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Tbe ACT Branchbus, a high speed differential bus for dam movemem in 
multiprocessing and data acquisition environments, is described. This bus 
was designed as the central bus in the ACP multiprocessing system. In iu 
full implementation with 16 branches and a bus switch, it will handle data 
rates of 160 MByWsec and allow reliable data Inmmission over inter rack 
distances. We also summarize applications of the ACP system in experi- 
mental data acquisition. niggedng and monitoring, with special aifemion paid 
to FASXWS envimnments. 

Jn- 

The Advanced Computer Program (AC,‘) a, Fermilab has designed a 
multiprocessor system for off line reconstruction of data from high energy 
physics enperimenll and high level on line triggers., This system makes 
FORTRAN passing power available a, a presem cos, of roughly $ZooO 
per VAX L l/l80 equ+alenL lXe system is based on single board computers 
incorporating popular 32 bit micmprcawn (currendy the Motorola 68020 
ind tk AT&T 32lCO). on board floating point coprccessors. and 2 MBytes 
Of memory. These CPUs are standard VME modules with full masfer and 
slave capabdides. 

Cenval to the mukipmceswr system is the ACP Branchbus, which is 
rhe means for connec,ing the fntentiauy large mlmhn of crates ,ha, contain 
the individual processing elemenu;. Tlw farm of processor “nodes” is man- 
aged by a single has, computer. The nodes run identical FORTRAN pm- 
gmms. They process and analyze separa,e dam samples cnrurrrndy. Tbe 
data is delivered and retrieved by the hoa and its tape drives sld d&x 

‘Ithe design goals of the project emphasized an open and ccmptitive en- 
vironment for the pmcewrs. In this way the system is receptive to dx mosi 
cost effective processing elanems available from indusvy a, any time. The 
goal was to allow individual processor nodes 10 funaion. as appmpriare. in 
any of a number of 32 bit multi maxer bus systems such as VME. Multi-bus 
II. NuBus. FASTBUS and VAXBl Bus. With dx exception of FASTBUS. 
none of the buses had a means for wrmecring several clilfes rogether a, high 
dafa rates. The ACP Branchbus addresses dds pmblem of Linking several 
high performance local buses m a hoa. FASTBUS was felt to bz mom corn- 
plex (and expensive) than rqdmd for the immedka and fu,um needs of this 
application involving single board computers. In addition, the larger VME 
~stomer base was more conducive to ultimate commercializadon of ACF’ 
designs. The ACP Branchbus was therefore designed to allow bigb spzed 
block uansfem to or from a has, to any one of a number of slaves residing in 
any of a number of crams lids bus now forms the backbone of both off line 
and on Iii A8 systems. 

’ LGai”es da,. . r/u ACP Mtiriprocfxor sysren 0, Few&b. presmed 81 the 
Campuring in High Energy Physics Conference. Asilomar Stale Beach. 
Cdifmia, February 2.6. 1987. FERhuLABconf.87RI: J. Bid c, rd. so,rware 
,o, ,hr ACP Mdriprocrssor sysrcn, prescntcd *I the Computing in High Energy 
Physics Conference. Anilomar Scatc Beach, California, February 2-6. 1987. 
FERMIU\B-Conf-87122; !&ailed mduk and system descd~tions may be fwnd 
in *monccli COmpvvl .%?gwn: .Murriploccssor syncm “aE?wrc Maluor. 
Hid3 enerm oh”sictirs wvidl access to DECnet ITmY pccess an YD 10 dale list of all -,. . 
of the ACP’s LCchniell manuals. publicad&, and av&ble saf,ware a, 
MACP::ACPDOCS~ROOT:,~s~~~lsT.WC. 

The ACP Branchbm 

..~ . 

As orighlly dewloped. the ACE’ Branchbus is a 32 bit bus connecting 
a single master (presently a micmVAX or FASTBUS) 10 multiple cra,es 
(presendy “ME). (Multi master capabilities are presently bei”g tested with a 
new Branchbus interface cad. BS will be discussed below.) I, is a differada, 
bus @3485 protocol) and mm a, a maximum dam rate of 20 MBytes per 
second. The bus may te up to 50 feet in length. with up to 31 slave cmtes 
allowed. Byte parity is implemented on all u’ansfers. Address and data are 
mulfiplened. PhysicaUy, do bus is Ova 50 conductor Lwis, and flat ribbon 
cables with cmu~ctors a, each mas,er ad slave. 
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Rgure 1. A full SC& off line ACP Multiprocessor system as presendy in- 

s,dM in ti Fermilab Computer center. 

An ACP Branchbus system. typical of existing off line installalions. is 
jhovm in Fig. 1. Individual modules are discussed in some detail below. A 
Branchtus CommUer (BBC) commls the bus as master. Here. the master is 
a QBBC which connec‘s 10 the QBus through a srandard DRVI I-WA D.MA 
interface. (Unibus masters can ah connect to Ihe QBBC thmugb a DR- 



I IW interfxe.) Also existing is a FASTBUS interface (FBBC). and in de- 
sign is a VME interface (VBEttJ. both discussed below. 

Distributed along the Branchbus are Branchbus slaves. In this instance 
the slaves are interfaces to VME crates of CPUs. Each Branchbus slave acts 
as a master in its own crate. Up to 31 slaves can be connected to a single 
branch. Presently supported is the “ME bus through a Branchbus to VME 
I,,rerface (FM). If warranted, other ‘Y bus crates could be supported 
through a Bti module, or tidividual modules can be interfaced directly to the 
branch bus as slaves. 

Operation of the Branchbus is as fo”ows: Data transfers on the bus 
consist of a control cycle followed by data cycles. During one half of the 
comml cycle a BBC places on the Branchbus a 32 bit word packed with 
Branchbus slave address. transfer co”“, and the type of bus traxfer the 
Branchbus slave should perform in its crate. The second half of the wnool 
cycle contain the wurce or destination address in the crate for the data 
transfer. The ensuing data cycles transfer data between the crate bus and the 
QBus (or FASTBUS, etc., depending on the type of BBC). Slaves signal 
acceptance of data ot an en-or condition. Masters may abort block transfers 
with a reset cycle. Individual word ha&baking is tmt used, but a wait Line is 
provided to prevent data king lost horn a “receiver not ready” condition 

Several impotit module designs that suppott Branchbus operation a 
presently in use These are the QBBC (or UBBCh the BVI. the Branchbus 
lnrerfacz Daughter Board (BBIDB), and the FBBC. These ate described in 
Ihe following. In addition. a system requires a Branchbus Terminator (BB’t? 
for pmper signal termination at each end of a Branchbus cable. 

r. r Mus-This 
mcdtde when paired with a standard DRVI I-WA module from DEC pm- 
“ides a connection between tbc micmVAXs QBus (or a big VAX’s Unibus 
tbmugb a DRI 1 W module) and the Branchbus. It opetates as a DMA device 
on the Q/v bus providing input and output transfer lengths of up to 64 
KBytes as either 16 bit or 32 bit words. It supports data transfer rates of 503 
KBy,es,sec. A switch selectable “bunt mode” may be used to double these 
rates in those installations where the QBus can tolerate burst opratiott. ‘Ihis 
module is able to swap the order in which words and bytes ate placed in or 
relieved fmm 32 bit Branchbus words. Swapping is under mntml of 2 bits 
in the first contmDL word preceding each block. Thus swapping is dynamic 
and may be changed fmm block to block. 

BVI:. This module is the corwcdon be- 
tween the Branchbus and aVME crate. It is a slave on the Branchbus and a 
maxer on the VME bus. Via the BVL the host computer can write or read 
my address in a VME crate attached to the Branchbus. The BVI supponS 
data rates. tbmugb “ME sqtential -fen. of better than 20 MByteSlsec.A 
double high VME module residing in a single slot of a VME crate, it oans- 
lates pmtccols between the Branchbus and “ME. The Branchbus cables 
COMCC~ directly into the BVI front panel. The foIlowing summarizes the 
featurer of the BVI: 
1, Branchbus slave. 
2. VME M;ster: Single word a A32 or A24. D32 or D16; Squential as A32 

orD32. 
3. 0” output block transfers (Branchbus master to slave). the BVI ignores 

the nmsfer count (in the fits, Branchbus block tlansfer amOD word) and 
wii,es a” the data &nt on the Branchbus to “ME. 

4. On input block transfers (Branchbus slave to master), the BVI reads the 
number of words specitied by the tmnsfer count and sends them on the 
Branchbus u) the master. 

5. On board FIFO akws pipelining of output block tramfen. 
6. Performs single. block, attd ACP defined broadcaSt transfers on VME. 
7. Maximwn transfer count is 65535 cycles (words orlongwotds). 
8. VME request and grant priority is jumper selectable. 

A block diagram of the BVI is shorn in Figure 2. 
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Figure 2. Block diagram of the BVI, a typical Branchbus slaves 

BRTDR: This daughter board 
simplifies the interfacing of various designs to the Branchbus by providing 
the Branchbus connectors and RS485 tranxeivets necessary to attach to the 
high speed. differential Branchbus. Tbe daughter board mounts piggy back 
m the parent board with the Branchbus connectors extending out thmugb the 
front panel. The interconnection to the parent board is via single ended ‘ITL 
through a pin and socket connector. The BBIDB is used in the QBBC and 
BVI. A new multi master BBIDB is being tested. It may be installed vans- 
parettdy in existing modules and is part of the new VBBC module and Bus 
Switch hxcrface Board presently in design and described below. 

-This mcdule. developed by 
the collider Detector at FCmdlab (cm=) Depamnent in cdabnrwion with *he 
ACP. is a slave on FASTBUS and a Branchbus master. FBBC systems re- 
quite a FASTBUS master to read or wite to the Branchbus tbmugh the 
FBBC. Transfers on Branchbus take place without the FASTBUS master 
needing to know the specifics of Branchbus pmuK101. Features of the FBBC 
include the ability to do pipeline blcck trsnsfets at better than 2*3 we/word, 
to do bandsbake block transfers, and to do random single word reads and 
writes. Several wire wrapped FBBC modules are in use at Fermilab (CDF 
level 3 Tri~ed) and at Los Ahms (the LAMP+ MEGA experime& Both 
of these experiments are descrikd later in this paper. The combined FBBC 
BVI BmnchbusNME liti fmm FA!STBUS into the memory of ACP CPU 
nodes has bee” tested. error free for over 48 houn. at 20 MBytes/set. Lay 
out of a printed circuit version of the FBBC is nearly finished. It will include 
multiple mastet capabiities. 

IB. Fla"gk u d. , mcgrmion Oflhc ACP Mddproeessor syrrem into rhe cm 
on Lint Dam /icq!&itin E""imMUN. papa pnsenled a* this conference 
ht. oothoudl et al. , Use ofthe Fmni!~ Adumccd Compuer Project WP)lor 
MEG4 On Line High-k"cl mgpring ad oguw Darn andw*. MEG.4 
inted document. Los Ahos. November 1.1985: and M.Oothoudt. private 
cmllmunicstion. 



Two other impman designs, which augment those directly involved in 
Branchbus operation. are in common use in ACP Multipmcessor Systems 
niese2.E 

)‘RM: “ME Resource Module A companion module to Ihe BVI. tic 
VRM provides the sundad VME system utilities. It also includes a 32 biI 
addressable latch that can be written or read over VIME. This latch can be 
used as an aaemion register for nodes within a crate to signal their statlls to a 
host. The VRM also contains a VME bus error register which stores tie ad- 
dress of a bus error. 

source on the “ME bus although only one master at a time may use it. It is 
aUocafed on a firs-come. tint-served basis by a test-and-set bit in its control 
register. Once pmgrammed, the Branchbus cycles occur transparently 10 !he 
VME master which is witing data to or reading data from the VBBC. A 
block diagram of the VBBC is shown in Figure 4. 

“ME ,r,,e,f& ,I, the ACF system, olis module provides 
QBur memory extension by mapping QBus address space m VME addres 
space. The QVr is a single transfer VME master. capable of 8 or 16 bit 
tr?.nsfen to short. standard. and extended VME address space. It was ini- 
tially intended m permit two or more micmVAXes to share memory and, 
thereby. host responsibilities. It clearly has many other applications, not Ihe 
least of which is to allow a VBBC, described below. to replace a QBBC in 
future systems. It also allows small scale. single crate, ACF systems to be 
operated without the Branchbus. 

Omnibyte Corporation of West Chicago. IL. presently supplies ACP 
designed modules including the QBBC. BVI. QVI. VRM, BBT, and UK 
68020 based CPU module described elsewhere. In addition, crates, power 
supplies and cwling as well as [correctly] ready made cables may be ob- 
mined from Omrdbyte 

The ACP Branchbus has proven m be a simple to use and reliable bus 
when used in our applications. Tix ACF is currently working on the follow- 
ing hnprwements which make dx system more versatile: 

Multi. We have defined a disnibuted arbitration ‘_ 

scheme similar to that used on the SCSI bus to transform the Branchbus into 
a multi mwcr bus where up to 16 masters can arbitrate for and we the bus. 
fin changes were made to the pmmwl or definition of the bus other than us- 
ing one of Ihe previously spare signals and defining the additiollll tiitration 
CYd.5 

Implementing the multi master bus with existing modules is simply a 
mater of replacing the BBlDB on Branchbus masters with a new Multi 
Master Branchbus hxerface Daughter Board @G%iBBIDB) which “‘mspar- 
enUy handles the xbitralion. Branchbus slaves wiU work with the multi 
master Branchbus without modification. For example, replacing the old 
BBlDB with a MMBBIDB makes the QBBC is now a master on the multi- 
master bus. The number of masten on a branch is limited to 16 (with 31 
slaves a.7 noted earlier). 
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An attention register and optional VME bus system controller are in- 
cluded on the module which allow VBBCs to perform the additional func- 
tions of the ACP VME Rewurct Module (VRM) in ACP systems thus sav- 
hlg askdinthevMEc*. 

This new daughter board design is finished, PC layout is finished. and 
pnduction units are currently being tested. 

-bus Contmller This de@ will allow any Vh4B 
pm.xssor to become a master on rhe ACP Branchbus. The “BBC will sup 
plemem existing Branchbus connollen. Used with appropriate interfaces fo 
VME, such as ti QV! or commercial FASTBUS to VME interfaces. it may 
also ukimately replace the QBBC and the FBBC. WitJ the multi-ma;tenhip 
capabilities, the VBBC wiU allow systems like that shown in Fig. 3. In tiis 
system, any processor in any crate can take mastership of the Branchbus us- 
ing the VBBC and communicate witi any other processor anywhere in the 
system. ?be VBBC also auows convenient use of Branchbus in data aq& 
sition systems. as discussed below. 

In an ACT system. a “ME nusrer such as a Q”, or a CPU can orcbes- 
tra,e data transfers directly between the “BBC and a tape controller. The 
mafer would set up and timer a VBBC transfer to or from some Braxchbus 
address. Then it would set up and trigger a tape controller transfer to or fmm 
tk data pat on the VBBC. The data transfer would then take place with the 
rape wntder acting as a DMA device. Unlike with the QBBC, the tape II0 
data mtcs are not limited by QBus rmr is the Branchbus mmsfer limked IO tie 
5W Kbytes’sec of the DRV-l1WA. In addition. the VBBC can replace the 
“RM in the Branchbus crates as a “ME system contmUer and as a central 
cratx “maihx” module. 

Feaolles of the “BBC ax: 

The VBBC provides amto Branchbus interface whereby devices on 
VMB which have VME mastership capability can use the VBBC as a pwl IO 
write and read to other devices connected to the Branchbus. The device is a 
VME slave/Branchbus master built on a double bigb VME board. Tht 
Branchbus cables olw info tie fmnt ~anel of the device. It is a shared re- 

1. “M!Abus Slave: Single or sequential tramfen. A32, A24, D32, D16. 
2. Bus master in single-master or muhi-master Branchbus systems. 
3. VMEbus System CmooBeropion (Switch selectable) 
4.24 Bif Atrention RegisLer(idatical to the VRM) 
5. On hoard FIFOs m buffer dam received fro”, Branchbus during Input 

Transfers 
6.3X Marimm Transfer Count (16 or 32 Bit Words) 
7. Maximum Transfer Rate of at least 20 Mbyte?,sec 
8. Programmable Byte and Word Swapping Capability (Identical to the 

QBBC), 
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Figure 4. Block diagram of the VBBC, an impxtam Branchbus master. 
presendy in development. 

hbus--Designisalsounderwayona16branch 
cmshv that allows up to 16 multi master Bmncbbuses to te imemxmeaed. 
With this switch. any device which can become a master on Branchbus can 
connect to any slave in the entire switch connected system. AU channels of 
Ihe switch can be active at any time. For example eight of the Branchbuses 
could be connected to the other eight all mmsfening data simultaneously for 
an aggregate inter crate data rate of 8 X 20 MByresfsec or 160 MBytes&z 
This is in addition to the local bus activity present in the VhtE crates which 
are not part of Ule system transfers. 

The Switch is based on the Texas Instmmems 74AS88.40 16x16 four 
bit crossbar switch chip which has a maximum pmpagation time of 25 nsec. 
The Switch is a backplane incorporating 14 of these chips. ModuIu may be 
plugged into tie Switch cute (Figure 5) much as with VME or Multibus. 
However. instead of signals being~interconnected in a bus stmcmre, each 
connector is a crossbar switch point. 

16 Ilot BUS 5Wlml 

Figure 5. The ACP Branchbus Switch. The backplane uses single ended 
TIT. Branchbus pmtocol. 

A ‘ITI. compatible version of Multi Master ACF Branch Bus is used as 
the communications pmkxol. ‘Ibis pmllrcol lends itself well to block tmmfer 
operations. Each pelf has a bandwide of at least 20 MBytes/set using 
LS/ALS technology. A Branchbus Switch Interface Board (BSIB) module is 
designed which plugs into the crate and convelu the ‘lTL Bmochbus to stan- 
dard differential ACF Branchbus protocols. In this way Branches ,with mas- 
ten and slaves an them can communicate with other branches in a transparent 
fashion. The cmte hardware is EuFocard standard, 220 mm deep, accommo- 
dating 6U and 3U high modules. The BSIB module is expected to be a 6U 
high board. It is also possible, as described below. m plug active modules. 
such as special CPUs. directly into the Switch Crate when appropriate. 

The Switch makes possible both higher performance on line systems 
described below a well as off line systems with very large numbers of 
nodes. An example of such a system, based on one being developed for 
theoretical physics use. is shown in Fig. 6. In this example. 128 Switch 
Crates each containing eight directly connected floating point processor 
modules are combined to create a system with a tofal of 1024 nodes. All of 
these can be wmmuuicaing with oUxr nodes in the system simultaneously at 
20 MBytes/xx between each pair (aggregate oyer 10 OBytesisec!). The in- 
terconnections knveen Switch Crates are rhmugb the BSIB Modules and the 
standard ACF Branch Bus. 

Figure 6. A 1024 node floating @nt processor built around the Branchbus 
Switch 

On Line Applicatia of the ACP Multipnns?n r System 

The flexibility, ease of use. and low cost of the ACF system have made 
it attractive for use in on line applications requiring Large amounts of pm- 
cessing power. The speed. reliability and inter rack distance transmission 
capability of the ACP Branchbus make it the natlllal way to interface a sys- 
tem of ACF processors to a dam acquisition system. The different Branch- 
bus modules described in the preceding section aBow Branchbus systems to 
be interfaced directly to Uoibu, QBus, VME bus. and FASTBUS. We will 
review here significant on line applications of the ACP system by various 
groups collaborating with the ACP The main focus is on the use of ACP 
systems in conjunction tim FASTBUS based data acquisition systems. 

The Collider Detector at Fermilab (CDF) uses an ACF multiprocessor 
system. now planned to be over 100 VAX equivalents in processing power. 
as a high level trigger processor. Figure 7 shows how the- ACP system. in- 
cluding a micmVAX host, is fully integrated into CDFs FASTBUS data ac- 
quisition system. The FBBC. a FASTBUS slave and Branchbus master. 
acts as the interface between the FASTBUS system and the Branchbus. 
FASTBUS event builders use FBBCs to send events to the processors. They 
arc under convol of the CDF Buffer Manager which manages the flow of 



events through dte data acquisition system and keeps track of the availabbilily 
of nodes. Processed eventi are read out by an additional FBBC commlled 
by a system of several large VAXes. In dxse “consumer VAXes” the event! 
cm be made available to any of a numb.~ of on line processes. These include 
Ihe data logger that writes output lap-z as well as moniloring and analysis 
tasks 
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Figure 7. Blcck diagram of tie CDF dam acquisition system 

A micmYAX host run.5 the same AC2 software a.3 is used in off line 
applications. I, downloads programs and calibrarion constants 10 the 
processing nodes, monitors node perfomnnce. processes exceptions. and 
sums up statistics. This micmVAX polls the processing nodes to detect 
event completion and reads out 128 bits of sofwwe bigger biU from each 
node that has complered an even,. This dafa is delivered 10 the Buffer 
Manager over FASTBUS allowing the Buffer Manager to determine. based 
on requests made by any consumer process, whether the even, should be 
read out or whether the pmcessor should be immediately returned u) the list 
of available processors. 

Thus, in this application, bath the Buffer Manager and Ihe ACP boB are 
involved in every even,: the Buffer Manager tells an even, builder where in 
the multipmce~~or to deliver the even,: the ACP host detects even, comple- 
tion; and the Buffer Manager determines the dis@tion of dx we”, based on 
data supplied by the ACP host This requires the Buffer Manager and ACP 
host to communicate (over FASTBUS) several time.? per event which limiu 
the even, throughput of such a system to roughly lC0 evems per second. 
This hit is acceptable here since otter arpeas of the dam acquisition impse 
Umits at a similar level. 

The MEG.4 experiment at the Los Alamos Meson Physics Facility uses 
an ahemative method of integrating an ACP Multiprocessor System into a 
FASTBUS envimnmcn,. Here. a in CDF. evenU are delivered ,o the pm- 
C~SSOR ,hmugh a.,, PBBC. However. i” MEGA “E pm~essor~ themselves 
know the criteria for a successful even,, and the ACP host needs only deal 
with the rare evetu fhat passes the nigger algorkhm resident in the processing 

nodes. Tk vast majoriry of evens which fail vie trigger requirement are 
managed directly fmm the FASTBUS which deuces that the node ha com- 
pleted processing through the FBBC. The even~i we combined into buffers 
so that many events a, once are delivered to an individual processing node. 
These *echniques allow the experiment ID process ,cns Of ,hO”Sands of evenls 
per second. This is appropriate here since, in contrast to CDF, tie events are 
simple, and require much less processing. 

Another experiment interfacing Branchbus to a FASTBUS system is 
Fennilab E687. an ex@me”, in tie wide band photon beam Here an ACP 
system is being added to an existing FASTBUWDP-I I data acquisition 
system. Initially. a small ACP system wiU be used to provide additional 
computing power for erpximem monitoring using a subset of events. Tnus, 
evems will be delivered to the Branchbus system through an FBBC by a 
GPM FASTBUS master acting as a parasite in the data acquisition crate. 
Siice the GPM,Brahlhbus system can read out even,s much faster ,han the 
existing Unibus interface, dx fraction of evems fha, the ACP system can 
handle is dewmined simply by how many nodes are installed in the sys,em. 
At a later stage. when more nodes are available, the Branchbus will become 
the primary data acquisition path. with all even,.? being shipped 10 ,hhe ACP 
processors. allowing Lhe system u) be used either as a high level trigger filter 
or as the first stage of off line analysis. 

A non FASTBUS on line application of ACP pmcesson is Fermilab E769. a 
hadmn expaiment in the Tagged Pbo,on Laboratory. Here. Branchbus is 
used merely as a VAX !a VME inferface. aowing ACP processors to be 
downloaded from the VAX. The dafa acquisilion system is VME based. 
SpeciaUy desi@ CAMAC cmnmUers deliver CAMAC data in parallel irxo 
m,dtip,e “ME memory modules, fmn where foU evems ue arsembled and 
pmcessed by the ACP CPU% Output fape is also written directly fmm 
VMB. In a similar approach. MSevine has developed a system for a 
Brookhaven heavy ion experimen, which doesn’t use Branchbus a, aU. 
fmead. a specially designed VME u) FASTBUS imerfaEe delivers data u) ule 
Am processors. and a mmmelcial VAX to VME link is used u) dead out the 
We”,% 
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Figure 8. Diagram of a data acquisition system interfaced 10 Branchbus. 



In addition to the acfllal experiment applications we have just desribed. 
Figures 8 and 9 suges, other ways of interfacing branch bus systems to data 
acquisition systems. Fig. 8 shows a system similar ,a CDF. where a data 
acquisition supervisor delivers events into *he brooch bus. The only new 
module needed is a DA bus to Branchbus interface. If the DA bus is either 
“ME or FASTBUS one may take advantage of the YBBC or FBBC for 
interfacing. 

A very atVactiYe oppatunity for obtaining a well integrated data 
acquisition sys,em and high level trigger exists when the digitization 
electronics are primarily in VME. In Uris situation. a shown in Figure 9, dx 
ACP Branchbus is ideally Suited 10 be the inter crate data acquisition read out 
bus in addidon u) its usual mle interconnecting crates of ACP CPUs. The 
hardware and sofWare at both ends of this system are identical resulting in 
major economies in expenise and suppon required. Tbe Data Acquisition 
crates may contain ACP CPUs that can be used for data fomraning. 
motitoring, and calibration. T%ex communicate with the hoa using standard 
ACF suppmt software submutines. It is alsO possible TV write directly to tape 
using VME based tape commUers. such as that made by Ciprico which is 
capable of reading and writing tape data dilecdy to or from a CPU in any 
V&E crate thmugh the Branchbus-“ME link. 

BCTTTTTTTT 
VPDDODDDDD 
I ucccccccc 

Data Acquisition Crates 

Branch 
BUS 

” 
c c 

” tape 
Control B 

P P 
a cant Tape Drives 

crate B 
u u 

a 
C c 

Processor Crates 
Branch 
BUS 

ccccccc B 
PPPPPPP “- 
““UUU”” I 

Two exciting new product technologies from industry are making i, 
possible for the ACP to s,an development on still more productive 
enhmcement~ of the Multiprocessor System. One of these technologies is so 
called reduced insuuction set compwen (RISC) now becoming available as 
micropmcessor chip sets. We hwe started design on a new ACP CPU based 
on such a product. Reconsmxtion code benchmarks indicate that ,hese new 
CPU will run 10 times faster tian ule present ACP CPUs. 

The other development is tie exnemely low cost and high density appli- 
cation of video recording technology for recording data. Most promising ap 
pears to be ca.%ette recorders that can store 2 GByws of data (10 times a 
2400 ft 6250 BPI tape) on a $10 cassetfe. reading and writing at speeds 
appmacbing that of standard tape drives. Since Ulese devices xe priced a, 
SZOM) each in quantity and come with SCSI interfaces. they have two nalunl 
applications in the ACP Sysvm envimmoent. Attaching one each to ACP 
CPU they cm be used in large numbers for rapid parallel scanning and 
analysis of huge ieconsmxted even, data basis. On line groups of these 
CPU-cassette recorder wmbhmions can write raw data in pan.Uel. One cm 
readily anticipate an order of magnitude increase in data writing rates in this 
way. We are expecting a first unit 0 arrive in June for testing. 

Adt”owlCdgC,tXZtlb 
We ackmxvledge contributions that S. Bracker and G. Case made to 

various aspecu of tie ACP Branchbus system. M. Lawill designed the 
PBBC. T. CarmU. T. Devlin. B. Raugher. and U. Joshi pardcipated in sys- 
tem tests of the FASTBUS to ACP CPU Iii. 

Figure 9. Block diagram of a VBBC based VME datl acquisition and pm- 


