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Introduction

Parallel computation allows large data processing tasks critical for science, business, and
industry to be accomplished in a fraction of the usual time. The new MP CONNECT tools in
SAS/CONNECT software enable you to perform parallel computation by coordinating the data
processing power of the SAS System running simultaneously on multiple servers.

The %Distribute macro is the workhorse of a system of SAS macros using the new MP

CONNECT capabilities to distribute a fairly general class of computational problems across an

arbitrarily large number of SAS/CONNECT servers. Features of the system include

» aload balancing scheme to improve the scaling efficiency of the parallel computation

« asimple but informative real-time display of the state of all the servers

e automatic generation and management of independent random number streams on the
servers

This paper describes the underlying approach used in %Distribute and demonstrates its

application for Monte Carlo simulation. The approach has also been used to address open

problems in statistical analysis of variance (Westfall et al. 2001, O'Brien and Tobias 2001). The

accuracy and completeness of these simulation approaches would have been infeasible without

the distributed parallel processing capabilities in MP CONNECT. For the work of Westfall et al. in

particular, MP CONNECT made it possible to condense three years' worth of computing time into

just a month's worth of desktop time.

Distributing SAS with MP CONNECT

To begin, let's step through what's required for distributing a large SAS job with MP CONNECT.
In outline, all you need to do is
» Connect to the hosts.

e Give them tasks to do in parallel.

* Wait for them to complete.

To be more specific, suppose you have a macro
%Si mul at e( Qut put, 1000, seed=64382) ;

that simulates a complicated random process 1000 times and puts the resulting sample in the
data set Qut put . In theory, you could do this in half the time if you did it in parallel on two
machines instead of one. What are the bare-bones steps you need to take to do this with MP
CONNECT? First, you need to sign on to the hosts

% et Host1l = <<IP address of Host 1>>;
filename Script "<<Path to scriptfor logging into Host 1>>";



si gnon renote=Host1 script=Script;

9% et Host2 = <<IP address of Host 2>>;
filenane Script "<<Path to scriptfor logging into Host 2>>" ;
si gnon renote=Host2 script=Scri pt;

and remotely submit the code to do half the problem on each one:

rsubmt renote=Host1l wait=no;
%Si mul at e( Qut put , 500, seed=64382) ;
endr subm t;

rsubmit renote=Host2 wait=no;
%Si mul at e( Qut put , 500, seed=31584) ;
endr subm t;

The WAIT=NO option on the RSUBMIT statements is crucial. It specifies that the two halves of
the problem are to run simultaneously, and thus enables the anticipated speed-up. So finally, you
just wait for the jobs to finish:

waitfor _all_ Hostl Host2;
But this leaves out some crucial details:

* How do you get the definition for the %Simulate macro from the client to the hosts? You
need to run the code to define it on each of the hosts. One way to do this is to nest the
definition within another macro that remotely submits it:

%racro Rinit;
rsubmt renote=Host & Host ;
%macro Sinul ate(ds, n,seed=0); << Sinulation code >>; %®end,;
endrsubnit;
%rend;

and run this for each host

% et i Host
% et i Host

1; %WRInit;
2, "WRInit;

« How do you do you retrieve the results on the hosts and put them back together on the
client? If the results can be condensed to a few macro variables, then you can pass these
macro variable values back through the MP CONNECT-ion using %sysr put . However, if
your results are more complicated, you'll need to use data sets. SAS/CONNECT Remote
Library Services enable you to connect the client to the WORK library of each host

i bname RWOrkl slibref=WORK server =Host 1;
I i bname RWork2 sli bref =WORK ser ver =Host 2;

and you can use these to combine the two host Output data sets into a single one on the
client:

data Qutput; set RWrkl. Qutput RWork2. Qutput; run;



Load Balancing

The last section presented a general scheme for distributing a task of size N across k hosts
(N=1000 and k=2 above). If your hosts are all guaranteed to have equivalent horsepower, then
this scheme will likely work well enough. However, if some of the k hosts are faster than others,
then simply giving each of them a job of size N/k and waiting for them all to complete will make it
seem like they are all as slow as the slowest one. What you need to do is to balance the load,
giving faster hosts more of the job and slower ones less.

If you know the relative speeds of your hosts, then you can determine the proper load balance up
front in such a way that all hosts finish their part of the job in about the same amount of time.
However, when you are accessing many hosts on a network, you often cannot determine host
speed ahead of time, since it is a function of jobs other users are running in real time. In this
case, a reasonable approach is to break the size N task into small chunks of size n < N/K. As
hosts finish up their chunk, give them another until the entire problem has been parceled out.
This interactive form of load balancing will give faster hosts more chunks and thus more of the
entire problem.

What is the optimal choice for the size n of the chunks? There are two things to consider: how
much time it takes on the hosts to run each chunk, and how much time it takes on the client to
manage submitting chunks. The distributed processing will be efficient when the hosts are given
enough work so that they don't spend too much time waiting for the client to manage them, but
not so much that the entire process ends up waiting for slow hosts to finish their task.

The %Distribute Macro System

The previous two sections discuss how to distribute a large SAS job efficiently over several hosts.
Using MP CONNECT, you connect to and initialize your hosts, remotely submit pieces of the job,
and then collect the results. Furthermore, you should balance the load so that fast hosts do more
of the work; breaking the problems into more chunks than there are hosts and giving fast hosts
new chunks to work on as they finish can be effective.

The system built around the %Distribute macro implements the approach to distributed SAS
processing outlined above. In general, %Distribute addresses problems that consist of many
replicate runs of a fundamental task. For example,

» Global integer optimization problems are often solved by steepest ascent (the fundamental
task) with random restarts (the replicate runs).

* Monte Carlo methods in statistics rely on a set of pseudo-random observations (the replicate
runs) of one or more difficult-to-compute test statistics (the fundamental task).

* Mining web data for e-intelligence applications often involves running queries and summaries
(the fundamental task) over a massive number of different groups of data (the replicate runs).

If your problem can be factored in this way, then %Distribute may offer a useful approach.

Besides running the specified fundamental task the required replicate number of times,
%Distribute offers two additional services:

» Applications of %Distribute often require a stream of random numbers, and %Distribute
creates and manages such a stream for each host.



e In order to monitor your program, you would like to know where your fundamental processing
time is spent. So %Distribute keeps track of how much time each host spends working on its
fundamental tasks and waiting for the client to give it more work.

In order to use the %Distribute system, you must first tell it how to connect to and initialize the
hosts and what fundamental task to perform. In order to do this, you need to create the following
input for the system:

1. _Hosts data set - contains information about the hosts you want to run on

2. %RInit macro - defines the programs to be run on each host

Detailed descriptions of the input follow:

_Hosts Data Set

Define a data set named _Hosts in the current WORK library with an observation for each
host you want to distribute the computation to. For each observation, set two (character)

variables:
Variable
Name Contents
Host Name of the host
Scri pt Signon script for host

These variables are used on the client, so make sure they are valid names and paths in
this environment. The value of the Host variable should be either a name defined in your
HOSTS file, a name defined to your name server, or the actual IP address of a machine
to which you want to connect. The value of the Scri pt variable is the unquoted full
pathname of a script file to be used in a SIGNON statement for the specified HOST. If
the script file exists in the directory from which SAS is invoked, you can specify only the
file name instead of the full path.

%RInit Macro

This is what really defines the distributed computation. It needs to wrap (at least) two
macro definitions

%F-i r st RSub - initialization on that host
%askRSub - the fundamental unit of distributed computation

within an RSUBMIT block, like so

%racro RIinit;
rsubmt renote=Host & Host wait=yes macvar =St at us& Host ;

%racr o First RSub;
<< Initialization for this host >>;
%rend;

%racr o TaskRSub;
<< Fundanental wunit of distributed computation >>;
%rend;

<< Optional additional initializations >>;

endr subm t;
%rend;



It is your job to write the macros %-i r st RSub and %raskRSub so that they define the
fundamental task. Note that while anything between %racro ...; and %end; inthe
RSUBM T block will be submitted on the host as expected, additional macro initializations
on the host that are not between %racr o ...; and %rend; may be intercepted by the
client's macro processor by default. For example, if you want to initialize the macro
variable Host Mac to 1 for the host inside the RSUBMIT block but outside of

%i r st RSub, you need to use the macro quoting function %ar str () to keep the % et

statement from being intercepted by the client, like so:
%rmacro Rinit;
rsubmt renote=Host & Host wait=yes macvar =St at us& Host ;

%vacro FirstRSub; ...; %end;
%racr o TaskRSub; ...; Y%rend;

rstr(9%49l et HostMac = 1;

endr subm t;
%rend;

For more information on interaction between remote submitting and the macro language,
see Doninger (2001).

As parameters for these macros, you can assume the following global macro variables to
be available within the host SAS session:

Predefined host | Contents

global macro

Rem Host Name of this host

Rem i Host Index of this host in _Host data set

Rem NIt er Size of chunk

Rem Seed Random seed, rerandomized for each chunk

If you need other macro values (say, &vac1l, &vac2, and &vac3) to be passed from the
client to the host, you should specify them in a %vacr os macro, like so:

%racro Macr os;
%sysl put rem Macl=&Macl,;
%sysl put rem Mac2=&Mac?2;
%sysl put rem Mac3=&Mac3;
%rend;

The %Distribute macro will take care of running this macro for each of the hosts, so that
you can use the macros & em Macl, & em Mac2, and & em Mac3 in your definitions of
%-i r st RSub and %@raskRSub.

Once you have created the _Hosts data set and the %RInit macro, all you need to do to distribute
the fundamental task across all the hosts is:

1. Use the %8 gnOn macro to sign on to the hosts.

2. Setthe macro variables &Ni t er Al | and &Ni t er to the size of the entire problem and

the size of each chunk, respectively.

3. Use the %i st ri but e macro to perform the distribution.
As chunks of the fundamental task are parceled out to the hosts, a status line will be printed to
the SAS log on the client, displaying



for hosts that are currently working,

'I'" for hosts that are currently waiting to be assigned work, and

‘X' for hosts that are unable to do work for some reason.
Additional status information includes the number of fundamental tasks submitted and completed
so far. When the distribution is complete, the system will display a breakdown of how much work
was done on each host, together with an over-all summary of the efficiency of the distribution.
Finally, you can

4. usethe %RCol | ect or RCol | ect Vi ewmacros to collect the results from each host into
a data set or DATA step view that concatenates them all.

Further analysis of the collected results can be performed on the client.

Example: Distributing a Monte Carlo Simulation

In linear models, an experimental design can be concisely represented as a matrix X, and the
eigenvalues of X'X give information about the efficiency of the design. In particular, the so-called
E-efficiency of a design is related to the smallest eigenvalue of X'X. Suppose you are interested
in the E-efficiency of a set of k normally distributed points in R¥, for different values of k. Creating
random normal data and computing the minimum eigenvalue requires only a couple of lines of
SAS/IML code

X
e

rannor ((1: &) " *(1: &));
ei gval (x *x)[><];

but it takes a large sample to estimate the expected value of e with precision, and if you want to
look at the expected value for many values of k, it can take a while. In order to distribute the job,
you first need to wrap the above code so that it can be run by %Distribute on the hosts.

%racro RIinit;
rsubmt renote=Host & Host wait=yes macvar =St at us& Host ;

/*
/ This macro initializes the host, preparing it to run
/ the fundanental task nmultiple tines. 1In this case,

/ all you need to do is initialize the data set in which
/| all the results for this host are to be coll ected.

%racr o First RSub;
options nonot es;

data Sanpl e; /* Create an enpty dataset */
it (0);
run;
%rend;

/

/ This macro defines the fundanmental task. SAS/IM is
/ used to performthe basic simulation the nunber of

/ times (& emNter) required. Each chunk of results
/ is created in a work data set called Sanple, and all
/ the results for this host are collected in

/ Results. Sanpl e&rem i Host .

%racr o TaskRSub;
proc in;

/*
/ Initialize random nunbers



X = rannor ( & em Seed);

/*
/ For each job in this chunk, create random dat a,
/ conpute mn eigenval ue, and save it.

R L e */
free data;
do i 1to &emNiter;

X rannor( (1:& emDi nen) *(1: & emD nmen));
e ei gval (x *x)[><];
data = data // e;
end;
/*
/ Save whol e sanmple for this chunk.
R e */

create i Sanple var {E1};
append from dat a;
qui t;

/*
/ Append this sanple to the accunul ated set of all
| sanples created on this host.

data Sanpl e; set Sanple i Sanple;
run;
%rend;

endrsubnit;
%rend;

Define this macro on the client and make a _Hosts data set as described above. One final bit of
set-up is required: you need to tell %Distribute to pass the dimension of X down to the hosts.
Note that we have assumed in ¥%d'askRSub above that this is available in a macro & em Di nen.
Assuming its value is associated with a macro variable &Di men on the client, the following
definition for %vacr os will do the trick.

%racro Macr os;

¥%sysl put rem D nen=&Di men;
%rend;

Once these three components (_Host s, %Ri ni t, and %vacr os) have been set up, the following
code will run a 10-dimensional simulation 1,000,000 times over the hosts in chunks of 2,000.

% nc "Distribute.sas";

/*
/  Argurments for the distribution.

% et Nter = 2000;
%et NlterAll = 1000000;

%S gnOn;

/*
/ This performs the distributed computation for a



/  10-di nensi onal problem

% et D nmen = 10;
oD stribute;

For 25 hosts, the first few status lines look like this:

Stat: .trrrerrrrrrrrrrrrrrrrrrr: (2000, 0) /1000000
Stat: ..trrerrrrrrrrrrrrrrrriil: (14000, 0) /1000000
Stat: ...thrrrerreprrrprrrrrrrl: (6000, 0) / 1000000
Stat: ....trrrerreprrrprrrrrrrl: (8000, 0) /1000000
Stat: ..... prrrrrrerrrrrrrrrrrt: (1120000, 0) / 1000000

The bottom line here, for example, indicates that the first five hosts are working on their tasks and
the others are waiting to be given tasks. After a while, the tasks on the first hosts will begin to
finish up, and they'll be given more to do:

Stat: .......... prrerrrrprrrrt: (22000, 2000) / 1000000
Stat: ... ... prrrrrrrrrrrr: (26000, 4000) / 1000000
Stat: ..o oL, prrrrrrrrrrt: (30000, 8000) / 1000000

Eventually, all hosts will have been given tasks and the status line will indicate which ones finish
theirs while other hosts are being serviced by the client:

Stat: ... ... L I't...: (682000, 642000)/1000000
Stat: ... Lo oo I..: (692000, 650000)/ 1000000
Stat: ...l oo b I.: (702000, 660000) /1000000
Stat: .......... Preooto oo (712000, 668000) / 1000000

Toward the end of the run, most hosts will be waiting while the last chunks to finish up, and a
status line will be printed as each one does:

Stat: !.rrreorrrrrrrorrrrr o1 (1000000, 988000) / 1000000
Stat: !.rrreorrrrrrrrrrrrrrrl o1 (1000000, 994000) / 1000000
Stat: !.rrrrorrrrrrrrrrrrrrriil: (12000000, 996000) / 1000000
Stat: rrrrrorrrrrprrrrrrrptrrrl: (12000000, 998000) / 1000000
Stat: trrrrrrrprrerrrrrrrerrrrl: (1000000, 1000000) / 1000000

For the 25 UNIX hosts that the above test was run on, the timing results look like this:

Esti mat ed
Wor k Tinme for Wi t
i No. Ti me/ 2000 Entire Di stribution Ti me/ 2000

Host Host Iter Iter Pr obl em Efficiency Iter
20 UNI X68 30000 0: 00: 04 0: 35: 28 92% 0: 00: 01
8 UNI X73 42000 0: 00: 03 0: 27: 50 72% 0: 00: 01
1 UNI X49 48000 0: 00: 03 0:27:19 71% 0: 00: 00
5 UNI X16 44000 0: 00: 03 0: 27:08 70% 0: 00: 01
22 UNI X71 36000 0: 00: 03 0: 25: 05 65% 0: 00: 01
12 UNI X79 40000 0: 00: 03 0: 25: 02 65% 0: 00: 01

Total el apsed tine: 0:01: 33



Cunmul ative working tinme: 0:26:22
Cumul ative waiting time: 0:07:59

(The names of the machines have been changed to protect the innocent.) Most of the machines
took about three seconds for each chunk of 2000 samples, but UNIX68 (in bold) took about four
seconds and was consequently given fewer chunks to do. The bottom line is that a job that would
have taken about a half-hour on one machine took just a minute and a half distributed across 25
machines.

You can use a DATA step view to collect the results from all 25 hosts into one data set and
analyze them:

%RCol | ect (Sanpl e, Sanpl e / vi en=Sanpl e) ;
proc neans data=Sanple n nean stderr Iclmuclm

var el;
run;

The results indicate that the minimum eigenvalue for a 10-dimensional, 10-point random normal
design is about 0.0725 with about four digits of precision.

The MEANS Procedure

Anal ysis Variable : El

Lower 95% Upper 95%
N Mean Std Error CL for Mean CL for Mean
1000000 0. 0724593 0.000106880 0. 0722498 0. 0726688

The original problem was to examine the relationship of the minimum eigenvalue to the
dimension for a range of dimensions. Once all the set-up has been done, it is a simple matter to
wrap a macro around the distribution and collection code:

%racro M nEVal ;
options nonot es;

data M nEval; if (0); run;
%o Dinen = 1 %0 30;
%D stribute;
%RCol | ect Vi ew( Sanpl e, Sanpl e) ;
proc sunmmary dat a=Sanpl e;
var el;
out put out=_tenp nean=Mean StdErr=StdErr
LCLM-LCLM UCLM=UCLM
data _tenp; set _tenp; Dinen = &Di nmen;
data M nEval ; set M nEval _tenp;
run;
%end;

options notes;

%rend;
%M nEval ;



This simulation would require 40 hours to run on a single machine, but it took less than two hours
when distributed across 25 UNIX hosts. The results indicate that the expected value of the
minimum eigenvalue is inversely related to the dimension.

Conclusion

The %Distribute system described in this paper, for distributing many replicates of a fundamental
task across multiple hosts, has been applied to a variety of real-world problems. It enabled
Westfall et al. (2001) and O'Brien and Tobias (2001) to use simulation to address important
problems in statistical testing for analysis of variance for which analytical results were difficult or
even impossible. The accuracy and completeness of these simulation approaches would have
been infeasible without the distributed parallel processing capabilities in MP CONNECT. In
particular, for the work of Westfall et al. (2001), MP CONNECT made it possible to condense
three years' worth of computing time into just a month's worth of desktop time.

Global optimization using steepest ascent with random restarts is also amenable to distribution by
this method. Thus, for example, it is straightforward to use this system with the OPTEX
procedure in SAS/QC™ software to perform extensive searches for optimal experimental
designs.

The system has been tested on a variety of configurations, using PCs running Windows NT and
HP/UX UNIX boxes for both the client and the hosts. The system successfully used MP
CONNECT to distribute a single computation between the U.S. and Germany, connecting through
the Internet using only the IP addresses of the German machines. As many as 150 servers have
been employed simultaneously.

The %Distribute system is very much a work in progress; we are still working to make it easier to

configure as well as more robust. For example, although the current version of the system works

well as long as all server connections stay active, handling for connection problems needs to be

improved, to ensure that work is salvaged when some of the servers go down. Moreover,

developing the %Distribute system has inspired areas for future work in MP CONNECT, including

* remote library services that make it easy for the servers to transfer data from and back to the
client

e easy ways to pass macro definitions from the client down to the servers

The goal is to make it as easy as possible for you to use MP CONNECT to multiply by many

times the power of SAS for solving complex problems.
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Appendix - The %Distribute System

/****************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/*

The macros defined in this file are centered around the %istribute

macro, which uses MP CONNECT tool s from SAS/ CONNECT software to enpl oy

NAME: DI STRI BUTE

TITLE: Distributed parallel processing

CONNECT
SYSTEM ALL
PROCS. TEMPLATE

PRODUCT: SAS/ CONNECT

DATA:

SUPPORT: sasr dt

the SAS Systeni', Cheryl

in SAS using MP

UPDATE: 26FEBO1
REF: See "Large-Scale Parallel Numeri

cal Computation in

Doni nger & Randy Tobi as.

*/

*/
*/
*/

***************************************************************/

di stributed processing for problens that consist of many replicate
runs of a fundanental

(the fundanental task)
then % stribute may offer a useful approach.

Besi des running the fundanental
replicate nunmber of tines,

ser

Vi ces:

- Problens of the type that % stribute can handle often require

a stream of random nunbers, and %bDi stribute creates and

task. For exanple, gl obal
problems are often sol ved by steepest ascent (the fundanental
with randomrestarts (the replicate runs).
methods in statistics rely on a set of pseudo-random observations (the
replicate runs) of one or nore difficult-to-conpute test statistics

If your problemcan be factored in this way,

manages such a stream for each host.

Simlarly,

task you specify the required
o0 stribute offers two additional

- In order to nonitor your program you would like to know
where your fundanmental processing tine i
%i stribute keeps track of how rmuch tinme each host spends
working on its fundanental tasks and wai
to give it nore work.

s spent. So

ting for the client

In order to use %bistribute system you must first create the

f ol

t he fundanent al

| owi ng:
1. _Hosts data set
want to run on

2. %RInit macro - defining the prograns to be run on each host
(1) says how to connect to and initialize to the hosts;
task to be performed on each host. Detailed

integer optimzation
t ask)
Monte Carl o

containing infornati on about the hosts you

descriptions of the input is as follows:

_Hosts data set

Define a data set nanmed _Hosts in the current WORK library with

an observation for each host you want to distribute the

conputation to.
vari abl es:

Vari abl e Nane

For each observati on,

Content s

set two (character)

(2) defines
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IR

Host Narme of the host
Scri pt signon script for host

These variables are used on the client, so nake sure they are
valid nanes and paths in this environnent

nit macro
This is what really defines the distributed conputation. |t
needs to wap of (at least) two nmacro definitions

%-irstRSub - initialization on that host
%askRSub - the fundamental unit of distributed conputation

within an RSUBM T bl ock, |ike so

%racro Rinit;
rsubm t renpte=Host & Host wait=yes nmcvar =St at us& Host ;

%racro FirstRSub;
<< Initialization for this host >>;
%rend;

%racr o TaskRSub;
<< Fundarental unit of distributed conputation >>;
Y%rend;

<< Optional additional initializations >>;

endr subm t;
%rend;

It is your job to wite the macros %irstRSub and % askRSub so
that they define the fundanental task. As paraneters for these
macros, you can assune the follow ng global nacro variables to
be available within the host SAS session:

Pr edefi ned host Contents
gl obal macro

Rem Host Name of this host

Rem i Host Index of this host in _Host data set

Rem NI t er Si ze of chunk

Rem Seed Random seed, rerandom zed for each chunk

If you need other nacro val ues (say, &wacl, &wvac2, and &ac3) to
be passed fromthe client to the host, you should specify them
in a %hacros macro, |ike so:

%vracr o Macr os;
%sysl put rem Macl=&Vacl;
Y%sysl put rem Mac2=&Mac2;
%sysl put rem Mac3=&Mac3;
%rend;

The % stribute macro will take care of running this macro for
each of the hosts, so that you can use the nmacros & em Macl,

& em Mac2, and & em Mac3 in your definitions of %-irstRSub and
9% askRSub.

Once you have created the _Hosts data set and the %Rl nit macro, you can

distribute the fundanmental task across all the hosts with just the
followi ng four lines of code:

%Si gnOn;

%et NiterAll = <Size of entire problenp;

%et Nter = <Size of each chunk>;

%i stribute;

As chunks of the fundanental task are parceled out to the hosts, a
status line will be printed to the SAS log on the client, displaying

oy
Ly
Addi ti

for hosts that are currently working,

for hosts that are currently waiting to be assigned work, and
for hosts that are unable to do work for sonme reason.

onal status information includes the nunber of fundanmental tasks



subm tted and conpleted so far. Wen the distribution is conplete,
the systemw || display a breakdown of how much work was done on each
host, together with an over-all summary of the efficiency of the
distribution. Finally, you can
- use the %RColl ect or %RCollectView macros to collect the

results fromeach host into a data set or DATA step view that

catenates all of them
Further analysis of the collected results can be perforned on the
client.

DI SCLAI MER:

THI'S | NFORMATI ON |'S PROVI DED BY SAS | NSTI TUTE I NC. AS A SERVI CE
TOITS USERS. IT IS PROVIDED "AS I S". THERE ARE NO WARRANTI ES,
EXPRESSED OR | MPLI ED, AS TO MERCHANTABI LI TY OR FI TNESS FOR A
PARTI CULAR PURPGSE REGARDI NG THE ACCURACY OF THE MATERI ALS OR CCDE
CONTAI NED HEREI N.

/ Nane the files to which to wite any log and listing produced by

|/ the servers.
e e T */
% et DistLog = distribute.log;

%et DistLst = distribute.lst;

/*

/| Options to control distribution-nonitoring infornation:
_____________________________________________________________________ *
%et DIST_DETAIL = 1; /* Print timng info fromservers? */
% et DI ST_STATUS = 1; /* Print periodic status lines for servers? */
% et DI ST_DEBUG = 0; /* Print debuggi ng information */
%********************************************************************-
% MACRO SignOn *,
% USACE: %si gnOn; *,
%  DESCRI PTI O\ *,
o This nmacro signs on to the hosts, using the information in the *;
o _Hosts data set. See coments above for a description. *,
%  NOTES: *,
o Assumes _Hosts data set has been created correctly. *,
o *;
%********************************************************************-
%racro SignOn;

% ocal notesopt; % et notesopt = %ysfunc(getoption(notes));

options nonotes;

/*

/ Retrieve global host information fromthe _Hosts data set and set

/ up Seed and Status variables for each host.

R e R T T */

%gl obal NunHosts;

data _Hosts; set _Hosts;

Status = '!";
iHost = _N;
call synput (' NumHosts',trim(left(_N)));

run;

%o i Host=1 % o &NunHosts;
%gl obal Host & Host St atus& Host;
%end;



data _null _; set _Hosts;
call synmput('Host'||trin(left(iHost)),trimleft(Host)) )
call synput('Seed'||trin(left(iHost)), round(100000*ranuni(1)));
run;

data _null _; set _Hosts;
sel ect (Status);
when ('!") call synput('Status'||trin{left(iHost)),0);
when (' X') call synmput('Status'||trim(left(iHost)),1);
when ('."') call synmput('Status'||trim(left(iHost)),2);
end;
run;

/*
/  For each host, retrieve script, sign on, and set up a RLS l|ibref
/| to the host's work library.

%lo i Host = 1 % o &NunHosts;
%ut Starting up Host& Host = &&host & Host ;

data _null_; set _Hosts(where=(iHost=& Host));
call synmput('Script' ,trim(left(Script )));

run;

options notes;

proc printto | og="&Di stLog" print="&Di stLst"; run;

filename Script "&Script";

si gnon renot e=Host & Host scri pt=Scri pt;

filename Script;

| i bname RWor k& Host sl i bref =WORK server =Host & Host ;

% et Status& Host = -1;
MInit;

% et stineropt = %ysfunc(getoption(stimer));
options nostimer;

proc printto; run;

options &stineropt;

options nonot es;

%end,

/*

/ Print the initial status of each host.

e e e L L T */
%et Statline =;
data _null _; set _Hosts;

call synput('StatLine',synmget('StatLine )|[|trim(left(Status)));

run;

%ut Stat: &Statline;
options &notesopt;

%rend;

%********************************************************************-
’

% MACRO SignOf *;
% USACGE: %si gnOFf; *,
%  DESCRI PTI ON: *;
o This macro signs off the hosts. *

A EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE LR
’

%racro SignOff;

% ocal notesopt; % et notesopt = %ysfunc(getoption(notes));
options nonotes;



data _null _; set _Hosts;

call synmput('Host' ||trim(left(iHost)),trin(left(Host)) )
cal |l synput (' NunHost s’ Jtrim(left(_n))) );
sel ect (Status);
when ('!") call synmput('Status'||trim(left(iHost)),0);
when (' X') call synput('Status'||trim(left(iHost)),1);
when ('.',"'?") call synput('Status'||trin{left(iHost)), 2);
end;

run;
%lo i Host = 1 %0 &\unHosts;

%ut St oppi ng Host & Host = &&host & Host ;

options notes;

proc printto | og="&Di stLog" print="&Di stLst"; run;

% et Status& Host = -1;
si gnof f renopt e=Host & Host nacvar =St at us& Host ;

/*
rsubmt renote=Host & Host wait=yes nmacvar =St at us& Host ;

endr subm t;
*/

% et stimeropt = %ysfunc(getoption(stimer));
options nostiner;
proc printto; run;
options &stineropt;
opti ons nonot es;
%end;
%°r i nt St at us;

options &notesopt;

%rend;

%********************************************************************-
’

% MACRO _TaskRSub *;
% USAGE: Internal macro only *
%  DESCRI PTI ON: *
% This macro submts a chunk of the fundanental task to the host *;
o wi th index nHost. *
%  NOTES: *
o Assunmes the macro %askRSub has been previously defined on the *;
o host. Do this in the Rinit nmacro defined on the client. *

%*******************************************************************
’

%racr o _TaskRSub;
%l obal DI ST_DEBUG

% f (~&DI ST_DEBUG) % hen %lo;
proc printto | og="&Di stLog" print="&DistLst"; run;
%end;

% et Status&nHost = -1;
/*
/I  Keep track of what's been subnitted to each host *on* the

|/ hosts thenselves, to ensure wires don't get crossed.

rsubmt renote=Host & Host wai t =yes;
orstr (991 et TaskNSubm = %val (&TaskNSubm + & em nniter);



9rstr (999 sysrput NSubm& em i Host = &TaskNSubm
endr submi t;
%sysl put d obal NSubm = &NSubm

*

/  Submit not only the task to this host, but also the random
/| seed and tinme managenent code.

e e */
rsubmt renote=Host & Host wait=no macvar =St at us&Host
SYSRPUTSYNC=yes;
data _null _;
ol d_Seed = &rem Seed;
new_Seed = round(100000*ranuni (& em Seed));

call synmput('remSeed' ,trimleft(new_Seed)));
run;

data _Ti meBet ween;
Host = "& em Host";
now = datetine();
call synmput('_TimeStart_', now);
Ti mreBet ween = now - synget (' _TinmeEnd_');

run;
data _null_; call synmput('_TimeStart_',datetinme()); run;
9daskRSub;

data _Ti nmeEnd;

Host = "& em Host";

now = datetine();

call synput (' _TineEnd_', now);

Tinme = now - synget(' _TinmeStart_');
run;

data _Time; merge _Ti meBetween _Ti meEnd;
data _TinmeAll; set _TineAl _Tine;
run;

orstr (%91 et TaskNDone = %val (&TaskNDone + & emniter);
orstr (949 sysrput NDone& em i Host = &TaskNDone;

endrsubmi t;

% et NSubm = %val (&N\Subm + &Niter);

% f (~&DI ST_DEBUG % hen %lo;
options nostiner; proc printto; run; options stiner;
%end;
%rend;

%********************************************************************-
’

% MACRO PrintStatus *;
% USAGE: Internal nmacro only *
%  DESCRI PTI ON: *;
o This macro prints a line sumarizing the current status of *
% each server: *;
o "." for hosts that are currently working, *
o "I'' for hosts that are currently waiting to be assigned *
o wor k, and *,
% "X for hosts that are unable to do work for sonme reason. *;
% Addi tional status information includes the nunber of *;
o fundanmental tasks subnitted and conpl eted so far. *,

*

R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE LR

%vacro PrintStatus;

% ocal notesopt; % et notesopt = %sysfunc(getoption(notes));
options nonot es;

data _Hosts; set _Hosts;
xStatus = 1*synget (' Status'||trim(left(iHost)));



sel ect (xStatus);
when (0) Status e

PX

when (1) Status =
when (2) Status ="'.';
otherwi se do; Status = '?'; put iHost= xStatus=; end,

end;
NSubm = 1*synget (' NSubm | [trim(left(iHost)));
NDone = 1*synget (' NDone' | |trin{left(iHost)));

run;
% et Statline =
data _null _; set _Hosts;

call synput('StatLine',synget('StatLine')||trinm(left(Status)));
run;

proc summary dat a=_Hosts;
var NSubm NDone;
out put out=_SHosts sum=NSubm NDone;
data _null_; set _SHosts;
call synput('StatLine',synget('StatLine')
[1": ("] trin(left(put(NSubm ,best20.)))
[1"," |]trin(left(put(NDone ,best20.)))
[1")/" Jltrinm(left(put(&IterAl, best20.))));
run;
Y%ut Stat: &StatlLine;

options &notesopt;

%rend;

%********************************************************************-
’

% MACRO Distribute

% USAGE: %Distribute

%  DESCRI PTI O\

o This macro performs the actual distribution, assum ng that you
o have first created the _Hosts data set and the %RInit macro,
% as described in the header comments above.

%*******************************************************************

%racro Distribute;
%gl obal DI ST_DETAI L DI ST_STATUS DI ST_DEBUG,

%o i Host=1 % o &NumHost s;
%l obal Host & Host Seed& Host Status& Host NSubn®& Host NDone& Host
Ti meWor k& Host Ti meWai t & Host Ti meFreq& Host _El apsedTi ne;
%end;

% f (~&DI ST_DEBUG) % hen %lo;
% ocal notesopt; % et notesopt = %ysfunc(getoption(notes));
options nonotes;
%end,
%l se %lo;
options nprint ntrace;
%end,

/| Start the tiner.

data _null_; call synput('TinmeStart',trim(left(datetinme()))); run;

/| Set up nmacro variables with the names and random nunber seeds for
/ all the hosts, and initialize nonitoring infornmation.

data _null_; set _Hosts;
call synmput('Host' ||trinm(left(iHost)),
trin(left(Host)) )
call synput('Seed" ||trim(left(iHost)),

trim(left(round(100000*ranuni (1)))));
call synput (' NunHost s’ ]
trim(left(_N)) )

sel ect (Status);

*
*
*
*
’
*
*
*

1

1

1
’



when ('!') call synput('Status'||trin{left(iHost)),O0);
when (' X') call synmput('Status'||trim(left(iHost)),1);
when ('."') call synmput('Status'||trim(left(iHost)),2);
end;
call synmput (' NSubm ||trinm(left(iHost)), 0");
call synput (' NDone' ||trim(left(iHost)),'0")
run;

1

% et NSubm = 0;

/*
/| Start-up phase: subnmit the initialization task to each host, and
/ also the first fundamental task.

%lo i Host = 1 % o &NunHosts;
% f (~&DI ST_DEBUG) % hen %lo;
proc printto | og="&Di stLog" print="&DistLst"; run;
%end;

options renot e=Host & Host ;

%sysl put rem Host =&&host & Host ;
%sysl put rem Seed =&&seed& Host;
Y%sysl put remniter =&niter;
Y%sysl put rem.i Host =& Host;

%vacr os;
rsubm t renote=Host & Host wait =yes;
% r st RSub;

data _null _;

now = datetine();

call synput (' _TineEnd_', now);
run;

data _TimeAll; if (0); run;

drstr (%891 et TaskNSubm = 0;
orstr (949 sysrput NSubnm& em i Host = &TaskNSubm
%rstr (%91 et TaskNDone = 0;
or str (989 sysrput NDone& em i Host = &TaskNDone;
endr submi t;
% et nHost = & Host; % TaskRSub;

% f (~&DI ST_DEBUG % hen %lo;
options nostimer; proc printto; run; options stiner;
%end;

% f (&DI ST_STATUS) % hen %p°ri nt St at us;

% et NSubm = 0;

% et NDone = O;

%lo jHost = 1 %0 %val (& Host);
% et NSubm = %val (&N\Subm + &&NSubn®j Host) ;
% et NDone %val (&N\Done + &&NDone&j Host);
%end;

%lo jHost = 1 %0 %val (& Host);
% et Last Stat & Host = &&St at us& Host ;
%end;

We al so recycle through previous hosts here, resubnitting tasks
tothemif they're ready for nore: this saves a little tine
when sone hosts finish their first task before the start-up
phase is conplete.

~——

-~

%lo jHost = 1 %0 %val (& Host);
%f ((&LastStat& Host = 0) & (&\Done < &niterall)) % hen %lo;
% et nHost = & Host; % TaskRSub;



%end;
%end;

%end;

% f (&DI ST_STATUS) % hen %p°ri nt St at us;

% et NSubm = 0;

% et NDone = O;

%lo jHost = 1 %0 %val (&\unHosts);
% et NSubm = %val (&N\Subm + &&NSubnm&j Host) ;
% et NDone = %val (&N\Done + &&NDone&j Host);
%end,

/|  Monitor the MACVARs Statusl, Status2, etc. to watch the jobs
/| finish. As they do, resubmt new tasks for free hosts to work on.

% et Running = 1,
%o %nhi | e( % engt h( &Runni ng) ) ;
wai tfor _any_
%lo i Host = 1 % o &NunHosts;
% f (&&Last Staté& Host = 2) % hen %lo;
Host & Host
%end;
%end;

% f (&DI ST_STATUS) % hen %p°ri nt St at us;

% et NSubm = O;

% et NDone = O;

%lo jHost = 1 %0 %val (&\unHosts);
% et NSubm = %val (&\Subm + &&NSubn®j Host) ;
% et NDone = %val (&\Done + &&NDoneg&j Host);
%end;

% et Runni ng =;

%lo i Host = 1 % o &NunHosts;
% et Last Stat & Host = &&St at us& Host ;
% f (&RLastStaté& Host = 2) % hen %et Running =&Running & Host;
%end;

%lo i Host = 1 % o &NunHosts;
%f ((&&LastStaté& Host = 0) & (&\Subm < &niterall)) % hen %lo;
% et nHost = & Host; % TaskRSub;

% et Last Stat & Host = &&Status& Host ;
% f (&&LastStat& Host = 2) % hen %et Running =&Running & Host;

% et NSubm = O;

% et NDone 0;

%lo jHost = 1 %0 %val (&\unHosts);
% et NSubm = %val (&N\Subm + & &NSubn&j Host ) ;
% et NDone = %val (&\Done + &&NDoneg&j Host);
%end;

%end;

%end;
%end;

| Al tasks are finished: retrieve the timng informati on from each
!/ of the hosts,

%o i Host = 1 % o0 &N\unHosts;
% et Last Stat & Host = &&St at us& Host ;
% f (&8LastStaté& Host = 0) % hen %o;

% f (~&DI ST_DEBUG) % hen %lo;
proc printto | og="&Di stLog" print="&DistLst"; run;
%end;



rsubmt renote=Host & Host wait =yes;
proc summary data=_Ti meAll;
var Tine Ti meBet ween;
out put out=_Ti meSunm nean=Work Wi t;
run;

data _null _; set _Ti meSunm
call symput (' _TimeWork' ,trin(left(Wrk)));
call symput(' _TimeWait' ,trin(left(Wait)));
call synmput (' _TinmeFreq ,trimleft(_FREQ_ )));
run;

Yrstr (999 sysrput Ti meWork& em i Host = & Ti meWrk;
Urstr (999 sysrput TinmeWait& em.iHost = & TimeWait;
omr str (989 sysrput TineFreq& em.i Host = & Ti meFreq;

endrsubnit;

% f (~&DI ST_DEBUG) % hen %lo;
options nostimer; proc printto; run; options stiner;
%end;

%end;
%end;

add it to the _Hosts data set,

data _null _;

El apse = datetine() - &TineStart;

call synput (' _El apsedTinme',trin(left(put(El apse,best.))));
run;

data Ti meSumm set _Hosts(keep=Host iHost);
keep i Host Host N ter TimeWork EstEl apsed Eff TinmeWait Total Work Total Wai t;

NI ter = &Niter*synget (' TimeFreq' || trim(left(iHost)));
Ti meWork = 1*synget (' Ti meWork' | | trin(left(iHost)));
TinmeVait = 1*synget (' TineWait' | |trin{left(iHost)));
Est El apsed = (&NlterAll/ &Nl ter)*Ti meWrk;
Ef f = (Est El apsed/ & El apsedTi ne) / &NunHost s;
TotalWrk = (Niter/&Niter)*Ti meWrk;
Total Wit = (Niter/&Niter)*Ti meWit;

run;

and report it.

% f (&DI ST_DETAIL) % hen %lo;
proc sort data=Ti neSumm out =Ti neSumm by descendi ng Ti neWir k;
proc print data=Ti meSunm | abel noobs;
format TimeWork tinme.;
format TimeWait tine.;
format EstEl apsed tine.;
format Eff percent.;
label Nter "No. lter";
| abel  Ti meWor k "Work Time/&iter lter";
| abel TimeWait "Wait Time/&iter lter";
| abel EstEl apsed "Estimated Time for Entire Problent;
| abel Eff "Distribution Efficiency";
var iHost Host Niter TinmeWwrrk EstEl apsed Eff TineWit;
run;
%end;

proc sunmary dat a=Ti mreSunm

var Total Wrk Total Wai t;

out put out=Tot al Ti me SunrTot al Wrk Total Wait;
data _null _; set Total Tine;

El apsed & El apsedTi ne;

Ef f (Tot al Wor k/ El apsed)/ &\unHost s;

put " "



put " Total el apsed tine: " Elapsed tine.;

put " Cumul ative working time: " Total Work tine.;
put " Curmul ative waiting time: " Total Vit tinme.;
put " Scal i ng efficiency: " Eff percent8.2;
put " "
put " ",

run;

% f (~&DI ST_DEBUG) % hen %lo;
options &notesopt;
%end;

%rend;

%********************************************************************-
’

% MACRO RCol |l ect *,
9% USACE: %RCol | ect (<<Renpte DS prefix>>, << ient DS>>); *,
%  DESCRI PTI O\ *,
o This nmacro collects simlarly named data sets from &n *
o libraries named RWrkl, ..., RWrk&n, into a single data set. *;
%  NOTES: *,
o In order to use a viewto virtually collect the data sets, use *;
% "dsnanme / view=dsnanme' as the client data set nane. *,

>

%*******************************************************************

%racro RCol |l ect(fromto, n=);
%l obal NunHost s;

%f ("%ength(%eft(%rim&)))) %hen %et n=&N\unHosts;
%lo i Host=1 % o &NunHost s;

%l obal Host & Host St at us& Host ;

%end;

data &to;
set
%lo i =1 %0 &N;
%f (&&Status& = 0) % hen %o;
RWOr k& . . & rom

%end;
%end;
run;
%rend;
/*
Exanpl e

In linear nodels, an experinental design can be concisely represented
as a matrix X, and the eigenvalues of X X give information about the
efficiency of the design. |In particular, the so-called E-efficiency
of a design is related to the smallest eigenvalue of X X.  Suppose you
are interested in the E-efficiency of a set of k nornmally distributed
points in Rk, for different values of k. Creating random nornal data
and conputing the m ni mum ei genval ue requires only a couple of lines
of SAS/I M. code

X
e

rannor ((1: &) *(1: 8k));
ei gval (x**x)[><];

but it takes a large sanple to estimate the expected value of e with
precision, and if you want to | ook at the expected val ue for nany
values of k, it can take a while. |In order to distribute the job, you
first need to wap the above code so that it can be run by %istribute
on the hosts.

%racro Rinit;
rsubmt renote=Host & Host wait=yes nmacvar =St at us& Host ;

%racr o FirstRSub;
options nonotes;



data Results. Sanpl e& em i Host ;
it (0);
run;
%rend;

%racro TaskRSub;
proc im;

X = rannor (& em Seed);

free data;

doi =1to &emNter;

x = rannor( (1: & emUDinen) *(1: & emDnmen));
e = eigval (X *x)[><];

data = data // e;

end;

create Sanple var {E1l};
append from dat a;
quit;

data Resul ts. Sanpl e& em i Host ;
set Results. Sanpl e& em i Host Sanpl e;
run;
%rend;

endrsubnit;
%rend;

Define this macro on the client and make a _Hosts data set as

descri bed above. One final bit of set-up is required: you need to
tell %istribute to pass the dimension of X down to the hosts. Note
that we have assuned in % askRSub above that this is available in a
macro & emDinen. Assuming its value is associated with a nmacro
variable &inen on the client, the follow ng definition for %hacros
will do the trick.

%racro Macros;
Y%sysl put rem D nen=&Di nen;
%rend;

Once these three conponents (_Hosts, %Rinit, and %hacros) have been
set up, the following code will run a 10-di mensional simnulation
1, 000, 000 tines over the hosts in chunks of 2,000.

% nc "Distribute.sas";

%et Nter = 2000;
%et NiterAl = 1000000;
%Si gnOn;

% et Dinen = 10;
%i stribute;

For 25 hosts, the first few status lines |look like this:

Stat: .tirrrrrrrrrrrrrrrrrrrrit: (2000, 0)/ 1000000
Stat: ..ttrrrrrrrrrrrrrrrrrrrit: (4000, 0)/ 1000000
Stat: ...tirrrrrrrrerrrrrrrrrrrls (6000, 0) / 1000000
Stat: ....ttrrrrrrerrrrrrrrrrrl: (18000, 0) / 1000000
Stat: ..... trrrrrrrrrrrrrrrrrir: (10000, 0) / 1000000

The bottomline here, for exanple, indicates that the first five hosts
are working on their tasks and the others are waiting to be given
tasks. After a while, the tasks on the first hosts will begin to

finish up, and they'll be given nore to do:
Stat: !.......... trrrerrrrrrrrr: (22000, 2000) / 1000000
Stat: ..., trrrrrrrrrrrr: (26000, 4000) / 1000000

Stat: ..!1oooo. . trrrrrrrrrtt: (30000, 8000) / 1000000



Eventual ly, all hosts will have been given tasks and the status |ine
wi Il indicate which ones finish theirs while other hosts are being
serviced by the client:

Stat: ... [ I'1...: (682000, 642000) /1000000

Stat: ... 0o oo I..: (692000, 650000)/ 1000000

Stat: ..., .ol [ !.: (702000, 660000)/ 1000000

Stat: .......... thoootoooooo...0 (712000, 668000) / 1000000
Towards the end of the run, nost hosts will be waiting while the |ast
chunks to finish up, and a status line will be printed as each one
does

Stat: t.rrrrorrrrrrrorrrrro 1o (1000000, 988000) / 1000000

Stat: !t.trrrorrrrrrrrrrrrrrryr or: (1000000, 994000) / 1000000

Stat: !t.trrrorrrrrrrrrrrrrrrrrl: (1000000, 996000) / 1000000

Stat: trirrrorrrrrrrrrrrrrrrrrl: (1000000, 998000) / 1000000

Stat: trirrrrrrrrrrrrrrrrrrrrrrl: (1000000, 1000000) / 1000000

For the 25 UNI X hosts that the above test was run on, the timng
results look |ike this:

Esti mat ed
Wor k Time for Wi t
i No. Ti ne/ 2000 Entire Di stribution Ti ne/ 2000

Host Host Iter Iter Probl em Efficiency Iter
20 UNI X68 30000 0: 00: 04 0: 35: 28 92% 0: 00: 01
8 UNI X73 42000 0:00: 03 0:27:50 72% 0:00: 01
1 UNI X49 48000  0:00: 03 0:27:19 71% 0: 00: 00
5 UNI X16 44000 0: 00: 03 0:27:08 70% 0: 00: 01
22 UNIX71 36000 0:00:03  0:25:05 65% 0: 00: 01
12 UNI X79 40000 0: 00: 03 0: 25: 02 65% 0: 00: 01

Total el apsed tine: 0:01: 33

Cumul ative working time: 0:26:22
Curmul ative waiting time: 0:07:59

(The nanes of the machi nes have been changed to protect the innocent.)
Most of the machi nes took about 3 seconds for each chunk of 2000

sanpl es, but UNI X68 took a bit |onger and was consequently given fewer
chunks to do. The bottomline is that a job that woul d have taken
about a hal f-hour on one machine took just a mnute and a hal f

di stributed across 25 nachi nes.

You can use a DATA step viewto collect the results fromall 25 hosts
into one data set and anal yze them

9RCol | ect (Sanpl e, Sanpl e / vi ew=Sanpl e) ;

proc neans data=Sanple n nmean stderr |clmuclm
var el,;

run;

The results indicate that the m ni num ei genval ue for a 10-di nensi onal ,
10- poi nt random nornal design is about 0.0725 with about 4 digits of
preci si on.

The MEANS Procedure

Anal ysis Variable : El

Lower 95% Upper 95%
N Mean Std Error CL for Mean CL for Mean
1000000 0. 0724593 0.000106880 0. 0722498 0. 0726688

The original problemwas to exam ne the relationship of the m nimum
ei genval ue to the dinension for a range of dinmensions. Once all the



set-up has been done, it is a sinple matter to wap a macro around the
di stribution and collection code:

%racro M nEval ;
opti ons nonot es;

data MnEval; if (0); run;
%o Dimen = 1 %o 30;
%i stribute;
9%RCol | ect (Sanpl e, Sanpl e / vi ew=Sanpl e) ;
proc summary dat a=Sanpl e;
var el,;
out put out=_tenp nmean=Mean StdErr=StdErr
LCLM=LCLM UCLM=UCLM
data _tenp; set _tenp; Dinmen = &b nen;
data M nEval; set M nEval _tenp;
run;
%end;

options notes;

%rend;
%M nEval ;

This simulation would require 40 hours to run on a single machine, but
it took less than two hours when distributed across 25 UN X hosts.

The results indicate that the expected value of the m ni mum ei genval ue
is inversely related to the dinension.

*/
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