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O
utline

•
B

rief D
escription of B

T
eV

 and of the
T

rigger

•
T

he fault tolerance issue

•
O

ur approach to fault tolerance – the
R

eal T
im

e E
m

bedded System
 Project –

R
T

E
S (V

anderbilt, Illinois, Syracuse,
Pittsburgh, Ferm

ilab) – a collaboration
of com

puter scientists and physicists





K
ey D

esign Features of B
T

eV
 A

 dipole located O
N

 the IR
,  gives B

T
eV

 T
W

O
 spectrom

eters -
- one covering  the forw

ard  proton rapidity region and one
covering the forw

ard antiproton rapidity region.

A
 precision vertex detector based on planar pixel arrays

A
 vertex trigger at L

evel I w
hich m

akes B
T

eV
 especially

efficient for states that have only hadrons. T
he tracking system

design has to be tied closely to the trigger design to achieve this.

Strong particle identification based on a R
ing Im

aging C
erenkov

counter. M
any  states em

erge from
 background only if this

capability exists. It enables use of charged kaon  tagging.

A
 lead tungstate electrom

agnetic calorim
eter for photon and π

0

reconstruction.

A
 very high capacity data acquisition system

 w
hich frees us

from
 m

aking excessively restrictive choices at the trigger level



Schem
atic of T
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N
ote that there are about 3000 processors in

the L
1 T

rigger



G
lobal L

evel I and L
evel 2/3

•
G

lobal L
evel 1 is another processor farm

 –
possibly about 64 C

PU
s – to process the vertex

trigger, the m
uon trigger (another processor farm

)
and other ancillary triggers. It m

anages prescales
and controls deadtim

es, supports m
ultiple trigger

lists.
•

T
here is also a large --estim

ated 3000 C
PU

 farm
of processors, probably running L

IN
U

X
, w

hich
does the L

evel 2/3 trigger.
•

Im
portant considerations for efficiency

–
E

vents do not have fixed latency anyw
here. T

here is a
w

ide distribution of event processing tim
es even w

ithin
a given L

evel
–

E
vents are not processed in tim

e ordered fashion



T
he problem

 stated
•

From
 a recent review

 of the trigger
–

“R
egarding the robustness and integrity of the hardw

are and softw
are

design of the trigger system
, these issues and concerns have only begun

to be addressed at a conceptual level by B
T

eV
 proponents …

 G
iven the

very com
plex nature of this system

 w
here thousands of events are

sim
ultaneously and asynchronously cooking, issues of data integrity,

robustness, and m
onitoring are critically im

portant and have the
capacity to cripple a design if not dealt w

ith at the outset.  It is sim
ply a

fact of life that processors and processes die and get corrupted,
som

etim
es in subtle w

ays.  B
T

eV
 has allocated som

e resources for
control and m

onitoring, but our assessm
ent is that the current

allocation of resources w
ill be insufficient to supply the necessary level

of "self-aw
areness" in the trigger system

 …
W

ithout an increased pool
of design skills and experience to draw

 from
 and therm

alize w
ith, the

project w
ill rem

ain at risk.  T
he exciting challenge of designing and

building a real life pixel-based trigger system
 certainly has the potential

to attract additional strong groups.”



M
ain R

equirem
ents

•
T

he system
s m

ust be dynam
ically reconfigurable, to allow

 a
m

axim
um

 am
ount of perform

ance to be delivered from
 the available,

and potentially changing resources.
•

 T
he system

s m
ust also be highly available, since the environm

ents
produce the data stream

s continuously over a long period of tim
e.

•
T

o achieve the high availability, the system
s m

ust be
–

fault tolerant,
–

 self-aw
are, and

–
 fault adaptive.

•
Faults m

ust be corrected in the shortest possible tim
e, and corrected

sem
i-autonom

ously (i.e. w
ith as little  hum

an intervention as possible).
H

ence distributed
 and hierarchical m

onitoring and control are vital.
•

T
he system

 m
ust have a excellent life-cycle  M

aintainability and
evolvability to deal w

ith new
 trigger algorithm

s, new
 hardw

are and
new

 versions of the O
perating System



Special R
equirem

ents

•
W

e w
ant to be able to dynam

ically devote portions
of the system

 to  testing new
 algorithm

s or
hardw

are
•

W
e w

ant to be able to dynam
ically allocate

portions of the L
2/L

3 farm
 to reconstruction and

analysis (T
here w

ill be a huge am
ount of disk on

the system
 to retain data for m

onths)
•

W
e change m

odes during a “store” from
alignm

ent to norm
al operation and also to running

special diagnostics for the detector



T
he Proposed Solution
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R
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F
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re 2 B
i-L

evel System
 D

esign
 an

d R
u

n T
im

e F
ram

ew
ork

 – System
 M

odels use dom
ain

-specific, m
u

lti-
aspect represen

tation form
alism

s to defin
e system

 beh
avior, function, perform

an
ce, fau

lt in
teractions, an

d
target 

hard
w

are. 
 

A
n

alysis 
tools 

evalu
ate 

predicted 
perform

an
ce 

to 
gu

id
e 

design
ers 

prior 
to 

system
im

plem
en

tation. Syn
thesis tools gen

erate system
 configu

rations directly from
 th

e m
odels. A

 fau
lt-d

etecting,
failu

re m
itigatin

g ru
ntim

e en
vironm

en
t execu

tes 
th

ese 
configu

rations 
in

 
a 

real-tim
e, high

 
perform

ance,
distribu

ted, heterogen
eous target platform

, w
ith

 bu
ilt-in

, m
odel-configu

red fau
lt m

itigation. L
ocal, regional,

an
d global asp

ects are in
dicated. O

n
-L

in
e cooperation betw

een
  ru

ntim
e and m

odelin
g/syn

th
esis en

vironm
en

t
perm

it global system
 reconfigu

ration in
 extrem

e-failu
re conditions.



T
he D

esign and A
nalysis E

nvironm
ent

•
M

odelling
–

Inform
ation/A

lgorithm
 D

ata Flow
 M

odelling
–

T
arget H

ardw
are R

esource M
odelling

–
System

 D
etection and Fault M

itigation M
odeling

–
System

 C
onstraint M

odelling

•
A

nalysis
•

Synthesis
–

D
esign A

lternative R
esolution, Partitioning and

Processor A
llocation

–
System

 C
onfiguration G

eneration
–

O
peration and Fault M

anager creation and
configuration

B
ased on an approach called M

odel Integrated C
om

puting.
It w

ill be used both as a design and sim
ulation tool and for

analysis and fault m
odelling during running



R
un T

im
e E

nvironm
ent

•
O

perating System
 for D

SPs and IN
T

E
L

 U
N

IX
system

s
•

R
untim

e H
ierarchy

–
V

ery L
ightw

eight A
gents – sim

ple softw
are entities that expose

errors in D
SP kernel behavior

–
A

daptive, R
econfigurable and M

obile O
bjects for R

eliability
(A

R
M

O
R

s) at the process level
–

H
ierarchical D

etection and R
ecovery

•
N

ode level
•

R
egional L

evel(s)
•

G
lobal

•
Feedback w

ith m
odeling environm

ent

•
System

 V
alidation through softw

are based fault
injections

•
C

ollection of D
ata for C

reating and V
alidating

N
ew

 Fault M
odels
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F
igure : (a) A
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m

bedded A
R
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Increasing overhead

D
etection

•B
uilt-in assertion checks

•M
onitor thread e.g., w

atchdog tim
er  

•C
ontrol and data flow
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F
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R
M
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O
ther A

spects
•

R
un M

anagem
ent/control

•
Persistent Storage (resource m

anagem
ent, run

history). A
lthough faults m

ay be handled at any
level of the hierarchy, fault and m

itigation data are
alw

ays passed to the highest level so the
experim

ent can track all conditions affecting the
data

•
U

ser interface/diagnostics/autom
atic problem

notification
•

A
pplication code – the application code and

physics algorithm
s w

ill use the sam
e underlying

infrastructure of the fault tolerance system
.

A
R

M
O

R
 has an A

PI for this purpose.



Project Schedule
Funding

Y
ear

D
esign E

nvironm
ent M

ilestone
R

un tim
e System

 M
ilestone

FY
1Q

1/2
M

odeling language and env (prelim
inary)

Specify Interface to R
un tim

e E
nv.

D
esign of overall runtim

e system
 hierarchy

(A
R

M
O

R
 +

 V
L

A
s)

FY
1Q

3/4
Synthesis of operations and Fault m

anagers
D

SP and L
IN

U
X

 Synthesis
D

esign and im
plem

entation of V
L

A
  &

A
R

M
O

R
 prototypes

FY
2Q

1/2
M

odeling language and env
D

esign space (prelim
inary)

C
om

m
unication structure betw

een V
L

A
s and

the levels above

FY
2Q

3/4
Synthesis of perform

ance sim
ulator

Synthesis of all operations m
grs (final)

H
ardw

are synthesis

D
etection and recovery in L

ayer 1 of A
R

M
O

R
.

Study D
ynam

ic load-balancing (D
L

)

FY
3Q

1/2
M

odeling language and env (final)
D

esign space
D

etection and recovery in L
ayer 2 of A

R
M

O
R

;
Study D

L
.

FY
3Q

3/4
Synthesis to D

iagnosability tool
Synthesis to perform

ance sim
ulator (final)

D
etection and recovery in L

ayer 3 of A
R

M
O

R
;

Study D
L

.

FY
4Q

1/2
D

esign space (final)
Full scale R

untim
e E

nvironm
ent test

FY
4Q

3/4
Synthesis to R

eliability tool
Synthesis to D

iagnosability tool (final)
L

arge scale evaluation on B
T

eV
 hardw

are and
revision

FY
5Q

1/2
Synthesis to R

eliability tool (final)
Final evaluation on B

T
eV

 hardw
are



C
onclusion

•
B

T
eV

 agrees that fault tolerance m
ay be the m

ost
difficult issue in successful of the trigger

•
B

T
eV

 has an architecture, a plan, and a project to
produce a fault tolerant, fault adaptive system

•
T

he w
ork done on this project should have w

ide
applicability to large parallel system

s w
ith very

high availability requirem
ents


