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A FLOATINGPOINT NARDUAREEMULATORFOR RSX-llD

MarshallLcng .

Engineeringand AppliedScienceDepartment
Yale University
New H?-{en,CT

MartinKellogg
Loa AlamosScientificLaboratory

Los Alamos,NM

An RSX-llDtask has been writtento simulatethe Fp-11
floating pointhardwareon systemsthat lack this harduare.
The simulationis transparentto tasks using floating point
instructions.All normal featuresof the hardwareare simu-
latedexactly,includingits actionon exceptionconditions.

The emulatoria a privilegedtask occupyingabout 2.7K
words of memory. When it iS loadedand run, it se:g Up a
linkageto interceptthe reservedinstructiontrap beforeit
reaches thri executive, and route it to a serviceroutine
that can decodeand simulatethe floatingpoint instruction
set.

The resultsof a benchmarktimingtest are given, as
are noteson convertingthe emulatorto run under RSX-lltI!.

At the ClintonP. AndersonMeson Physics Fa-
cility (LAKIPF)we maintaina largedata-acquisition
eystemthat runs under the RSX-llDoperating system
on the PDP-11. This systemis supportedon Cver a
dozendifferentmachinesaroundthe ~ite and must be
usablein the hardwareenvironmentsof all thesema-
trhlnes.

The systemwas originallydeveloped usinu the
DEC FtiRTRANIV Plus compilerand objecttime system.
At thattime all the machinesit wes to run on had
FP-11 floating-pointhardware,and FORTRANIV Plus
was able to use this hardwarefar ❑e-e effectively
than FORTRAN IV could, Later,a requirementarose
to run the sYstemon ❑achtnes such as PDP-lltQOs
thet lackedthe FP-11hardware. ‘defirstattampted
to developa VW9iOYI basedon FORTRAN IV, but we
found that language incompatibilitiesbetweenthe
two systemscauseddifficultly. Althounhthe FOR-
TRAN IV version WH’Jactuallyused for a time, its
qualitywas never as high as thatof the FORTRAN IV
Plus version. Furt,5*rmore,maintaininga largeand
oomplextriplicationis a time-consumingtask, and
tryingto maintaintwo compatibleversionswau cost-
ing more time thanwe feltwe couldafford.~

For these reasons we deoldedto

eTherawere actuallyfour versions,
timewe wertralso tryingto maintain
sionaunderRSX-IIFI.

put some effort

since at the
compatiblever-

into developingan emulatorfOr the FP-11 herdware.
lie felt that the time spent In doing this wouldbe
quicklypaid back by the time savedby not ?upport-
ing a FORTRAN IV versionof our application.The
use of the emulatorwas to be transpartrltto tasks,
so that a task that ran with floating-pointhardware
would also run with the emulatorand requireno mod-
ificationor rebuilding.

~

The emulatoris desi~nedto run in a hardware
environmentthat supportsRSX-llD. Thus it uses t~e
extendedinstructionset (hardware multiplyldivlde)
on the PDP-11. It does not use the PDP-11/40float-
ing instructionset (FIS). It occuPies about 2.7K
wordsof

The

memory.
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emulatorprovidesa feature that is not
presentin the FP-11hardware: a versionaan be as-
sembledthat will gatherstatisticson the various
floatinq point instructlotisexecutedand addressing
Malesused. This can provide valuable information
aboutthe instructionmix in a floatingr.ointcalcu-
lation. Detailedinstructionsfor using the statis-
tics featureare &iven in the emulatorsourcecode.



. .

underRSX-llD. The generalstrategyfor Interfacing
it to the system Is to intercept the reserved in-
Struotiflntrep before it reachesthe RSX-llDexecu-
tive. If the instructioncausingthe trap provesto
be a floating point instructionissuedby a task,
the emulator simulates the action of the FP-11
hardware and returns control to the task.
Dtherwise,it forwardsthe trap to the executive to
allownormal systemaction.*

If’an error condltlonoccursduring the s~mu-
lated execution of the floatingpointi~structlon,
the actiontaken dependson the natureo< the error.
If it la an add~essingerror (oddaddressor seq~ent
fault),the emulatorsimulatesan odd address trap
from the task. If it is e floatingpointexception
(overflow,underflow,divideby zero,etc.),the em-
ulator simulates a floating pointexceptiontrfip
fromthe task. In eithercase,the executive will
takewhateveraction the taskhas r?auested-- cause
an otidaddressSST, a floatingpointexception AST,
or terminatethe task.

The most straightforwardway to emulate the
FP-11 hardware would be to assi~nthe registersto
fixedlocationsin memory. If thiswere done, the
regiatera would have to be swappedevery time the
systemcontextwas switchedbetween running tasks.
This would be done by amulatingtha loadand store
instructionsissuedby th? exacutiveto switch con-
text, and would be a time-consumingoperationthat
wouldgreatlydegradethe system~sperformance.

To avoid this largeoverheadin the systam,the
emulator uses the floatingpointccmtextsave area
in the currently active taak for Its ragisters.
Thus each task has an up-to-dateset of floatinu
pointregistersat all times,and it is not necas-
aary to swap the registersduringa contextswitoh.
The executivems~stbe modifiedto prevent It from
attempting to swap the ragisters,but the changas
are very simpleand can be handledby patching the
exeautivein ❑emery.

In order to interoeptthe reserved instruction
trap,the emulator‘steals”the trap fromthe svstem
when it is loaded. The technjquefor doingthiswas
developed by Sally Shlaer,and is descrbed in the
RSX-11Speoial InterestGroupNewsletter.I

.
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Fig. 1 shows the overalllogioal flow of the
emlator.

Figure1. Logicalflow of

●An ●xoeptionie the STST inatruotl~n,whiohthe em-

ulator ●llows to be issuedby the exeoutive,sinae
the exeautiveuses it in its floating point exoep-
tion aervioe.

zEXITFROM
TRAP

To uae the emuletor In RSX-llDsystemmust be
generated that assume! \are is floating point
hardwareon the machine. iisis done by including
the keynord ‘FP1 in the PDP-11line of the SYSGKN
phaee 1 controlfile, for example:

PDP1l= 45,96K,FP,

Onoe the emulatortask hes been assambledand built,
inetnllntionin the systemconsistsmerelyof ins-
tallingand r“nnlngthe task. The emulator will
stealthe reservedinstructiontrap from the eystem,
suspendexeoution,and subaequentlvprooeesall res-



.
,.

ervedinstructiontrapsca~med
structions.

At the same time, the
patchedto disablethe context
pointregisters. This is done

by floatingpoint

executive should

in-

be
switchingof floating
by using the OPEN

comand ~o changetvo locations,as follows:

hSY-llDversion6A:
MGR>OPE7232
007232/001010240<ESC>
MCR>OPE7342
007342/001025240<ESC>

RSX-llDversion 6.2:
MCR>OPE11766
011766/001010240<ESC>
MCR>OPE12076
012076/001025240<ESC>

We do not know the patch locationsfor RSX-llD v*r-
sion 6B or for IAS at present.

Once the emulatoris runningand the executive
has been patched,the Zyatemcan be save~usingthe
SAVE oommand,makingthe emulatora permanent part
of the system.

The emulatorsourcegivescompleteinstructions
for aaaembly,task building,and installation.

sxKuEs QEm!lLNsi AltRsxAmilmv

he checkedout the emulator by running the
Whet9tone benchmarks,2FORTRAN proqramsthat spend
most of theirtime ?oingfloatingpointcomputation.
Table 1 shows the benchmarkresults,and compares
them with regulta for some other hardware and
softwareconfigurations.

Table2 showsthe resultsof runningthe Whet-
stone benchmarks with the versionof the emulator
that gathers’atatistic~on the instructionsexe-
cuted. It is interestingto note that in the single
precisioncaae,about40$ of the In!!tructionsdo
floating pointarithmetic,and 60X do datamovement
and testing. The resultsare similarfor the double
preoiaioncase.

Tha largeproportionof data movementand teat
instructionsmay accountfor the greatdifferencein
speed between the emulator and tt,e FORTRAN IV
software (see Table 1). The softwarecan do these
operationsvery quickly,whereasthe emulatorincurs
a large overhead for trnp serviceand inxtructton
deoodingno matterhow simplethe actual in~truction
simulationis. !4ehave dorm some tuningof the emu-
latorby tryingto s~eedup the execution of the
moat frequently used ine.tructionsand addressing
mod-s,but the gain in ~peed has been only about
25$. It haa been suguestedtnat more speedmight be
gainedby lookingaheadto the next instruat.ionand
not doing the trsp aqain if it is a floatingpoint
nparation. We will inveatiqatethis an time per-
mits.

The emulatorshouldbe especiallysuitabl~ for
uae with a FORTRANprogramthat does mostlyinteuer
●rithmetic,with a small fraationof flonting point
computation. In this type of program,the gain in
apeed for integeroperation of FORTRANIV Plus over
FURTRAN IV wouldmore than offsetth~ loss in speed

for floatingpoint operations.

~m~

AlthoughX? have no requirementto run the emu-
lator under RSX-llMat this time, we did some stu-
dies of the wcrk that would be involvedin making it
run underthis system. A preliminaryversionactu-
ally ran but containedno code for processing e~”ror
conditions..Some notes on the conversioneffort are
given below.

Threeways to put the emulatorinto the system
suggestthemselves:

1. Build it into the executive.

2. Make lt a loadabledriver.

3. Make it “aprivilegedtask that steals the
reservedinstructiontrap and interfacesto
the executivein the ~ame generalway that
the RSX-llDversiondoes.

Method1 is the moat elegantand involves tho
leest trap servicingoverhead. By conditionallzing
the code,the emulatorcould be includeJin the exe-
Qutiveor left out at systemgenerationtime. Since
the emulatorcade is about 2K words long, there
might be a problemwith the executivesize if too
many otheroptionswere included.

Mathod2 has the problemthat the emulator is
not really a driver, and an excessiveamount of
kludgingnight be reouiredto convinoe the system
that it was.

Method3 was usec!to implementthe preliminary
version. It seems to WOrk well but does not run as
fastas Method 1 would. The preliminary version
runs slightlyslowerthan the RsX-llDversion.

The emhlato”Interfacesto the system at four ‘
points. We have summarizedthese below and given
referencesto the relevantparts of the RSX-llMexe-
cutive. Line numbersare for version3.

1. Ser”’ioeof the reserved Instruction trap
(Mne 274 of ❑odule SSTSil;label $ILINS).

2. Serviceof flontingpointexceptions (line
220 of module SSTSR; label $FLTRP).

3. Serviceof odd address trap. Thie is a
speoial problembecausethe RSX-llMexecu-
tive does not seem to have any generalcode
for deelingwith a faultinginstructionin
a trap serviceroutine(RSX-lID specifiesa
fault recovery sequence that can be used
for instructionsthat might cauae traps).
The code at SSTXT (line 429 of module
SSTSR)handlesn numberof system faultsas
speoial oases, and a case for a fault in
the emulatoroould probablybe added here.

4, Returnto the system. Thie ia done by a
return (RTS PC) to the oo-routine$Itmv
(line 320 of moduleSYSXT)that was called
at the beginningof the trap service.

Otherparts of the exeoutiveof interestto one
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wishing
aontext
and the

to put the emulatorinto RSX-llMare the
auitchingcode (line584 of module SYSXT)
systemcommunicationsaree (moduleSYSCM).
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Singleprecision
speed (thousands
o? Whetstone
instructionsper

Configuration second)

5.2
: 23.3
3 210

1. PDP-11134runningFORTRAN
emulator.

2. PDP-11/34runningFORTRAN

Doubleprecision
speed (thousands
of Whetstone
instructionsper
second)

::;
153

IV Plus and the

IV.

3. PDP-11/45equippedwith FP-llBrunningFOR-
TRAN IV Plus.

In all configurations,trace code waa generated
(/TR:BLOCKS for FORTRAN IV Plus,/SN for FORT~AN
IV).

Fraotionof Fractionof
inatruotions instructions

Inatruotion exeoutedin axecutedin
type or singleprecision double precision
addressingmode benchmark benchmark

no operand 11.17$ 9.17$
one operand 3.30 3.25
two operand 85.53 87.58

mode O Rn
mode 1 (Rn)
mode 2 #X or (Rn)+
mode 3 @(Rn)+
mode 4 -(Rn)
mode 5 @-(Rn)
mode b X or X(Rn)
mode 7 @X or @X(Rn)

47.78$
0.25

13.27
0.
0.51

3::97
7.22

47.85$
0.23
16.27
0.
0.47

2;:53
6.65

singleprno aode 89.38% 2.528
doublepreo mode 10.62 97.48

LDF(D)
ADDF(D)
!3TF(D)
MULF(D)
CFCC
DIVF(D]
CMPF(D)
SUBF(D)
LDCDF(FD)
STCFI(DX)
NODF(D)
ABSF(D)
!,DCIF(D)
STEXP
LDEXP
TSTF( D)
NlP3F(D)

28.56S
15.31
13.85
13.01
4.66
4.12
2.41
2s18
1.66
1.05
1.05
1.05
1.00
0.66
O*66
0.59
0,53

27.67$
18.12
13.05
15.95
4.39
4.09
2.27
2.06
0.21
0.99
0.99
0.99
0,94
0.62
0.62
0.70
0.50

CLRF(D) 0.46 0.43
LDFPS 0.44 0.42
STFPS 0.22 0.21
SETF 4.63 0.00
e--~“**. . 0.83 3.79
SETI 1.05 O.g’a
SETL 0.00 0.00
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