NGTiSE

. PORTIONS OF THIS REFGRT AR ILLEGBIL
o IF [ELEGBLE, ANL-HEP-CP--84-77
o P as been reproduced from the est
by & contrctor af the U. S, Govimmens available cepy to permit ine adss;
o Py perant iGe breadss: DE8SS 004817

. the L. S. retains a
nonexclusive, roysalty-free licenss © publisth
07 reproduce the publithed form of this
contribution, or sllaw others to do so, for
U. S. Goverament purposes.

Absiract

This paper describes a prorotype preprocessot
data~compaction system for the Soudan 2 proton decay
search experiment. The Soudan 2 experiment will have
more than three million potential data words per eveat
to examine, while less than one percent of these data
words will have valid data for typfical events. 1In an
effort to reduce the amount of data to be stored and
analyzed, a data preprocessor was developed which
scans the data words. If a data word is valid (ADC
count above a preset threshold), that data word is
passed to the host computer for experiment monitoring
and storage on magnetic tape. To obrain fast data
compression, a hardware comparator is used. The
hardware comparator places valid data iate a FIFO
(first in first out stack) where the host computer can
acquire the data through CAMAC. The cozparator and
F1FO are controlled by a microprocessor (8086 CPU),
and the microprocessor is prograzsed for decision=~
making and communication between the compactor, CAMAC,
the host computer and a local terminal.

Introduction

The Soudan 2l nucleon decay experim:nt is a
collaborative effort of Argonne National Laboratory,
University of Minnesota, Tufts University, Oxford
university, and Rutherford Appleton Laboratory. The
purpose of the experiment is to measure the nucleon
lifetime and to study tne decay chanrels exhibited by
candidate events,

The detector consists pf Hytrel drift tubes
sandwiched between sheets of steel. Mylar film with
copper equipotential strips insulates the Hytrel from
the steel, and drift potentials applied to the copper
strips create a drift field inside the Hytrel tubes as
a result of IR drops in the tube walls. Viewed from
the end, a stacked assembly bears a reseablance to a
honeycomb.

At the ends of the tubes are orthogonal sets of
proportional wires and bussed cathode pads, ylelding
X-Y information about charge drifting down the Hytrel
tubes. The proportional wire and cathode signals are
bussed from 8 wire—cathode planes, amplified, and
shaped. This effectively multiplexes the readout of &
large detector for nucleon decay experiments, The
signals are digitized by 6-bit CMOS flash encoders
(RCA 3300) and written in CMOS static EAM (Hitachi
61i6) using 9 bits of address information. The flash
encoders and RAM's are clocked with & 150 ns clock,
and since the drift velocity is approxisately 1
cm/usec, there is a spacial resolution (exclusive of
diffusion) on the order of 2 wm.

For the 1200-ton detector currently envisioned at
Soudan 2, there are 6144 signal busses coming to the
electronics, and with 512 addresses per RAM there are
something over 3 million data words with potentially
valuable information in the event of a trigger. Since
in a typicsl event only perhaps 12 of the data is
valid (has a non=-zero amplitude), there is a clear cut
requirement to be able to compact the data. In the
initial phases of this work, the data was compacted in
the on-line software of a POP 11/34. The compactor
described in this paper shortened the comspaction time
by/a factor of 500 from the time required by the PDP
11/34.
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The data channels, including amplifiers, damping,
flash encoders, and RAM's, are builg on cards which
conforw dimensionally to the RABBIT® specification of
the CDF group at Fermilab, although the backplane
protocol is coapletely different. These cards are
called Analog Cards and are addressed through the
crate backplane by a crate controller which exbodies
the data preprocessor.

Description of Preproceusor

A block diagranc of the major components of the
data processor 1s shown in Fig. l. The data processor
functions as a crate controller using an Intel 8036
microprocessor running at 5 MHz, and ar lntel 8259
interrupt processor supporiing eight interrupts. The
interrupts are used for such things as responding to
F1IFO full or eapty, interrupt driven data transfers,
sensing end of coapactian, etc. The functions of the
interrupt lines are given in Table 1. o KS232
serial ports are provided using Intel 8251 UART chips;
however, only one of the ports {e tied to the
interrupt processor to allow interrupz driven
transfers. The non—interrupt driven port may be
connected to a tercinal for commnications with a
aonitor prograo in PROM for hardware debugging and
software testing. The baud rate for the two serfal
ports 1s 1200 baud. Decoding 1is provided for 4B read
and write I/0 instructions which are hard-wired to
perform various tasks in the system. Representative
tasks xmight be such things as clearing latches,
reading registers, etc. Details of the I/0 ports is
given in Table 2.

There 1s a 16-bit register called the Crate
Status Kegister (CSR) which is written and read from
the B086 CPU. The bits of the CSK serve to configure
the hardware and to indicate the status of various
important conditions in the crate controller. For
example, the FIFO will take its input from the data
bus, CAMAC, or the compactor depending on the status
of two of the bite of the CSR. Another bit is used to
indicate whether the crate is in a data-taking
status. The meaning of each bit in the CSR is
outlined in Table 3. The CAMAC/host system can read
the CSR at any time and obtain a snapshot of the
detailed crate status. This provides the mechanisnm
for synchronizing the data trantfer between the
host/CAMAC and the 8086/FIF0 systems.

The address space is 64K bytes, byte
adireseable. Each 16K-byte quadrant of memory may be
either RAM or PROM, although typically the top 16K
must be PROM since the microcode requires the boot
routine to be 2t the address FFPO hex. Since 64K
constitutes one paragraph in the 8086's addressing
logic, the segment register is not used, and the top
four bits of the address bus are not decoded. Thus
the maximus addressable memory space is 64K bytes.

The data format used is address x data, the
layout of the bit fields in a 24-bit word is:

23 18 17 15 14 6 5 0
CARD CHANNEL RAM ADDR TADC DATA |
ADDR ADDR ¢ - 511 0 - 63 1
0-63 0-7

Thus an B086 crate controller can accommcdate b4
eight—channel KiX analog cards, esch with 512 address

Contributed papen to the TEEE 1984 Nuclear Science Syrposium, Onlando, FL

(October 31 - Novemben 2, 1984)

TUSTRISUTION OF THIS DOCUMENT iS LLIZATED

JJsw




R§232 £5232
SERIAL SERIAL
PCRT PORT CAMAC INTERFECE
’ FIFQ INPUT CSR O-1
DATA SELECTOR
csrie|  TRIGGER i
Lo FiFo css -1z
512 WORDS X pe—
3 BYTES
SR 0-15
]
5259 nnArzlsrArus HARDWZRE FIF- ouTPUT |CSA 2-3
MEUORY 2 wae - =
6% aou‘I ag:: INTERRUPT REGISTER Ci’% 0aTa BaTA SELECTOR
ET-[ RAMJ' PROCESSOR CSR 6 gITS COMPLCTCR
f b1 !
) i 4 !
i 1 11 {

CARD _ATa B ADDAESS BUSES
1/G COMMANDS ‘ li
[} .

- [
: O DECODER ! CSA1S| COMPACTER GATING !
] ° i @ LCORESS GENERATOR
U ——"

CRATE BACKPLANE
DATA ACDRESS CONTROL o
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wemories.

The FIFO is organized as 24 bits wide by 512
words deep (Monolithic Memories C67401). Since cthe
data bus of the 8085 is 16 bits wide, it 1s necessary
when writing or reading to FIFO from the data bus to
treat the bottom 16 bits of the FIFO as a word and the
top B bits of the FIFO as a byte which is written/read
from the low byte of the data bus. Transfers between
CAMAC or the compactor and FIFO are 24-bit cransfers,
although transfers to CAMAC may be 16 bits. The F1FO
provides signals called IDERR and RDERR indicating
that the FIFU is either full or empty. These signals
are available both to the 8086 and through CAMAC.
During compaction, if the FIFO becomes full, IDERR
will halt compaction and notify che 8086.

The compactor 1s a hard-wired micro-sequencer
which is under softwarz control of the 8086. The
compactor has an address register which may be cleared
or initialfzed by the 8086. This address register
provides address to the backplane bus which is used to
address the analog cards, the RAM's on the analog
cards, and the address in RAM. When compaction is to
take place, the 8086 first clears the address
register, and then gates it co a four-phase clock with
a period of 600 ns. One phase is used to advance
address. When the address register addresses a card,
a RAM on a card, and an address 4n that RAM, a six-bit
data word is returned via the data bus. The magnitude
of this six-bit word is compared with the magnitude of
a one-byte data word which has previously been written
by the 8086 in the compactor's tureshold data
register. This is done on the next phase of the
clock. If the magnitude of the data word exceeds that
of the word in the register, a level called WRCQMPD is
raised and latched. On the next phase of the clock,
if WRCOMPD is high, the content of the addresa
register is concatenated with the data word and pushed
to the FIFO, The next phase of the clock ie not used,
and on the subgsequent phase address 19 advanced and
the cycle continues. Compaction is ended when the
card address in the address register becomes equal to

the value of a byte which has previously been written
in the compactor's card-count register. At the
conclusion of compaction, a level called CDONE is
raised and it may be used to interrupt the 8086.

There 1s a single width CAMAC Interface which
supports 24-bit DMA's in either direction. In
addition to data transfer, there are two CAMAC
comnands which may be used to interrupt the 80386,
Commands to enable, disable and generate LAM's are
available. Commands to generate external NIM level
signals are available. The two error conditions irom
the FIFO indicating full and empty are also carried to
the CAMAC interface, and are used to cause the CAMAC 4,
to go to zero in order to terminate a DMA, At the
CAMAC interface, there i1s a NIM level input for an
external trigger signal, which 1is traaslated to TTL
and carried to the crate controller. This interface
module allows triggers to be generated either by the
host or by external logic. A complete description of
the available CAMAC commands is given in Table 4.

At the crate controller, the receipt of a trigger
initiates a run—-down timer which couats 320 cycles of
the 150 ns clock and then stops data taking, at which
time compaction can begin. This allows 29 usec of
history of the ionization to be stored before the
trigger and 48 pgec of drift history to be stored
after the trigger.

Software for 8086 CPU

A comprehensive set of goftware tools has been
developed to teat and make use of the 8086 controlled
preprocessor and compactor hardware. These include a
stand—-alone debugging monitor, a virtual terminal
comminications link to a VAX 11 series computer for
code development {via cross software tools), and
downloading of code to the 8086 memory, a data
acquieition control program, etc. There 1s a systeo
monitor, which is & modifed veraion of the Intel 86/12
monitor reconfigured for our memory layout and porc
numbers, and to support downloading of code from a VAX



11/730 cthrough the RS232 port. The monitor supports
memory reads and writes, and cocparisons between two
gsections of memory. Input and output to varlous ports
are also supported. The oonftor permits one to input
code in machine language and execute the code with
setable breakpcints or single step through the code
using the trap bit fntervupt. The PROM version of the
monitor program resides in high memory at address E000
to F500 hex.

A virtual t.rminal comrunicatious program was
written that supports data rransfer to the 8086 froo
the VAX 11/730. The B0B6 monitor port is attached
directly to the VAX 11/730 terminal port with a null
aodea connector. To communicate with the 8086
monitor, it is necessary to execute this
communications program. There are two modes one could
be in wnile running chis communication prograo.

First, the user's terminal could be attached as the
command terminal for the oonitor, and second, the user
can be in the comnmand mode where the VAX generates
command strings to be sent to the monitor program im
the BUBb. With this system implemented, it became
possible te prepare code in 8086 assembly language on
the VAX, execute a cross assembler that would produce
BUB6 machine code in a HEX file format; this RHEX file
could then be downloaded via the virtual terminal
program to the 808b and executed under control of the
BUBh monitor.

With the ability to write prograws in assembler
and download them into the 8086 for execution, an
extensive series of debugging programs were written.
A program was written to test each subsystem of the
electronics. One program tested the addressing of
memory and the dependabilivy of each bit of each
memory word. A seCond prograc tested the compactor
electronics. There were programs written to test the
CAMAC data transfer in both direcctions. To execute
these programs, it is necessary to download the HEX
file into memory and then, while communicating with
the monitor, execute the prograo by giving the entry
point into the prograz as well as the last executable
statement for the break point. Errors found are
reported by the virtual console terminal.

An assembly language code was written to handle
data collection. This was a siample single buftered
coopaction routine; it handles an interrupt anrd before
the BOB6 CPU starts data collection again, all data
transfer operatious to the host/CAMAC must be
completed. This compactor software was designed for a
CAMAC system interfaced to a VAX 11/730 or a PDP
11/34, usirg the Argonne MIDAS or the Fermilabk MULTI
data acquisition software nackage, respectively. The
compactor macnine code is stored in PROM memory, CAMAC
commands are available te boot the processor, send
initial parameters, and begin execution. Then upon
receiving an event interrupt, the 8086 starts the
hardwatre compactor and walts for either a FIFO full
interrupt or a compactor done interrupt. After it
receives either of these interrupts, it notifies CAMAC
of an event. When the 8086 recetves the FIFO eampty
interrupt, it either returns to waiting for another
event if compaction was done, or for the next FIFO of
data to be transferred to the host computer. To
provide synchronization betweetn 8086 and host
computer, two bits in the CSR caa be read by the CAMAC
system to determine 1f the 8086 needs to place more
data into the FIFO to complete che readout of the
current event.

A general facility to pass commands and data from
the host/CAMAC system to the 80f6t microprocessor has
been implemsented. It has a message header format to
allow the B0B6 to {dentify an in:oning message of
variable length. The 24-bit CAMAC field 1s divided as

8 bits of command and 16 bits of data. The message
comzand interpreter is a uwseful software device that
1s part of the compactor soitware. It uses the FIFQ
and the two CAMAC interrupt lines to the 8086 to pass
data ro the 8086. The message command interpreter is
executed on an interrupt-0, and the 8086 configures
the FIFU sp tha: CAMAC may write into the FIFD and the
8086 way read froa the FIFO. Next, the host computer
writes a four-word pattern into the FIFO with the last
word belng the aucber of cowmands to execute. Then
commands are written into the F1F0, such as set
ccopactor threshold, set auaber of cards to scan, and
routine to execute rext. After the host 1s finished
writing dara, CAMAC sends an interrupt-1 for the

8086. When tne 8086 receives this interrupt~l, it
reads the FIFJ and executes the commands. The 8086
then returns to the data acquisition routine and waiccs
for an event interrupt.

Conclusion

For che Soudan ¢ detgctor, a number of
ioprovements are planned. The crates will be
MULTIBUS instead of tae pseudo~rabbit w-hich will make
the cards smaller and ouch easier to fabricate. The
crate controller will be igplecented using a
commercially available 86/12A or 86/05 single-board
computer plus a Compactor Card (COM) of our own
design. The COM will incorporate the functions which
are not 1included fn the CPU, such as the compactor,
crate status regiscter, F1FO, etc. The F1FOQ will be
izplemented in CMOS static RAM with an 8X60 FIF0D RAM
manager chip. Tre RAM will be part of the CPU's
address space 50 that the CPU has im-ediate access to
cozpacted data. The FIFD will be 32 bits wide by 4K
words deep, and 16—, 24~, and 32-bit tranfers will be
supported. The cocpactor will operate with pipelined
address and data so that 150 ns per address will be
required. Coompaction will be wore completely under
the controi of the BOB6 a2nd only one RAM will be
compacted at a tize. RAM's with no valid data will be
identified by an actlve channel latch and co.;paction
may bypass then completely. There will be a transfer
byte couat register, so that the number of bvtes
transferred in a DMA will be under sofiware contrsl of
the 8086. A crate will compact sixteen l6-channel
analog input cards, and when all channels contain
data, approxicately 40 wmsec will be required to
process a full crate. Twenty-four such crates
operating in parallel will be used in the Soudan 2
experiment.

We would like to thank R. Laird for board level
design and construction, and D. Wood for the VAX
virtual terminal software.

Table |
Function of the lnterrupt Lines on the 8259

1RO CAMAC generated interrupt by F24.
IR1 CAMAC generated interrupt by F30.
IR2 8251A UART serial port #2 has recelved a

character aad then can interrupt 80B6 using
this 1line so that the character can be
processed.

IR3 825IA UART serial port #2 1s readv to
transmit another character.

IR4 Event interrupt for 5086 can be generated by:

1. External trigger in CAMAC mcdule,
2. CAMAC F23.
3. 8086 write to port 47.

IRS IDERR A write error has occured in the



FIFO. FIFO is full, coopactor is
automatically stopped so no data ia
lost, and 8086 is given this
interrupt so that {t may process
FIFO data or ioterrupt the host

computer.

IR6 CDONE Conpactor is done. FIFO is
automatically closed.

IR? RDERR Read error in FIF)., FIFO is now
empty, computer nay restart
compactor to f1ll FIFO again.

Table 2
8086 I/0 Ports

1/0 ¢ 8-bit write to eight LSB of CSR.
16~bit read of CSR.

1/0 2 lo~bit write and read to 16 LSB of FIFO.

1/0 3 b-%it read of the data from RAM pointed by
Address,

Chan,
Card.
1/0 &4 i2-bit read and write of Address ard Than ¢
3 bit 9 bit
chan Address

1/0 5 6-bit read and write of card ¢ in selecting

address.

1/0 6 6-bit write to set threshold for compactor.
1f (ADC (1).GT.(I/06)}, ther put in F1FO.

1/0 7 6-bit write to set the number of cards to
scan. If (card (1).EQ.(1/0 7)) compactor
done scanning cards.

1/0 10 8-bit read and write to 8 MSB of 24-bit
FIFO.

1/0 12 RS232 Port {1 on connector JF programning
and status port with 8-bit read and write.

1/0 la RS232 Port 1 on connector JF data port
with 8-bit read and write.

1/0 16 Port A for the 8253 interrupt controller.
This port is the programmirg port,

1/0 18 Port B for the 8259 interrupt controlier.
This port is used for setting the mask on
the 8 interrupts llne,

1/0 17 (Wnd) set CSR 8 to a one.

1/0 19 (Wnd) set CSR 9 to a one.

1/0 20 (Wnd) clear CSR 10 by setting it

to a zero.

/o 21 (Wnd) set CSR 10 to a one.

1/0 22 (¥nd) clear C3R 11 by setting it

to a zero.

1/0 23 (¥nd) set CSR 11 to a one.

1/0 24 (¥nd) clear CSR 12 by setting it

to a zero.

1/0 25 (Wnd) set CSR 12 to a omne.

1/0 24 9-bit read of the trigger RAM address

(TRA).

1/0 26 (¥nd) clear CSR 13 set to a zero.

1/0 27 (¥nd) set CSR 13 set to a one.

1/0 28 (¥nd) cleaxr CSR i4 set to a zero.

1/0
1/0
1/0
1/0

1/0

1/0

1/0

1/0

1/0
1/0
1/0
1/0

1/0

1/0
1/0
1/0

1/0
1/0

29
30
k11
32

33

34

35

36

37
38
39
40

42

41
43
45

46
47

(Und) set
{Vnd) clear
(¥nd) set
{¥nd)

{(¥nd)

(¥nd)

(4nd)

(¥nd)

(¥ad)
(Wnd)
(¥nd)

RSZ32 Port
and status

RS232 Port
with 8-blt

(4nd) Clea

CSR 14 set to a ome.
CRS 15 set to a zero.
CRs 15 set to a8 one.

Master reset line to all
FIFO 1.C. A pulse on this
line clears the data bits in
the FIFO.

Clear the FIFO full
interrupt latch.

Clear the FIFO enpty
interrupt fatch.

Clear the conputer done
interrupt latch,

Generator for compactor
clear sequence,

Clear interrupt-1 la‘ch.
Clear interrupt-0 latch.
Clear address, card #, chan #,

#1 on connector J2 programaing
port with 8-bi- read and write.

#2 on connector J2 data port
read and write.

r CSR 6-bit set to a zero.

{%Wnd} Clear CSR 9-bit set to a zero.

(¥nd) Set LAM on CAMAC and Interrupt A
output.

(Wnd) Set Interrupt B output.

(wnd) 8086

generated event interrupt.

*(vnd) stands for the function is only a write port
and no data is read by the devices.

Table 3

CSR Inte}pxetation

This table glves the cean of each bit in the crate
status register (CSR).

Bit Field Position

Interpretation

CSRO-CSR3

CSRO-CSR1

CSR2-CSR

CSR4=-CSR7

CSR8

CSRY

Used to controi F1F0 dataway input and

output,

2-bit nunober decoded to determine input

device:

0 = 1n from CAMAC.
1 = in from 8086 data bus.
2 = in from compactor.

2-bit number decocded to determine output

devices:

0 = out to CAMAC,
1 = out ot 8086 data bus.

(Not used)

Error in

nessage {nterpreting routine:

1 = yes error.
0= no no error.,

Message interpreting routine running:

1 = yes B086 still executing code

in message Interrupting
routine.



CSR10

CSR11

C5Rl12

CSR13

C3R14

CSR15

0 = no 8086 message interrupting
routine ready to receive
next CAMAC cocmand.

Ready bict-this indicates whether CSR bit
11 {s valid:

L = CSR 11 valid.
O = CSR 11 not valid.

This bit 1s used to indicate that data
in the FIFO that has not been read out
{5 the last data for this event.

1 = end of event.
0 = not last F1FO in event.

FIFO gate. The FIFO iunput and output
can be enabled and disabled by bit 12 in

the CSR.

0 = FIFO close no other may be read
or written.
1 = FIFO open read and writes
enabled.
Hardware compaction done indicator.
This latch controls the starting and
stopping of compactor.
1 = compactor on.
0 = compactor off.
Compactor turns itself off when
compaction is complete.

TROK determines if a trigger can be
accepted.

} = accept trigger.
0 = ignore trigger.

DAT indicates if the analog cards are
clocking and digitizing or if there has
been a trigger so:

1 = analog cards are digitizing
and writing data i.to RAM.

0 = analog cards have stopped
writing data into RAM because
there was an event,

F28

CAMAC generated event interrupt controller on
the 8086 system F30 = IRIL.

Note all above coprands are with A = 0,

Table &4
Available CAMAC Commands

FO

Fl6

Fl8

F20

F22

F24

24-bit read of data from FIFO, Q-bit response
becomes a zero when FIFO is eopty.

16-bit read of the 8086 Crate Status Register
(CSR).

24-bit write of data into the FIFO, Q-bit
Tesponse becomes a zero when FIFO {s full,

Enable LAM. The LAM line on the crate will
be masked off {f this latch f{s not enabled.

Disable LAM, and cleatr LAM and intertupt A
output, This command disables LAM for crate
but does not disable lanterrupt A cutput,

Clear Intertupt B output. Interrupt B outpaut
is reset to its O state.

Interrupt line to 8259 interrupt controller

on the 8086 system F24 = IR0. This commund

also resets the IDERR aund RDERR latches, and
clear the FIFOQ.

Boot the 8086.
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