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Introduction

The whol e system has been give" the acronym PUNCH PUlsed Neutron Conputer
Hierachy.
The PUNCH system will be organised at four |evels:

i) The data acquisition electronics (DAE) at each instrument W ll record
the arrival of each detected neutron by incrementing the appropriate
word in a nenory whose size is deternmined by the required nunber of
space-time channels. Prototypes of this |evel have already bee" built
in the Rutherford Laboratory's Instrunentation Division.

ii) Each neutron instrument will have its own front-end niniconputer (FEM)
to control the course of the experiment and to collect the data. Its

iii) The PEMs will all be linked to a single, nedium sized RUB conputer
having a large di sk data base (2 - 3 Gbytes), capabl e of storing
same 2 - 3 weeks Of experimental data as well as programs. The HUB

iv) The RUB camputer Wi ll be linked to the Rutherford Laboratory main-
frame camputers and hence to renote stations via the SRC network.

Figure 1 Illustrates the four-level hierachy described above.

A sinple prototype of an external memory increnmenting DAR system coupled
to a PDP11/34 has been built and tested. It awaits field trials on the
Harwell linac.

A detailed design of the SNS DAE is in progress and is described bel ow

A hardware/software specification for the FEM/HUB computers has bee" drawn
up and circulated to 21 manufacturers (Nov °T9), ina pre-tender exercise.
Ten mamfacturers responded. A very brief summary of this specification
is included below under the headings FEM ROB and Communications. Since

2 Data Acquisition Electronics

The DAE i s being designed by the Instrunentation Division at the Rutherford
Laboratory and is shown in Figure 2. |t consists of up to 16 TOF crates
and a systemcrate. Bach TOF crate contains up to 23 TOF nodules and a crate
control module.
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Each TOF nodul e houses two separate channels. A channel maybe fed by a
single detector or a mumber of detectors via a position encoder nodule.

I" the latter case positional information is passed to the nodule via a
front panel connector. ¥hen an event occurs om one of these detectors the
appropriate space (from the detector) and time (fromthe TOF bus) information
is stored in one of the dual 256 wd nenory buffers located in each channel
(' DUAL BUFF' in Figure 2a), Thus during a neutron frame (20 ms on SNS) ome
of the dual buffers is filled while the other is being read (via the data
section of the TOF bus). The fact that all of the information for one
frame is stored in the TOF nodule before being incorporated in the bulk
nenory means that it may be verified before transmission. |If any of the
error conditions are set (eg due to am overflow in a dual memory buffer)
the frame is not read and the 'frame-lost' counter increnented.

The output from a single detector or a position encoder nodule may also be
splayed (via a splay nodule) to two or nore TOF nodul es. Using the splay
technique the effective depth of the dual nenory buffers may be increased in
units of 256 wds. From each TOF crate the information stored during the
previous frame is read out via the instrument bus to the systens crate.
Wthin the crate the instrunent bus interface introduces the frame counter
information (used in experinents studying relaxation phenomena) resulting
in a total of 41 bits of information being presented to the descriptor
generator. This is reduced in two stages. A hardware patch renoves those
bits which are redundant for all experiments on the particular instrument.
Secondly a programable section (show' as the ROM and COMPACTCR in Figure 2b)
produces the conpacted descriptor in a manner that may be tailored to each
experinment. This, final, descriptor is the" passed to the bulk store via
a" INTEL multibus ‘to effect a Read Increnent-Wite (RIW) cycle on the
appropriate address.

The FEX Will be connected, via a suitable interface, to the Intel multibus
for pMa transfer of the Bulk store contents to the FEM memory (not show'

infigure 2).

Front-End M ni conput er

Hardware Configuration

CPU + optional hardware nmultiply/divide.
08 + 80 Kbyte of < 1 us nain nenory
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Har dwar e bootstrap and programer's consol e.

20 Myte of disk storage which at least 2 Myte nust be denountable.

I nexpensi ve hardcopy al phanureric termnal.

Interactive graphics termnal (ie with graphics cursor facilities).

> 5 Kbyte/s serial synchronous interface to HUB or communications computer.
BUS interface supplied by the Rutherford Laboratory.

CAVAC crate control ler.

FEM Sof t war e

i)  The operating system The mininum requirements of the operating system
are to permt two real-time tasks to execute in conjunction with the
network software. The OS could be single-user.

ii) The network software. This should permit remote |og-in to the HUB from

FEM terminals and file transfer facilities. It should be possible to
initiate file transfer by term nal commends or under program control,

iii) Applications software PEANO for experinent control
iv) Application software DEDEKIND for data display

Vi) Q her specialist applications software will deal with subsequent
data treatnent

HUB and Wrkstation

Har dware Configuration

32 bit (or larger) word CPU and ancillary hardware such as cache and hard-
ware floating point unit to provide 0.2 IBM 360/195 equival ent processor.
Qperator's consol e and VDU.

1 Myte of main nemory which can be expanded to at |east 2 Myte.

2 Cbyte of disk storage which can be expandable to 3 Gbyte.

600 | pmline printer.

2 x 6250 bpi tane drives.

Interface(s) for network connections fromFEM's and RLM or communications
conputers.

Interfaces to HUB workstations.
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Two HUB workstations. Each will conprise:

i) workstation control processor and suitable comunications interface(s);

i) 10 x interactive graphics ternminals with graphics cursor facilities.
These "nits should be identical to those on the FEMs. Shared hard-
copy facilities are necessary;

iii) 600 Ipmline printer;

iv)  High speed, high quality hardcopy graphics plotter;

v) a demountable cartridge disk drive or floppy drive, of the sane type
as used on the FEM conputers. This device is required on one work-
station only.

HUB Sof t ware

operating system

Avirtual, multi-user, multi-tasking operating system should provide the
following facilities:

Up to 30 sinultaneous, |ogged-on users. It is expected that » 40% of
these users will be executing existing data reduction prograns requiring
a high floating arithnetic activity.

A further ~ 40% will be viewing/editing their data "sing the interactive
graphics ternminals and obtaining hardcopy graphics output.

The remainder will be devel oping new prograns (conpiling, editing, [inking

etc).

In addition to the logged-on users there will be continual file transfer
fromall the FEMs to the HUB (at a mean rate of o 1000 byte/sec). (5 FEMs
in 1984 increasing to a maxinum of approxinately 20).

A virtual nenmory nanagenent system permitting all user prograns at |east
4 Myte of storage (program + data).

A File Managenent System with the followi ng features:

a) Awunified file structure such that files on the FEM and HUB conputers

are conpatible.
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b)

c)

d)

e)

The system should also provide nonitor/restriction functions to a
users available file space.
An archiving facility, new files should be automatically identified

and copied to tape at pre-set time intervals.

The system should permt the production of non-standard formats on

magnetic tape.

Al sequential output devices shall have spooling facilitites.

A batch processing nmode should be available.

iiy Network Software

iii)

Data Base Software

An applications package which will keep track of the runs perforned, their

location within the various storage nediuns and the analysis Perforned on

them
iv) Users Applications Prograns
Communications

The pasic design requirements are:

a)

b)

That all terminals should be able to communicate with all processors

In the PUNCH hierarchy above the one they are physically connected to.

File transfer should be possible between adjacent nenbers of the

hi erarchy. It should be possible under (application) program control.
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