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Absti'acr
Experiment ES66 consists of two spectrometers

and related detectors for investigations of collisions of
reiativistic beams of Au ions with fixed targets at the
Brookhaven AGS. The data acquisition system, consist-
ing of 11 CPUs in a single VME crate, gathers data
from 8 Camac crates and 6 Fastbus crates.

I. EXPERIMENT E866

Experiment ES66 is a fixed-target experiment at the
Brookhaven AGS. designed to study collisions induced
by beams of reiativistic Au ions. It consists of 2 inde-
pendently moveable magnetic spectrometers, together
with attendant drift chambers and time projection cham-
bers for tracking. Cerenkov counters and a time of 3ight
wall for particle identification, as well as a beam calo-
rimeter and target-rapidity phoswich hodoscope.

The detector outputs are digitized in both Camac
and Fastbus. There are 6 Camac crates, half of which
are filled with high-resolution TDCs, and 6 Fastbus
crates, which are used for -1000 channels of ADC and
-5000 channels of pipelined TDC.

II. EXISTING ARCHITECTURE

made the existing interface to Fastbus [3] inappropriate.
The ES66 data acquisition system is based on many

of the ideas behind the ES02 system, but the implemen-
tation is almost completely new, as highlighted below:

• Event building and reformatting using
68040 CPUs

• Intelligent Camac controllers replaced by
68020 CPUs

• Fastbus interface now uses independent
fiber-optic connection to each crate seg-
ment.

• VAX 11/785 replaced by Sun IPC worksta-
tion

• Real-time environment switched to VRTX
Taping now done in VME using Exabyte
8mm drives

The data acquisition system is centered around two
Tadpole TP40V 68040-based CPUs, which function
together as event builder, in-line data reformatter. net-
work interface, and tape logger. Data from Camac mod-
ules are read by intelligent crate controllers based on
SBE VPU25 modules with 68020 CPUs. Fastbus data
are collected by a LeCroy 1821 Segment Manager in
each Fastbus crate, and transferred via fiber-optic link to
a custom-built interface to the VME bus.

ES66 is an outgrowth of Experiment E802. whose
data acquisition system has been described earlier [1-5].
E866 has a second spectrometer not present in ESO2,
two additional Fastbus crates to service, and an event
size roughly twice that of ES02.

The ES02 data acquisition system was based on a
6S020 VME processor managing S 68000 intelligent
Camac interfaces. The host machine, a VAX 11/785.
provided data logging in addition to code development
facilities.

III. E866 DATA ACQUISITION HARDWARE

The expanded requirements imposed by E866
made the existing host computer inadequate, and the
existence of 2 independently moveable spectrometers

A. Tiie Event Builder Module

The Tadpole TP40V is based on a 68040 20MHz
CPU equipped with 8 MByte of dual-ported RAM, a
SCSI-1 interface via a DMA engine and an Ethernet
interface.

B. Tlte Intelligent Canute Interface

Access to Camac is provided by a commercial
VME board, the SBE model VPU25, which is equipped
with a 20 MHz 68020. 1 MByte of dual-ported RAM.
and an interface to 2 sites for Green Springs IP daugh-
terboards. We have implemented a memory-mapped
interface to the Kinetic Systems Model 3920 Camac
Crate Controller using a daughterboard which f-ccupies
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Fig. 1. Components of the ES66 data acquisition system.

both of these IP sites.
This interface supports all of the functionality of

the Model 3920: the implementation is based on a pre-
vious version [3], with some improvements. Most
important is the ability to write into the status register
which carries information on the last Camac cycle (no-
Q, no-X). This facility allows multiple tasks to share *
single Camac crate in a transparent way.

The SBE board functions as both a VME master
and slave: its slave capabilities include that of BLT
(block transfer mode).

The VPU2S also is equipped with a location moni-
tor which generates on-board interrupts when any VME
address in a specified range is addressed.

C. Interface to the Segment Manager

An earlier interface [4] from VME to the LeCroy
1821 Segment Manager has been used successfully.
However, its connection to the Segment Manager was

via a multi-drop cable. The addition of a second move-
able spectrometer with 2 additional Fastbus crates
mounted on the carriage made the logistics of running a
single cable difficult. Therefore, a new design was
undertaken.

The new design replaces the multi-drop cable with
a point-to-point connection using 2 optical fibers to pro-
duce bidirectional communication to each 1821 sepa-
rately. The interface is comprised of 3 parts, illustrated
in Fig. 2:

* The SM card plugs into the Fastbus crate
backplane, providing the connection
between the control register set of the 1821
as well as the output port of the data mem-
ory, and the TAXI receiver/transmitter link
to the VME crate.
A single slave interface to the VME bus
provides access to all functions of several
Segment Managers as well as providing
common interrupt generation logic.
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Fig. 2. The 3 components of the VME-multi-Segment Manager interface.

• The Inretjhce caixis. each one containing
circuitry specific to a single 1821. are
located in the rear of the VME card cage.
These cards, connected via a dedicated bus
using the outer rows of the P2 connectors,
allow a single VME interface to communi-
cate with up to S Segment Managers.

At the lowest level, the interface allows all of the
1821 control registers to be read or written as devices
mapped into unique VMEbus addresses.

It also provides DMA transfer of the contents of the
182rs data memory to a FIFO on the Interface card.
The FIFO capacity is equal to the size of tha data mem-
ory (4K longwords), so no flow control is necessary.
Data transfer to the FIFO occurs at 10 MByte/sec; trans-
fers from all Segment Managers may take place concur-
rently.

The DMA transfer may be initiated by setting up
the necessary registers in the Segment Manager from
the VME bus (manual mode), or it may be done in auto-
matic mode. In the latter case, the sequencer logic on
the SM card reads the word count in the data memory,
sets ad relevant registers to their appropriate values, and
proceeds with the transfer to the FIFO at the other end
of the optical fiber. The

In this mode, before the first word of the data is
transferred, the word count is sent as a control token; on
the interface card its value is loaded into a VME-acces-
sible counter. Every word read from the FIFO decre-
ments this counter. The completion of the DMA
transfer, signalled by an end-of-btock token, results in a
VME interrupt.

In manual mode, the FIFO word counter can be
loaded by writing to the getJyfocksiTje bit on the SM
card. This write causes the sequencer logic to read the
data memory address counter and send it via the TAXI
transmitter as a control token.

RDOC, a signal programmable from the 1821
sequencer, is used to signal completion of transfer from
the digitizers in the crate to the data memory of the
1821. The assertion of this level can also be used to gen-
erate a VME interrupt.

In automatic mode, assertion of RDOC initiates the
entire DMA sequence, provided that the FIFO on the
Interface card is empty. The sequencer on the SM card
will wait for this condition to be true. All changes of
state of the FIFO empty flag are automatically transmit-
ted as TAXI control tokens to the SM card: the SM card
has an updated copy of the FIFO's empty flag at all
times.



D. Tlie Trigger Supervisor

The Trigger Supervisor is a programmable busy
logic controller. Located in a second VME crate, it is
accessible from the master VME crate via a crate inter-
connection. It has been described earlier [5], and has not
been modified. We describe it very briefly here for com-
pleteness.

The Trigger Supervisor provides the dead time
logic for up to 16 different detector partitions, which
may be programmed as uncoupled (independent), or
part of a coupled group with common dead time.

Accepted triggers generate gates for digitizers as
well as interrupts to the relevant microprocessors.

Provision for a second level trigger decision (veto)
allows up to -40 jisec for a veto decision to be made by
external trigger hardware. If a decision to veto the event
is taken, the trigger supervisor generates necessary fast
clears: in this case, no interrupts are issued to the micro-
processors.

E. Tape subsystem

Data are recorded on 8mm tape using 2 Exabyte
Model 8510 drives, with write speed up to 500 kByte/
sec per drive. Both drives may be connscted to the same
Tadpole's SCSI interface; at the present time, there are
no plans to record data on both drives simultaneously.

IV. SOFTWARE

A. Micmpmcessor Softwatv Environment

With very few exceptions, all software running on
the VME microprocessors is written in C. The environ-
ment is provided by Ready Systems' VRTX real-time
executive and related tools: source-level debugger, low-
level debugger, and Ethernet connectivity for down-
loading code from the host Sun workstation.

VRTX allows for multiprocessing on a single board
as well as system-level calls between boards using
either of two lower-level protocols (polling, mailbox
interrupts).

The source code is compiled on the Sun using
Green Hills' C compiler tools.

Neither of the CPU boards in use is formally sup-
ported by Ready Systems; i.e., all board support soft-
ware was generated as part of this development.

B. Support for existingfortran code

Reformatting of the data is highly desirable
because using the raw data derived from the LeCroy
Fastbus ADCs and TDCs results in events which are
roughly twice as large as necessary. Moreover, the
address information carried along is geographical, i.e.,
it denotes the Fastbus slot and subaddress number,
rather than an index to detector module number. This
becomes especially problematic because modules are
frequently moved within a crate, as are, e.g., connec-
tions of detector components to ADC channel number;
it is easiest to perform this translation at run-time.

Real-time reformatting code has been generated for
the E802 data acquisition system; however, all the exist-
ing code has been written in Fortran with VAX exten-
sions. It was decided that the system described here
would not support Fortran on the VME processors.

A public domain language translator converting
Fortran to C was examined [6] and found inappropriate
for this task; it was unable to deal with the VAX Fortran
extensions that were utilized heavily in the existing
code. However, a commercial product, FOR_C [7], suc-
cessfully translated all the existing Fortran cods, pro-
ducing C source code that is rather easy to read.

C. Network access to the VME crate

The Ready Systems environment provides socket
interface calls for the SBE boards as well as the Tadpole
boards. The SBE boards operate as slaves to the Tad-
poles in uV sense, since they have no direct Ethernet
access. The existence of this interface means that, once
the code is loaded, any workstation with access to
socket calls can interact with the SBE and the Tadpole
software.

D. Sun Workstation Software

Much of the software representing the interface to
the user is in the form of several graphical user inter-
faces (GUIs), which have been implemented on the Sur



using Builder Xcessory [81. This tool allows the inter-
faces which it builds to be run using any X server run-
ning a Motif window manager; further, the code it
generates can be recompiled and run on (my Unix plat-
form.

Graphical user interfaces exist for configuring the
Trigger Supervisor, for interacting with modules in a
Camac or Fastbus crate, and for choosing the parame-
ters for a run.

A consistent approach used regarding the GUIs is
that they are principally used as gatherers of informa-
tion, i.e.. to allow choices to be made in a self-consis-
tent way. Complex actions which may depend on the
information collected by the GUI are generated from
script files, which may be easily customized by mem-
bers of the collaboration.

V. EVENT BUD-DING

Events are assembled from fragments which arise
from Camac and Fastbus crates. The nature of the data
movement is different for the two cases. The case of
Camac is the most straightforward Devices in Camac
are read by memory-mapped instructions in the appro-
priate SBE board. Resulting data are stored in one of
two buffers allocated for this purpose.

An SBE board is allocated to manage the process of
obtaining data from Fastbus. even though it has no spe-
cial-purpose hardware. Upon receipt of a front-panel
interrupt from the Trigger Supervisor, the SBE instructs
each Segment Manager to begin reading the digitizers
in its crate. In the automatic mode of operation (see
§3.C. above), completion of this process triggers the
transfer of the contents of the Segment Manager data
memory to the FIFO in the VME crate. When this trans-
fer is complete, a VME interrupt is asserted.

Each SBE. whether Camac- or Fastbus-related. sig-
nals the availability of each event fragment which it
produces by writing a longword to a previously
assigned address in the memory of the Tadpole which is
building the event. One of the SBEs snoops on this pro-
cess via its location monitor, which is programmed to
generate an on-board interrupt after n writes to the spec-
ified area in the Tadpole memory, where n is the number
of expected fragments.

The event fragments are read from either the buffer
in the memories of the Camac SBEs or directly from the

FIFOs in the Fastbus interface, using programmed IO.
For either Fastbus or Camac, data are triple-buff-

eted. In both cases, the data may reside in the digitizers.
In Camac. there are two buffets allocated in the memory
of the SBE board for each event fragment. For the Fast-
bus case, data may be stored in the data memory of the
Segment Manager or in the FIFO.

Flow control for the Fastbus case requires a word
of explanation. The FIFO on each Interface card is large
enough to accommodate the contents of the data mem-
ory of the Segment Manager. In the automatic mode of
operation, the contents of the data memory are not
transferred until the last word in the FIFO has been
read.

VI. OTHER SOFTWARE ISSUES

A. Segment Manager sequencer code generation

An assembler written to support code development
for the sequencer in the LeCroy 1821 was reported ear-
lier [1]. This assembler was written using the VAX
VMS Command Language Interface as a parser.

A functionally equivalent assembler has been writ-
ten using the Unix tool yacc. The existing source code,
with very little modification, has been successfully
assembled with the new assembler*

B. Messages to the microprocessors

Availability of socket interfaces on each board
means that each task can have its own socket(s). This
allows a message grammar which is defined separately
for each task which is much more readable during
debugging than was the case previously, This is illus-
trated in the example of utility commands to the Fastbus
SBE shown in Fig. 3. Arguments are accepted in several
formats, identified by keywords rather than position.

\vtite_pedestals crate(l) slot=S minch(O)
maxch(47) data(OxlOOO)

loadjnenu crate-1 menu(3)
zew_pedestals crate(l)
execjnaem crate{3) address(Oxjb)
csr_wr\te crate(l) sec add'(0x3)data(0x3000000)

Fig. 3. Utility Fastbus command grammar example



To facilitate debugging, these commands are trans-
mitted to the receiving socket as ascii strings in the form
shown. Before transmission, they are parsed and exam-
ined for errors on the Sun. then parsed again on the
VME side. The code which parses the commands on
both sides is generated by yacc from the same source
file.

t6] £2c, available from AT&T.

17] FOR_C is a product of Cobalt Blue.

[8] Builder Xcessory is available from Integrated
Computer Solutions, Inc.

C. Use of existing database management structure

Several databases were used extensively in the pre-
vious system, all managed by the DEC database man-
ager RDB. These databases included

• Run database
• Translation database (for reformatting)
• Calibration database

It was decided that the effort to rebuild all of the
software to interface to a different database manager
should be avoided. To this end. a VAXStation 4000/70
was purchased to host RDB: servers running on this
machine, connected via sockets, will provide database
management services equivalent to those formerly
available on the VAX 11/785 to any client on the net-
work.
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