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The Texas Instr’xmnts Advanced Scientific Ccmçuter
is a very powerful , very fast , large central memory
computer for scientific applications programs. large
programs such as MASFRAN , which perform extensive
nuierical processing of large matrices , should require
significantly less central processor time when run on
such a cospiter . A feasibility study was carried out
which addressed the possibility of naming NAS~RAN in
a split mode on the Texas Instnsnents Advanced Scientific
Computer at the Naval Research Laboratory and on the CX
6000 at DThSRDC, and included experiments on the TIASC
computer .

The major problem area found by the feasibility study
involves transfer of data between the two coutpaters ,
since the availability of a reliable, cheap, and fast ‘

~~~~~
‘
~~

means of transfer of very large amounts of data is not
a certainty. If this problem can be overcome, the
advantages of such a split mode operation , with respect
to cost and resources , could be s±gnificsnt . l1~ transfer
of data will be accomplished by the Navy Laboratory
Computer Network (NALC~]4) , which will ti. together the
cosçuters of ten Navy laboratories . A file transfer
protocol which would allow binary data transfer between
these two computers, thereby reducing the amount of data
processing required , is rec~~~~~ed as part of NALC]4.
In addition, the standard NASI’RAN matrix dec~~~osition
code is not cost effective on the Texas Instnaients
Advanced Scientific Computer. The matrix decomposition
code and the lrç.lt/outpit code associated with it should
be replaced to ask, a split mode operation cost effective.
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The Naval Research Laboratory (NRL) is presently performing
acceptance tests on their very powerful , very fast, Texas Instnmmnts
Advanced Scientific Computer (TIASC) . This c~~~iter derives its
increased speed principally frca a pipeline processing concept and is
expected to have a capability similar to the IN4 360/91 but with a speed
enhancement of approximately four . The TLASC at NRL currently has a
central memory of four million bytes, or one million 32-bit words. Both
central memory size and speed are expected to be increased In the future
In comparison , the CX 6000s at UTNSRDC have a maxiirun central memory of
131,072 60-bit words.

‘The TIASC computer should significantly reduce computational cost
for the extensive niaerical processing of large matrices often encountered
by computer progra such as NAS11~AN. Therefore, a feasibility study was
inlertaken to explore the possibility of taking advantage of this new
c~~ utational facility by sharing a NASTRAN job between UFNSRDC ’s CX
6000 c~~~ater and the TIASC, which, along with the caçuters at eight
other Navy laboratories , will be tied together through the Navy
Laboratory Computer Network (NALCCI4). The major mathematical computations
would be performed on the TIASC, and the pre- and postprocesslng for those
computations would be handled by the CX 6000. If such a procedure
Proved theoretically feasible , experimentation with the TIASC capabilities
wild follow.

Part I of this raport doc ments the feasibility of naming NASTRAN
In such a split ~~ e. Part II contains the results of th. experimentation
on the TIASC. It details central processor (C?) time c~~ sriscns ,
probimes suic~mt.red, m~I recc em*stions both for NASTRAN and for other
RITRAN c~~~ater codes on the TUSCS 
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PART I: FEASIBILFIY S1’UDY
by

Myles M. Iksrwitz

Specifically addressed were the problems, costs, advantages, etc. of
starting a NASTRAN analysis on the CDC 6000 at DTNSRDC, transferring
large matrices to the ASC for “ntmiber-crunching” processing , transferring
the results back to the CDC computer , and restarting the NASTRAN analysis .
The processing may include such operations as matrix decomposition or
eigenvalue extraction.

The following questions were considered . The answers given , with
underlying asstni~ tions , are based on work performed through 30 June 1976.

Q. The data transfer and cost-effectiveness aspects of the entire
operation become meaningless unless the required matrices can be
extracted easily from the program , the results inserted back into the
program , and the program restarted at the breakpo int . Is this possible?
A. Yes , because of NASTRAN’ s checkpoint /restart , ALTER , and user tape
capabilities. The program can be started with its checkpoint facility
operational and can be terminated jus t after the required matrices are
t rans ferred to user tapes using the ALTER capability . After the
requ ired operations on these matrices have been completed by the ASC , the
results may be stor ed on user tapes , and NASTRAN may be restarted jus t
after the previous termination point . (The equivalent NASTRAN operations
are skipped and the ASC results are read in by the ALTER facility.)
NASTRAN will then execute to completion normally .

Q. Can the data be transferred from the CX 6000 to the ASC?
A. Yes, but a n*a±er of operati ons may have to be performed to effect a
meaning ful t ran sfer. As present ly planned , a file transfer capability
will be isçlenmnted on the Navy Laboratory Computer Network (NALCO N) , to
which IYTh~ WC’s CX 6000 computers and NRL ’s TIASC computer will be
connected. Such a capa bility is scheduled after terminal access becomes
operational on NALCCt4. (Remote job entry (LIE) will be a third
capability.) A major question, however, concerns the type of file that

~~ can be transferred . There should be no problem in transferring ASCII

3

‘

iii 

~~~~~~~~~~~~~~~~~



files, but transferring binary files, as one would like to do both as a
convenience and as a cost-saver, will not be possible unless an acceptable
file transfer protocol (FFP ) is implemented . The pi~eent outlook for such
an FTP is not optimistic . If it is not implemented , the NASFRAN binary
informatio n , stored on the user tap es, will have to be converted to ASCII
format . Some preliminary tests indicate that converting one million
ni.sthers will use approximate ly 90 CPU seconds on the CX 6000 . The one
million figure was obtained by assuning a square matrix of order 10,000
and one percent dense, i.e •, only one percent of the one hundred million
ntuth ers are non -zero. This percentage is typical of large NASTRAN
matrices resultin g from a standard structural analysis . Unfortunately ,
such a conversion will have to be performed four t imes , twice on each
machine , once binary to ASCII , once ASCII to binary .

Q. How long will it take to trans fer the data and how nuch will it cost?
A. If we assume that the standard wide-ba nd telephone line will be the
mode of coniiunication, a dedicated 50 ,000-bit /second line will require
approximately 1200 seconds to transmi t one million numb ers , sixty bits
per nix~er. Unfortunately , since a sixty-bit binary number may have to
be converted to seventy-two ASCI I bits , and , since a dedicated telephone
line is not probable , the t ime for transmission may increase to as nuch
as 3600 seconds , or one hour , assuming an effective transmission rate of
20 ,000 bits per second as suggested by ARPANET studies. These figures
are for one-way transmission only. Naturally , the results have to be
trans ferre d back to UI NSRDC . The cost of transmitting the data is
presently unimown. The cost of using NALCON is currently expected to
involve a surcharge over standard c~1çuter costs. However, with telephone
line charges increas ing rapidly , especially In comparison to CPU rates , a
surcharge may not be the final method of distributing costs .

If any aspect of the intire operation could cause the operation to
be considered wifeas ible , it would be the cost and/or time of transmission
rather than any tecimological aspect of the transfer . C~e possibility
which could overcome these problems is microwave transfer rather than
telephone line transfer . However, the use of such a system would have to a

4
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be significant to justify the larg e initial cost of ii~~lementing it.

Q. Are there any other pi~ob1~ tm with the transfer of the data?
A. Yes , but they are probably relat ively minor . 1~ø examples are :
(1) the single-precision 60-bit CX word will have to be converted to
two 32-bit ASC words, i.e. , one double-precision word; (2) NASTRAN packs
its matrices in such a way that zeroes are not stored . If the ASC
routines performing the “ntsnber-crimching” do not recognize such packing ,
the matrices will have to be unpack ed, operated on, and packed again
before the information can be tran sferred back to the CX computer.

Q. Once the data have been transferred to the ASC , what software will be
available to operate on the data?
A. Texas Inst nman ts is provid ing the ASC with a Scientific Program
Library (SPL ) which should contain standard matrix operations , e .g . ,
solution of linear systems , eigenvalue extraction , etc . However , the
exact composition of the SPL is ~till undecided . Pres umably the routines
in the SPL will take very good advantage of the ASC ’s pipeline processor ,
which gives the ASC its very high speed compared with third generation
computers . What is unknown at pre sent is whether or not these routines
will contain some of the opt ions which are standard in NASTRAN, e.g. ,
decomposition with spill , unsyninetric deccmçosition , several methods of
eigenvalue extraction , complex decaçositicn, etc . If the SPL does not
contain s~~~ of these facilities , the appropriate routines could be
lifted from NASTRAN with some relatively modest modification. However ,
such routines may not take good advantage of the pipeline processor with-
out a major overhaul.

Q. How do costs for such operations on the CDC 6000 and the TIASC compare ?
A. Before the costs of computation for the two machines can be compared ,
a nizber of ass~açtions nust be made . We will assume that , at the lowest
priority on the I11~~RDC CX 6000, a job which uses 140K central memory
(which would mean only a relatively small NASFRAN matrix if spilling
operations are to be avoided) will cost approximately 12 cents per CPU
second or $432 per CPU hour. (The actual cost will be higher due to
charges for 10 and other miscellaneous items.) On the NRL TIASC , the
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anticipated lowest priori ty rate is $1000 per CPU hour. Charges for other
items , if any , e.g.,  central memory, 10, etc., are not yet formulated .

To complete the set of asswçtions , we nust consider speed conçari -
sons . The anticip ated speed of the ASC is four t imes that of the IWI
360/91. M cording to NASTRAN t ime estimates for the deccmposition of a
real , synmetric matrix , with no spill , the IW I 360/91 is eight t imes
faster than a CC 6600 , which , in turn , is three t imes faster than the
CDC 6400 . (Charge times o~i all ffl’NSRDC ’s 6000 caçuter s are in terms of
seconds on the CDC 6400.) Therefore , under this set of assuspt ions, for
the type of matrix decomposition described (which is probably the type
most coumKmly used) , the TIASC is approximately 96 times faster than the
t1~NSRDC CX 6000 computers . With the assumed charge rate, the ASC will
be one-fortieth as expensive as the CC 6000. Note carefully , however ,
that :

(1) The CX rate is based on minimum NAS~RAN central
memory. For very large matriç~s, the full 300K central
menory is probably required , which increases the rate to
$576 per CPU hour .
(2) The ASC rate assumes no charge for central memory.
The equivalent CC rate would be $288 per CPU hour, which
brings the cost factor down to 28, in favor of the ASC.
(3) These comparisons do not Include the costs for
converting a matrix on the CX 6000 , with its 60-bit
word in NASFRAN packed format , to an ASC 64-bit , double-
precision word. Nor do they Include binary to ASCII
conversions , transferr ing the data , unpacking the matrix,
and then reversing the procedure to bring the results back
to m~4sRDc.
(4) It is antic ipated that later upgrading of the ASC
will increase the speed factor of the ASC to the range
of 7 to 10 times that of the I~M 360/91.

Therefore , while the ASC is, in theory , a much faster , much less expensive
cavçuter for the types of calculations considered , the final cost
c~~ mrisons, in practice, are still wilmown.
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Q. Are there any other advantages to t ransferring such operations to
the ASC?
A. Yes . Because of the ASC ’ s increased speed and a central memory
approximately four times large r than that of the CC 6000 , operations on
a very large matrix , which would tie up an enti re CC machine for long
periods of time, could be performed in just a few seconds on the ASC .
(Difference s in word size are taken into account; the ASC has one million
32-bit words vs. CDC’s 131,000 60-bit words.) Therefore, freeing the
computer resources at DTNSRDC for other work could be an important
advantage .

Q. As a user , what nust I do to rim a NASTRAN problem as contemplated ?
A. Under the worst possible circu mstance s , the following steps would
be required:

(1) Rim NASTRAN on CX with its checkpoint and user file
capabilities operat ional and terminate execution prior to the t ime-
consuming operat ion.

(2) Convert each CDC 60-bit binary word on the user file to two
32-bit ASC binary words.

(3) Convert each ASC word from binary to ASCI I.
(4) Instruct NALCON to t ransmit the ASCI I file to the ASC .
(5) On the ASC , convert each ASCI I word back to binary format .
(6) Expand matrix from NASTRAN packed format to unpacked format ,

and then to format required by ASC “number-crunching ” program .
(7) Execute ASC program and store results on ASC file.
(8) Convert the matrices on the ASC file to NASTRAN packed format .
(9) Convert binary words to ASCII format .

(10) Instruct NALCC*J to t ransmit the ASCII file back to the CDC .
(11) Convert each ASCII word to bina ry format .
(12) Convert each pair of 32-bit ASC words to one 60-bit CC word

and store on NASTRAN-type user file .
(13) Restart NASTRAN , with the user file as input, starting after

the time-consuming operation.

~~~
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Q. Can these steps be automated?
A. Possibly. With CX’s BEGIN/REVERT capability, a set c~ control
cards can be catalogued and called Into the control card record . There-
fore , a complete set of control cards could be set up for users and called
in by an individual user with one or two cards . However, tMs method
assumes that steps 4-10 above, those steps which involve NALIX)I4 ’s file
transfer and RJ E capabilities , can be performed from the CX control card
and/or input records . It is not presently known whether this procedure
will be possible.

Q. What other alternatives exist to accomplish the type of operations
discussed?
A. The time, cost , and reliability of transferring very large matrices
over telephone lines through the network are probably , at present , the
maj or problem areas which must be addressed before such a transfer can
become a reality. Therefore , if the reasons for such data tr ansfers are
primarily lower cost and/or free ing D1?4SRDC conçuter resources , rather
than technological advances in computer sharing thr ough networks , then
two other alternatives are immediately obvious :

(1) Because of the relative proximity of D’INSRDC and NRL , a
computer tape could be brought to NRL for processing , and
the results could also be stored on tape and returned .

(2) The c~~~1ete NASFRAN program could be converted to operate
on the ASC, and Input data and output results could be
transferred throug h the NALC(11 RJ E capability .

Q. What is Involved in converting NAS~RAN to the ASC?
A. One of the major possible stumbling blocks in converting NASTRAN to a
new c~ çuter is the lack of a linkage editor with which to asseiitle
NASTRAN object decks into an executable program. This problem existed on
the CC 6000 and on the Honeywell 6000. Happily , only minor problems
may be expected on the ASC, which has an I~ 4-typ~ linkage editor . There- f
fore , conversion to the ASC would probably reqUire approximately one
man-year of work plus required education in such ASC areas as the REI RAN
compiler , ASC assembly language, and linkage editor . If , however, this

B

-



assuaption concerning the linkage editor is Incorrect , a significant ly
higher level of effort would be required . The resulting program would
probably contain a number of operat ions in R)RTRAN rather than in
machine-dependent assewbly language as they exist in the CX , I~ 4, and
UNIVPC versions . NASTRAN ’s I/O package , called GINO , is the pr imary
exaaple. A major unknown , however, is the efficiency of the overall
execution of NASTRAN on the ASC as compared to its efficiency on the

t CC 6000 Since most of the program ’s operations are not of the “niarber-
crunching” variety . NASTRN4’s major mathe matical rout ines , however ,
could be replaced by similar rout ines from the SPL , hopefully with
relativel y modest modification , to increase overall speed .

Any effort to convert NASFRAN to the ASC will be great lyt facilitated by NALCCt4’s TUE capability and could be great ly hindered by
the usual problems encountered with a new computational facility.

&H4A.RY AND CONCLUSK~4S

V

. The transfer of NASTRAN data from IYFNSRDC ’s CX 6000 to NRL’s
TIASC for lengthy numerical computations and the return transfer of the
results have been studied with regard to procedures , problems , costs ,
advantages , and al ternatives. While a significant amount of process ing
may have to be performed on the data to accomplish such a t ransf er , the

f transfer does seem feas ible . At present , however, the major problem
L area seems to be the transfer itself , since the availabili ty of a

reliable , cheap , and fas t means of transfer of very larg e amounts of data
is not a certainty. If this potential bottleneck can be overcome , the
advantage, with respect to cost and resources , could be significant .

I f there is one recommendation to be made from the study, it is to
atte mpt to liaplement a file t ran sfer protocol between the TIASC and
CX 6000 which would allow binary data trans fer. Such a protocol

• 
. would significantly reduce the amount of dat a processing required.

_ _ _ _  
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1~ PART II: EXPER1*NTATI~ 1
by

Michael E. Golden

The major task addressed was that of obtaining central processor (CP)
times for NASTRAN ’s real , symmetric matrix decomposition . As this
portion of NASFRAN is usually the most CP-bound portion of the program
for larg e proble ms, it was hoped that CP time for NASTRAN on the TIASC
would be significantly less due to its pipeline processing capability .
As will be shown , this was not the case . A decrease was obtained , but it
was only enough to make the TIASC J ust marg inally cost effective for the
standard NASTRAN prog ram.

A basic understanding of a TIASC vector instruction is fund~~ental
to the ensuing discussion . A vector instruction performs vector and
matrix operations to take maxiuun advantage of the pipeline processing
capability of the TIASC . A vector instruction reseirb les a nested R)RTR AN
DO-loop but operates as a single TIASC instruction For example, the
nested loop

DO 10 1—1,10
DO 10 J—l ,l0

10 A(I ,J) . B(I ,J) + C(I ,J)
would execute as one vector instruction instead of 100 scalar Instructions.

The c~çuter program on which the experimentation was based is the
si~iv1taneous linear eqiat ion solver extracted from NASIRAN Level 15 but
with NASTRAN’s General Iz~~ t/(~ztput (GINO) routines extracted from
NASTRAN Level 12. Level 12 GINO , written In R~RTRAN, was used to avoid
re-progr ing Level 15 GINO, i4iidt was written In cc~ *iter-iI.pendent
assembly language. Th i~ jor tlae-consi lng portion of the equation
solver is the matrix decomposition.

1 “Glossary of Terms aid Partial List of Acronyms”, Texas Instnaents
Incorporated, Pi~ 1ication )k~~er 930200-1, t~bxch 1976, p. 37.



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TIMING RESULTS

I’ The fast compile , slow execute (FX) FOR TRAN compiler was used first
for exper imentation , for debugg ing purposes and to obtain a fully
executable program. However , due to TIASC system software problems, it
was used for most of the project time period . These problems will be
discussed later in this report . The execution time for NASTRAN ’s real ,
symmetric matrix decomposition on the TIASC using the FX cai~ iler was
roughly 80% of that for the same problem on a CX 6400.

• After satisfacto ry results were obtained with the FX compiler , the
slow compile , fast execute (NX) FORTRAN compiler was used . More system
software problems , to be discussed later , were encountered . The compiler ,
given standard NASTRAN source code, could produce no vector instructions;
and NASTRAN therefore could not use the pipe line processing capability .
The lack of vector instructions was due to the type of NASTRAN R)RfRAN
code presented to the compiler . Unfortunately, precise restrictions must

• be met in order for the NX ccm~,iler to vectorize FORTRAN source
• . statements. Standard NASTRAN source code did not meet all these

restrictions. The execution time for NASFRAN matrix decomposition using
the NX c~~~iler with no vectorization was approximately 30% of that for
the sane problem on a CDC 6400.

When the NASFRAN source code (the inner 1oop of subroutine SDCCt4’,
which contains the code most important with respect to CP time) was
modified , vectorizaticn was obtained using the NX compiler . Execution
time dropped by approximately 20% over the non-vectorized NX version.
The final execution tine for NASTRAN matrix deccmposition on the TIASC
was therefore about 25% of that for the sane problem on a CX 6400.

The costs given In the following two tables concern only CP
charges. They are provided only as a rough estimate of cost to the user

• and do not Incorporate such chargeable items as central mmmory usage,
• costs for printing output , etc . CP cost of the TIASC at NRL is currently

$720 per CP hour but will change to $1000 per CP hour in the near future.
The cost of the CX 6400 runs as given is for priority P2 , at $270 per

11



Table 1 su~~rizes the CP t imes aid costs for NASTRAN an the TIASC
and for the smes problem nit on a CX 6400. lie problem involved the
solution of a set of simultaneous linear equations of order 1500, with a
syiuietric coefficient matrix with a semi -bandwidth of 300. I~ub1e
precision c~~ utaticn was used on the TLASC; single precision computation
was used on the CCC 6400. COC single precision has a 4$-bit fraction,
and TIASC double-precision has a 56-bit fraction. However, double
precision operations on the TIASC take no longer than single precision
operations .

TABLE 1 - NASTRAN !4kTRIX DE~~POSITI(~4TDES AND COSTS

CX TIASC

6400 FX NX ,no Nx with
vectorizat ion vectorizat ion

47.4 38.6 14.4 12.3
$3.56 $7.72 $2.88 $2.46

UDSRDC Code 184 has been using the TIASC experimentally for non-
NASTRAN programs to obtain CP comparisons . With suita ble source code
modification, vectorization was obtained . CP cost reductions have been
on the order of 35-40 to 1 when compared to DTNSRDC’s CCC 6400 , making
the TIASC very cost effective for stra ight -forward , vectorized FORTRAN
routines of the “nz~~er-cnmching” variety. Since the TIASC is advertised
as approximately four tines faster then the 114 360/91, experiments were
also performed on the 114 360/91 at Jc~ms Hopk ins tkiiversity Applied
Physics Laboratory . The current cost to DINSRDC users for that 114
360/91 is $l000 per CP hour plus surcharge.

Table 2 gives CP time In seconds and cost for the M~L TIASC , the
DTNS~ )C CCC 6400, aid the APL 114 360/91. The non-NASTRAN problem was
th. solution of a set of 300 linear equations In 300 wilmowns by the
ustled of Gaussian elimination. lie matrix concerned was real , full ,
aid non-sye trlc. All results given In this table ar, for single
precision cc~~ztations.

12
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TABLE 2 - MATRIX INVERSION TIt€S AND COSTS

CX 6400 114 360/91 TIASC

OPT-0 OPT—i OP1-2 H Compiler MX Compiler

335.8 142.5 135.4 8.8 27.1 unmodified
$25.19 $10.69 $10.16 $2.45 $5.42 subroutine

modified
$2 86 $0 76 s me or

________________________ _____________ ______________ 
vectorization

The IWI 360/91 coitsin in Table 2 indicates that the TIASC derives
its speed primarily from the execution of vector instructions. Most
ccmçuter programs do not vectorize imediately on the TIASC , so usually
additional coding nust be added or existing code changed to achieve
vectorization. The changes /add itions generally take the form of DO-loop
simplificat ion. The simplificat ion adds more scalar code to the program ,
and the program should therefore constine more CP time. However , the
vectorization achieved sore than compensates for the code added , resulting
inanet reducti on in CP time on the TlASC.

• Unfortunately , this does not happen on a scalar machine such as the
114 360/91. The addition of new code increases total job CP time in all

• cases, as Table 2 shows . In general , a vectorized program which runs
most efficiently on the TIASC will not be the most cost effect ive tool
for computation on non-TIASC hardware. Any program written for the TIASC
will , in general , be a special purpose program to take advantage of
vector instructions and will contain code which on any other computer
would be considered highly inefficient .

Also note that , for this problem , the fastest TIASC tine was only
2.3 times faster than the fastes t IWI 360/91 time, rather than the
advertised factor of 4.

13
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A secondary task of this experimental work was to determine the
general reliability of the TIASC at this time . ?.~ny probl ems, of varying
importa nce, ware encountered and will be discussed in order of increas ing
importance. Anticipated problems associated with total conversion of
NASTRAN to the TIASC will also be discussed .

The first problem, although very minor , indicates the current state
of the TlASC operating system (OS) and system software . The pro blem is
the loss of permanent files. (

~i one occasion, the master NASTRAN source
file was destroyed, apparent ly by the OS. (~i1y the existence of an
earlier backup file prevented a total catastrophe. In any event , one
waek was lost in returning the file to its pr ior condition .

In addition , an interactive system store comazid to a permanent file
followed inmediately by a system crash will total ly destroy the file .
The severity of this event can be minimized to some extent by an alternate
store coninaiid, but the possibility of loss still exists.

A second problem involves a minor difference in the FORTRAN code
expected by the TLASC compiler from that of 114, CCC , and II4I VAC computers .
Alternate returns from subroutines must be preceded by an “i” character ,
not a “$“ character as in 114 aM IJ4IV AC FOR TRAi4. As alterna te retur ns
appear profusely throughout NASTRAN, a line by line search of the source
code is necessitated . Although the search can be automated through a
string menipulation language such as 9IOBOL , the changes must be made
before NAS~RAN will compile properly . The TIASC character set is standard
EBCDIC.

Another proble. lies in the failure of the FOI~1RAN MCKSPACE
c~~ i~ I to work properly due to a bug In the I/O portion of the FORTRAN
library . The prcble. can be eliminated by replacing the BI~1SPME
c~~ q.1d with a R~~IM) and a series of READ c~~ ands , or it can be over-
come by using T1ASC machine dependent code as described in recomendat ion
two at the end of this report.

Without a d~~~t , tie R3R1’RN4 c~~ i1ers present tie most serious
prablam oncaittered to dat.. I’bst of the t~iis for experimentation was

14
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spent in “kiudging ” the NASTRAN source code to get aro isid compiler bugs .
Virtually no routine was left untouched. The bugs include :

(1) faulty linkage to FORTRAN statement nt~~ers referenced
via alternate returns if the alternate return was the only reference to
that statement nuther In the routine;

(2) failure to detect FORT RAN errors such as unbalanced
parentheses and CCC call statemen ts with alternate “REI URNS” phrases left
in , and then execution of this faulty code (FX compiler only) ;

(3) failure to pass externals properly as subrout ine argu ment
parameters ; and

(4) generation of faul ty DO-loops code : storing by the compiler
of a value in a register , destroying that value , and then the later
assumption by the compiler that the value still existed in the register
for use .

Regardless of the problems encountered , however , tie NRL and TI
personnel ware extreme ly helpful throughout the experimentation phase .
All the compiler bugs could be removed by source code modification, but
problems with the compiler do exist and will exist for tie foreseeable
future. All prospective users of the TIA~~ should be a~ re of this
problem.

Curiously , the other non-NASTRAN programs nai on the TIASC have
experienced no c~~~iler errors . This y be due to straightforward,
simplistic code or other factors . Purther investigation would seem to be
in order .

~~~~~~~~~~~ ~~‘ 
-
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Attempts to convert NASI RAN completely to the TLASC will imediately
encounter two problems . ~~e is relatively minor and can be easily solved :
that of the BLOCK I~ TA subprogram as it exists on the TIASC . (~tly one
such subprogram is alloinmd; hoi~ever, NASTRAN has many. Therefore , all
NASI’RAN BLOCK DATA subprograms will have to be merged Into other sub-
rout ines or made into d i y  subroutines, lie second problem, which may
ult imtely render a total conversi on process nearly Impossible , concerns
the placement of FORTRAN (X1404 statements in the load module via the
linkage editor . The TIASC linkage editor does not permit a progra mmer
to explicitly reference C(}t.04 blocks for arbitra ry placement in an over-
laid progr am tree structure except to move them ~~ into the tree into low
order core . As a result , NASTRAN open core CCI.to)N blocks cannot easily
be placed at the end of a particular tree branch in high order core at the
end of the machine Instructions.

This problem may be solvable , since the loader loads CG4’U4 blocks
in each tree branch at the end of the first subprogram in which they are
encountered , and in the order specified in the subprogram. To solve the
problem, an open core C~4fl1 block must appear in only ore subprogram
and that subprogram must be at the .M of its aporopriate branch in the
overlay structure. This solution would be usable only through major
NASTRAN source code modificat ion.

If in NAS~RAN two tree branches use the same open core W4.OJ block
for passing Information from one to the other , this solution is useless .
The only possible solution would be to modify the TIPSC linkage editor
to handle CG CN block placement , rather than to modify NASTRAN. Based
on earlier atte mpts by Ford Motor Company to modify the Honeywell H6000
linkage editor for NASTRAN , conversion of the TIASC linkage editor for
NASTRAN would probably take In excess of two years . After a reliable
modified linkage editor was obtained, the NASTRAN conversion would still

~~. ~~~~~ 

:

16



RECG+~~~~TIC14S

lie experiments performed indicate that the standard NASTRAN prog ram ,
as a whole , will vectorize only marginal ly , and that any program on the
TIASC which does not vectorize to a significant degree will be only
marg inally cost effective . NASTRN4 was originally written so as not to
restrict the size of problems by using arrays of fixed dimensions. As a
result , its large arrays are passed through argumen t lists or placed in
CQ$fl4 statements to be overlaid at the end of source coding in a tree
structure . These array s typically are given a dimension of one , and
their true size is driven by NASIRAN’ s open core philosophy. Unfortu nately,
the TIASC c~~~iler must have absolute dimensions on all arrays at compile
time in order to generate vector instructions . The result is that:

(1) all DThENSIa4 and CCN.L~N statements must be recoded
to provide true array sizes , or

(2) all loops using these arrays imist be broken into their
simplest components .

Otherwi se, vectorization on the TIASC does not occur .
The work described here has led to several recommendations for any

future work with NASrRAN on the TIASC . The firs t recommendation is a
direct consequence of the CP ccmparisons obtained thus far and the fact
that NASTRAN will vector ize only marginally . The standard NAS~RAN
matrix deccmpositicn code , as well as other time consuming numerical
computations , e.g. , eigenvalue extraction , should be replaced. Although
the caiplex and non-symmetr ic real equation solvers were not tested , they
generally folloi, the form of the real symmetric solver tested . These
routines should be replaced with a set of routines which will handle
larg e, sparse, banded matrices in-core with a separate set of routines
for matrices too larg e to fit in core . Such code either already exists
at ~~7~SRDC , developed by the Computation and Math ematics Department , or t

• can easily be adapted from existing code . This task should take no
longer than three n-*mths , and the result would be a code which

• utilizes the TIASC pipeline capability . With a CP speed ratio of 40 to 1
as evidenced by the non -NASrRAN studies carried out , the TIASC is a cost

11
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effective tool for solving large systems of equations if total or partial
vectorizat icm of the source code is achieved .

Secondly , the level 12 NASTRAN GINO R.RT RAN code currently in use
with NASTRAN on the TIASC should be replaced with machine-dependent code,
either by direct disk I/O via the SSDIO utility or by BS.N4 assesrbly
language macros . CP costs associated with I/O will drop one-third to
one-half. This task should take no longer than 3 to 6 man-months to
accomplish .

Prior experience indicates that a full NASTRAN conversion should take
two to three man-years . However , the problems cited earlier in this
report could result in a much longer period of t ime , possibly in excess
of five years , for a total NASTRAN conversion to the TIASC .

A final general recouiunendation can be made . Any groups envisioning
use of the TIASC for their progr ams should run extensive benchmarks on
their a~m ccmiputers . Upon conversion of the programs to the TIASC , all
program paths should be tested exhaustively . Conversion is entirely
possible , but users should be prepared to encounter probl ems with the
FORTRAN c mpiler , and to perform major code revisions to obtain pipeline
proces sing or remove unforeseen system problems .

I
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