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BULK~MEMORY PROCESEOR FOR DATA ACQUISITION

R. 0. Nelson, D. E. HeMillan, J. W, Sunier, M. Meisr and R. V. Poore

Los Alsmoe National laboratory
Los Alsmos, New Mexico 875493

ABBTRACT

To meet the diverse needs and data rate requirements at the Van de Graaff and Weapons Neutron Research

(WNR) facilities, & bulk memory system has been implemented which includes & fast and Ilexible processor.
This bulk memery processor (BMP) utilizes bit slice and microcode techniques and features & 24 bit wide
internal architectrre alloving direct addressing of up to 16 megawvords of memory and histogramming up to

16 million counts per channel without overflow.

system and to the standard MODCOMP computer 1/0 bus.

vith macro instructions is supported.

1. INTRODUCTION

ear physice atudies with "white" neutron sources

- often met with requirements for large data

‘age. This primarily results from the use of time-
‘light techniques for neutron energy measurements

h produce many bits of information characte-izing
went, Over the past decade this information vas
cally handled by forming histograms stored on fast
's since large random accees memories were prohibi-
'ly expensive. Naturelly, the event data rates in
| systems were low, typically les: than 10K events
second .

mt advances in neutron detector technology (no-

.y two dimensional ares detectors), more complex
)riments, and the influx of new experiments from
condensed matter physice community have increased
pressure for grester data acquisition rates and
jer histogramming space. Fortunately, advances in
iconductor technology have provided the random

1ss memories capable of solving both problems at an
yrdable price. The edaptation of these products to
) acquisition is now of wide interest.

11. IMPLEMENTATION OF HARDWARE

} impleaenting & wemory eystem for use in experi-
;al physice, the first design question should

ress the possible need for intelligence in the

|k memory” eystem. 1In a simple histogramming
ironment no such requirement ewiaste. Aleo, if

it rateas exceed 1M events per secund, little
:essing is be possible., But for the bruad raunge of
lications often found in the physice laboratory, a
processing capability will find use.

second design question should address the sort of
:essor vhich vill sansge the bulk memory and

fors the preprocessing. An obvious optien is to
drporate a microprocessor on a chip. The micro-
tessor apyroach offars primarily a reduction in the
ign effort and some flexidbility in the choice of
tessor, but sulfers in processor speed. An
irnative approach using bipolar microprecessor

tes yialds greater opeed and all the flemibility in
hitecture possible ot the expense of greater design
ort. As our group supports diverse experimencal
prams at both a tandem Van e Graaff sccel..ator

a spallation neutron source at the Weapons Neutron
parch facility (WNR), the bit glice design {s

ored to insure both epoed and flemibility,

The BMP' is interfaced to the MOSTEK MK 8000 bulk memory
Coding for the BMP both at the microcode level and
The generalizad data scquinition system! has been extended to
support the BMP in a manner trensparent to the user.

Since the bit slice processor is to be used in the
CAMAC environmeant of our laboratories , it is natural
to select a watching word wideh of 24 bits. For
histogramming this offers a sufficient width so that
overflows can largaly be ignored. Furthermore, the 24
bit width allows single word addressing of 16 Mega-
worde of semory.

The AMD 2903, selected as the arithmetic/logic unit
(ALU) for the bulk wemory processor (MMP), offers
standard srithmetic and logic functions plus extended
functions tn facilitate multiplication, divieion, sign
extension, etc. PFurthermore, the architecture of the
2903 allows expansion o” the gereral purpose register
set beyond the internal 16 registers so that an exper-
iment of modest complexity may retain conditional
sorting or windowing limits for multiparemeter data
acquisition entirely in the register set. Therefore,
the design includes an sdditional 80 general registers
beyond those internal to the 2903). Thirty-two con-
stents tegisters sre included primarily for facili-
tating bit operationa bringing the total register
count to 128,

For sain semory the MOSTEK MX €000 eystem is utilined.
It offers 120K worde of 24 bite on each card with card
cages of | or 2 Megaword capacity. The card is based
on the MX 4116 dynamic RAM chip and has on boasrd
refresh logic. The memory sccess times are 2%0ns and
430ns for resd and full access, respectively. To
incresse memory epeeds for sequantial access, odd and
evean addresses are interleaved resulting in an
effective ¢cycle time of 330ne including all processor
request and control overhaad. Three access wodes are
supported: read (3)Ons), write (330na) and read/modi-
fy/write (variable).

To interface the BMP to the experiment, the processor
containe a 32-bit wide 1/0 data register fully inter-
faced to the MODCOMP bus which is in turn interfeced
to the exps-iment via CAMAC. The control logic of the
BMP interface supports direct memory access as well ae
ragister driven 1/0. VUse of the "doudble word" re-
gioter simplifies matching the 16-bit wide wmini-com-
puter to the 24-bit wide processor. The MODLOMP
cowputer concentrates and derandomizes the data from
several CAMAC interfaced emperiments and st the option
of the programmer, way manipulate the dats before
passing it along.

The flcw of data from the interface through the BMP to
aemory and eventually from memory back to the
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Fig. 1 BMP architecture. Only the datapaths are shown.

interface is controlled vias microcode stored in
writable control store (WCB) organised as 4096 words,
80 bite wide. The 30-bit format for the microcode
sunports as much parallel proccssing capability ae
sractical to enhance the speed of the processor. The
AMD 291) is used fur the microprocessor sequencer and,
of course, is iteelf driven by the microcode., With
other fields the microcode directly controls the flow
on the main processor data bus and verious internal
buses, the source and destirastion for AlU operations,
the ALU operation, the functions paripheral to the ALU
performed by the AMD 2904 (condition code, carry-in
and ehift-in/chift-out management), program counter
control, memotry accessea and 1/0, 1In sddition, a
three bit field epecifias the time allocated for each
microstep, thus enabling the micvocode to be
optimined for epeed. The architecture for the BMP is
ehown in Figure 1 with emphssis on the various data
paths. Table )| indicates the bit fields of the
microcode instruztion used for coantrol of processor
functions,

To facilitate coding {n the preprocessor, a macrocode
capability is included in the design. 1t {s believed
char for low count rate emperiments (typically complen
coincidence anperiments) coneiderdie preprocessing
might be required and microcode developaent for these
applications would be tadious and needlessly diffi-
cult. Thus, the macrocode implementation gives the
programaer the tools to wvhich he is s:customed, the
sachine language instruction set, general purpose
vegiotears and a program counter. The progrms counter
fo provided through use of the AMD 2930, a davice

Table 1. Microde Word Format

Bita Function

~0-6 ~ Bource r.gister select

7-13 Destination register select

14=19 Operand select

16-21 Program control unit (PCU) control

22-23 Register increwment/decrement control

24-2% Y bus deetination select

26-27 Bus input data (DID) destination
select

18-29 DA Bus source select

30-33 Condition code control

36-)7 Carry-in control

38-49 Other status/shift control for
AMD 2904

A6-%4 Aritheetic/logic operation

35-3¢6 Format optlon select

37-39 Reserved for MODCOMP interface

60 Requent dats from MODCOMP

61 Y bus nource select

62-64 Processnr data bus source select

63-67 Processor data bus destination select

] ] Unused

69-71 Bulk memory intarfece control
12-74 Microstep clock period select
75=719 Microprogrem sequencer control
o-11* Microprogram branch address
16-19" Shift control fo. AMD 2904
n-23* Programmeble \iteval
0-23"" Future CAMAC Operation control
Ao-A9"" Priority interrupt control

ormat overlap context dependent
Format overlap option dependant



1e 2. Typical Instruction Execution Times
Execution Tiwe (us)

monic Instruction BMP __7830""

Ro Branch Branch Ne Branch Branch
R Add register to register 0.33 0.3
M Add memory to register 0.99 1.4
] Add register to memroy §.23 1.4
X Add memory (ehort-indexed) to register 0.66 1.4
XM Add register to memory (short-indexed) 0.90 1.5
)11 Add memory (immediate) to register 0.66 0.6
JRE Add register to register and branch if nonsero 0.66 1.32 2.7 1.4
| Load register from memory 0.99 1.4
b | Store register in memory 0.99 0.7
n* Multiply register by register 4.61 3.2
R* Livide register by register 6.6% 7.4
.8 Logical left shift by register 0.69+0.16N 0.9+0.2N
M Branch and link 1.32 1.4
N8 Branch and link if negative condition code set 0.66 1.32 0.7 1.4
X Branch and link (short-indexed) 1.23 1.2
(N8 Branch and link (short-indexed) if negative 0.33 1.23 0.3 1.2

condition set

w Hop unconditionally 1.23 1.6
8 Hop if negative condition cnde set 0.33 1.32 0.9 1.6

roducts and dividends for the BMP and 7830 are 48 and 32 bits, respectively.
limes taken from MODCOMP Classic Central Processor Model 7830, Reference Manual,

110-142000-000.

lcitly designed for the macro progrem control unit
'\, and the inetruction set through conventiunal

»f an inetruction register and mapping PROM

1iques to obtain entry pointe into the microcode.
sse of microcode for epecifis data acquisition
leus is reserved for only those applications which
'd spaed and permit simplicity.

1. IMPLEMENTATION OF FIRMWARE AND SOFTWARE

alcrocode or firmvare developed for the processor
be divided into two categories, basic processor
tions and macro instruction implementation. The

¢t procassor functions support front panel opara-

» such ae program counter load and increment, main
ry load and display regieter management. 1n

tion block transfers to and from main mewmory and

k transfere of channel numbers for histogramming
supported as basic fu.ctions.

vare fcr the macro instruction implementation {»
erned to emulate much of the MODCOMP {netruction
since the processor is envisioned for use pri-

ly wich MODCOMP computers. To date ein nperand
eseing wodes are supported as indicated in Table 2
the various add instructions. 1Inetructions eup-
three basic data types:t bit, word snd file which
fets of one to sinteen registers. Integer opera-
¢ dncluding multiplication and division ere imple-
ed, but floating point operstions ere not planned
his time, With the flenibility afforded by the
sble control wstore for the micrecode, additional
ructions teylored to the peculiar demands of data
{eition are anticipated.

microcode is written in symbolic form using a
=assembler available from MicroTec of Bunnyvale,
fornia, which is essantislly a Fortren {wplewen-
on of AMD's meta-assembler, AMDASYM. The asseembler
lenible, convenient and enhances generation of a
documented code.

Access to the MMP is obtained from the MODCOMP compu-
ter through the basic I1/0 eervices of the operating
system. At che system level the only custon software
required was the 1/0 handler. By treating the proces-
sor as an 1/0 device, multiple user tasks may queue
prioritiied requests for service uaing standard sub-
routine calle available for either sssembly language
or Fortran. Hiatogramming or other functions unique
te thu processor can be selected with device dependent
option bits available in calls to these routines.

With c¢his approach it (e ecesily possihle. for axemple,
to have in a wultitssking environment concurrent
requests to the BMP for clearing data, for histo-
gramming aeveral channels of data acquisition, for
read out for display purposes and for storage to
mognetic tape. Although not yet in use, the queue
could include requests to load custon microcode or
applicatior macrocode as well,

The generalined data acquisition code "L" has been
entensively wodified to support data acquisition with
the BNP in a manner transparent to the user, Punc-
tionally the commands of "1'" treat data in main mewory
&ad in bulk memory icentically, but operationaly are
very different since hulk memory data areas, which may
be megavords ir length, are succestively proe;llud as
sagments. The event analysis language, EVAL 4, oper-
ating under "I" {s soon to be anten'ed to a versien
vhich will compile macro instructions for the BMP.
This will be a convenient tool to havness the fleri-
bility and pover offered by the BMP for a vide variaty
of proolems.

iV. RESUL:S AND PERFORMANCE

The firet two BMPs vere installed on MODCOMP 1V/2%
computers at WNR and began routine data collection in
March, 1961, A third unit was installed or a MODCOMP
7860 in a mobil data acquisition system wmoat receantly
tahing data at the Los Alamos Mason Physics Pacility
(LAMPF). ALl unite have bean kept in servica with
only minor difticultios due mainly to ehip infant
mortality, As empected the simple histogramming data



rate vhera the BMP is executing caly microcode depends
entirely on the speed of the 1/0 bus and CPU overhead
for initializing the data transfer. If only the BMP
mic osteps are considered, a data vate of 800 KHz is
poasible. ' m . surements vhere the CPU is sending
out randor .-vit channel numbers to be incremented,
maximum r. es of 215 KHz and 300 KHz are achieved for
the MODCOMP 1V/25 and 7860, respectively. When used
in conjunction with thr differential branch driverd,
actual data rates drop due to the speed of the CAMAC
branch cycle and to conflict within the 1/0 proces-
sors. The resulting maximum data rate for the MODCOMP
Iv/2% is 150KHz. At 125KKz the associated composite
deadtime is 0.6%,

When operating with macro instructions iz the BMP,
some degradation of data rates may be expected. Macro
instructions executjon times depend largely upon the
speead of the main memory whereas microcods runs from
the WCS with 50ns access and microstep cycle "tuned"
for the shortest execution times possible. Mowever,
the BMP design optimises macro instruction performance
through use of interleaved memory and pipelined memory
fetches. The resulting typical exccution time for a
register to register instruction reduces to the effec-
tive access time of the main wmemory, 330ns. Other
simple jastructions are generally multiples of 330ns
depending upon hov many memory accessee are required
for the instruction. A complex instruction, like
wultiply register by register, for example, takes more
microcode and correspondingly greater time, in this
case 4.6y, Table 2 shows that BMP nacroc instruction
times follow cloeely those for the MODCOMP 78130,

While the BMP may not be wmuch faster when functioning
as 4 macro machine, it does 0 while leaving the more
powerful minicomputer free to do cther useful work.

V. FUTURE BMP EXTENSIONS

In the present impiementation the BMP exists as a
shared resource on the MODCOMP 1/0 bus serving data
acquisition requests from several experiments. The
configuration is cost effective since only one BMP s
required for these experiments. To the extent that
this configuration averages the memory needs of eer-
varal experiments, & savings in memory may result.

The chief dissdvantage results from user interactions,
both in deadtime effects and possible induced crashes.
An auxilary crate controller version of the IMP {s
planned which would support only a single user and
would bring deta directly from CAMAC into the proces-
sor eliminating both tha 1/0 bus congestion and the
user interaction. Anticipated data rates should Le
limited only by the datsway cycle resuiting in | MHa
event rates, Howvever, with the present TTL logic,
1ittle processing (if any) woule be processed at that
vate. Perhaps in yet another vereion, ECL logic could
be applied to Loost the processing capadbiiity,
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