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the PC Bit3 board requires this feature. The 16 low address
bits are output directly to a 64 Kbytes address space and the
This paper describes a system which uses a commerdiagher address byte(s) are output through Input Output PC
spreadsheet program and commercial hardware on an IBNorts”.
PC to develop and test a track finding system for the D Zero One way to access physical memory under the MS
Level 1 scintillating Fiber Trigger. The trigger systemWindows operating system is to use thB®S Protected
resides in a VME crate. This system allows the user Mode Interface or DPMI[1]. This is a low level interface
generate test input, write the pattern to the hardwamequiring the use of assembler or the ability to use
simulate the results in software, read the hardware res#issembler code Inline. Borland “C” is what we used to
compare the results and inform the user of any differenceswrite a “Library” of Bit3 interface routines made into a
Window’s Dynamic Link Library, DLL. Any of the
. INTRODUCTION functions in this Library may then be called from VB, and
even directly from an Excel cell once the function is
The D Zero (DO) Detector is located at Fermilab neafegistered”. Registering tells Excel and VB where to find
Batavia, lllinois. It is undergoing a major upgrade fothe function and to load it into memory. Although Excel
higher luminosity running with the new Main Injector.Version 4.x macro language also allows ‘“registering”,
Most new systems require software for engineeringersion 5.x’s VB provides a more useful and relatively
development, board testing and repair, and systei@bust wrapper as well as a real programming language.
debugging. An important requirement is that the Once the DLL is created and the Functions are
engineering tools are flexible and easy to modify so thaRegistered”, a worksheet may be constructed so that user
prototypes can quickly be converted to finished designentered data is written directly to the hardware undertest.
We have developed a test system which uses an ZxceKkcel provides a user interface for input. Excel, VB and the

spreadsheet to do all the testing for a level one triggBfL transfer the information to the Device Under Test,
system for DO. DUT, read the results from the VME crate and present the

results on the display. In parallel VB and Excel simulate
Il. OVERVIEW the DUT and display any differences to the user. See Fig. 1.

Abstract

Most of the digital electronics in DO reside in VME Excel Spreadsheet
crates. A VME crate bus may be connected to a Personal I;J;Str SSIMULATION = ‘6isp|ay
Computer with a commercial interface board 3sefThis 4E_> Hardware Testl_, ]
allows the PC to be used to test the VME hardware. TJ \

Microsoft's, MS, Excel V5.x includes Visual Basic for BIT3.DLL
Applications, VB. It does not support “peek” and “poke”
operations to physical PC memory directly. Unfortunately

VME Crate
1 Work supported by the U.S. Department of Energy under ( J

contract No. DE-AC02-76CHO3000

2 Excel is a commercial spreadsheet Manufactured by Microsoft ~ Fig. 1. Functional diagram of Test System. Simulation
Corp. We are using it with Microsoft Windows on a PC. and hardware test occur in the Excel Spreadsheet, the
3 We are using a commercial board set made by Bit3 Computer BIT3.DLL drives the Bit3 hardware. The VME crate
Corporation Models 403 or 406. The model 403 only supports 24 contains the system under test.

bit addressing while the model 406 supports 32 bit addressing:

The PC boards of both model are for Industry Standafiwithin four milliseconds of data entry depending on processor.

Architecture Bus or ISA, bus. They do not support Directyrther timings available in Tables 1 through 3 of this paper.
Memory Access, DMA on the ISA bus.




I1l. ABOUT THEDO TEST compared to the Excel simulation results. Differences are
shown as a “1” in the spreadsheet.

Figure 2 is a worksheet representing one wedge of the User input is by 1) “clicking” on a single “Textbox” to
proposed Detector Upgrade. The small squares witdggle a single fiber, 2) have the spreadsheet calculate a
numbers on them are VB “Textboxes” which represent ~48(ck and turn on the fibers that the track goes through, or 3)
round scintillating fibers arranged in sixteen layers logicallipput Particle “Events” from an externally generated file.
grouped into four Superlayers. Superlayer “A” has fouPther options exist to set all of the fibers to “1” or all to “0”
layers with 16 fibers per layer; “B” has four layers of 24nd for explicit control of the Bit3 card and the VME crate.
fibers per layer; “C” has four layers of 32 fibers per layer;
and “D” has four layers of 40 fibers per layer. V. EXCEL AS ADEVELOPMENTENVIRONMENT

The present prototype DO Level 1.0 Trigger Electronics
consists of a VME board with several Altera “Flex” Field Much has been written about the speed of Excel and VB
Programmable Gate Arrays, FPGA’'s. This hardware s a Rapid Windows application Development

described in greater detail in another paper[2]. environmerf. It is not an exaggeration to realize a
I | o I “hundred times improvement in productivity.”[5]
0 11 4 5 16 8 19 [10]11112/13114 19120 2112212312425 126 32(33134 36137 . . - .
AR . Excluding doing the ground work of writing the DLL in
I 1] I ! Tﬁ‘ﬁi\ od dl : h t it dsheet with “Butt ”
. (11 12 I; F F ‘}s P F F;n ::1 :7 E :gﬁm1515‘171;;37:)57:‘\;‘\7:‘\7i€£‘\m‘\z7‘mm 1?7‘\“2373839‘40 41 an earnlng ow1to use | ! a Sprea sheet wi uttons
e o ot la el b ol i e b fo oo b p il was first done in about one week. Users really wanted color
‘i H ‘1 ‘1: ‘1 SoE ;“‘H; % ::‘H::i i 1551"‘1::‘11,0‘ R A J and “Buttons” did not have a color attribute so a new sheet
e e e was made in a second week using another object which does
0 [1 la 506 8 [0 [0[11]10[13]14l35 1611718 ]19 . .
e b b e s el oo o o B allow color, “Textboxes”. Automatic track generation took
A re = e e A e a third week. Reading in a file and adding two side wedges
I e e took a final week. Saying that each stage took a week is
s H e eer 3}‘3 f;‘i }' }‘H }‘ H’" s }f E slightly understating just how rapid development actually is
ellow=1 0 0o 0 [0 10 0 [0 0 [0 0 [0 0 [0 0 superlayer b gotc .. .

o B8 0 6 N B ewodn | compared to traditional methods. One week includes, the
o smuure é}‘u : f}‘u . 3}' }‘3“}‘3‘}"}‘3’}‘3‘}‘0‘ 0 == [ conception of what is desired, algorithm understanding and
s j Rl R R R A R R mam_} design, implementation (in a day or two), testing,
F et ] HH i ii’ : i R o o ZL omota T - debugging, and slight refinements added or changes made

Sipeertommma - H - He and some tuning.

oo o0 ool of o ol ool 4ol 3l 00l o o of o 0l ool ol ool ol o Lved ; The name “Visual Basic” is misleading in that all that is

Soo a6l o a-S-o-o o a-e-oo o 4r-e-o-o 41 3 HBERHHRRH L left of the traditional line numberd Basic is some of the
Fig. 2. An Excel Worksheet set up to represent thgor”, “next” syntax. Line numbers are gone as are the
fibers of one wedge of a Detector upgrade study. redundant “let” statement. Enhancements include both

Subroutine and Function calls. It has scope rules similar to

A particle hitting a fiber is represented as a yellowpascal and “C” as well as support for dynamic variables.
“Textbox” and represented as a “1” in the underlying ceffhe programmer has the option of forcing variables to be
and the VME hardware. Similarly a blue “Textbox” meangleclared or not to be declared with the “option explicit”
a fiber was not “hit” and is represented everywhere by drective similar to some FORTRAN implementations.
“0". Adjacent fiber layers overlap. Each overlapping paiBlock structured syntax is used including Pascal “with”
is called a “doublet”. The logical “or” operation is carrieGstgtement syntax and “case” statements.
out on the individual fibers of a doublet pair and is stored in Having VB and Excel so tightly coupled is an
the first row of cells immediately below the darkempowering technology. It gives an implementor a choice
“Textboxes” The next lower row of cells show the “or"edof doing things in either the traditional linear programming
results of adjacent doubleis the same Ia.yer.The third method in a procedura| |anguage VB, “C” via a DLL and
lower row displays a logical “and” with the other doublet ilFORTRAN via DLL with restrictions, or using Excel to
the Superlayer. Eight “centroids” can be formed in thigold data in cells that would normally be held in internal
Superlayer.  The number of doublets “or’ed togethefrrays. By using a combination of both techniques one can
increases from two in the “A” Superlayer to five in the “Djiterally build applications in a day. The VB syntax
Superlayer. This provides data reduction and holds the
number of “centroids” constant: eight per Superlayer Cells(iRow,iCol).Value = myVariable

The binary values representing each fiber are packed into
words and mapped into VME address space which the
FPGA’s use inplace of real detector h|tS ReSUItS of th@ pg. 16 of Reference [4] came up with an acronymRVEL"
hardware computation are read back from VME anfdr Modular programming, #omated interfaces, ehinking,
Visual development environments, xtEnsible programming
5 This design is a frozen “proof of principle” design. Work idanguages. inkage among functions and between applications.
under way to optimize this idea. See reference [3].




puts whatever is in myVarible in the cell specified byadding new attributes to it. A whole new object had to be
“iIRow” and “iCol” of the “Active” worksheet. (The found: in this case a “Textbox” was used. Fortunately there
converse is also true.) Thus data may be collected aack a rather large number of pre-defined and useful objects
inserted directly into a “Cell” with a procedural languageincluded. Also other libraries of VB “Custom Controls”,
Once the data is in the Cells the user may view and furth&ontrols” or “VBX” file(s) which may be purchased from

manipulate it with any Excel or user written function. other vendors.
Alternatively one may read and write directly from and
to a cell by placing the VME peek or poke function into the VI. PERFORMANCECONSIDERATIONS

Cell on the sheet. However in this method one relinquishes

some control as to when the data is actually obtained. After All timing was obtained visually by observing a Light
the first or second time the sheet is re-calculated Btops  Emitting Diode, LED, on the VME hardware. The LED
accessing the VME crate because it does not know that itsifowed when the module was being accessed by the PC.
External! An individual cell may be explicitly updated byThe PC used was a Gateway 2000 Model “4DX2-66E” with
clicking on the edit box and then clicking on the little Chec%ight Mbytes Random Access Memdry Al timing was

box of the active cell which is like re-entering the formulgith a manual electronic stop watch displaying seconds in
and pressing the “Enter” key. This is tedious. hundredths.

The work around to force the VME bus access to take Tne following VB fragment or its equivalent was used as
place is to change either the cell containing dueress ihe pasic timing algorithm:

and/or value of the read or write function(s). Thus if all of For longintCount= 1 To longintMax
the cells containing VME addresses are referenced to a cell integerPlaceVal = VB_Readi(longintAdd)
containing a “base address”, the VME 1/O will take place Next longintCount -

when the base address is changed. A macro may read andpree runs were averaged after the extremes were
temporarily store the base address, turn off automatic fgiscarded. Values used for longintMax were varied from
calculation, write a dummy VME address in the cell that aog Excel cells to 100,000 for the VB and “C” loops to

of the VME functions are referenced to; restore the origin%ep the loops long enough to minimize human timing error
address, and finally turns on automatic re—calculatior(15 to 13 seconds).

Excel's recalculation algorithm recalculates all of the Initially all “C” code was functionally equivalent to

dependent cells so that the desired actual external VME Qisterence 1. This produced (unpublished) Times uniformly
cycle(s) take place. _ slower by 22 to 25us than Tables 1 and 2. Performance
VB syntax isobject.methodormat which also may be gains were made by not calling two Windows Functions”,
chained: objectl.object2...objectn.methodAn object may «a|ocSelector” and “FreeSelector”, each time a VME read
be a single object or a collection of like objects indicated by \write operation was performed. Instead the address
plural tense: “s”. Thusbjectsrefers to a collection and “selector” was obtained at DLL and program initialization
object refers to only one object while agnd released at termination.  This is contrary to
objects(*an_object_name”pr objects(indexNumbenefers  recommended Windows programming practice as there are
to one member of a collection. The programming paradigen relatively small number of Windows “Selectors”.
for the most part becomes “find the right object and methagowever tying up only 1 Selector provides a rather large
for what is desired” and then use it. There are a lot performance gain and the DLL seems to work as advertised.
objects and methods to try to sort through but a very useful All Table timings are inus. Table 1 is with the Bit3
“record macro” feature is provided that allows one to recoase Address in Protected Address Space. Table 2 is with

a segment and then edit it. the Bit3 set in Real Address Space. The difference between
Table 1 and Table 2 is that ~ A8 worth of DPMI code is
V. VB NOT“TRULY” OOP AND OTHER not executed each VME read or write operation.

SHORTCOMINGS

Using DPMI Bit3 > 1Meg=Protected Address
In Booch’s terminology[6], VB is “Object-Based” and call from read write
not truly OOP or Object Oriented Programminigecause | 1 VB called in an Excel Cell 3616 39p6
VB objects lack “inheritance”. VB does not interactively 2| indirect VB call 64 91
allow objects to “inherit attributes from” other objectqy _3|direct VB call 46 46
(“supertypes [superclasses]”). For example if an VB objett_4/all "C" in one "C" module 35 36

(“type”, "class”), does not have a needed feature (attribute) Table 1 Bit3 Base Address at $800000. Timingssin
then a different object must be used. No provision is
provided in VB to extend the object by giving it a new This is an Intel 486 externally clocked at 33 MHz with the CPU

attribute or method. Thus when the “button” object did natoubled to 66 MHz. on internal 8K byte cache hits The “E”

have the “color” attribute a new “ButtonWithColors” objectindicates this is an EISA bus. Recall that the Bit3 Models 403 and
can not be made by starting with the previous object a6 are ISA cards.




Using DPMI Bit3 < 1Meg=Real Address VIl. Conclusion

call from read write Excel and Visual Basic for Applications is an enabling
1/ VB called in an Excel Cell 3570 3670 technology providing excellent and inexpensive tools for
2|indirect VB call 34 52 Rapid Application Development. Besides being relatively
3| direct VB call 19 19 easy to use they are programmable and extensible. If
4/all "C" in one "C" module 14 I3 Interface Bandwidth is not paramount then it can be a

Table 2 Bit3 Base Address at $D0000. Timinggsn complete solution.

Windows Performance Penalties to External Interfaces

Table 3 Timings are mcluded as baselines. Item 4 of thifa DLL calls can be mitigated with care as Tables 1
table is from the Bit3 manual. Table 3, Item 4 is to duahrough 3 show. In cases where bandwidth is paramount
ported memory without going through VME bus arbitrationthey may provide a quick intermediate solution as a
All other times were obtained using the Bit3 as VME bugrototype until a faster application using other methods can
arbitrator® be developed.

Timing 1 of Table 3 is included as a reference point. It Increased throughput could be obtained by using Direct
cannot be directly compared to Table 2, Line 4 because itNeemory Accesses, DMA.  Other Windows schemes
implemented in Turbo Pascal rather than “C". It might b#acluding Dynamic Data Exchange, DDE, and Object
used to estimate simil&0OS based “C’tode without some Linking and Embedding, OLE, are expected to be slower
Windows overhead. Both Timings contain similar erroand were not investigated.
handling logic and both Compilers are by the same vendor
with optimization off. Special thanks go to D. Huffman and L. Rasmussen, both

of Fermilab, for invaluable assistance with the DPMI code.

Turbo Pascal DOS Code

MS Windows NOT Running VIll. REFERENCES

Bit Base Address < 1 Meg=Real Address

read write [1] D.L. Huffman, “Reaching Physical Board Addresses In a

1/ Similar to "C" code above 9 6 PC From Windows Protected ModdEEE Nuclear
2/486 no error checking 3 2 Science Symposiyrfio be published 1994 proceedings)
3| Pentium no error checking 2 2 [2] paper to be presented at CHEP-Computing in High
4/ Manual without arbitration 1.5-2.0 0.55 Energy Physics September 18-22, 1995 Laboratorio de
Table 3 Bit3 Base Address at $D0000. Timingpsn Cosmologia e Fisica, Experimental de Altas Energias

(LAFEX/CBPF), Rio de Janeiro, Brazil by L. Moreira.
Bit3 writes are two stage pipelined and are intrinsicalli3] F. Borcherding, “Level 1 Trigger Design for the DO
faster than the one stage read as Line 4 of Talsleo@ss. Upgrade Central Fiber Detector”, (Internal) DO Note
This advantage falls out and even degrades differently on 2369, Nov. 21,1994,
different call stacks. Subsequent timings reflect that Repdi D.E.Y. Sarna and G.J. Febish,__ WindovRapid
functions have only one long word argument: the VME  Application DevelopmentZiff-Davis Press, 1993.
address. Write functions have an additional argument: t[gq ElectronicEngineeringTimes CMP Publication, March
value to be written to VME. Both functions return an 13,1995 Issue 839, pp. 1.
integer used as error reporting. [6] G. Booch, Object-Orientednalysis and Design, The
The first two tables indicate that Excel's overhead for Benjamin/Cummings Publishing Company, Inc., 1991,
cell recalculation is on the order of approximately 3.5 ms. pp. 38.

One sheet has an estimated 2,520 cells with data andfgr J.Webb, _UsingVisual Basic for Applications Que
functions in them. Recalculation time varied between 8 and Corporation, 1994.
9 seconds. Doing the division gives a cell time of 3.17 {8] Microsoft Press, MicrosofExcel SoftwareDevelopment

3.57 ms per cell for the 486 described above. The large Kit Version4, (this is a book with a disk.) Microsoft,
variance in time can be attributed to the non-deterministic 1993.

Excel recalculation algorithm. Using the overlapping region
of the two measurements gives about 3.5 ms per cell.

8 This Turbo Pascal code has the form:
“ival:=memw[$D000:8300]" {ival read from VME memory }
“memw[$D000:8300]=ival” {ival written to VME memory.}

Turbo “C” has similar built in intrinsic arrays andould

presumably produce similar instructions. Language and compiler

differences at this level running on fast processors are
overshadowed by the relatively slow ISA bus making this useful
comparison for estimating purposes.



