembler and linker.

4.8.1. Reset Routine

When the printer sharer is powered up oOr reset, program
execution commences at address OFFFFOH in ROM. Within the next
16 bytes the uP will initialise the chip selects for 16K ROM
and perform a Jjump to address OFCO00H (kottom of the

initialised ROM memory) where the main progranm will be
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executed.

4.8.2. Main Program.

On reset the integrated chip select unit has to be initialised
in order to address the full 16K ROM, 16K RAM, 1Meg DRAM and
the fourteen periphérals situated in input/output space. Once
this initialisation is completed the uP is able to transfer
the interrupt vector table and the variables present in ROM
memory to RAM memory. Initialisation of the P.C. and printer

ports follow with all P.C. ports becoming fully enabled.

The full 1Meg DRAM buffer is tested by sending the values
0000H and then OFFFFH to each memory location in DRAM and
reading back to check if any faulty address exists. If any
errors occur the NMI routine is invoked and visual indication
is provided thereof ("DRAM ERROR" led). No return is made to
the main program until the printer sharer is reset. If this
problem persists the user will have to investigate the

possibility of replacing the faulty DRAM chip.

If no errors are detected in the DRAM buffer the two external
interrupt controllers are initialised +to allow interrupt
requests from the ten P.C. ports and the two printer ports

through to the uP.

The possibility that one or none of the two printers are not
connected or that a error condition exists (off line, paper
out etc.) must not be ruled out and therefore a check is done
to establish the status of these two ports. If only one

printer is in the connected state all files received from the



P.C. ports are directed to this printer. If however no printer
ports are active the printer sharer will refuse any requests
for service from the P.C. ports and will only do so when a
printer becomes connected without any error conditions

present.

Port status for all P.C. and printer ports is checked every
0,1 ms by enabling the uP timer 0. The user will be able to
determine which P.C. and printer ports are connected by
looking at the "“CONNECTED LED" for each port. Error conditions
on the printer ports will be reflected by the "PRINTER ERROR"

LED.

With the initialising and testing completed the 80186 will go
into the halt state until a port requests servicing. A more

detailed layout is presented in Appendix A-2.

4.8.3. Timer 0 Interrupt Routine.

Timer 0 is invoked for one of three reasons:

e Printer and P.C. port status is to be revised.

. Disabie the P.C. port that was enabled to check if it was
pending and re-enable the P.C. port that initiated the port
pending check.

¢ Re-enable printer port that initiated the enabling of the

P.C. ports.

When timer 0 is to revise the status of the printer and P.cC.
ports it will first check to see if at least one of the
printer ports has a printer connected to it. If this is not

the case all P.C. and printer ports will be disabled until



such time as one of the printers becomes available. If a
printer is connected, the status of the P.C. ports are checked
to see if one has become connected or unconnected. The ports
are enabled or disabled accordingly and the “CONNECTED" LED
provides an indication of their status. The "ERROR" LED for
the printer port will flash if a printer is connected with an

error condition (error, paper out, off line etc.).

After a P.C. port has been enabled to check whether it might
be pending and there is no response from that port, the timer
0 routine will take effect. The P.C. port that initiated the
port pending check will be re-enabled so that the rest of its
transmission may be received. The port that was checked will

in turn be disabled.

On entering the printer routines all P.C. ports must be re-
enabled so that they may interrupt printing at a later stage
and request a file to be accepted. When re-enabling the P.C
port the printer port will remain disabled. Timer 0 on timing
out (1 ms) will then re-enable the printer port knowing that
the P.C. enabled does not need immediate attention and that
printing may continue. Consult Appendix A-3 for a more

detailed layout.

4.8.4. Timer 1 Interrupt Routine.

Timer 1 is used to detect whether a P.C. has finished
transmitting a file or not. It has a timeout of 1,02 s from
the time it has been enabled and is always enabled after a
character has been transferred from a P.C, port to the DRAM

buffer. If another character is to be received the timer will
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be disabled by the P.C. interrupt routine but will be re-
enabled on leaving the routine. If after 1,02s the timer times
outs it will be presumed that transmission of the file is

complete and printing may now commence.

A form feed character is added at the end of a file so that
the next file to be printed will not start on the last page of
the previous file. The exact location of whére a particular
file is to be found in the DRAM buffer is stored in RAM. This
will allow the printer sharer to know where the next file is,
to commence in the DRAM buffer and from where the printer must
start printing that particular file. The timer routine will
make sure that a printer is connected and if this is not the
case all P.C. and printer ports will be disabled until one
becomes available. Visual indication (LEDs) is passed on to

the user so that he will be aware of the present status of the

printer sharer.

If one of the two printers connected is occupied with the
printing of a file received previously, the next file will be
directed to the inactive printer. The timer routine will be
aware if both printers were printing files previous to
servicing a P.C. port and if so will allow printing to
continue as before. It will however place the recently
received file in a queue of files to be printed out later in
order of priority. Appendix BA-4 provides a more detailed

description.

4.8.5. P.C. Interrupt Routines.

When P.C. requires service the 80186 will enter the relevant



P.C. interrupt routine where all other P.C. ports will be
disabled, including the requesting port. A test is done to
ascertain whether the interrupt was perhaps not caused by

noise or the powering off of the P.C.

If the interrupt is wvalid the P.C. header stored in ROM will
be transferred to the DRAM buffer preceding the first
character to be received. This will allow the user to identify

his printout at a later stage.

Printers that are in the process of printing, on entering a
P.C. interrupt routine, will be halted until such a stage that
the entire file from +the requesting P.C. port has bheen
received. This will not have much effect on the printing
process seeing as the printer would carry on printing until

its buffer is empty.

Once 1K of a file 1is received from a port the interrupt
routine will enable the other P.C. ports just in case any of
them are pending. A single character is transferred from the
prending port and stored in temporary storage (RAM), to be
transferred to the DRAM buffer at a later stage. In doing so,

the pending P.C. will not abort its request to print.

Whenever the printer sharer is servicing a P.C. port the
"CONNECTED"™ LED for that port will flash indicating to the
user that his file is being processed. On leaving the
interrupt routine the requesting P.C. port is re-enabled for
the next character to be received. Timer 1 is enabled for 1,02

s and if the timer is to timeout it will indicate the end of
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file for the file being received. See Appendix A-5 for a more

detailed description.

4.8.6. Printer Interrupt Routine.

On entering the printer interrupt routine the Ffirst and
foremost thing that has to be done is to enable all P.C. ports
that are pending for service. These ports will be enabled in
the order of priority in which they are pending and printing
will only continue after they have been serviced. If no P.C.s
are pending all other P.C. ports must be enabled. This is done
to allow future requests from the P.C. ports to be serviced

while the printer is busy printing.

The printer routine will monitor the amount of files still to
be printed. If the amount exceeds one and the other printer is
inactive, it will be enabled to print the next file in the
queue. The Y“CONNECTED LED" for the printer in cperation will

flash when printing.

On completion of a file the printer routine will check if any
more files are waiting to be printed. If this is the case the
next file in the gqueue will be chosen. Once all files have
been printed all variables are reset to point to the bottom of
the DRAM buffer where new files will be stored. The 80186 will
then go back to a halt state awaiting the next P.C. to ask it

for service. Consult Appendix A-6 for a more detailed layout.

4.8.7. Master and Slave IR7 Routine.

The IR7 interrupt routine is used purely as a "clean up"
routine. If spurious noise glitches caused an interrupt, the

interrupt controller will generate a IR7 interrupt. A return
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instruction is executed, thus ignoring the interrupt. See

Appendix A-7 for a more detailed description.
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S. PROBLEMS ENCOUNTERED.

Of all the problems encountered the following are worth

mentioning:

5.1. DRAM Controller.

The critical timing constraints imposed on addressing the DRAM
array, led to the use of a DRAM controller (INTEL R8207-8).
While testing the R8207-8's coperation it was found that errors
occurred at random whilst addressing the same location in the
DRAM buffer. This led to the assumption that the DRAM chip was
at fault but after careful investigation it was found that the
problem lay with the DRAM controller, in such that the output
impedance of its address and control lines were not matching

that of the DRAM array.

This problem was solved by installing series resistors as
close as possible to the R8207-8's address (500 ohms) and

control signal (270 ohms) outputs.

5.2. Data Bus.

Due to the large amount of input/output peripherals that the
80186 has to service, the data bus, although initially
buffered, will be overloaded if not buffered for a second
time. The same applies to the control signal lines feeding the
numercus P.C. and printer ports. A second stage of buffering
was incorporated for the input/output area when it was
established that overloading on the data bus was in fact

taking place and causing the printer sharer to become

unoperational.
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3.3. GND Noise.

While trying +to establish whether the printer sharer is
capable of knowing at all times what it has connected to its
ports it was discovered that in some instances the powering on
and off of either one of the P.C.s or one of the printers
caused the PPI (INTEL 8255aA) associated to that port to reset
and therefore cause a communication failure. In some instances
even the 80186 went into reset mode. This occurrence is caused
by spurious voltages in the A.C. supply which are induced into
the secondary winding of the mains transformer and eventually

into the +5V supply.

In order to overcome this problem surge suppression was used
on the A.C. mains for every P.C. and printer connected to the
printer sharer. A ground polygon plane was also introduced
into the printed circuit board design to ensure a stable 0V to

every chip.

5.4. Unwanted Interrupts.

On some .occasions, whenever a P.C. or printer was switched on
or off, noise spikes where transferred via the strobe line
onto the PIC's (INTEL 82592) interrupt request input, causing
an invalid interrupt. To eradicate this problem provision was
made during the software development stage to test the
requesting peripheral's strobe line a number of times before
accepting or transmitting a file. If an incorrect condition is
detected the uP will be aware that the interrupt request is

invalid and will abort the interrupt service routine.

n



5.5. Debugging the Source Code.

An EPROM simulator, in conjunction with L.E.D.s connected to
the wvarious P.P.I.s (INTEL 8255A), were used to debug the
source ccde. This solved the problem of continuously erasing

and burning the system software into various EPROMs.
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6. CONCLUSION.

The printer sharer conforms to all the specifications

mentioned in the objective at the beginning of this thesis.
The unit was tested with all ports connected at the Telkom

Research and Development Centre, Cape Town and 1is due for

installation by the Cape Technikon on their premises.
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7. FUTURE ENHANCEMENTS.

The printer sharer discussed in this thesis is a prototype

system and is open to future enhancements.

Some suggestion as to how to improve the current system

follows:

7.1. Printer selection.

At present one of the drawbacks of this design is that the
printer sharer will print files to the two printers (i.e. if
two are connected) in the same order as they were received but
at random to the printers (as they become available). This
could become a problem if the operator would want to print to

a specific printer.

To solve this problem a software resident program would have
to be written and installed on each P.C. connected to the
printer sharer. This resident program would have to send a
"marker" to the printer sharer on the start of transmission
indicating which printer is to print out the particular file.
The printer sharer's system software would only have to be
changed in the respect that the service routine would have to

identify the marker and then allocate the received file to the

chosen printer.

7.2. Serial Ports.

At present this unit is capable of servicing ten P.C.s and two
printers via their parallel ports. This could result in a
problem especially where a serial printer is the only printer

available or where the P.C.'s parallel port is dedicated to
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performing another function.

By adding the circuitry required to perform serial
communication (UART, drivers etc.) the printer sharer will be
able to accommodate both parallel and serial transmission.
Another advantage to having a serial port is that a modem can
then be connected to the unit, where printing can then be done

from a remote location {(home).

7.3. Size.

The amount of hardware required in this design resulted in the

overall physical size of the unit to be guite large.

In order to attempt a significant reduction in physical size
surface mounts should be used and routing the printed circuit
board should be attempted with the smallest allowable track,

pad and via size.
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9. LIST OF ABBREVIATIONS.

+5V and 0V -=Printer sharer operating veltages.

A-D -74HCT165 decoder inputs.

A - H,TI -74HCT280 parallel inputs.

aA.cC. -Alternating current.

A0 - RAl9 —-Address lines.

AACKA =Advanced acknowledge port A.

ACEKNLG -Acknowledge signal from printer or
printer sharer.

ADO = AD15 -Address/data bus.

AHO -AHS ~Higher order address bits.

ALO - ALS -Lower order address bits.

ALE -Address latch enable.

ARDY -Asynchronous ready.

BHE -Bus high enable.

BSg - Bs1 -Bank select.

BUSY -Busy signal from printer or printer
sharer.

caso-3 ~Column address strobe.

CE -Chip enable.

CLKOUT -Qutput clock.

CPU -Central processing unit.

es1 -Chip select 1.

cs2 -Chip select 2.

DO - D7 -Lower order data bits.

D8 -~ D15 -Higher order data bits.

DI -Data input.

DQ1 - DQ4 -Data input/output pins.

DEN -Data enable.



DMB

DO

DRAM

DRQO and DRQ1
DT/R

EPROM

ERROR
Gl
GND
High 2
I/0

Is

INIT

INTO - INT3

INT2/INTAO

INT3/INTAL
INTA

IR

INTR

K

L.E.D.
Lcs
MCS0-3
Meg
mega-byte
MHzZ

os

MUX/PCLK

—-Direct memory access.

=Data output.

~-Dynamic random access nmemory.
-Direct memory access input pins.
-Data transmit/receive.
~erasable programmable read only
memory.

-Error signal from printer.
-Decoder gate input signal.
=Ground (0V).

-High impedance.

-Input/output.

-In service bits.

-Initialise signal to clear the
-printers buffer.

-Interrupt input pins.
-Interrupt acknowledge pair.
-Interrupt acknowledge pair.
-Interrupt Acknowledge.
~Interrupt Request.

~-Interrupt.

-1024 bytes.

~Light emitting diode.

-Lower Memory Chip Select.
-Mid-range Memory Chip Selects.
-1 million bytes.

-1 million bytes.

-1 million hertz.

-Milli second.

-Multiplexor Control/Programming
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Q|

ns

OFE

P.C.
p.I.C.
P.P.I.
PAO-PA7
PAPER ERROR
PBO-PB7
PCS0-6
PCTLA
PEA
PaM
PSEN
PDI

PSU

SH/LD
INT
SP/EN
SRAM

SRDY

S0, 81 and 82

Clock.

=-Nano farad.

-Non maskable interrupt.

=Latch output.

-Nano second.

—Output enable.

-Personal computer,
-Programmable interrupt controller.
-Programmable peripheral interface.
-Port A (8255A).

~Paper out signal from printer.
-Port B (8255A).

-Peripheral chip selects.

-Port control for port A.

-Port enable for port A.
-Progranmn.

-Port Select Enable pin.
-Program Data Input pin.

-Power supply unit.

-Random access memory.

-Row address strobe.

-Read.

-Read for port A.

-Read only memory.

-Status 1lines.

-Shift/Load.

-Interrupt output.

-Slave Program/Enable Buffer.
-Static random memeory.

—-Synchronous ready.
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ETROEE

CASQ-2
TI0, TI1, TOO0, TOl

UART

EIRIEI

X1 ang X2

-Signal from P.C. to strobe in
to printer.

-Cascade lines.

-Timer input/ocutput lines.
-Universal asynchronous
receiver/transmitter.
-Upper chip select.

~Microprocessor.

—+5V.

-Write enable.

-Write enable.

-Write for port A.

-Crystal inputs.
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Timer-0 Interrupt Routine.
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Timer=-1 Interrupt Routine.
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Interrupt Routine.
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Printer Interrupt Routine.
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Reset Program.
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-186
TITLE PRINTER SEARER (EXE)

P e il L I T s h E b L L T R r T T P,

I MARK THE CLASSES
| The=ze are the different segments that printer sharer's software I
| consists of. . i

reset Segqment para public *RESET"
reset ends

H

code zegment para public 'ConE”
code ends

fomazta seqment  parcad ‘public TROMOATA *
romdata ends P

H

ramcata seqment  para ublic *RAMDATA*
ramdata ands F

H

stack segment  para public "STACK®
atack Tenda

b i e R L R s L L L L L e T T T T

t INITIALISATION OF UMCS i
i On reset the 80186 vectors to address QFFPFOH where the first 16 bytaes of i
i code is used to initialise the upper memory chip selects. This must be done |
{ 30 that the the bottcam of ROM may be sddreased where the main part of the I
i program commences. I

e Ve e he W be wa v Wy

UMCSReg equ QFFAGH sUMCS register addresa
UMCSInit equ ORC3ICH 716K HOM - no wait states,no
jexternal ready,OFCOO0H — OFFFPFH
resec segment
assume ca:iraset
mov X, UMCSReg ;Initailise the UMCS register
mav ax,UMCSInit
cuc dx,ax
Jmp far pure atartup sStart at bottom of ROM
reset ends

PR R L L R LR E L L e g e S L T L e S s L L]

; { INITIALISE THE STACK SEGMENT
s | The stack segment 1s arranged as €00 worda with Top of stack being the |
H | start of the stack 3egment.
stack segment

aw €00 dup{?) sSetup the stack yegment
Top_of stack label word
stack ends

R R R L g e T e Rt L e R a T s 2

=

DATA VARIABLES THAT INITIALLY RESIDE IN RoM ]
The interrupt vector table and variables that are used for jnitialisation |
and for the overall performance of ths scftware are originally stoered in |
RCM. They are later transferred to RAM whers the interrupt vector table i
will then start at 0000hH. |

o

Allocate interrupt vector table

D T

romdata Aeqment
type 0 dd 2 iNot used
type_1 dat 2
type 2 dd NMI_PARITY ;bram parity error (BC1B6)
dd 5 dup(?)
type_ 8§ da TIMER 0 :Checks P.C. and printer ports (B0186)
dd 9 dupi{?)
type 1B dd TIMER 1 :Detects end of file (80186)
dd 13 dupi?)
type 32 dd PCO_8259 sP.C. interrupt routines (8259AM)
type 13 od PC1_8259
type_34 dd pc2_ 8259
type 35 dd PC3_8259
type 36 dat PC4_B259%
type_37 ad BCS_8259
type 38 ad PCE 8259
type 39 ddt MasTER IAT ;Noise on master interrupt pins (B259A)
- g 24 dup(7} .
type 64 da PCT_8259
Type 65 dad pce_ 9259
type 66 dd PCY_8259
type 67 dd PRINTO 8259 ;Printer ipterrupt routines (B259%A)
type 68 dd PRINT1_B259
dd 2 dup(7)
type 71 dd SLAVE_IAT iNoize oo slave intercupt pins {(8259A)
¥ Aliccate the C5 register addresses im control block
LMCSRag aw OFEAZH ;Chlp sslect register addresses
MECSReg cw 0FPASH
MMCSReg o OFFAGH
PACSReqg oW OFFAMY

Define the CS register initialization values

{03FCH ;16K RAM - no walit states,no external
jready,00008 - GIFFFY

GE2BGH Qg488H, 038E8E, DSOEEH, UI0RAH iMid range DRAM

,ﬁ—.. [P
el
n
12
"
2

MPCSTOit  dw
090B8K, 0$088H, 098BEK, 084BEH, 08Z58H smemary blocks
MMCSInit dw ousec&: QOSECH, 0115CH,OZIECE CE1FCH jno wait astates,
dw OEIEEE,GB}.!'&!,OMFCE,DBIFC!L 085FCH ;external ready
;040008 ~ OFBPFFFH
PACSInic ot oaa3CH sEInput/output - =elects from OUH to AFFH
ino wait states,no extermal ready
2 Allocate §255A port addresses
A 8235 v QG00H sAxdcdress for pert A ;
CONT 8255 & 9006H ;Mddress for control register

B-2



Allocate BOL1E6 integrated PIC register addrsss

LY

INT] reqg o GFFIAH ;addr. for INTL,timer and 18 regiaters
TIMER reg dw OFF32H
IS_reg & OFF2CH
H Dafine the 80186 intagrated PIC imitialization valyaes
INTL init dw Q030H ;Higheat priority,not masked,level
L strig,caacade
TIMER init chwr COOTH ;Lowest priority,not masked
IS_init e 0000H IResets IS bits for timar 0-2,axtsernal

zinterrupts I0-I3 and DMAQ--1

Allocate the BOlHE& timer register addresses

PR

TIMERG_CNT reg cha OFFSQH iTimer 0-2 register addresses
TIMERO MaX req dw QFFSZH

TIMERQ CTL reg & OFF56H

TIMER]l CNT reg & OFFS8H

TIMERL MAX reg dw OFF5AH

TIMERl CTL reg dw QFFSEH

TIMERZ CNT reg = QPF&0H

TIMERZ MAX reg o OFF62H

TIMER2 CTL reg & GPPEEH

v Allocate the 8259A's addresses

H

:

MASTER ¢ dw 02C0H ;B25%A control register addresses
MASTER_1 dw 02C2H

SLAVE_D e 02D04

SLAVE_1 dw 02024

;

H Define tha 8255A initialization and cperation control words

i

ICH1 _MASTER db A1%H iLavel trig,uacad. mode, ICWE needed
ICW1_SLAVE db 01%H

ICWNZ MASTER 13 U2CH iMaster interrupts to start at 20H
ICW2_ SLAVE db 04&CH ;Slave interrupta to start gt 40H
ICW3 MASTER db 08CH ;Master has slave on IR7
ICW3_SLAVE db 0074 islave ID is 07H

ICW4 MASTER db 0%1H ;Not SPNM,non buffered,normal EOI, 80186
ICW2_SLAVE db aald Jmode

OOl _MASTER db OFFH ;Mask register

OCWL SLAVE an OFFH

oWz db OACH :Rotate on non specific EOI
OCW3 db 00AH iNormal mask,.no poll,read IR

S Allocate the DMA register addreazes

;

;

DMAL_S_LOW_req dhwt CFFCUH :Source register addresses
DMAC_S5_UP reg dw OFFC2H

DMALS LOW req dw GFFDUOH

DMAl S UF reg -4 CFFD2H

:

DMAO_D LOW reg v QFFCALH iDestination register addresses
DMAD T UP Teg cw OPFCEH

DMAL D LOW reg dw OFFDAH

CMAL D UP Teg dw OFFD&E

:

DMAD COUNT_reg dw OFPCRH sCount registers
DOMA]_COUNT_reg o OFFOEH

DMAD_CCNTR_reg W QFFCAH iControl registers

DMALl CONTR_req dw OFPDAH

H
; DRAM block start addresses and zizes of bhlocks
H
DRAM START Up a5 OFFFOH, OFFFOH, 0OFFF1H, 0OFFF2H, CFFF4R :Start address

- & OFFF&H, OFFFAK, OFFFAH, OFFFAH, OFFFBH, OFFFRH
DRAM_START LOW aw 040GCH,08000H, 000004, 000Q0H, CO980H

- =4 000CCE, 0C000H, GO000H, 00030H, 080Q0H, GCOCOH .
DRAM_COUNT o 020608, 040004, 08000H, 00000H, §9000H :5ize

aw 000C0H, 0GG00H, C8000H, 04000H, B2050H

l'aw_ﬁwcx .13 00H ;DRAM block presently occupying
OLD _DRAM_BLOCK e 90H
E}RAH_TEST ke4 cha atH :Used to tesat full DRAM array buffer
DRAM_TEST RX o ?

HEADERL db 22 dup(CAH) .
HEADER2 db ic duplzuH,'"'tf'i""tll'!!,il“!"'f‘.)t”'l'!'ff"'
db 10 dup(20H),**
db 1¢ dup(20H),'* . :
db 16 dupl20H), IR tl: '
10 dup(20H),* - + = Fa— -
R R 1 1 S S A S
db 16 dup(20H), ** * * L * :
dp i¢ dup(28di,'* * L * * ;
db 10 dup{20H),°’* :
it B ThEEERET
dn 10 AUp(20H), **eeramearryvasrtstaansararazsoasy !
db 10 dupt20H),"* *
b 10 dugizﬂﬂ):' * PRINTER SHARER PRINTOUT:- :
o H),* -
ﬁ ig d:::ggﬂ}:' AT I NI IIFTUNRSABIIIINTITNSY
‘PCO ROW dab Trsvessevesavarereakrat OOH OAH
- dp . **, ODH, OAH
db * ** ODH,JAH
b I PR ) OnK, SAH
db . * - = ODH,OMH
db " b * ",ODE,gAH
] * * v ODH, ORE
g: . e vl:am,o,\g
‘“’ : . Gon oxn
. 0 oDH,
> """'""’“"""":°°*"§§
do M v *, O,
do 'BORT 8 = *, ODH, OAH
dn * v ", 008, CAH



PC1_ROW

BC2_ROW

H
PC3_ROW

PCE_ROW

;
PCS_ROW

i
BCE_ROW

PCT_ROW

ECB_ROW

GEBEBEEE BGGEEGGEEEEREEE BEEGLEEEEREEERE %%é%&%%&%%%%%% GBBGEEEEEEGEEEE GBEBEGEGEELEERS BEEEEGREEGEEEEE BEGEOEEBEEEREEE &

trrrrEsEas ', ODH, 0CH

TErEkarsrTarISRERYRSY OO, OAH

. *?,0DH, 0AH
v **,0DH, OAH
. - **,00H, VAR
. L] **,0DH, 0AH
. » *7, ODH, 0AH
. * T* ODH, 0AH
. :
. * ok e %, 0DH, CAH
. **,0DE, (AH
0 **, ODH, OAH
'iligs"anntttaf'btfil:ODH:OAH
» + ', ODE, 0AH
YPORT 1+ *, ODH, 0AH
0 * *,ODHE, OAE
TrrrssEaAL *,0DH, OCH
‘rrrrazzazsvaasssssest OnH, OAH
g **,0DH, OAH
. **, ODH, 0AH
s LI **, ODH, 0AH
. = * * ', O0H, OAH
. .
. - v DDH, 0AH
. . +*. ODH, 0AH
. * % 2 ¥ +7, ODH, OAH
. **, QDH, OAH
. +?, ODH, OMH
trvzsesasrrarersesass v (D, QAH
. > *,ODH, OAH
"BORT 2 * *, ODH, 0AH
. - v, ODH, 0AH
[ *, ODH, DCH
rassrrerrresearrreaeny ODH, DAH
. ** ODH, 0AH
. s ODH, OAH
[N e **, ODH, 0AH
* * **, QDH, 0AH
' * =, ODH,OAH
* - * *% _ODH,CAH
. .. +*,ODH, CAH
* **, ODH, CAH
1 Tt ,0DH, CAH
"rrzazessvvasreaseasst ODH, OAH
. * T, ODH, CAR
“BORT 3 * *,ODH, CAH
' - *, ODH, CAH
irrarEErERL *,0DH,0CH
T trsresszaeRsseeerereE ', ODH, OAH
s " ODH, DAH
* *f ODH, 0AH
e * * ', 0DH, 0AH
* . **, ODH, 0AH
. r  * *v ODH, OAH
- . **,0DH, 0AH
. * **_ QDH,OAH
* * v, ODHE,0AH
+ **,00H, OAH
nn..-...vrcvv-----a-:gm.;:um
N * ¢ ODH, OAH
"PORT & ~ *, ODH, OAH
. - *,ODH, OAH
TEERTENETS *

. UDH, OCH

tresrazasassrrsrasssae DK, OAK

v * v, O0DH, OAH

**,0DE, OMH
. e v ow **, ODH, OAH
. . »* ODH, 0AH
. - o ow =t QDH,0AH
. ' **_ODH,OAH
+ o+ **,0DE, OAH
. ", ODH, OMH
13 *?,0DH, OAH

v, 0DH, OAH
* * * . UDE, OAH
TPORT 5 * ¥ ODH, DAH
. - v, ODH, 0AH
rTrrrrrwATY *, ODHK, OCH
TrsrrEsrRITTTTTIIITTCOSNY OOR, OAH
. * ', 0DHE, OAH
. =", 0DH, OAH
123 - **, ODH, OAH
' . =, ODH, 0AH
3 LI * ', QDH, DAH
N - * «* O0DH,QAH
. s ** ODE, OAH
s ! ODH, OMH
‘. * ', ODH, OAH
PrsssrEssvTErYEEseReer (ODH OAHM
. - *, OCH, OAH
‘BORT 6§ * v, ODH, OAH
. * ', ODK, OMH
(R T Ea r,QDE, 0CH

TersaEsEEsEeLLTYRSRRS Y ODE OAH
. ** ODH, QAH
=, ODH, OAH

- *r *r x Tt ODH, 0AH
* **, ODH, 0AH
. **, 0DH, 0AH
**, ODH, (AR

. **, ODH, 0AH
*0, GDH, DAR

=+, 0DH, 0AH
'I‘f""fff"-titt)ttt"anﬂ'um
» . v, 0DH, 0AH
TPORT 7 * *, OCH, 0AH
B - *, QDH, OAH
trrerrrETr *, 0DH, 0CH

a4 4 osas
-

Tessssaawxrrrrrvrrveet (DH,0AH

» **, CDH, CAH
* **,Q0H, CAH
e * > *r QDH,0AH
. . »  we.oDH,CAH
. . **. GDH, OAH
. . *  *v,0DH,0AH
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b N v =9, QDH, OAH
db * * ', CDH,QAH
ak M *', ODH, OAH
db Trezewsesesuvernaarre DY OAY
db M * ', QDH, QAH
db *PORT B * ', ODH, OAH
db M - *, ODH, GAH
db CREEdrEEERY '.DDH,“(:E
E
PCQ_RW db tirsrEdirErvsTIyRYsITY _OOH, GAH
ab ’ **,0DH, CAH
db ’ *',0DH, CAH
an e o o **_OBH, OAH
ab ) * * +*, ODH, CAK
db . s aw *+ OpH, 0AH
db - * *?,00H, 0AR
db ’ » **, GDH, AR
db M **, 0ODH, OAE
db ' * T, ODH, UAE
db PeMessAREERTE RS EL RN T (D, OAH
db . * *,UDH, OAK
db TEORT 9 T, 0DH, ORE
db . * * . ODH, OAE
db Tessasias v, ODH, OCH
PC_IN_ PROGRESS db 09H sIndicates that a P.C, is transmitting a file
i
PRINTO_OCCUPIED db 00H 7Indicates that a printer is printing a file
PRINT1L_OCCUPIED do 00H
PRINT_GCCUPLED dn 00B
PRINTI_ACTIVATE db 008 ;Activate a printer
FORM FERD db aceE
PORT (- 14 2 ;P.C. port that is being merviced
RO oW 15
HEADER2 ROW dw 2
BC ROW dw 2
HEADER END UP aw QFF¥FQH ;Addreas where P.C. header ix to be stored
HEADER _END LOW oW 04c00H ;ip DRAM buffer after receiving a file
NULL db a0 sNULL charac
PORT_ENAELE db 00 ;Pointer to enable the 10 P.C. ports
PORT_COUNT dw 0oB iCounter
PORT CHECK db 008 sPeinter - Indicatesa port check
COUNT_(HECK dw Q0H iNumbar of bytes receivad fram P.C. ports pending
PORTS_PEND db 008 ;Number of P.C. porta pending
TEMP_COUNT_0 dw 00H” ;Temp. storage for number of bytes recaived
TEMP COUNT_ 1 & Q0H ifrom ports pending
TEMP_COUNT_ 2 W ooH
TEMP”_COUNT_3 dw 0CH
TEME COUNT 4 & OCH
TEMP_COUNT_5 dw ack
TEMP_COUNT_6 dw [3]s7 3
TEMP COUNT ¥ aw oCH
TEMP COUNT 8 aw O0H
TEMP_COUNT_% dw 90H
PCO CHECKX dbh 00H ;Pointer for P.C."s pending - indlcates
PCI_CHECK db 00H :1st byte to be atored
BC2 CHECK db 20H
EC3TCHECK db 90H
PC4_CHECK db GOH
PCS CHECK db O0H
PC6_CHECK db GOH.
PCT_CHECK db 0OH
PCS_CHECK db COH
ECY_CHECK db 00K
TEMP STORE aw ? ;loaded into IMAD - start of P.C.
- itemp. atorage address
ENABLE TIME b O0H ;Pointer for timer ¢ - timeout dus to no
- rP.C. ports pending
END FILE db 090H ;Printer check for end of file
FILE dw oos iPile number
NEXT FILE dw 008 :Next file number
FILES FENDING a 00H ;Number of files to be printed
PRINTERO_FILE dw 00y ;¥ile Number PFiNtErs are presently
PRINTERL FILE aw COH sbusy wWith
PRINT FILE dw 00H
PRINTER ADDR dw QCH ;Addresses of printer peorts
NEXT_FILE aw il
;
FILE STARTO db O0H sPointer « indicates to printers
FILE STARTL dh 00H ;that printing has cocemenced
i
BLOCK STARTED dw 100 dup(CGOH) sORAM block that received file
BLOCK_ENDED et 100 dup(00H) ;3tarted ang ended at
PC START UP e 100 dupi(?) :DRAM memory address where received
Pc:sraa-r_mw dw 100 dupi?) ;file srarted and anded at
PC_END UP dw 108 dup{z)
PC_ENT_ LKW dw 100 dup(?)
:
PRINT ERR CALL d coH ;Indicates P.C. ports disabled
PRINT ERR _DIS db ;] ;dué tO printer ecrot
ERROR CQUNTO db Q0K rCounter to Flash “ERROR™ LED
ERROR COUNTL db QOH ifor printers
ERROR_PRINTO db CoH ;Pointer - indicates error on printers
ERROR_PRINT1 dib 00H :
BPRINTT_IND db 00H ;value written to printer ports to either
PRINT1 IND dh 00H ;awitch on, 3witch Off or flash LED
PRINTG COUNT db ood ;Counter ta flash “CONNECTED™ LED
PRINT1_COUNT db 6o0d :for printers
P'(F_’STER PRINT dn GOH ;Pointer - indicates printer 0 as master
ﬁasrzn MASK db CFFH Maak registers for B259A’'s
SLAY CFFH
mfﬁ:?sgcs g COH ;Pointer - indicates to timer 0 tu check
- - ;atatus of printer and F.C. ports
MASK TN PRINT db o0H ;Pointer - indicates to printers that
- T ;timer 0 has beean enabled to check status
;of printer and F.C. perts
WHAT PORT MASK e Q0H ;F.C. port who's status ir been checked
MASE LOCP db 10 dup{80H) ;Counter ta check P.C. iz definitely om
ANTF TO UNMASK db QFEH, {PCH, 0PBH, 0F 7H, 0EFH, COFE, 0BFE, GFEH, CFDH, GFBH :).ia:): or unmask
OR_TQ_MASK ab 001K, 0028, C04H, OC9H, 010H, 0204, 040K, 001K, 0028, 0048 ;interrupts
v.m BC M OFF ab 10 Gup{OFFE] ;Polnter — P.C. oo or off previoualy
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BC_IND_COUNT

BCO_ON_COUNTER
BC1_ON_CXOUNTER
B2 ON_COUNTER
BC3_ON_COUNTER
PCL_QN_COUNTER
ECS_ON_COUNTER
BCE 0N COUNTER
BCT_ON_COUNTER
PCE_ON COUNTER
PC9”ON_COUNTER

PORTS_COUNT
INDICATOR db

EXDromdata
Pamdata

B GEGEGBERSE B

10 dup(00K)

00H
Q0B
00H
00H
00H

" Q0H

00H
00K
[11):3
00H

008

12 dupicoH)

£

ends

?

;Counter to flash “CONNECTED™ LED

when receiving a file

;Counters to check whether P.C. interrupt
iroutine was entered into because of
;miitching off power to P.C.

;NMumber of ports ¢onnected
iValue written to FP.C. ports to either
;awitch on,switch off or flash LED's

P b L R L L L T L L L e T L 1 T T TRy

| ALTOCATE SEACE IN RAM

| ROM variables are transferred to this area in RAM. Temporary storabe is

| also avaliable for bytes received fram P.C.'s that are requesting service
| but cannot be serviced immediately.

FL% % e ar se g v

amdata

RAM
TEMP_STOREQ
TEMF_STOREL
TEMP_STOREZ
TEMP_STORE3
TEMP_STCRE4
TEMP_STORES
TEMZ_STOREG
TEMP _STORE7
TEM®_STORES
TEME_STORED
ramdata

FR R R R L s L L N L L T LT R e T T 2 e )

LR

~

EEEBEEE 2
8 &%%&Bé
=]

8192 dup(?)
512 dup{?)
512 dupi(?)
512 dup(?}
512 dup(?)
512 dup({?}
512 dupi?)
512 dup(?)
512 dupi?)
512 dupi?)
512 dup{?}

jRo transaferred to here
;Temp storage for B.C.'s
swaiting to be setviced

[L) TrIIVTITYIYIY

I MAIN PART OF PROGRAM IN ROM
| All initialisation of the 84186"'s on board peripherals,the B258A's and
I the B255A's is ¢one in the main part of the program, Variables from ROM
| axe transferred to RAM. The DHAN buffer is tested and the status of the
| two printers {(connected,error canditions etc.} iz also checked.

:

puklic
start

startups

call

al0:

far

assume ca:code,dsiromdata,ss:stack,es:ramdata

§% BRGEENE

g
g

888

288

out

TRAKSFERL

call
call

call

call

call

mov
out

ax,stack
23,axX

sp,sffzet Top of atack

ax,romdata
e, ax
ax,ramdata
€5, ax

dx, IMCSReq
ax, LMCSInit
dx, ax

du, PACSReq
ax, PACSInit
dn, an

dx, MPCSReg
ax, MPCSIait
dx,ax

dx,MHCSReg
ax MMCSInit
dx, ax

7Initialise the segment registecs

;Point SP to TOS

;Initialise the LMCS

;Initialise the PACS

rInitialise the MPCS

;Initialise the MPCS

;Transfer variables from ROM to RAM

ax,ramdata
ds,an

PG_B255

PRINT 8253
INIT BOlBE
bx, DAAM BLOCK

DRAM BLOCK_TX

cx, [DRAM_COUNT+ba]

DRAM BLOTK_RX

ax, DMAG_COUNT_reg

ax, Gl
dx, ax

cx, DMA)_CONTR_req

ax,09627TH
dx,ax

ax,DRAM_TEST RX
ax, DRAM_TEST TX
a3

a2

an,ORAM TEST_TX
ax,O0FFFFE  ~
ado

DRAM_TEST TX,CFFFFH

alo
2

DRAM BLOCK, 028
ax, DEAM BLOCK
ax,CL4H

end of ruffer

DRAH_TEST_TX,0CH

DRAM_BLOCK G5
ala

:5et DS to 0JQ00H {RAM)

;Initialise the P.C. porta

:Initialise the printer porta
sInitialize the 80186 on board lnterrupt
;contraller and timar

:Setup DMAD to address DRAM buffer and then
7send 00005 to each address in DRAM block

;Retrieve what was written co

;each DRAM memory address

;Correct value at each memory locatiom 7
iYes - Test next location
:Has OFFFFH baen sent to thix LRAM block ?

iNa ~ Then teat with OFFFFE

;No - Invaoke NMI {DRAM parity error)
;Yes - Test next block of DRAM

:Entire DRAM buffer tested with 00CCH
;amd OFFFFH

:NO ~ Test next block of DRAM
;Setup chip selects for next

sblock
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end_of buffar:

Lid DRAM BLOCK, OUH iYes - Set chip 3elects to bottom of DRAM
) call DH.P«H_BIDCK-B sbuffer
;
call MASTRR B255 ;Initialize the B25SA'a
call SLAVRE_§259
mov PC_END UF, 00H sStart of DRAM buffer
. oV BC_EXD_LOW, 04 000H
. call CHECK_PRINTERS ;Check stacus of the two printerc porta
mp BRROR_PRINTO, DOH ;Printer 0 comnected without error 2
je there is priscer
cxp ERROR PRINTI,Q0H ;Printer 1 connected without error ?
je thére_is printer
mav PRINT EAR CALL, 01HE ;No printers camnected or error condition
. 3 call LIS _ALL PORTS iDizable all B.C. ports
there_is printer: -
mov PRINT_ERA_CALL, 0CH
mew MASK_OFF PCS,01H ;Enable timer 0 to check up on
call TIMERO ENASLE sP.C. and printer port status
=ti ;Allow interrupts
alio:
hlt rHalt uP till interrupt occurs
jmp allod
srarc endp
T N R T T T T T P T N A T A N N T T TR R A A R RS S hynh e d b A SRR * FTEFARATAPIAANETTTY
i i INITIALISE THE 1¢ P.C. PORTS i
H I The 10 P.C. ports are initialised in this routine. In order for a P.C. to |
i | tranamit over its parallel port the correct conditions mpst exist on its |
: | interface (BUSY = '0*,PE = *0* and ERROR = '1'),Port A of the 8255h i= |
H | configured for mode 1 input modie in order to provide the other hecessary |
B | interface sigrals(STROBE and ACK). ]
FC_8255 proc near
mov dx, 06H iInitialise 1ot seven P.C. ports
nov cx, 06H
bb:
. MOV al, 0Bay :Port A: mode ! imput
aut dx,al JPort B: mods 0 output
:Port ¢ upper: input
;Port C lower: cutput
mBov al,00H FBUSY = "g°
out dx,ai
mov al,02H JPE = "0*
out dx,al
mav al,05H JERROR = "1*
ocut dx,al
add x, 0010H
loop kb
i
add dx,0100H sInitialise last 3 P.C. ports
mov cx,04E
bo:
mow al, 0BAH jPort Ar mode 1 inpur
out Az, al ;Port B: mode 0 curput
;Port C upper: input
;Port C lower: output
zov 2l,004 2BUSY = 'Q°
out dx,al
mov al,o2y JPE = *Q°*
Qut dn,al
mow al, 054 FERRACR = *1°
out dx,al
add dx, 0010k
lcap bbb sAll 10 P.C, ports initialised 2
ret
Bc 8255 endp
TR T N I ey ey P T A P I N T A N N P T TR RN R TN P Y N A T RN A S R A A R AN RN AR RSN N T A S AR A Sk by rr YT TN TP TR bR ANy
;
H ! INITIALISE THE 2 PRINTER PORTS 1
H | This routine initialises the 2 printer ports. Port A of the §255A fs |
H | configured for mode 1 outpyt operation (providea ACK and accepts STRCBE |
H | from printer). The INIT line to the printer is made high in order to ;
H i initialise and clear the printers buffer. I
I
PRINT_B255 proc near
mov cx,0002H ;Initialise the Z printer porta
dx, ClAcH
ca:
mav al,CAlH ;Port A: ocutput
[f14 dx,al iPort B: output
;Port C upper: output
;Port C lower: ioput
OV al, 08BH JINIT = *1*
out dx,al
nov al,0cE FJINTE = "0°
cut dx,al
add dx,00)10H
loop oo ;Both printer ports initialised 7
rat
PRINT_82255 endp
'-"1'lIl‘r'"ll‘l‘l‘l‘l‘."t't!'ﬁ’t!”l""&t.l’ttf'f"t"."’!’!""””II'!'I‘""”.""'"I"I’!'D"'III"I!"'
H i INITIALISE THE 80186 INTERRUPT AND TIMER REGISTERS i
H | External interrupts from the caszcaded #25%A'2 are unmasked 2z well as ths |
H | 3 8318€ on board timers. t
IKIT 80186 prec near )
NV ax, INT1 reg rHigheat priority,nct masked,level
mav ax, INT! injc :trig, cascade
out dx, an
mow dx, TIMER reg ilowmst priority.not masked
mov ax, TIMER INIT
qut dx,ax
ret
INIT 80186

B BT T T LT T L T S T PP T TP TR TP T

[T

INITIALISE TEE E259A MASTER INTEARUPT CONTROLLER 1
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MASTER_B53Z5%

MASTER_8259

I The cascaded master E25%A interrupt camtroller is canfigured to provide |
{ the necessary intercupt signals to the B0196 whenever a P.C. OF printer |
i port requires mervica, 1

pro¢ near
mov - dx,MASTER_O ;Lavel trig,cascade mode, ICWL needed
mov al,ICW] MASTER

out dax,.al

mov dx, MASTER_1 iMaster Interrupts to start at 20E
nov al, ICW2 MASTER

aut d=x,al

nov al, ICW3_MASTER ;Master has slave on IRT

out dx, 21

nov al,ICwWe MASTER ;Not SFNM, pon buffered,pormal BOY, 80186
out dx,al

mov al,OCW1_MASTER iMask register

out dx,al

mov dx,MASTZR 0 :Normal mask,no poll,read IR

O al,00W3

out dx,al

ret

endp

bbb A R Rl R B R S s T

1 IKITIALISE THE 3259A SLAVE INTERRUFT CONTROLLER 1
I The cascaded slave B259A interrupt comtroller is configured to provide |
| the necessary interrupt aignals to the 80186 whenever 2 P.C. ©OF printer |

| port requirexz service.

D%y v ey A

LAVE_825% proc
nov
mov
out

"

mav
mov
cut

cut

out

mov
out

mov

Bov

out

ret
SLAVE 85259

near
dx, SLAVE 0

al, ICWl_SLAVE
dx,al

dx, SLAVE 1
al, ICW2_ SLAVE
dx, al

al, ICW3_SLAVE
dx,al

al, ICWA_SLAVE
dx,al

al,O00W1_SLAVE
dx,al

dx, SLAVE 0
al, ocwd
dx,al

;Level trig,cascade mode, ICWt needed

;Slave interrupts to start at 40H

;$lave ID ix O7H
;Not 3FRM,non buffered, normal EOI,BO186
iMaak register

;Normal mask,no poll,read IR

e
e b e e e L s L R L e e e A R T e P Y

H
: ] TRAKSFER VARIABLES FROM ROM TQ RAM
¥ | Rom variables as well as the interrupt vector table are transferred |
H | to RAM. !
H
TRANSFER] proc near

cld

lea si,type 0 sS5tart of ROM

lea di, RAM sS5tart of RAM

lea cx, ENDromdata JEnd of ROM

rep movsb

ret

TRANSFERL endp

L L R L R L e L PR T T

SEND TO TESY DRAM BUFFER |

| G000H and then OFFFFH is sent to every memory locaticn in each DRAM block |
| where it will be read back later in order to establish whethar thaere is a |

LA br b owp v v b e

[ faulty DREAM chip in the DRAN array buffer.

PAM BLOCK TX proc near

mov dx,[MA0 S LOW reg  rSource address in RAM
lea ax, DAAM TEST _TX
out dx,ax
nav dz,DMAR_S UP_reg
mov ax,QGH
out dx,ax
OV dx,DMAQ D LOW_reg iDestination addreas in DRAM
mov ai, [DAAM START LOW+bx]
out dx,ax
mov dx,DMAL D UP_reg
oV ax, [DRAM START_UP+bx]
out dx.ax

H
aav ax, DMAQ COUNT reg  ;Amcunt of locations in DRAM
mov ax, [DRAM COUNT+Dbx) iblock
out di, ax
o dx,DMA) OONTR reg ;Do word transfer (0000H oF
Bov ax, 08227E ~GFFFFH}
cut dx,ax
ret

DRAM BLOCK TX

2% % % v ey

RAM_BLOCK 32X

I READ EACX TO TEST DRAM SUFFER |
| Each location is read back after OC00E has been written to it as |
| well as GFFFFFH. If the valus read back is not the same as what waz t
} written to it the NMI interrupt will indicate a error in the DEAM array |

proc near

t endp
P L L L T L O Y e R s T E s e L e L T T T S 2



“

H

DRAM ELOCK RX

Ha e b b e ALl T L T L L R L L T T T L R B = b ]

B 1 SETUP MID RANGE CHIP SELECTS POR DRAM BUFFER i
H { The mid range chip selects are satup to address all memory locaticons |
H | within a particular DRAM block., i
H
DRAM BLOCK €S proc near

mov bx, DRAM_BLOCK iSetup c¢hip selects for DRAM

ibock to be used
dx, MMCSRag :Setup the MMCS register

mov ax, [MMCSInit+bx]

aut dx, ax

mov dx,MPCSReq ;Setup the MPCE register

mov ax, (MBCSInit+bx}l

out dx, ax

ret
DRAM_BLOCK CS endp
PR I N T N R T T NI T T N A R Ny A A I A R N N N T T T T TR AN T A A AN A R A S S A S RS S S N2 F PP A AT I I I P FF PR AR S E A Y
H
: ! DISABLE ALL 10 P.C. PORTS !
i | A1l 10 P.C. ports are disapled whenever there ia a parity error in |
: | the DRAM buffer{NMI),qr wnen no printer is connected,or whenever the |
H I interrupt routine for a P.C. to be serviced is entersd into. The BUSY |
; | line is taken high so that the P.C. will not be able to tranamit and |
H | the B255A's INTE flag is taken low so a3 to not allow any interrupts |
H | through. ]
;
D15 _ALL FORTS proc near

mOov cx, GEE :ist 7 P.C. ports

mOV dx,068
sext _port 1:

moV al,oly ;BUSY = *1°

out dx,al

mov al, 088 JINTE = 'O

out ax,al

add x, Okon

lcop next_port 1

mov cx,04H ;Last 3} P.C. porta

mov dx,0166H
next_port_u:

mov al,0ln FJEUSY = "1°%

out dx,al

wov al,08H :INTE = "O*

out dx,al

add dx, 0108

loop next_port u

cmp PRINT ERN CALL,01H ;Are P.C. ports disabled dus to

jne noL_print_errar rprinters

mav PRINT ERR_DIS,01H  [Yes - Indicate

ret
not_print_error:

mov PRINT ERR_DIS, 00H

et -
DIS_ALL PORTS end,

ey w v

v

T v

T D T L R T L L LS R L e R T X L T E T R S P T P p

zov dx,DMAD S LOW reg  ;Source address in DRAM
moy an, (DRAM STANT Low+bx]

ot dx,ax -

mov dx,CMA0_S UP_reg

mew ax, {DRAN_START UPs+ba}

out _d.x..a.x

Bov dx,DMAD D LW req :Destination address in RAM
loa ax, DRAM_TEST_RX

out. dw,ax -

mov dx,DMAD O UP_reg

mow ax,00H ~

aut Qi ax

ret

endp

RE-FMABLE ALL 18 P.C. PORTS
All 10 P,C. ports are re-enabled whenever one printer becomes
connected when no printers were connected befora., BUSY is taken high
to allow P.C."s to transmit whilst the 8255A's INTE flag remains low.
INTE will bectme active only during timer 0's pert checklng routine.

I
1
1
i
1

RENAELE PORTS proc near
mov cx, 064 iND - Disable other PC*s
mov dx, 068

next_port 1R:
mov al, 008 JBUSY = *1°
out dx,al
mov al, 098 ;INTE = *0°
out dx,al
add ax, 0LOH
loop next_port 1R
mav cx, 0%H
mov dn, 01€6H

Dext_port_uR:
mov al,CCr JBUSY = *1°
out dx,al
mov al,09% JINIE = *0°
out dx, al
ada dx,010H
loocp next_port Ul
nov PRINT ERR DIS,00H
ret -

RENABLE PFQRTS endp

[T PR R

N

~

B L L T T T e O L T L 2 12 R 2T e A T L L R R P e T S S R A R S A A L A RS SR TR 22 R 22 2 L k22 LByt aey

CEECK P.C. PORT STATUS .
The P.C. port that is being serviced wWill c¢heck 1 of the cther 3 p.C.
ports consecutively after every 1X bytes of a file that i(_: has
received. This port will be enabled and must respond within lms
{timer 0)ctherwize it will not be considered as a port that is
pending.
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PORTS_CHECKER

nex‘\:_prt 1

hot_pc_ports:

check_port:

2lave pc:

master_pc:

only 1_port:

pert_in use:

upper_porta:

PORTS_CHECKER

sahr
and
¢inp
jne
jae
mov

out
J=p

out
mons
out
add
out

out

call
ret

add
cmp
Je

jzp
add
j=p
end]

near
BORT _CHECK, 01H
PORT _OUINT, 00H

A_8255, 01A0H
nOt_pe ports
ax.% sf‘”
pcrt_m_use
check_port

A_8255,00H
next prt

PORTS_COUNT
Pon'rs_ccm.'r CFH

anly T

bx,A B 5

bx, 01H

bx, OFH

[WAS_] BC_ON | CFF+bx), Q1R

dx, MASTER_1

al, [AND T3 _UNMASK+Ex)
dx,al

master pc

dx,MASTER 1

&l,07TFH

dx,al

dx, SLave 1

al, [AND To UNMASK+bx]
dx,al

dx, A 2255
dx, O6H
al, 0%
dx,al
al,GOH
dx,al

PORTS_COUNT, (0H
ENABLE_TIME,GOH
MASK_CFF_PCS,00H
TIMERD_ENABLE

A_B255,0108
A_8255, 0608
upper_ports
naxt_p:r.

A _8255,01008
next_prt

:Indicate a port chack
;POrt to be checked a valid p.C. port ?

;Port that is being serviced ?
:No - Check that port

i¥es - Start with Ist port

‘More than 1 port connacted 7

iYes = P.C. conhected to this
iport ?
iUnmask the port

;Enable P.C. port

FINTE = *1°*

;BUSY = ‘'o¢

;No - Enable timer 9 (timacut
smeans port is not pending)

iYas - Try next port

Hai i e g L L R e ST L L L T L L L e A L 2 2. 2 21

RESTCRE P.C.

rest of its file may be received.

! THAT INITIATED FORT CHECK
| The P.C. port that initiated the port check to establish whether a |
| particular P.C. is requiring service will be restorsd so that the |
1

RESTORE_CALL PC

slave portd:

master portd:

R.E'.STOR.E CALL PC

proc
nav
shr
and
Jas
moV
OV
out
imp
mov
mov
out
mnav
mov
out

oy
adg
nov
out
Rov
out
ret

near
bx, PORT

bx, 04H

ba, OFH

bx,07H

slave porto
dx,MASTER 1

al, [AND_TO_UNMASE+bx]
dx,al

master portd

dx,MASTER 1
al,67FH

dx,al

dx, SLAVE 1

al, [AND To_UnMasK+bax]
dx,al

dx, PORT
dx, C6H
al, 098
dx,al
al,00H
dx,al

:Port that initiated the part
;check

fPort of master B2%59A 7

iNOo - Unmask master interrupt

;Yes ~ Unmask slave interrupt

JINTE = '1*
FBUsyY = "0’

endp
'ttiI‘l"lt”ttt’!&rr"f!"'"s..l!l!i,’t”’l"fll"‘"ll'"""’l"I""ll‘l‘"""'iDI'II"&'C'II'V"""’!

ENABLE BGl86 TIMER 0

| I
| The B018¢ on board timer 0 i activated to run for lms. |

M % e )

IMERO_ENASLE

TIMERC_EMNABLE

proc
ncy
ROV
out

TV
oV
out

nev
ooy
ocut
ret

neat
dx, TIMERO_CNT_reg
ax, 008

dx, ax

dx, TIMERO_MAX_reg
ax, 2000
dx,ax

dx, TIMER) CTL reg
ax,0EQOOH
dx, ax

;Interrupt on reaching 00H

;im= timeout {2000 x 5GOns)

;Start timer O

=3
PR R L N T a2 s T L L e e 2

1 DISABLE 80186 TIMER 0 )
| The 801E6 om board timer 0 is disabled apd will therefore not timescut, |

1

Ne e N wy wy g
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TIMERO_DISABLE proc near

mav dx, TIMERO_CTL req ;Disable timar O
mov ax, 04 000H

out dx, ax

rec

TIMERC_DISABLE

o o P T R R R A AN T A A R R e F PRt PR P N T T T PP RSN N N AN T AT AN

H -—
H i EKABLE B0186 TIMER 1 I
H i Timer 2 is activated and acts as a prescaler to timer 1. This will |
& | provide an effective timeout of 1,02 seconds to test whether a P.C. |
H | has sent its entire file. 1
H
TIMERLI ENABLE prec near
=V dx, TTMER2 ( ‘oNT " reg  ;Interrupt timer 1 om reaching
mov ax, 00H #00H
out dx,ax
H
mov ax,TIMER? MAX rag sTimar 2 to start at OPFEFH
mov ax, b0y #65535 x 500ns = 33ims
out dx,ax
;
mov 4x, TIMERZ CTL reg ;Timer 2 is prescaler to timer 1
oV ax, 0C001K
cut dx, ax
mov dx, TIMER1_CNT req ;Interrupt B0186 on 00H
mov ax, 00H
out dx, ax
mOV dx, TIMERL MAX reg i;Start at OIFH
mov ax, 01FH $31 % 33mw = 1,023 {used for
out dx, ax +ECF)
H
mav dx, TIMERE_CTL regq sStart timer 1
mov ax,0E0CBH
Qut dx,ax
rat

TIMERL ENABLE

I s R e L L T e L L L e L e P T T Y T T Y

H DISABLE 80186 TIMER 1
B I Both timer 2 (preacaler to timer 1} and timer 1 are disabled. |
;
TIMERI_DISABLE proc near
mow dx, TIMERl _CTL reg ;Disable timer I
mov ax, 0400EH
out dx, ax
maw dx,TIMER2 CTL _reg ;Disable timer 2
mav ax, 04001H
out dx, ax
ret

TIMER]_DISABLE

[=isd
LR R R R L d b T T T e e L R T L T Y

e w

CHECX P.C. IS DEPINITELY ON
The strobe line rrom sach P.C. is tested for a "1* 240 times in order to
make sure that it is definitely on. This has tc be done because when power
is switched on or off on the P.C. the strobe line neads zcme tizme before
it will settle. If a P.C. is definitely on and ¢onnected the “CONNECTED"™
LED will be made to burn permenantly and the P.C, port will be enabled to
ajiow file= to Dbe accepted,

LAY

i
PC_CN proc near
mowv dx,WHAT PORT MASK ;Switch ™COMNECTED LED™ on
add dx, 02H
or [INDICATCR+DR], O1H
mov al, [(INDICATOR+bx]
out dx,al
cmp [HASK LOOP+Lx], 0FQH ;P.C. cteruucoly on {STROBE =
jae defirite_high L'}
. ine [MASX_LOGE+bx] iNot sur- - test OFOH times
next_port_loop:
add WHAT_PORT_MASX,010H ;Prepare to test next P.C. port
emp WHAT_FORT MASK, 060H
jne lowet portsld
add WHAT_FORT_MASK, G100H
iowar portslo:
cap WHAT PORT MASK, GlAdH
ik :t:.ll_pc_port
oV WHAT _FORT_MASK, 0CH
still pc port:
mov MASK _OFF_PCY,01H ;Enable timer 0 to check 2 printers
call TIMERO_ENABLE ;again and next F.C. port
mov dx, IS reg ;Reset 80186 timer 0 IS bit
moY ax,I5_init
out dx, ax
ret
definite high:
mOV [MASK LOCP+Eat],O0H
cmp PRAINT ERR_DIS,OlH sYes - Any printers conpected ?
je aent_port loop ;No — Frepare to test next P,.C. port
emp [WAS PC_ON OFF+bx],Q1H iYes - Was this P.C. coanected before ?
je pc_was on A
mov dx,WHAT PORT_MASK :No - Initialise P.C. port
add dx, G6H
mov al,GBgH ;Port A mods 1 input,Port B: mode @ output
out da,al ;Port € upper: input,Pert C loswr: output
iEpable P.C. port
nov al, 0?8 iPE = Q"
out ox,al
WOV al,osd JERROR = *1°
ot dx,al
mov al, 01y JBUSY = 'p°
our dx,al
mav al,0ag JINTE A = *1°*
out dx,al
mov [WAS pC oM _OFF+bx}, 018
Imp next_port_loop iPrepare to test next P.C. port
DC waT OBt
-7 mov dx,WHAT_PORT_MASK  ;¥ss - Enable P.C. port
ada dx, 068
nov al, 0oH JBUSY = *§°
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out ax,al
mov al, 098 SINTE = *1*
out dx,al
c bx, 07H ;jUnmask B.C. port interrupt
Jae 2lave_int
Ll cl, [AND TQ UNMASK+bx] ;P.C. port oa master cantrallarc
and MASTER MASK,cl
mav dx, MASTER_1
- Ta " al,MASTER MASK
out dx,al -
oV [WAS_PC_ON_OPF+bx],01H
, jmp next port_loap sPrepare to test next P.C. port
slave int:
and MASTER_MASK, CTFH :P.C. port on slave contraoller
now dx,MASTER 1
mov al,MASTER MASK
out dx,al -
mov cl, [AND TC UNMASK+bx]
and SLAVE MASK,cl
mov dx, SLAVE_1
mov al, SLAVE MASK
out dx,al
mov {WAS_PC_ON_QFF+bx}, 01§
jmp next _port_lodp ;Preparte to test hext P.C. port
PC ¢ endp
;‘l!!‘l*iiili!tltiltttagatttt:itt'f"nt!ft‘li".gttl'tia..eclt’!*t"'tii‘ttt’l!!lh.’.!l"l‘.t""tittt’l’liit
‘ | DESABLE P.C. IF NOT CONNECTED |
B | If the P.C. is switched off or i=s not physically connected to the printer |
; | sharer the P.C. port will be disabled and the “CONNECTED LED™ will be ]
: t switched off.
PC_QFF proc near
aub dx, 02H sswitch off “CONNECTED™ LED
and {INDICATCR+bx , OFEH
mov al, [INDICATCR+EX]
out dx,al
add dx, 02H
cmp bx, 07
Jae alave intr
mov cl, [OR TQ MASK+bxl ;Disable P.C. port interrupt
or MASTER MASK,cl
mov dx, MASTER 1 iP.C. port is on master controller
mov al,MASTER MASK
[=ITL dx,al
fmp daone
alave_intr:
mov cl, {OR_TO MASK+bx} ;P.C. port is on alave controller
ar SLAVE_HASK, cl
mov o, SLAVE 1
mov al, SLAVE MASK
cutb dx,al
CRp SLAVE MASK, OFFH ;Interrupts to remain 7
jne there i=s intr
or MASTER_HASK, 080H iNo - Disable P.C. port interrupt
mav dx, MASTER I
mov al,MASTER MASK
out dx,al
jmp done
thera_ix_intr:
and MASTER MASK, 07FH :Yes - Slave to interrupt master
mov dx, MASTER_1
mon al,HASTER_H.HSK
out dx, 2L
done:
nov dx,WHAT PORT_MASK  :Disable P.C. port
add dx, 06H
mov al,ClH ;BUSY = *1°
aut dx,al
mov al,d8n JINTE = "0F
out dx,al
mov [WAS_PC_ON_OFF+bx}, 004
;
oV [MASK _LOOP+bn], GOH
add WHAT PORT_MASK,010H ;Prepare to test next next ».C. pert
cop WHAT PORT_MASK, U60H
ine lowef_ports100
add WHAT PCRT_MASK,0140H
lower ports100: -
cmp WHAT PORT_MASK, 0ZACH
jb still pe ports
mav WHAT PORT_MASK, 00H
3till pe ports: = . .
mov MASK OFF_PCS,01H :Epable timer ¢ to check 2 printers
call TIMERG_ENABLE ;again and peat P.C. port
mov dx, IS5 Teq :Heset SC186 timer 0 IS bit
nov ax,Is_init
aut dx, ax
ret
PC OFF enap
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CHECKX IF PRINTERS ARE PRINTING

[ O timer 0 timing cul and ther checking printer apd P.C. port status
| it must be taken into consideraticn whether any of the 2 printars

| were printing. If they were tha printér port zust be re-enabled to
fcontinue with its priating.

H
2

RINTERS BUSY?

printer0_not_on:

proc
cap
je
and
mov
mov
out

and
nov
mov
Qut

cuc

near

PRINTO _OCCUPIED,Q0H ;Printer O printing 2

printer0_not_on
MASTER_MASK,CT¥e
dx, MLSTER 1
al,MASTER MASK
dx,al

SLAVE MASK,CF7H
dx, SLAVE 1

al, SLAVE MASK
dx,al

dax, 01AEH
al, onE
dx,al

:Yes - Enaple printer 0
sinterrupt

FINTE = °1°
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printerl not_on:

FRINTERS BUSY?

s TRe Ty

i

PRINT1 _OCCUIPIED, 00H

printerl mot on
MASTER MASK,077H
dx, MASTER 1
al,MASTER_MASK
dx,al

SLAVE_ MASK,UEFH
dx, SLAVE_1
al,SLAVE MASK
dx,al

dx,01BEH
al,CDH
dx.al

;No - printer 1 printing ?

:;Yes — Enable printer 1
;interrupt

JINTE = "1*

EE L L L e L A s R T e s a s R A L R e e e L T LR L]
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CHECKX WHICH PRINTERS ARE CONNECTED

Thisx routine looks at each of the 2 printer's SICT lines in order to
@stablish whether the printer is comnectéd or not. The WCONNECTED®
LED will burn permenantly if a printer is comnected. The ERROR and
PF lines are alac looked at to make sure that an error condition
{off-2ine,paper cut etc.) doss not exist on the prirnter ports. The
“ERRCRA™ LED wWill fls=h if am error cooditicn exists.

CHECK_PRINTERS

flash_led0:

led ztays0:

led setor

error_led staysQ:

no_printerd:

no_print@_error:

readyo:

flash_ledl:

led araysl:

led_setl:

out

ine
sor

inc

test
iz

ine
Xxor

out

near

dx, 0LALH
al,dx

cl,al
al,0aH
no_printer0

PRINTO_OCCUPIED, 01H

flaanh Ted0
PRINTG_IND, G1H
dax, 01AZH
al,PRINTO IND
dx,al

led_sett

PRINTO_COUNT, OFFH
led stayal

PRINTO IND,O01H
o, §1AZH

al FRINTC IND
dx,al
PRINTC_COUNT, 00H

PRINTO_COUNT

al,cl

al, 03

no print0_error
ERROR_PRINTO,01H
ERROR_COUNTQ, OFFH
error led stays0
PRINTO_IND, Q2
dx,01A2H

al, PRINTO_IND
dx,zl
ERROR_COUNTO, 008
readyl

ERROR_COUNTO
MASTER_PRINT, 00H
ready0

BRROR_FRINTO,01H
MASTER PRINT,GOR
PRINTO_IND, CFEH
¢, 31A2H
al,PRINTO_IND
dx,al

ready?

PRINTO_IND, OFDH
dx, 01AZH
al,PRINTO_IND
dx,al
ERROR_PRINTO, 00H
BRRCR_COUNTO, 00H
MASTER_PRINT,01H

dx, 01B4H
al, ax

cl,al
al,04E

no printerl

PRINT1_OCCQUPIED, O1H

flash_ledl
FRINTI_IND,C1H
dx, 01978
al,PRINT1_ IND
dx,al

led setl

PRINTI_COUNT, OFFH
led staysl

PRINTI IND,OlH
dx, 01EZE

al, PRINT1_IND
dx,al

PRINT1L COUNT,OQH

PRINTL_COUNT

al,ct

al,CiH

no_printl aerror
SRROR_PAINTL,O1H
ERROR_COUNT1, QFFH
error_led_stayal
PRINTL_IND, 0ZH
dx, 01AZH

al, FRINTL_IND

,al
ERROR_COUNTY, 008

;Is printer ( comnected
J{SLCT = *1%) %

;¥es — printer ¢ printing ?

iNo — Switch "CONNECTED®™ LED on

#(ipdicates printer 0 connected)

;¥es - Flash “CONNECTED™ LED

;Any error on printer @ 2
7 {PE, ERROR)}

:¥es - Indicate error and
;flash ™ERRCR™ LED

:Indicate printer 0 is not tha
;master printer

:Indicate printer 0 is pot the

sEaster printer and switch off
;"CONNECTED™ LED

rSwiteh off "ERROR™ LED

;Printer 0 is the maater printer

;Is printer 1 connectsd
FISLCT = "1%) 7

iYes — Printer 1 printing ?

:Ro - Switch =CONNECTED® LED on

r{indicates printer 1 connectad)

;Yes - Flash "COMNECTED™ LED

;Any error on printer 1 7
7 (PE, ERROR)

;Y¥es - Indicate errer and
;fiaah "ERACR™ LED
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readyl
error_led staysl: = g
inc ERROR_COUNT1
: J=p Teadyl
no_printerls:
o ERROR_FRINTL,G1E ;No - Indicate prianter ¢ is not
and PRINT]1 IND, GFEH ;eonhected and awiteh off
moV dx, 01820 sMCONNECTED™ LED
L al,FRINTL_IND
out dx,al
. J=p readyl
no printl error:
mav ERRCH _PRINTL,00H #Mo - Indicate printer 1 is
mov ERHOR COUNT1,0QH ;connected and switch off
and PAINTI IND, OFDH ;"ERROR® LED
mov dx, 01ETH
Do al, PRINT1_IND
out dax,al
readyl:
ret
CHECK _PRINTERS end]
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i ) . RESET IS BITS POR MASTER B259a AND 80186

{ The in service (IS) bita for the 8259A master interrupt controller

| and the 80186 external interrupt line are reset in order to allow the
i next pending interrupt through.

TS

[TV

“

L%

RESET_IS_INTRM PROC NEAR
oA dx,HASTER O sReset IS bit (825%A - master)
mov al,oCwW2
ot dx,al

#
mov dx, IS reg ;Reset IS bit (B0186)
i ax, 318 init
out dax, ax”
ret

RESET IS INTRM ENDP

ATEAAEE * L L N Y T LS L2 e T P PO PSS S LSS ST L L2 SarETTEEY L]

i RESET IS BITS FOR MASTER AND SLAVE 8253A"S AND BOLBS ]
| The in service bits (IS)for the master and slave 825%A interrupt ]
|1 controllera and the 80186 external interrupt line are reset in order |
[ to allow the next pending interrupt through.

SENOVE N N M A

RESET_IS_INTRS FROC NEAR
mov dx,MASTER_O ;Reset IS bit (8259A - master)
moV al,ocwW2
out ax, al
mov dx, SLAVE O ;Reset IS bit (8255A - slave)
mov al,ocwz 7
out dx,al
nov 4%, IS _reg FReset IS bit (30186)
mov ax, IS_init
out ax,a%
ret
RESET_IS INTRS ENDP
(A AL L XA R L T = TTETER S22 SR SRS S R R R AR A R R AR R A s d ittt sl sttt Rl sl l)

ACCEPT CHARAC PROM P.C. PORT I
OMAD is setup to transfer the P.C. port heacer and temporary storage |
(if #.C, port is a pending port) from RAM to DRAM on receiving the ]
1st charac. of & file. To do this tranafer the avaliable memory !
still present in the DAAM block is checked to see if there is emough |
apace. If there is not the transfer will coemence at the beginning 1
of the next DRAM bloetk. If a printer is busy printing 1 of the i
previous files received,it will be cdisabled and will only be able to |
proceed cnce the entire file has been received from the F.C. porc. 1

[ R T T IR T TIE U TN YRR VIR P

C_ACCEPT proc near
cmp PC_IN_PROGRESS,01H ;13t charac. received 7
je pelo 7
E
cmp PRINTO OCCUPIED, 0OH ;No - Printer ¢ printing 7
je no_pn’.Kt._O .
or PRINTO_IND,OlR IYes - Switch “CONNECTION LED®
dx, 01AZH spermanently on
al, PRINTO_IND
dx,al .
dz, 01AGH FINTE = '"0* (cisable printer ¢)
al,0cH
dx,al

PRINT OCCUFIED,C1H ;A printer is printing
no print_0: -
PRINT]_OCCUPIED,00H ;No - Printer 1 printing ?

TEERERE §RBgREE

no _print_1
PRINT1 IND,01H iYes — Switch “CONNECTION LED™
dx, 0187H spermanently on
al,BRINTI_IND
X, al - .
dx,01B6H :INTE = "0* (disable printer 1)
al,ccHe
out dx, 3l . L
BV PRINT OCCUPIED,GIH A printer is printing
ng print_i: - .
- cmp PRINT OCCUPIED,ClH ;No - Any printer printing 2
ine 5O _print
oo PRINT OCCUPIED,CC0H ;Yes - Setup chip selects to
nov bx, PITE swhere the last fila was stored
mov ax, [BLOCK_ENUED+bx-2] 7in DRAM buffer
nav [BLOCK_STARTED+bx},ax
mov DRAM_BLOCK, ax
call DRAM BLOCK_C=
. J=p carry on
no print: .
mov bx, PILE ;No - Store which DRAM block
mov ax, DRMM BLOCK sthis file will be =tored at
mov {BLOCK_ETARTED+bX], ax
carry cn; -
- call SENT)_EEADER :Send Port header and tesp
- ;store if it was a port pending
nov BC_TN_PROGRESS,01lH ;1st charac. to be received 7
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oV dx,DHAD S LOW reg ;No - Setup DMA scurce port
mov &X, PORT jaddress
=111 dx,ax
pclo:
mov dx,[MA) COUNT_reg ;Yes - transfer charac. from
mov ax, 01y rport o buffer
out dx,ax
mov dx,OMAJ_CONTR reg
mov ax, 0RZ26H
out dx, ax
i
mov b, DRAM BLOCK ;Store DRAM address and block where
mov dx,pHA0 D UF_reg flast charac. was stored
in ax,di
cmp ax, [DRAM START UP+bx+2] iTop of DRAM block 7
jne not._snd block
mov dx,DMA0_D_LOW_reg
in ax,dx
cmp ax, [DRAM START LOW+bx+2]
A jne not_end block
aga DRAM_BLOCK, 02H ;Yes - Proceed into next DRAM block
cmp DRAM BLOCK, C14H ;Top of buffer 7
jne not_end buffer
N mov DRAM BLOCK, 00H
mov dx,MAO0_D UP reg rStart at bottom of DRAM buffer
mov ax, QFFFOH
out aX, ax
mone dx,DMAC D LOW req
mov ax, 04300K
out dx,ax
not_end buffer:
call DRAM BLOCK CS :No = Satup chip selects for next
not_end block: sDHAM block
ret

PC_ACCEPT endp
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H
H SEND P.C. HFADER TO DRAM BEFORE ACCEPTING 1ST CHARAC. [
The P.C. port header and temporary storage,if the P.C. was pending for j
=ervice,is mept from RAM to DRAM on reception of the lst ¢harac. of a |
file. This header will therefore be printed first in crder to identify |
from which #.C. port the printout originates from. i

SEND_HEADER proc near
OV dx, DMAO_S VP reg iSource addresa of header 1
mov ax,00H ;in RAM
out ax, ax
nov dx,DMAD_S_LOW reg
lea ax HEADER1
out dx,ax
mav bx, FILE 7ist file to be received 7
cmp bx,CCH
je first file
aub bx, C2H
mov dx,DMA0_D UP_reg :No - Satup destination address
mov ax, [PC_END UP+bx] ;in DRAM (where last file ended)
out dx,ax
mov [PC_START UP+DH+2],ax
mov HEADER _END UP, ax
mov dx,DMA0_O LOW reg
mov ax, [PC_END_LdwW+bix)
out sax
mov [PC_START_LOW+bx+2],ax
jop check_space
first file: X

- mov dx,DMA0_D UP_reg ;Yes - Setup destination in
oV ax, [PC_END_UP+bx] :DRAM {atirt of puffer)
out dx, ax
mov [PC_START UP+bx],ax
mov EEADER END UP,ax
mav dx,DMAC D LOW reg
oV ax, [PC_END_LJW+bx)
out ax, ax
BV [BC_START LOW+bhx], ax

check space:

- cmp PORTS PEND, 00H ;Are there any ports pending ?
je not_checked ) ) ]
add ax, COUNT_CHECK :Yes — Take into consideration when

not_checked: - ;testing for space left in DRAM block
- add ax, 1102 :No - Space only nesded for
mov HEADER Eﬂ'ﬂ_{.ﬂ-’,ax iheader
inc test_space
ada HEADER_END UP,01H
teat_apace:
nov ax,HEZADER END UP
mov bx,DRAM BLOCK
cmp ax, [DRAM START UP+bx+Z] ;Enough spacs ?
jne still spaca
mov ax,EEADER END LOW
[~ 4] an, [DRAM_START LOW+rbu+2]
jb still space
call MAKE SPACE :No - Start at next DRAM block
Itill space: -

- mov dx,LMAG COUNT_reg  :5end headar 1
mov ax, 22
out dx,ax
o dx,CMAY_CONTR reg
mov ax, 0B6ZEH
out dx,ax

' lea ax, HEADER2 ;Send header 2
mov HEADER? ROW, ax
fNeAt roms:
- v dx,DHAD S _LOW reg
mo ax,HEADERZ ROW
aut dx,an
mav dn, DHAD COUNT_req
ax,50
cut dn,ax
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mov dx, DMAG_CONTR_req
mov ax, 0BE2BH
out dx, ax
i
mav dx,IMAS S LOW_reg
in ax,dx -
mov HEADERZ ROW, ax
. dx, A0 S 1LLW reg
mav ax,PC_ROW -
out dx,ax
mov dx,DMAD_COUNT reg
mov ax,22 -
out dx,an
H
mov dx,DMAD_CONTR req
mov ax, 0B62EH -
out dx, ax
H
mov dx,DHMAO_S_LOW reg
ax,dx -
PC_ROW,ax%
dec ROW
next_row
[T ROW, 15
cmp PORTS_PEND, 00H iWas data temp. stored for port
. je no_temp stora sbeing serviced ?
H
dx,CHAD_S 1OW regq i¥6s — Send tamp. store from
ax, TEMP_STORE ;RAM to DRAM
out dx,ax
mov cx, MAD OOUNT_req
mav ax, COUNT CHECK
out dx,ax
mov dx, DMAD req
mov ax, 0BE2EH -
out dx,ax
mov COUNT_CHECK, 90H
dec PORTS_PEND
ne_temp store:
ret sNo - Retusn Lo BPC_ACCEPT
SEND HEADER endp
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! A MAKE SPACE 1IN DRMM TO SEND P.C.HEADER

1 If insurficient space exists in the current DRAM block for the P.C.
| header and temporary atorage the rest of the DRAM block will be

I filled with null charac.'s and the file will then cammence at the

! beginning of the next DRAM block.

proc near

oV ax, {DRAM_START LOW+bx+2] jFill rest of this bRAM
mav bx,FILE sblock with NULL charac
mov cx, {PC_START LOW+bxk]
sub ax,cx
mov dx,DMAD COUNT_reg
out dx,ax
;
mav ox,DMAG 5 LOW_reg
lea ax,NULL
out dx, ax
nov dx,DMAQ_CONTR_req
mov ax,0B226H
out dx, ax

;Set to next DRAM block

DRAM BLOCK, 02H
;Top of buffer ?

add {
<mp DRAM _BLOCK,Ql4H

jne no_top buffer
mov DRAM BLOCK, 0CH ;¥es - Start at bottom of
mOV cx,DMA0_D UP_req DR Duffer
me ax, 0FFFCH
out dx, ax
mov dx,DMA) D LOW req
mov ax, C400TH -
Qut ax,ax
no_top_buffer:
call DRAM BLOCK CS :Setup chip selects for new
- ;DORAM block
mov dx, [MAD_5_LOW reg
lea ax,HEAGERT
out ax, ax
ret
MAKE SPACE endp
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NMI INTERRUPT DUE TO DRAM ERROR A . A
NMI will be invcked whenever the parity error detection circuitry
detects a faulty DRAM memory location. The “DRAM ERROA® LED will

; flash providing wvisual indication and all 10 P,.C. ports will be
H disabled.
; —
NMI PARITY proc near
. call DIS_ALL POATS ;Dizable all P.C. ports
parcity errors
Hor PRINT1 IND,Q4H ;Flash DRAM ERROR LED
eV dx, 01BZH
mov al,FRINTL_IND
out dx,al
ment cx, 0FFFFH 7 Time delay
parity delay:
Loop parity delay

jmp parity_error
iret
NMI FARITY endp
:"7" LR e P S P e I e I e e T PR E SRR A R R R R A s AR Ao bt o R At bbb sl sl bRt t] 'I'l!l“','l"l’;

] TIMER 6 INTERAUPT ROUTINE |
{ Timer ¢ i used to either check priater and P.C. port status, ta i
| timeout due to no P.C. responding to a P.C. ports check or no P.C. {
| port respooding when the printer routine re—epables all 10 P.C.'s. |

PR TIETIE
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7
TIMER 0O proc near

. call TIMERQ DISASLE ;Dismable timer ¢
H
cmp MASK OFF PCS,01R  ;Timer @ ta check printer and
jne not_int masiking ;P.C. ports status ?
call FRINTERS BUSY? iYes - Any printers printing ?
¢all CHECK PRINTERS ;Check status of the 2 printer ports
cmp ERAQR PRINTO,COH ;Error on printer 0 7
jo there_is_printerC
cmp ERROR_PRINTL, 00H i¥es — Error on printer 1 ?
Je there i= printercC
mov FRINT ERR_CALL,01H ;Yes — No printers connacted
call DIS_aIL FGARTS :Disable all P.C. ports
mov PRINT ERR_CALL, 00H
: Jmp porta not_dis
there is printerc: - =
mov PRINT ERA CALL,00H ;N0 - Error op printers previously 7
chp PRINT ERR DIS,91H
jne POrts _not _dis
call RENABLE PORTS ;Yas - Ra—enable P.C. ports
BOV PRINT ERR DIS,00H
porta not_dis: - =
moy dx,WHAT PORT MASKE  ;Chack P.C. port status
mov bx, - -
=hr bx,4
and bx,0FH
wdd dx,04H
in al, dx
rcl al,i
jnc pc_is not_on :STROBE = *1% 2
call PC_ON iYes — Switch RB.C. on
iret
pc_is_not_on:
call BPC_OFF i¥o - Switch P.C. off
. iret
not_int masking:
cmp ENABLE TIME,0lH :Timeout due to no P.C. reacting
je enable print ;to a ports check ?
mov dx, A 8755 :Yes — Disable P.C. port that was checked
add dx, 06E
mov al,08H 7INTE = *0°
out ax,al
mov al,GlH ;BUSY = "1°
out dx,al
add A_8355, 010H ;Prepare for next P.C. port to be checked
cmp A B255,060H
jne lower Its
add A_8253,01000
lower ports:
mov PORT_CHECK, 00E
mov bx,PORT ;Unmask and enable P.C. port that
=he ba, CLH ;initiated the P.C. port check
and bx, OFH
cmp bx,67TH
jae slave port
- mov dx,MASTER 1 ;Urmask P.C. port interrupt
mov al, [AND_T3_UNMASK+bx)
out dx,al
jmp master port
slave port:
oV dx,SLAVE_l
ROV al, [AND TO UNMASK+bx]
out dx, al
mOv dx,MASTER 1
mOov al, 07FdH
out dx,al
master port:
mov dx, PORT ;Enable P.C, port
add dx, 06H
mov al, 09H FINTE = *1*
out dx,al
mov al,cH ;BUSY = *Q*
out dx,al
H
merv dx, Is reg sReset 801686 timer 0 IS bit
mov ax, IS init
out du, ax
iret
enable princ:
mov ENABLE TIME,00H ;Printer requested timer ¢
swhilst epabling P.C. ports
mov @x,I5 reg sRezet 8016 timer ¢ IS bit
mov ax,Is init
out dx,ax
cmp MASTER_PRINT,01H ;Printer 0 initiated timer ¢ 2
jne printer 1
Bov dx, 01A&H ;Yes - Enable printer port ¢
mov al, tbH
out dx,al
irex
printer 1:
- nov dx, 0186H iNo - Enable printer port 1
mov al,opH
cut dx,al
iret
TIMER O nd

--11-:?::-...,,,,,,gg,.,",gg-'1-'tst,."','fytaagasss,s:rlftrtgstttvef-stcttysstitt:o-1y'1'yg..’,.y‘1,".'.

TIMER 1 INTERRUPT ROUTINE i
Timer 1 will timeout if a character is not received within 1,02 seceonds i
from when it was enabled. This will therefore indicate to the printer |
=sharer that the P.C. has reached the End Of File (EQF)for the file it i
was sending. i

PR TR T

IMER 1 proc near

call TIMER]1 DISABLE :Disable timer 1

mov dx, FORT 156t CONMECTED LED perm. oo (stop flashing)
add dx, 028

mov bx,dx

ahz b, 048

and bx,0FH

ar [INDICATCR+bx], 018

mav al, [INDICATOR+bx]

out dx,al
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w

w

there_is printerl:

ports not disi:

cont_last_filego:

enable_printl:

cont_last filegi:
only printo:

more_than 1:

printl_master:

cont_lasr filel:

9885 255 §4% B5Y UVRE gRf

inec
add

call

FILERT

3 e

3F &8y
o X
[

§8 RE5E BRER 1%°8

2
"

[ad
H
[ad

[y
O_EN

L

Je

g s

iret

<

e
iret

3

[

EREBE 58

dx, 048
al,08H
dx,ak
al,014
dx,a]

dx,DMAD S UP_reg
ax, 0OH
dx,ax

dx,DMAG_5_LOW _reg
ax, PORM_PEED
ox, ax

dx, DMAD_COUNT_reg
ax, 01E
dax, ax

du, DMA) CONTR_ reg
ax, 0B22EH
dx, ax

bx,FILE

dx,DMAD D UP reg
ax,dx ~ ~
{PC_END UP+bx],ax

dx, IMA)_D LOW req
ax,dx
[BC_END LOW+bR],ax

ax, DRAM_BLOCK
[BLOCK ENDED+hbat], ax
OLD_DAAM BLOCK,ax

dx,Is ¢
ax, Is'ﬁt
dx, a5

PC_IH PROGRESS, OOH
PORT_ENABLE, OAH
BORT_COUNT, GO
PORT_CHECK, GOH
MASK TN PRINT,GOH

PTLES PENDING
NEXT_FILE, 02H

CEECK PRINTERS
ERROR_PRINTO, 00H
there is_printerl
ERROR_PRINTI, 00H
thers is printerl
PAINT BERR CALL,01H
DIS_ATIL FORTS
PRINT ERR CALL,00H
HASKE CFF_PCS,01H
TIMERO ENABLE

dx,I5 _req
ax, IS5 injt
X, ax

BRINT_ERR_CALL, OUH
PRINT_ERR_DIS,CLH
porty not disl
RENARLE PORTS
PRINT_EAR_DIS, 00
HASTER_PRINT, 0IH
Print] master
PRINTO OCCURIED, 01E
cont_laar_fileod
ax, FILE
PRINTERO_FILE, ax

MASTER_MASK, 07FH
ax,MASTER 1
al,MASTER MASK
dx,al -

SLAVE MASK,OF7H
dx, SLAVE_3

al, SLAVE_MASK
dx,al ~

dx, G1AGH
al,oDH
dx,al

PRINT]_IND,01E
only print0

FI PENDING, O1H
more Than 1

FRINT1_OCCUPIED, 01H
cont_last file0l
PRINT1_OCCUFIED, O1H
ax, FILE
PRINTERI_PILE,ax

PRINTI ACTIVATE,OlH

ERDITU_OCG.TEIE!J , 018
enable_printl

BRINT1_OCCUFIED, O1E
cant last_filel
ax,FILE

FRINTER1 FILE,ax

HASTER MASK,Q7FE
dx, MASTER 1

al, MASTER MASK
dx,al -

SLAVE MASK, OEFH

;Cisable
JINTE =

JBUSY =

P.C. port
Yl

e

:Md a form feed charac at

ithe end
2 file

of tranmmissicn of

;Save DRAM Buffer address where last

icharac.

{FORM PEED) is stored

;5ave DRAM block whers last
scharac for this file is stored

;Resst timerl IS bit

;Reset pointer registers for
snext file to be received

sindicate another file pending
f({to be printed)

;Check atatys of the two printers

sError on printer o 7

:Yes - Error on printer 1 ?

iYe= - No printer available,
;disable all P.C. ports

:Bnable timer O

sReset timer 1 IS register

;No ~ Brror on printers
rpreviously ?
iYes — Re—enable all F.C. ports

i¥o - Printer 0 connected 2

;Yes - Printer 0 already printing

ra rfile ?

:No - Load up file number to
:be printed on printer 0

;¥ea - Continue with thia file
rand enable printer 0 interrupt

;Enable printer 0
JINTE =

rye

;Printer 1 cconnected ?

;¥es - Mote than 1 file to be
sprinted ?

:Yes - Was printer I printing ?

iNo - Load up file number to
:be printed on printer I

;Yes - Set pointer to allow printer ¢

;to activate printing on printer 1

;No - Printer 1 already printing ?

iNo - Load up file number

ito be printed on

printer 1

;¥es - Continue with this= file
;ang enable printer 1 interrupt
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mov dix, SLAVE 1
BoY al,SLAVE MASK
out du,al
:
mav dx, 01B6H . ;Enable printer 1
mav al,00H ;INTE ="1"
out dx,al
iret
TIMER 1 end,
A R R L T L Lt e T T LT LY TR IR IS F A A AN IR TINTTN

o INTERRUPT ROUTINE FOR P.C.

On receiving the lst charac. frem P.C. 0 this interrupt routine will
firstly transfer the P.C.'s header as well as any c¢harac.'s that wers
receivad as a result of this port being a pending port. This transfer is
dene from RAM to the DRAM buffer and avalizble space in the DRAM block is
first tested to make sure the transfer will be successfull. The P.C.'s
scrobe line is tested in order to make supe that the interrupt is valid
amt not as a resuit of a power glitch due to the =witching on or off of
the P.C. After 1K bytes have been received this port will allaw a test to
be done on the other B.C. ports in order to check wether they are not
requiring zervice, The TCONNECTED™ LED will flash when the B.C. iz being

LTI T T A

H serviced.
H
PCO_8525% proc near
=V dx, G6H JBUSY = "1°
mov al,01H
out dx,al
nov al,0BH ;INTE = *0*
out dx,al
call TIMERO_DISABLE ;Di=zable the 1 ms timer
H
call DIS_ALL_PORTS ;Disable all P.C. ports
<mp PCRT CHECK,00H :Is this a P.C. port chack ?
je not_checkd
cop PORT, 00 ;Yes - Is it P.C. port 0 7%
je nat_checkd
cmp BCO CHECK, 00H Mo - Has this P.C. port been
ja ¢heCked beforss ;checked baforae 7
inc PORTS_PEND :¥o - Indicate that another
mow al,PORTS_PEND ;P.C. port is pending
mov PCO_CHECK,al
checked bafora0: -
mov dx, 0080 ;No — get charac,
in al,dx
maov =i, TEMP_COUNT_Q :5tore charac. in temp. store
mov [TEMP SIOR.E0+::L].al
inc TEMP_COUNT 0
mony PORT CHECK, 00H ;Reanable pointer to check other
- ;P.C. ports that are pending
CALL RESET_IS INTRM ;Reset IS bits (8259A & 80186)
add A_8255,010H jNext P.C. port to be checkad
cmp A 8255,060H
ine 1ower chaecko
. A_8255,010CH
lower_chesk0:
call RESTORE CALL PC :Restore P.C. port that imjtiated
iret ;check
not_checkf:
call TIMERI_DISASLE :No - disable timer that
- ;checks for EOF
crp PC_IN_PROGRESS,01H ;Is this the 15t charac. for this file ?
je acceptl
test_againO:
cmp PCO_CONH_COUNTER,95B ;No - Is P.C., definively on 7
jae pe_: sumtched ond
mov dx, G4H
in al,dx
rcl al,1
jnc pc_switched orffg 28tTobe = "1' 2
oV <x, 0FFFFH iYes - P.C. is on
time cdelay0:
loop time delayd
inc BCO_ON_COUNTER
imp test_againg
pc_switched_ong:
mav PCO_ON_COUNTER,0O0H ;P.C. has a file to send
j=p receive char0
pc_switched off0:
mav BPCO_ON_COUNTER,UGH ;Power glitch caused intecrupt
call RESET_IS_INTRM ;Razet IS bita (d9259A & 80186)
mov MAsK DFF_PCS,01H ;Timer 0 to check port status
call TIMERC_ENABLE
iret
receive _charl:
- mov dx,MASTER 1 ;Mask all interrupts on master
mov al,OFEH sand slave 8259A's
out dx,al
mnov dx,SLAVBHI
mOv al,QFFH
out dx,al
v PORT, HOH ;Inirialise temp. sturage
mov ax,TEMP COUNT 0O
mov TEMP_COUNT 0,304
mov COUNT CHECK.
lea ax, TEMP_STOREO
mov TEMP_STORE, ax
mav ax,NEXT_FILE ;File number for this file
oV FILE,ax
;
lea ax,PCd_ROW
mov #C_ROW, ax
acceprO:
call PC_ACCERT ;Check zpace,send header and
- ;temp. store and receive charac
cEp [FC_IND_COUNT],C03PH ;FPlash "CONNECTED LED" to
ine led_stays as is0 sindicate file being received
xor [IKBICATOR], T18
mov <x, 028
mov al, [INDICATCR]
out dx,al
mov {PC_INDY COUNT], 00H
led =tays as ix0:
ine [PC_IND COUNT]
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CALL RESET IS INTRM iReaet IS bitx (8259A & 80186€)
inc PORT_COUNT
cp PCORT_CCUNT, 1024 iHas 1024 bytes been recsived ?
in net Tk_0
call PORTS CHECKER iYea - Check whether any cther
iret JP.C. ports require service
not 1K 0:
call TIMER] ENABLE /No — Setup timer 1 to timeout
;in 1,02a (BOF if timeout)
ROV dx, 06H
mov al,08H 7INTE = "1°
out dx,al
wmov al,ocn SBUSY = *0O*
out dx,al
iret
PCO_8259  endp
;‘l"11‘7?’T‘t’t!Qti"'ltii”"!t"t""s.-‘fnnt-.oct!:ttttfl‘liiI"t”c."!!l’ L2223
INTERRIFPT ROUTINE FOR P.C. 1

On receiving the Ist
firatly transfer the
received as a result
done from RAM to the
first tested to make

charac. from P.C. 1 this interrupt routine will
P.C."3 header as well as any charac.'s that were

of this port being a pending port, This transfer is
DRAM buffer ahd awaliable space in the DRAM block ia
sure the transfer will be succesafull. The P.C.'s
strobe line is tested in crder to make sure that the interrupt is valid
and not as a result of a power glitch due to the switching on or off of
the B.C. After 1K bytes have been received this port will allow a tesat to
be done on the other P.C. porta in order to check wether they are not
requiring service. The ®CONNECTED™ LED will flash when the P.C. is being
=erviced.

L R TR TR IR 1O PR M P SR

Cl_8259 proc

.

checked beforel:

lomer_checkl:

not_chackl:

test_againi:

time delayl:

pc _=witched onl:

pc_switched offl:

receive_charl:

acceptl:

near

aout

add

jne
add

call
irec

call

rcl

loop

dx, 0168
al,0ln
dx,al

al,C8H
dx,al

TIMERO_DISABLE

DIS_ALL PORTS
PORT_CHECK, 00K
not Checkl
BORT, C10H
not_checkl

BC1” CEECK, 00H
checked beforel
PORTS_PFEND
al,FORTS_PEND
PCl_CHECK,2)

dx,010H

al;ax

=i, TEMP COUNT_1
[TEMP_STORE1+3i],al
TEMP_COUNT_1
PORT_CHECK, 008

RESET_IS INTRM

A_B255,010H
A_8255, 060H
lower checkl
A _B255, 01008

RESTORE_CALL_FC

TIMER] DISABLE

PC_IN_ PROGRESS,01H
acfeptl

PC]l_ON_COUNTER, 0SH
== Mtched onl
dx,014H

al,d.n

al,l

pe_switched offl
cx, CPFFFH

time_delayl
PC1_ON_COUNTER
tesT_againl

PCl_ON CKJJNTER,DOK
receive_charl

PCl_OW COUNTER, 00H
RESET IS5 INTRM
MASK_OFF PCS,01H
'rmsan_sﬁmx.x

dx, MASTER 1
al,0FDE
dx,al

dx,SLAVE 1
al, OFFE
dx,al

BORT, 0L0H

an, TEMP COUNT_1
TEMP_COUNT_1,00H
COUNT CHECE, ax
ax, TEMP STOREL
TEMP_STORE, ax
ax,NEXT_FYLE
FILE,ax

ax, FCl_ROW
PC_ROW, ax

PC_MCTEPT

[PC_TND_COENT+1], 03FE

FBUSY = *1°*

JINTE = *0°

iDisable the 1 ms timer

:Disable all P.C. ports
7;Is this a P.C port check 7

iYea — Then is it P.C port 1 ?

iNo - Has this P.C. port been
ichecked bafore ?

;No - Indicate that another
iP.C. peort is pending

iNe — get charac.

iStore charac. in temp. store
7Reanable pointer to check cther
IP.C. porta that are pending
sRezet IS bits (8253 & BOlBE)

iNext P.C. port to bs checked

;Restore P.C. port that imitiated
jcheck

iNo — disable timer that
ichecks for EQF

;Is this the 1st charac. for this file ?

iNo - Is P.¢. definitely on ?

:Strobe = *1* %
i¥es - P.C. is on

7P.C. has a file to send

;Power glitch caused interrupt

pt
;Reset 15 bits (B255A & 80186)

;Timer 0 to check port statux

sMask all ipterrupts on master

jand =lave B258A's

sInirialise temp. storage

:¥File number for this file

;Check spacse,send header and

itemp. atore and receive charac.
;Plash "CONNECTED LED* to
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led_stays_as isl:

not_1K_I:

‘BC1_8259 e

R L R L b A R g L L P ]

jre

call
iret

call

mery
mov
out
mov
out
iret

led stays as isi sindicate
[INDICATOR+1T, 01H

dx, 0124

al, [INCICATOR+1]

dx,al

[PC_IND COUNT+1],00H

[PC_IND_CoUNT+1]
RESET_IS_TNTRM

PORT CGUNT

PORT COUNT, 1024
not_I¥ 1
PORTS_CHECKER

TIMER] ENABLE

dx, 0168
al, 09y
dx,al
al, 008
dx,al

file being received

;Reset IS bits {B8259A & SCGlE6}

7Has 1024 bytes been raceived 7

;Yes - Check whether any other
;P.C. ports require service

;No — Setup timer 1 te timecut
;7in 1,022 {(BOF if timeout)

FINTE = °*1°

;BUSY = "Q*

firstly tranafer the
received as a result
done frowm RAM to the DAAM buffer and avaliable
sure the transfer will be successfull. The P.C.°3
strobe line is tested in order to make =ure that the interrupt is valid
and not as a result of a2 power glitch due to the switching omn or off of
the P.C. After 1K bytes have been received this port will allow a test to
be done con the other P.C. port3 in order to check wether they are not
requiring service. The “CONNECTED™ LED will flash when the #.C. ix being
serviced.

firat tested to make

IRTERRUPT ROUTINE FGR P.C.

on receiving the lst charac. from P.C. 2 this
P.C."s header a® well as any charac.'s that were
of this port being a pending port. This transfer is

2
interrupt routine will

space in the DRAM block is

L R I I T T T T T S

C2_8259 proc

checked before2:

lower check2:

not_checki:

test_againz:

time delay2:

pc_switched_cn2:

pc_switched off2:

raceive_charl:

near

mov
mov
out
mov

out
call

call

9 BEREFE BEEEQ¥EES

ine
add

call
iret

call

call

g

call
iret

1585 28 244

s
[

dx, 0268
al, 01E
dx,al

al, 09K
ax,ai

TIMERO_DISABLE

DIS_ALL PORTS
PORT CHECK,00H
not_Check2

PORT, 0208
not_check2

PC? CHECK, Q0B
checked before?
BPORTS PEND

al, PORTS_PEND
PC2_CHECK,al

dx, 0204

al,dx

i, TEMP_COUNT 2
{TEMP_STORE2+sil,al
TEMP COUNT 2

BORT_ CHECK, 00H

RESET_IS_INTRM

A 5255,010H
A_6255,060H
lower check2
A _825%,01008

RESTORE_CALL PC

TIMER! DISABLE

PC_IN PROGRESS,01H
accept2

PCZ_ON COUNTER, 05H
pc_swilched_onz
dx,024H

al,dx

al,l
pc_switched_off2
cx, OFFFPFH

time delay2
PCZ_ON_COUNTER

test again2

PC2 ON_COUNTER, 0CH

receive_char2

PC2_ON COUNTER, 00K
RESET_IS_INTRM
MASK_OFF_pCs, OLH
TIMERC_ENABLE

dx,HASTER_1
al, 0FEH
dx,al

dx, SLAVE 1
al, 0FPE
dx,al

PGRT, 0208

ax, TEMP_COUNT 2
TEMP_COUNT 2,00
COUNT CHECK, ax
ax, TEMP_STORZ2
TEMP_STOAZ, ax

JBUSY = *1°*

:INTE = 'O°

;Disable the I ms timer

;Disable 211 P.C. ports
iIa this a P.C. perc check 7

:¥es - Then is it P.C. port 2 ?

7No - Has this P.C. port been
;checked bafore 7

iNo - Indicatae that another
;P.C. port is pending

;Get charac.

;Store charac. in temp., store
;Reanable pointer to check othar
;P.C. ports that are pencing
sRe=at IS5 bits (B2S9%A & BO1E6)
sNext P.C. port to be checked

;Resatore P.C. port that initiated

zchecik

;No - disable timer that
schecka for EQF

;Is this the lst charac for this file ?

;No - I3 P.C, definitely on 2

jStrobe = 17 7
iYes - P.C. 13 on

;#.C. has a file to send

;Power glitch caused interrupt

P
sRezet IS bits (8259A & BOlE6)

;Timer 0 to check port status

;Mask all ipterrupts oo mastar
;jand =lave B2595A's

;Initialise temp. storage
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accept2:

led_stays_as_is2:

i

not_1K 2:

PC2_8259% end

N N S N N N N T T T R N T T T T T T P T N T r e R R P R R T P I N I N A NN E S F SIS AT RN AN T AR RIS

lea

call

cmp
jne
AKor
mov
mow
aut
mov
inc
CALL

inc
cmp
ib

call
iret

call

mov
ooy
out
mov
cut
iret

ax,NEXT_FILE
EXLE,ax

ax,PC2_ROW
BC_ROW, ax

PC_ACCEPT

[PC_IND_COUNT+2],03FH

led =tays as is=2

[ INDICATCR+2], 01H

dx, 0224

al, [INDICATOR+2]
-1

{PC_IND _COUNT+2],00H

[PC_IND COUNT+2]
RESET_IS INTRM

PORT_COUNT
BORT_CCRT, 1024
not_1lik 2
PORTS_CHECKER

TIMER]_ENABLX

dx, 0264
al,0%H
dx,al
al,00H
dx,al

;Pile numbar for this file

;Check space,send header and

rtemp. store and receive charac.
;Flaah TCONNECTED LED™ to
rindicate file beinyg received

sReast IS bits [8259A & 80186}

;Has 1024 bytes been received 7

:Yes — Check whether any other
;P.C. ports require service

iNo - Setup timer 1 to timecut
;in 1,02a (EOF if timecut)

FINTE = "1°

:BUSY = '0°

~

INYERRUPT ROUTINE FCR P.C. 3

On receiving the lst charag¢. from P.C. 3 this interrupt routine will
firstly transfer the P.C.'s header a% well as any charac.'s that ware
received as a rasult of this port being a pending port. Thia tracsfer is
dope from RAM to the DRAM buffer and avaliable apace in the DRAM block is
first tested to make sure the transfer will be successfull. The P.C.'s
strobe line is tested in order to make sure that the interrupt is valid
and not a3 a4 result of a power glitch due to the =witching om or off of
the P.C. After 1X bytes have been received this port will allow a test to
be done on the other P.C. ports in order to check wether they are not
requiring service. The “CONNECTED™ LED will flash wnen the P.C. is being
serviced.

LR R R R TN

C3_8259 proc

checked beforel:

lower_checki:

not_check3:

test_again3d:

time delaya:

pe_switched on3:

pc switched ofri:

receive char3:

neayr

mov
aut

T

FEIEET

dx, G36H
al,0lE
dx,al

al, 08H
dx,al

TIMERO_DISABLE

DIS_ALL PORTS
PORT_CHECK, 0CH
not_checik3
PORT, 030H
not_checkl
PC3I_CHECK, 00H
checiked before3
PORTS PEND

al, PORTS FEND
PC3_CHECK, al

dx, GICK

al,dx

=i, TEMP COUNT 3
[TEMP_STOURE3+3i],al
TEMP_COUNT 3
PORT_CHECK, 00H

RESET_I§_INTEM

A_8255,0108
A_B255,060H
lower check3
A_825%,01008

RESTORE CALL PC

TIMER]_DISABLE

BPC_IN PROGRESS,U1H
acceptl

BC3_ON_COUNTER, 058
pe_switched ond

al,1l
pc_switched_off3
<, OFFFFH

time_delay3
PC3_ON_COUNTER
test againd

PC3_CN_COUNTER, 0OH
receive charl

PC3_ON_COUNTER, 00H
RESET_I5S INTRM
MASK _OFF PCS,01H
TIMERO_ENADLE

;BUSY = '1°%

FINTE = *0°

;Disable the 1 ms timer

;Dimable all P.C. ports
;Is this a P.C. port check ?

;Yes - Then is it P.C. port 3 7
;No - Has this P.C. port been
;checked before 7
:Na - Indicate that anothaer
;B.C. port is panding
;Get charac.
;Store charac. in temp. store
;Reanable pointer to check other
;P.C. ports that are pending
;Reset IS bits (B259A & BOLB6)

iNext P.C. port to be checked

;Restore P.C. port tkhat jnitiated
scheck

;Ko - disaple timer that
jchecks for EOF
21Is this the 1lst charac. for this file ?

;No - Is B.C. definitely on 7

;Stroba = *1% 2
;Yes - P.C. is on

;B.C. has a file tc send

;Power glitch caused interpupt
sRaset IS bits ({8259A & BO1E6)
:;Timer 0 to check port statys

sMask all interrupts on master
jand slave 8255A's
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mov al,QFFH
oug dx,al
BOV PORT, 030K ;Initialise temp. storage
ROV ax, TEMP COONT 3
mov TEMP_COUNT_3,00H
nov COUNT_CHECK, ax
lea ax, TEMP STORES
AV TEMP STORE, ax
nav ax,NEXT_FILE ;File number for this file
mow PILE,ax
lea ax, PC3_ROW
moV PC ROW,ax
accepti:
call PC_ACUERPY ;Check apace,send header and
;temp. atore and receive charac.
cmp [PC_INT* COUNT+3],03FH :Flash “CONNECTED LED™ to
jne led_=tays_as is3 sindicate file being received
xor {INDICATOR+3T,01H
mav dx,03ZH
mov ai, {INDICATQR+3}
out dx,al
mov [PC_IND COUNT+3],00H
led_stays_as_ia3: - -
inc [PC_IND COUNT+3)
. CALL RESET IS_INTRM :Reset IS hits (8253A & R0186)
inc PORT_COUNT
cmp PORT_COUNT, 1023 ;Has 1028 bytes been received 7
3b not_lk 3
¢all BORTS_CHECKER :Yea = Check whether any cther
iret ;P.C. ports require service
not K _3:
call TIMER]1 ENABLE ;No - Setup timer 1 to timecut
jin 1,02= (BOP if timeout}
mov dx, 03cH
mov al,09H ;INTE = *1°*
aut dx,al
mov al,00H ;BUSY = "O°
out dx,al
iret

2C3_§25% erndp
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H INTERRUPT ROUTINE FOR P.C. 4

On receiving the lst charac. from P.C. 4 thia interrupt routine will
firstly transfer the P.C.'s header as well as any charac.'s that were
received as a result of this port being a pending port. This tranafer ia
done from RAM to the DRAM buffer and avaliable space in the DRAM block is
first tested to make sure the transfer will be succeasfull. The P.C.'s
strobe line is tested in order to make sure that the interrupt is valid
and not a= & result of a power glitch due to the switeching on or off of
the P.C. After 1K bytes have been received this port will allow a teat to
be done on the other P.C. ports in order to check wether they are not
requiring service. The “CIONNECTED™ LED will flask when the P.C. is being

LI

; serviced.
H
PC4_8259%9 proc near
mav dx,046H JBUSY = *1°*
L al,01H
out dx,al
mov al,08H FINTE = '0°
out dx,al
call TIMERC_DISABLE :Disable the ] ms timer
call DIS_ALL PORTS ;Disable all P.C. ports
cmp PORT_CHECK, DOH ;Ia this a P.C. port check 7
je not_checkd
cmp BORT, 040H :Yes - Then is it P.C. port & %
ie not_checks
cmp PCL_CHECK, 00H ;No - Has this P.C. port been
ja chedked befored ;checked before ?
inc PORTS_PEND iNo - Indicate that another
mov al,PORTS PEND ;B.C. port is pending
Y PC4 CHECX,al
checked befored: -
- mov dx,040H ;Gar charac.
in al,dx
mov si, TEM2 COUNT_A ;Steore charac. in temp. store
mav [TEMP_STORE&+3i],al
inc TEMP COUNT_4
mov PORT CHECK, 00H ;Reanable pointer to check other
- ;P.C. ports that are pending
CTALL RESET IS INTRM ;Resat IS bits (B255A & BO186)
add A _B255,01CH ;Next P.C. port to be checiked
cmp A_8255, 060K
ine lower chackt
add A 8255, 0100H
lower checks: ..
- call RESTORE CALL PC ;Rastore P.C. port that initiated
iret - - ;check
not_checkd: )
- call TIMER)_DISABLE ;No - disable timer that
- :chacks for EOF .
cnp PC_IN_FROGRESS,01H :Is this the lst charac. for this file 2
ja acceptl
teat_againg: .
- cmp PCL ON COUNTER,05H :No - Ix P.C. definitely on 7
jae pc_switcned ont
mov dx, Q448
in al,dx
rel al,l
jnc pc_zwitched offd ;Strobe = "1* 7
ROV cx,JFFFFH iYes - P.C. i3 On
time delayd:
- loop time delayé
inc PC4_ON_COUNTER
jmp test_againt
pe_swWwitched ond: R
- - mov PCS_ON_CTUNTER,COR ;P.C. has a file to send
jmp receive chard
switched aoffid:
pe- - mav pei OH COUNTER, 008  :Powar glitch caussed interrupt
call RESET_IS_INTRM ;Reset IS bits (8259A & H013&}
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receive char4:

accepti:

led_satays as isa:

not 1X 4:

PCY 5239 endp

R R L d L LT T ey e T

g

4

out
iret

MASK OFF ECS, O1H
TIMERO_ENABLE

dx,MASTER 1
al, OBFH
ds_al

dx,SLAVE_ 1
al,0FFH
dx,al

EGRT,040H

COUNT_CHECK, ax
ax,TEMP STOREL
TEMP STORE, ax
ax,NEXT FILE
FILE,ax

ax, pC4_ROW
PC_Rm, ax

PC_ACCERT

[PC_IND_COUNT+%1,83FH

led stays aa_iad
{INDICATOR+4],01H
dax, 0428

al, [INDICATCR+4]
dx, al

sTimer 0 to check port status
;Mask all interrupts on master

sand slave B2S59A‘s

;Initialise temp. storage

;File number for this file

;Check space,send header amd

itemp. store and receive charac.
7Flash “CONNECTED LED* to
:indicate file being received

[BC_IND COUNT+4],00H

[FC_IND counT+4]
RESET_I§_INTRM

PORT_COUNT
PORT_COUNT, 1024
not_Tk 4
PORTS_CHECKER

TIMERL_ENABLE

dx, 046H
al, 09H
dx a1
al, 00H
dx_al

sReset 15 bits (8253A & 90186}

;Has 1024 bytes been received 2

;Yes - Check whether any other
;P.C. porta require servica

;N0 — Setup timer 1 to timeout
sin 1,023 (BOF if timecut)

;INTE = "1°

sBESSY = *Q¢

IKTERRUPT ROUTINE FOR F.C, 5

on receiving the lat charac. fram P.C. 5 this interrupt routine will
firstly transfer the P.C.‘'s header as well as any charac.'s that were
raceived as a result of this port being a pending port. This transfer is
done from RAM to the DRAM puffer and avaliable space in the DRAM block is
first tested £O make surs the transfer will be successfull. The P.C.'s
strobe line is tested in order to make sure that the interrupt is valid
and not as a result of a power glitch due to the switching cn or off of
the P.C. After 1K bytes haive been received this part will allow a test to
be done on the other p.C. ports im order to check wether thay are not
requiring service. The “COMNECTED™ LED will flash when the P.C. iz being
serviced.
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C5_8255 proc

checked befores:

lower_checkS:

rot_checks:

test_againaS:

time delay5:

near

dx, 056H
2l,01H
dx, al

al,08d
dx,al

TIMERO_DISABLE

DI ALL PORTS
BORT_CHECK, 00X
nat _checkd
PORT, 0508
not_checks
BCS_CHECK, G0H
checked_befores
PORTS_PEND

al, PORTS_PEND
BCS_CHECK, al

dx, 0SCH

al,dx

ai, TEMP_COUNT 5
ITEMP_STORES+3i].al
TEMP_TOUNT_S
PORT_CHECK, 90H
RESET IS _INTRM

A_8255,010H
ATE255,060H
lower check$
A_8255, 01008

RESTCRE CALL_PC

TIMERI_DISABLE

EC_IN_PROGRESS, 01K
dccepth

PC_switched off5
cx, OFFPFFH

;BUSY = *1°

SINTE = '0*

:bisable the 1 ma timer

;Disable all P.C. ports
;Ia thi=z a P.C. port check ?

;Yesx - Then ia it P.C. port 5 2
;No - Has this P.C. port been
;checked before?
;Na - Indicate that another
;P.C. port is pending
;Get charac.
;Store charac. in temp. 3tore
:Aganable pointer to check
;jother P-C. ports that are pending
rRaset IS bits (8259A & BClBE)

;Next P.C. port to ba checked

sHestore P.C. port that initiated
icheck

:No — disable timer that
;checks for EOF
7Is this the lst charac. for this file ?

iNo - Is p.C. cdefinitely ca ?

;Strobe = '17 2
;Y¥es - P.C, iz on
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pc_switched onS:

pe_switched offs:

recaive char5:

accepti:

led stays_as_ixs:

;

i

not_ 1K 5:

PC5_8253 endp
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Cop
jne
xor

out
mov

inc

iret
call

mov
mav
out
mov
out
iret

time delays
PCS5_ON_COUNTER
test_agains

FCS_OM_COUNTER, 00H
receive_chars

- PC3_ON_OOUNTER, O0OH

AESET IS INTAM
MASX OFF PCS, DIH
TIMERG_ENASLE

dx,MASTER_1
al, 0DFY
dx,al

dx, SLAVE_E
al,0FFH
dx,al

PORT, USDH
ax, TEMP COUNT 5
TEMP_COUNT_S5,00H
OCOUNT CHECK, ax

ax, TEMP_STORES
TEMP_STORE, ax
ax,NEXT FILE

FILE,ax

ax, PCS_ROW
BC_RCHW, ax

BC_ACCEPT

[PC_IND COUNT+5],03FH

led_stays as_is5
[INDICATOR+S],01E
dx, 0524

al, [INDICATOR+S]
dx,al

[EC_IND COUNT+S],00H

[PC_IND_COUNT+5)
RESET_IS_INTRM

PORT_COUNT
PORT COUNT, 1024
not_lk S
PORTS_CHECKER

TIMER] ENARLE

dx, 056H
al,a%8
dx,al
al,00B
dx,al

P.C. has a file to send

iPower ¢litch caused interrupt
;Reset IS bits (B259A & 80186}
;Timer 0 to check port atatus

iMask all interrupts on master
;and alave HZ59A"=

sInitialise teap, storage

iFile mumber for this rfile

sCheck =paca,send header and

jtemp. atore and receive charac.
;Plaszn “COMNECTED LED™ to
rindicate file being received

sReset IS bits (825%A & 80186)

;Bas 102% bytes been received ?

;Yes - Check wnether any other
;P.C. ports require service

iNo - Setup timer 1 to timeout
fin 1,023 (EOF if timaeout)

FINTE = *1*
sBUSY = Q¢

Yy

INTERRUPT ROUTINE FOR P.C. 6

On receiving the 13t charac. from P.C. § this interrupt routine will
firstly transfer the P.C."3 header as well a3 any charac,.'s that were
received as a result of thia port being a pending port. This transfer is
done from AAM to the DRAM buffer and avaliable space in the DRAM block ia
first tested tc¢ make sure the transfer will be successfull. The P.C.'s
atrobe line is tested in order to make sure that the interrupt is valid
and not a¥ a result of a power gliteh due to the switching on or off of
the P.C. After 1K bytes have been received this port will allow i test to
beé done on the other P.C. ports in order to check wether they are not
requiring service. The "CONNECTED™ LED will fla=h when the P.C. i3 being
serviced.

H
B
B

C6_825% proc

checked before6:

Iomer_checkf:

not_checksé:

near
oV

aut

dx, 01660
al, o1y
dx,al

al,08H
dx,al

TIMERG DISABLE

DIS_ALL PORTS
PORT_CHECK, GOH
not_checké
PORT,ClE0H
not_checké
PCE_CHETK, 0CH
checked beforeb
PORTS_PEND

al, PORTS_FPEND
PCH_CHECK, 21

dx,0160H

al,dn

3i, TEMP COUNT_6
[TEMP STORBGw=i],al
TEMP_COUNT_&
BORT_CEECK, 0OH

RESET_IS_INTRM
A _B255,010%

A _B255,0608
lower check&

A _8295,0100H

RESTORE_CALL PC

TIMER] DISAHLE

PC_TM_PROGRESS, 01H
accepté

;3USY = *1*

JINTE = *Q°

:Disable the 1 =y timer

;Dizable all P.C. ports
;Is thiz a P.C. port check ?

iYes — Then ia it P.C. port € 7
;No - Has this P.C. port been
;checked before 7
sNo - Indicate that ancther
iP.C. pOIt is

sGet chara<.
;Stere charac. in temp. store
;Reanable pointer to check
;ocher P.C. ports that are pending
sReset 15 bits (8253A & 80186)

sNext P,C. port to be checked

:heatore P.C. port that initiated
icheck

Mo - disanle timer that

jchecks for EQF
;Is this the 13t charac. for this file 7
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test_againé:

czp BCE_OK COUNTER,05H :No - Is F.C. definitely on ?
Jae PC_switched oné
mov dx, 0r6aH T
in al,ds
rel al.l
joe pe_switched off6 iStrobe = "1* %
. mov <x,0FFFEH Yes - F.C. is on
time delayé:
loop time delay6
ine PCE_GN_COUNTER
. Jmp test_againé
pc_switched oné: -
mowv PCE_CH_COUNTER,00H :P.C. has a file to send
) jmp receive_charé
pc_switched offé: -
BV PCE_ON_COUNTER,0QH ;Power glitch caused intarrupt
call RESET_I5_INTRM ;Reset IS bits (8239A & 8Q1B6)
mav MASK OFF PCS,ClH ;iTimer 0 to check port status
call TIMERC ENABLE
. iret -
EeCelVe_cha:ﬁ H
nov dx, MASTER_1 ;Mask all interrupts on master
v al, 0BFH ;and slave B255A'a
out dx,al
mov dx, SLAVE 1
mov al,0FFE
out dx,al
mav FORT, 0160H ;Initialise temp. storage
mov ax, TEMP_COUNT_6
mav TEMP COUNT &,00H
o COUNT CHECK, ax
lea ax, TEMP_STOREG
zmow TEMP_STGRE, ax
mov ax,NEXT FILE ;File mmber for this file
.. T FILE,ax
lea ax, pCe_ROW
mov PC_ROW,ax
accepté:
call PC_ACCEPT ;Check 3pace,send header and
;jtemp. score and receive charac.
cimp [FC_IND COUNT+6], 03FH :Flash "CONNECTED™ LED to
jne led"srays_as isé ;sindicate file being received
sor [INDICATOR+6],01H
mov dx,9162H
mow al, [INDICATOR+6]
out dx,al
mov [PC_IND COUNT+E],00H
led stays_as is6: T
inc [PC_IND COUNT+6]
CALL RSSET__IS'INTRH ;Reset IS bits (8259%A & H01d6)
inc PORT_COUNT
cmp PORT COUNT, 102& ;Has 1024 bytes been received 7
jb not Tk 6
R call PORTS_CHECKER iYes — Check whether any other
iret - ;P.C. ports require service
not_1K_&:
call TIMER] ENABLE iNo -~ Setup timer 1 to timeocut
- :in 1,02s (EOF if timeout)
mov dx, 0166H
mov al,Q%H JINTE = *1°
aut dx, al
BIV al,S0H sBUSY = *Q°
out x,al
iret

PCE_B5255 endp
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| INTERRUFT ROUTINE FOR MASTER IR7 (NOTSE) i
{ Thi= interrupt will occur due to oocise on any of the 8259A's interrupt |
1 i

lines.
MASTER_IR7 proc near
CALL RESET IS INTRM ;Reset I3 bits (89259A & B8U186)
irec
MASTER IRT endp

TR R P T R T LY L e L e ey
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INTERRUPT ROUTINE FOR P.C. 7

On receiving the 1lat charac. from P.C. 7 this interrupt routine will
firatly transfer the P.C.'s header as well a3 any charac.'s that were
received as a result of this port being a pending pert. Thias tranafer i=s
done fram RAM to the DRAM buffer and avaliable space in tha DRAM block ia
first tested to make sure the transfer will be successfull. The P.C.'s
strobe line is tested in order to make sure that the interrupt is valid
and not a= a reyult of a power glitch due to the switching on or off of
the P.C. After 1K bytes have been received this port will allow a tast to
be cdone on the othar p.¢. ports in order to check wether they are not
requiring service. The "CONNECTED"™ LED will flash when the P.C. is being

L P

serviced.

C7_8253 proc near
oY dx,0176H ;BUSY = "1°*
OV al,01H
out dx,al

:
mov al,08d JINTE = "Q°*
out dx,al
call TIMERO_DISABLE ;Dizable the 1 ms timer
call DIS_ALL PORTS iDisable all P.C. ports
<mp PORT CHECK,00H ;13 thi= a P.C. pert check 7
ie not_check?
cmp poRT, 0170H sYes - Then is it P.C. port 7 2
je not_check?
=% PCT_CHECK, COH :No - Has this P.C. port been
ja checked before? ;checked before 7
inc PORTS_PEWD i¥o - Indicate that another
mov al,PORTS PEND jF.C. port is pemting
mav PCT CRECXK,al

checked before?: N

- mov dx, 0170H ;Get charac.

B-26



in al,dx
mov =i, TEMP COUNT 7 i5tore charac. in temp, store
o [ TEMP smm*:;l.al
inc TEMP COUNT_7
mov PORT_CHECK, 00H ;sReanable pointer ta check aother
7F.C. ports that ara pending
} CALL RESET_IS_INTRS ;Reset IS bits {8259A & BOlE6)
add A_B235,010E ;Next P.C. port to he checked
cmp AT8255,060H
jne lower check?
add A_B25%,0100H
lower check?: -
call KESTORE CALL PC iRestora P.C. port that initiated
iret - :check
not_check?:
call TIMER1 DISABLE ;No - disable timer that
sehecks for EQOF
cmp BC_IN PROGRESS,01H ;Is this the lst charac for thisx file 7
je accept?

test_again?:
PC? _ON_COUNTER,05H N0 - Is P.C. definitely on 7

Jae pc_switched_on7
mov dx,0174H
in al,dx
el al,t
jne pe_switched off7 iStrobe = '1° 2
A mov ox, OFFFFH iYea - P.C. i= on

time delay7:
loop time_delay?
inc PCT_ON_COUNTER

; jzp test_again?

pc_switched on?: -

mov PCT_ON_COUNTER,QOE ;P.C. has a file to send
R Jmp receive_char?

pC_switched off7:
mov PCT_GM_COUNTER,00H ;Power glitch caused interrupt
call RESET IS_INTRS ;Reset IS bits (B259A & BO186)
oA MASK OFF 2C5,01H ;Timer 0 to check port status
call TIMERO SNABLE
irst

receive char7:
mov dx,MASTER 1 :Mask 211 interrupts on master
mov ai,Q7FH iand alave B259A's
out dx,al
mov dx, SLAVE_1
nov al, 0FEH
out dx,al
mew BORT,O0LTOH ;Initialise temp., sturage
maov ax,'tm GOUNT 7
mov TEMP_CGUNT_7,T01
mev COUNT CHBCK.ax

lea ax, TEMP_STORE7

mov 'rsnp_smsm.ax

oV ax, NEXT FILE ;File number for this file

mov FILE,ax

lea ax, PCT7_ROW

mov PC_ROW, ax
accept?: -

call PC ACCEPT ;Check =pace,send header and

- itemp. store and receive charac.

feied {PC_IND ) COUNT+7}, 03FH FPlaah “CONNECTED™ LED to

jne led atays_as is7 iindicate file being received

Xor [INDICATCR+7],01H

mon dx, 01728

mov al, [INDICATCOR+7]

our dx,al

mov {PC_IND COUNT+7],00H
led =tays_as_is?: -

ine [PC_IND COUNT+T]

CALL RESET _IS_INTRS 7Reser IS bits (8259A ¢ 90186)
;

inc PORT_COUNT

cmp PORT COUNT, 1028 :Has 1024 bytes been received ?

ib not_T% 7

calil PORTS CHECKER :Yes - Chack whether any other

iret - ;P.C. ports require xervice
not 1K 7:

call TIMERL_ENABLE ;No - Setup timer 1 to timeout

;im 1,028 (EOF if timeout)

nOV dx, 0176H

mov al,09%H $INTE = 1"

out dx,al :

e a1,00H JBUSY = *0°*

out dx,al

iret

PC?_825% endp
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| INTERAUPT ROUTINE FOR F.C. 8

{ on receiving the 1st charac. fram P.C. § this interrupt routine will
firstly transfer the F.C."s header as well as any charac.'s that were
received 42 a result of thiz port being a pending port. This tranafer ix
done from RAM to the DRAM buffer and avaliable space in the DRAM block is
fir=t tested to make mure the transfer will be successfuil. The P.C.'x
strobe line is tested in order to make sure that the interrupt is valid
and pot aa a resuit of a power glitch due to the switching or off of
the P.C. After lK bytes have been received this port will allow a test to
be done on the other P.C. ports in order tao check wethar they are not
requiring #ervice. The “CONNECTED™ LED will flash when the F.C. is heing

H
H
i
H
V
H
v
H

serviced.
C8_8259% proc near
mOV odx, 01868 JBUSY = *1°
mov al, 018
out ax,al
’ mov al,0g8H ;INTE = *(Q°
out dx,al
’ call TIMERO DISASLE ;Disable the 1 ms timer
’ call PIS ALL PORTS Disable all P.C. ports
c=p PORT_CEECK, GOB ;I3 thia a P.C. port check 7
je not_chkeckd
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cmp PORT, 0180H 2Yea - Then is it p.C. port 8 2
Jje not_checkd
cmp PC3_CHECK, 00H sNo— Has this P.C. port been
ja checked_beforeg ischecked before 2
inc PORTS_PEND iNo - Indicate that another
mov al,PCRTS_PEND ;P.C, port is pending
mow PC8_CEECK,al
chacked beforef: -
mav dx,0L80H ;Gat charac.
in al,dx
mov =i, TEMP_COUNT_B ;Store charac in temp. store
nov [TEMP_STOREB+si),al
inc TEMP_TOUNT_8
mov PORT_CHECK, CCH ;Reanable pointer to check other
;P.C. ports that are pending
. CALL RESET_IS INTRS ;sReset IS bits (B259A & HOLBE)
add A _8255,010H iNext P.C. port to be checked
cmp A _H255,060H
jne lower check8
add A _8253,0100H
lower check8: -
call RESTORE_CALL PC ;sRestore P.C. port that initiaced
iret scheck
not_check8:
call TIMERI_DISABLE sNo ~ dizable timer that
ichecks for EQF
cmp PC_IN PROGRESS,0l1H ;ls this the lat charac. for this file 7
) ie accepth
Teat_again8:
cmp PCH_CN COUNTER,05H  No - Is P.C. definitely om ?
jae pc_switched_on8
mov dx, 01844
in al,dx
rel al,l
inc pc_switched of£8 iStrobe = 1% 7
i mo X, 0FFFFE iYes - F.C. ia on
tiwe delayf:
loop time delay8
inc PC8_ON_COUNTER
i jmp test agaip®
pr_switched ong: -
BV PCH_ON _COUNTER,Q0E ;E.C. has a file to send
jmp receive charf
pe¢_switched offf: -
mov PC8_ON _COUNTER,D0H ;Power glitch caused interrupt
call RESET_IS_INTRS sReset 15 bits (BZ5%A & 80186)
mov Masx SFF_pCS, G1H iTimer 0 to check port status
call TIMERUG_ENASLE
iret
receive chard:
mev dx, MASTER 1 ;Mask all interrupts on master
mo al,07fFH — ;and slave B259A'3
out dx,al
MoV dx,SIAVE 1
mov al,o6FDH
out dx,al
mov PORT,0180H ;Initialise temp. storage
mer ax, TEMP_COUNT_8
mov TEMP_COUNT_d,00H
e COUNT_CHECK, ax
lea ax, TEMP_STCRES
mov TEMP STORE,ax
mov ax,NEXT_FILE ;File pumber for thia file
mery PILE,ax
lea ax,PC8_ROW
mov PC_ROW,ax
accepti:
call FC_ACCEPT iCheck spac<e,’end header and
- itemp. store and receive charac,
cmp [PC_IND COUNT+8],03FH 78laxh ™QONNECTED™ LED to
jne led_stayas_as_ia=a sindicate file being received
xor [INDICATOR+8], 018
mov dn, 0182H
nov al, [INDICATOR+d]
out dx,al
mov [PC_IND COUNT+3],00H
led_stays_as_is9: -
inc [PC_IND COUNT+8]
CALL RESET_IS_INTRS 7Reset IS bits (82%9%A & 80186)
inc PORT_COUNT
cmp PORT_GOUNT, 1024 ;Has 1024 bytes besn received ?
ib npot_Ik 8
call PORTS CHECKER ;¥es ~ Check whether any cother
iret - $P.C. ports tequire aecvice
not_1X_B:
- call TIMER] ENABLE iNo - Setup timer 1 to timecut
- 7in 1,023 {EOF if timecut)
mov dx, 0166H
mov al,0%H sINTE = *1°
out dx,al
mov al,noH sBUSY = *g°*
out dx,al
iret

PCS_B259 endp
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INTERRUPT ROUTINE FOR P.C. 9 ]

On receiving the lst charac. from P.C. % this interrupt routine will ]
firstly transfer the PF.C.'s heacder as well as any charac.'s that were ]
received as a result of this port being a pending port. This tranafer is |
done fram RAM to the DRAM buffer and avalianle 2pace in the DRAM block is |
first tested o make yure the transfer will be =uccessfull. The P.C.'a ]
=rrcbe line i3 tested in order to make sure that the interrupt is valid ]
and pot as a result of a power glitch due to the mwitching co or Off of !
the P.C. After 1K bytes have been received this port will allew a test to |
be dane on the other P.C- porta in order to check wether they are nct 3
tequiring service. The "COOMNECTED" LED will flash when the P.C. ix being |
|

R R R I T I TIE T I VI P S,

=zerviced.
C3_BZ59 proc near
mav dx,0156H ;BUsY = "1”
BV al,01H
out dx,al
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"

checked bafored:

-

lower_checkd:

not_checkds

test_szgain9:

time delay9:

pc_switched_ong:

pe_smwitched off9:

'receive_cha.r:B :

acceptds

led _=tays_as_iad:

not_lK_S:

PC9% EZ53 endp
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out
call

call

g GERENY BEEVREYR

jne
add

call
iret

call

lea
mov

call

iret
call

mov
mov
out
mov
out
iret

al,08H
ax,al

TIMERO DISABLE

DIS_ALL PORTS
PORT_CHECK, GOH
not check$
PCRT, 019CH
not_checks
PCY_CHECK, GOM
checked befored
PORTS PEND
al,PCHTS_PEND
BCY_CHECK,al

dx, 01504
al,dx
=i, TEMP COUNT S

[TEMP_STORES+=i),al

TEMP_COUNT S
PORT_CHECK,, 0CH

RESET_IS_INTRS

A B255,010H
A9255, 0608
lower check9
A_B25%,0I00H

RESTORE CALL_PC

TIMER1_DISAELE

PC_IN_PROGRESS, 01H
accepth

PCY_ON_COUNTER, 0SH

2l,1
pc_switched off9
cx,0FFFFH

time_delay3
PCI_OH_COUNTER
test_againg

BC3_ON_COUNTER,O0H
receive chars

FCY ON_COUNTER, OOH
RESET I5_INTRS
Masx_OFF PCS,O1H
TIMERO_FNABLE

du, MASTER 1
al,0TFH
dx,al

PORT, 01304

ax, TEMP COUNT 9
TEMP_COUNT 9,00d
COUNT_CHECE, ax
ax,TEFP STORES
TEMP STOHRE, ax
ax, NEXT_FILE
FILE,ax

ax, BCS_ROW
PC_ROW,ax

PC_ACCEPT

[PC_IND COUNT+%],03FH

led_stays_as_iad
[ INDICATOR+3T, 01K
dx, 0192k

al, [INDICATOR+%]
tx, 2l

JINTE = *0*

sbisable the 1 ms timer

;Disable all P.C. ports
;1= thia a P.C. port check 7

s¥es — Then is it ».Cc. port 5 2
;No -~ Has this P.G. port been
ichecked before 7
fNo -~ Indicate that another
{F.C. port is pending

iGet charac.
;Store charac. in temp. store
;Reanable pointer to check
jother P.C. ports that are
;Reset IS bits (8255A & B9186)

;Next P.C. port to be checked

:Reatore P.C. port that initiated
icheck

;Ho - disable timer that

schecks for EOF
7Is this the i1st charac. for this file 7

;Mo - Is P.C. definitely on ?

iStrobe = *1" ?
;¥es — P.C. 13 on

fP.C. has a file to =end

;Power glitch caused interru;
:Rezer IS bits (6253A & 8C186)
;Timer 0 to check port atatusy

sMask all interrupts on master

rand slave 8259A'a

;Initialise temp. storage

;Pile number for this file

;Check space,’end header and

;temp. =tore and receive charac
;Flash "CONNECTED™ LED toO
7indicate file being receiveq

[PC_IND COUNT+S],00H

{PC_IND_COUNT+%}
RESET_IS_INTRS

PORT_COUNT
PORT_COUNT, 1024
not_lk %
PORTS_CHECKER

TIMER] EMARLE

dx, 0196H
al,098
dx,al
41,008
dx,al

;Reset IS bits (8259A & BQIBE)

sHas 1024 bytes been received 7

:Yex - Check whathar ahy othsr
;P.C. ports require service

sNo - Setup timer 1 to timasout
rin 1,028 {EQF if timecut)

FINTE = *1°
FBUSY = *0°

LT R T T T R R

INTERRUPT ROUTINE

Before the Ist charac. can be sent to printer 0 all P.C. ports have
to be snabled sc that if any P.C.'s are pending or that may require
service at @ later stage the printer sharer will be able to service
them. If printer 0 is not connected,printer 1 will take care of

enabling the P.C. ports,and vice versa. P.¢. ports that are pending
bercre the lat charac. is printed will be enabled in the order of

highest priocriry. Filea will be priasted ount in the order they wera
recived from the different P.C."S.

FOR PRINTER 0
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PRINTO_8259

ron_enable:

has been startedo:

file startedo:

non_activate:

-~

print_nexto:

end_fileo:

print0_greater:

ao_rileso:

not_finished0:

PRINTO 8259

proc

out

ine
call

ine
iret

aut
iret
endp

near
dx, OLAGH
al,oCEB
dx,al

PRINTG_OCCUPIED, 01H

MASTER PRINT, 01H
nen enable

ENABLE PORTS
ENASLE_TIME,0Ld
non_enable

MASK IN PRINT,OLH
hazx been startsd(
MASK OFF_ PCS,01H
TIMERQ_ENARLE
MASK IN PRINT,O01kH

FILE_STARTO,01H
file startedd
FILE STARTO,01M
FILES PFNDING

PRINT1_ACTIVATE,O01H

non_activate
dx,01B6H

al, 0DHE

dx,al

PRINT1_ACTIVATE,OOH

bx, PRINTERO_FILE
SET_PRINT €5

bx, PRINTERG FILE
PRINTER_ADDE, 01ACH
TX_PRINTER

bx, PRINTERG_FILE
PRINT FILE,Bx
PR_BLOCK_CHECK

bx, PRINTERO FILE
END_FILE_CHECK
END_FILE,Q1H
end_riled

dx, DIAGH
al,00H
dx,al

FILES PENDING, COB
na_filexo
ax,PRINTERL PILE
ax, PRINTERO_FILE
print0_greater
PRINTERO_FILE,ax

PRINTERO_PILE,02H
FILE STARTO,08d
print_nexto

FILE STARTO,00H

PRINTO_OCCUPIED,0CH
PRINT1_OCCUPIED, Q1H

not finisheda
RESTORE

SLAVE_MASK, 08H
cx, SLAVE 1

al, SLAVE_MASK
dx,al

¢Disable printexr 0
SINTE = "1*

iIndicate that printer 0 haa
;jcome into operaticon
7Printer 0 the master printer ?
i¥ea ~ Enable P.C Dorts
;AlL B,C. ports enabled ?
iYes - start printing

;Timar 0 enabled to check
;printer and P.C. port statux ?
iNo — Enable timer 0

i¥es - 1at charac. of file to be printed ?

i¥es ~ Decremsni mimber of filesx
:atill vo be printed

sMust priocter 1 be activated ?

iYes - Enable printer 1
JINTE = *1°*

;Setup chip selacta where file
sresides in DRAM buffer

;Send charac to printer ¢

itheck whether top of DRAM block
;or DRAM buffer has been reached

;jComplete file printed ?

’Ho - Re-enable printer port 0
;for next charac,INTE = '1*

;ALl files printed ?

iNo — Printer 1 already busy
;swith pext file on the list ?

;NG — Print the next file
I¥as — pPrint the pext highest

ifile

:No - printer 1 still busy printing %

iNO - Reset to stors neat file frem P.C.
;port at bottom of DRAM buffer
;Mask printer 0 interrupt

P L L L L s E e r A R R TR T T L L e e 2

INTERRUPT ROUTINE

Before the lst chara¢. can be sent to printer i all 2.C. ports have
to be enabled sc that if any P.C.'s are pending ¢r that may require
service at a later stage the printer sharer will be able to service
them. If printer 1 i= pot Sonnected,printer ¢ will take care of
enabling the P,C. ports,and vice versa. P.C. ports that are pending
befcre the lst charac. i# printed will be enabled in the orcer of
highest priority. Files will be printed cut in the order they were
recived from the different p.C.'s.

FOR PRINTER 1

H
;
H
H
P

RINT_ 8259

non_enablel:

has been startedl:

file startedl:

proc
wov
mov
out

bog g
§ 57851
(3] ~

o H
WEO
[
i

TN

near
dx,01B6H
al,0cH
dx,al

PRINT1_OCCUPIED,DIH

MASTER_PRINT, GCH
non_enablel
ENAELE_PORTS
ENAELE_TIME,ClH
ncn_enablél

MASK_IN_PRINT,01E
has_been startedl
MASK_OFF_PCS,01H
TIMER(_ENABLE
MASK IN PAINT, 01H

FILE START1,O01H
file otartedl
EILE_STARTL,01H
FILES_PENDING

bx, PRINTER]_FILE
SET_PRINT_C5

b, PRINTERL_PILE

:Disable printer t
FINTE = *17

;Indicate that printer 1 has
jcoms into operation
;Printer 1 master printer 2

;¥Yaes — Enable P.C ports

sAll P.C. port? enabled ?
;Yes - start printing

:Timer 0 enabled to check
;printer and B.C. port status ?
;N@ — Bnable timer 0

:Yes - 1st charac. of file of file to be printed ?

;Yes - Decrement nNumber of files
:3till to be printed

:Setup chip melects where file
;resides in DRAN buffer

;Send charac¢ to printer 1
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mov FRINTER_ADDR,01BOH

call TX_PRINTER

H
mov bx, PRINTERl FILE iCheck wWhather top of DRAM block
mow PRINT FILE,bx ;DRAM Duffer has been reached
call PR_BLOCK_CHECK
mov bx, PRINTERY_FILE
call END_FILE CHETK ;Complete file printed 2
cmp END_FILE,01H

. je next charac

print next: -
OV dx, 01BEH ’No - Re-enable printer port t
mav al,0DH ;for next charac.,INTE = 17
ocut dx,al
iret

next_charac:
<mp FILE5 PENDING, 00H FAll files printed 7
je no filesl
mov ax,PRINTERG_FILE  ;No - Printer G alreacty busy
cmp ax, PRINTERL_FILE swith next file on the list 7
jb printl_greater

. mov PRINTER]_FILE,ax iNe - Print the next file

printl_greater:
add PRINTERl_FILE,0ZH iYes - Print the next higheat
mov FILE _STARTL, Q0H :file

. Jmp Print_ next

no_filesl: -
mav PILE STARTL,O00H ;No - Printer ¢ 2till pusy printing 7
mav PRINT1 OCCUPIED, GOH
cup PRINTO_OCCUPIED, O1H
je not_finished

. call RESTORE ;No - Reget to store next file from P.C.

not_finished: ;port at bottom of DRAM buffer
or SLAVE MASK, 0L0H ;Mask printer I interrupt
mov dx,SIAVE 1
mav al,SLAVE MASK
aut dx,al
iret

PRINT1 825% endp

R e L R R L T L A L L e e T P T 2 2 0

| L, INTERRIJFT ROUTINE FCR SLAVE IR7 {NOISE} . 1
i This= interrupt will occur due to neise on apy of the B259A"s interrupt |
!

CTR TR

i 1 iines,

SLAVE IR7 proc near
CALL RESET_IS_INTRS ;Reset IS bita (B25%A & BO1§6)
iret

SLAVE_TR? endp

R T R T et Y e R L T

ENABLE ALL P.C. PORTS
P.C. ports that are pending will be enabled in order of higheat
priority. Once all pending P.{. ports have been attended to all other
P.C. portz Will be enabled. Timer 0 is enabled just in ¢ase a P.C.
requires service immediately after a port is enabled.

A1 ke g an

oo

ENAELE PORTS proc near
cmp PORTS_PEND, 00R ;Any ports pending ?
ja no rte el
mov cxﬁlﬁﬂ P ;Yes - Scan to see which of
nov al,C1H ;jthe F.C.ports ia of the
lea di, PCO_CHECK ;highast priority
mov =i, di
cla
repne acasb :P.C. port pending found ?
jnz ne_ports nda
giec di_Po e :Yes - Enable the pending P.C. port
mav byte ptrf{dil,00H
aub ai,si
ahi ¢i, 088
moy dx, di
add dx, 0€H
cmp dx, Ce6H
ine a_lower BT
add dx,03100H

a_lower port:
mov al,0sH sINTE = *1°*
aut dx,al
mov al,0o ;BUSY = 0~
out dx,al
mav al,o1H

nmore Ly ndC:

Fortepe inc al ;Scan for next highest priority
mav cx, CAH iport pending
lea di, PCO_CHECK
<ld
cepne scash
joz port_enabled? ;Any more F.C. ports pending ?
dec at ~ i¥es - Shift priccity level for this
dec al FPOLT Ohe up
mov [di],al
inc ai ;
cmg al, PORTS_PEND _/More tban 2 ports pending ?
ine more_perts_pendl ryes - Shift all otherbpom.pend§ng
;one level higher in priorty

jmp port_enabledd

no_ports pend0:
cmp FORT_ENABLE, 00K FALL P.C. port® enabled 2
je ports_enabled0
dec PORT ENABLE ;No -~ Enable the next port
czp CONT_8255,01964 ;still P.c. port 2
jbe enable I _portQ
mov CONT 5255, 06H ;No - Start at P.C. part o

enable_l port0: -
mov dx, CONT 8255 jEnable next P.C. port
add CONT 8255, GLOH
cxp CONt 8255, OE6H
jne orther_ports=
add CONT_B255,0100H

other s

e mow al,09K ;INTE = *1°*

out dx,al
mOv al, 008 ;BUSY = "¢*
out dx,al

port_snahled0:

B-31



CALL RESET_I$ INTAS jReset IS bits (B259A & B01E86)
mov

ENABLE TIME, 01H iEnzble timer 0 to timeout if p.C.
oV MASK OFF_PCS, 00H iport enabled does nct rerpond
call TIMERD EH.ABLB
ret
ports_enabled0:
nov ENABLE_TIME, 0GH
ret
ENABLE PORTS end

Eaaiaieia i i i i e e A L L T T L e L T R Ll LAt T LTy

| SETUP MID RANGE CEIP SELECTS
| The mid range chip selects are setup to address the DRAM Dlock where |
| the file te be printed resides in the DRAM buffer.

AR R

ET_PRINT C§ proc naar
mov ax, [BLOCK STRRTED+bx| sDRAM block where file residex
oV DRAM_BLOCK, ax
cmp ax,OLD DRAM BLOCK  ;Same DRAM block as chip
Jae up_in Buffer sare set up for at present ?
jmp ca_set iYeas — Leave ax is
up in buffer:
call DRAM BIOCK CS 2NO — Setup chip melects
CS_SEt:
rec
SET PRINT C5 end

ER R R L R L Lt S T L L Lt LT L r NS I

[

] TRANSMIT CHARAC. TO BRINTER ]
| Charac is transmitted to the printar port from the DRAM buffer. |

LAY

TK_PRINTER proc near
mov dx,CMAl S UP rag ISetup DMAL1's source address the
mov ax, {BC_! ETART " UP+bx] icharac. resides in DRAM buffer
out dx,ax
mav ax,CMAl 5 LOW_reg
mov ax, {PC _START ToWw+bx)
out dx,ax
nov dx,DMAl D UP reg 7Setup DMALl"s destination address (printer 0)
mov ax, 00H ;to where charac. must be sent
out dx, ax
mov dx,DMAL D LOW reg
mov ax, PRIN‘I‘ER ADDR
out ax,ax
mav dx,DMAl COUNT_rag ;Send one charac
mov ax,ClH
aut ax, ax
H
mov dx,DMAl CONTR reg
mov ax,d1606K
out dx, ax
CALL RESET_IS_INIRS fReset IS bita {9259A & 80186)
rec
TX_FRINTER endp

B T T T T T T L ot T T LT T T T PR,

3 CHECK WHETHER TOP CF DRAM BLOCK OR BUFFER HAS BEEN REACHED ]
I DMAl will transmit from the naxt DRAM block if the top of a DRAM [
I block ias reached. If the top Of the DRaM buffer is reached printing |
| will continue from the bottom of DRAM. 3

LR

R_BLOCK CHECK proc near
- - mov dx,DMAl_S_UP_rag :Get addrass where DMA is
in ag,dx T T ;in DRAM buffer
mone {PC_START UP+bx],ax
mov ex,ax
mov dx,0MAl 5§ LOW reg
in ax,dx
mov [PC_START I{W+ba),ax
:
mov bx, DRAM BLOCK
mov OLD_DRM_BLOCK, bx
cmp cx,TDR.hH START_UP+bx+2] ;Top of DRAM block 2
jne not_end
g ax, [DRAH__START_I.GRM»Z]
jne not_end R
push ax iYea - Proceed into pext DRAM block
add DRAM BLOCR, 0ZH
mov bx,PRINT FILE
mav dx,DRAM BLOCK
mov [BLOCK_STARTED+bx],dx
cmp dx,014E ;Top of DRAM buffer 2
ine no_end_buffer
mov DEAM_BLOCK, DOH ;Yes - Frocead at bottcm of DRAM buffer
oV [PC_START UP+bx],0FFFUH
mov [#C_STARY_Low+bx], 04000H
mov [BI.DCK STARTED+bx], 003
ne_end buffer:
-7 pop as
not_end:
ret
PR_BLOCK CHECK endp

R L R e T R Tl e T T L L T T L e

[RTRTY

I CHECK WHETHER ENTIRE FILE HAS BEEN PRIY?TBD . |
! Hourine checks wherher the file is rompletely printed and if not |
| continues with same file. t

LURTIE T

END FILE CHECK proc near . i
- B cmp cx, [PC_END UP+bx] ;Camplete fila printed ?
jne p:mtl 19
c=p ax, iPC END TOWrbx]
jne printl i
jmp end_print
printl_10:z
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m:: END_FILE,00H sNo - then continue printing
re
end_print:
mov END FILE, 0185 tYes - then atop printing
ret
END FILE CHECK -
.l'ifi‘l‘f!l"t*9!i**9t‘i"tttt’t”’ltl‘---g"‘||”,‘q'gf},,f"”‘g"'f"fﬂiiﬂi1ttit't’tt'11|a1"tttttl'.'I
i
H AESTORE TO BOTTOM OF DRAM BUFFER ]
H l If all files are printed this routine resers the chip select® and the |
H | DRAM block back to the hottam of the DRAM buffer for the next file to |
H | be receiveda from the P.C. ports. 1
i
H
RESTORE proc near
mov hx, NEXT - _FILE sHeast to bottom of DRAM buffer
aub b, 02H sRegister bx will be 00H
= ax, {PC_END UB+bx}
mov FC_END UP,ax
mav ax, {PC END LOW+bxa]
mew PC_END_LOW,ax
mov ax, [BLOCK ENDED+bx)
mov DRAM BIOCK,ax
call DRAM BLOCW OS5 s8atup chip selects
mov NEXT FILR,C0H
ret
RESTORE endp
;!I'!"I"tt e TERERETASESS kX322 222222 22 FA2 LR AR R SRR AR S AR R RS RS RR RE ]
code ends
end atart ;Eng of program
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10.

11.

12.

APPENDIX C.

Circuit Diagrams.

Index,

bage

Microprocessor SchematiC..sssceceeseracnacenes.C2
Latch Schematic...iiiieevecereneenceneenncnans Cc3
Buffer SchematicC...ecsceeeecranccssacnceceaanssCld
SRAM Schematic....vecee. Y 045
ROM Schematic..... cessescsunsana cressaas PR o1
DRAM Controller.........-. P o |
DRAM Array Buffer and Parity............. vess.C8
Parity SchematiC...cceeercrersasnncnnnns ceees.CO
Input/Output 1 Schematic.......ccv.c.....Cl0-C11
Input/Output 2 SchematiC...ee.eeseses...Cl2-C13
P.C. Port SchematicC...cecesececscanncnas erae.Cld

Printer Port SchematiC..cecerescenscssncesseesa.ClH
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