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O
verview

 

S
pike is a general fram

ew
ork for planning and scheduling originally developed 

for the H
ubble S

pace Telescope by S
T

S
cI.

T
his talk review

s m
ajor architectural com

ponents of S
pike, adaptation of S

pike 
to new

 observatories and highlights lessons learned.

In addition w
e m

ake som
e general observations:

 

❑

 

N
o one m

odel of planning and scheduling applies to all observatories. 

 

❑

 

A
n architecture needs to be flexible to encom

pass different processes. 

 

❑

 

C
hallenges for the future
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C
onceptual F

oundations of S
pike

 

•

 

S
uitability F

unctions: 

 

❑

 

express strict constraints as w
ell as preferences (“soft” constraints)

 

❑

 m
athem

atically sound representation

 

❑

 allow
s sim

ple and efficient propagation of constraints and preferences

 

•

 

C
onstraint S

atisfaction P
roblem

 (C
S

P
) 

 

❑

 

“m
ultistart stochastic repair”

 

•

 

W
indow

 P
lanner

 

❑

 

stable plans in an unstable w
orld

 

•

 

Q
uantitative S

chedule Q
uality M

easures

 

❑

 

successful schedules require a balance of m
any factors

C
reated w

ith reuse and extensibility as design criteria, not afterthoughts
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C
ore A

rchitecture of S
pike

G
eneral, m

athem
atical, astronom

ical date, tim
e

Astronom
ical O

bjects: Sun, M
oon, Spacecraft, ...

D
atabase Interface

U
tilities

“M
icro-S

pike”: C
onstraint R

epresentation,
calculation and propagation
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S
pike A

rchitecture

C
ore

C
S

P
W

indow
P

lanner

TC
L/TK

G
U

I

C
LIM

G
U

I

O
ther

G
U

Is
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Im
plem

entation

 

•

 

O
bject O

riented: C
om

m
on Lisp O

bject S
ystem

 (C
LO

S
)

 

•

 

C
oncise

 

B
asic system

 is ~
22K

 lines of code in a dozen files

C
om

plete system
 (m

ission specific interface) is ~
40K

 lines of code in ~
30 files. 

 

•

 

F
ast

 

E
fficient representation of constraints and propagation of effects

C
aching for com

pute intensive calculations

E
fficient search strategies

S
chedules hundreds of observations in tens of seconds on S

parc 2 class m
achine

 

O
riginally im

plem
ented on T

I E
xplorer Lisp M

achines (late 80s), and ported to 
S

uns in early 90s. Included m
oving from

 F
lavors to C

LO
S

.
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C
S

P
 S

cheduler

 

C
onstraint S

atisfaction P
roblem

 (C
S

P
)  

•

 

set of variables, each w
ith a dom

ain of discrete values and a set of constraints 
w

hich lim
it a variable’s value based on the assigned values of all variables.

P
roblem

: 

 

•

 

A
ssign a value to all variables such that all constraints are satisfied.

S
pike S

cheduling C
S

P
: 

 

•

 

variables represent tasks to schedule

 

•

 

values represent tim
e intervals

 

•

 

solution is assigning a tim
e interval (value) to each task (variable)

 

•

 

further require that solution m
axim

ize preferences
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S
pike C

S
P

 Toolkit

 

•

 

E
ach variable instance records preference and constraint conflicts for each 

dom
ain value

 

•

 

Variables are perm
itted to have assignm

ents w
hich have constraint conflicts. 

T
his is im

portant in guiding the search process.

 

•

 

Variables can be locked to a value

 

•

 

Variables can be ignored

 

•

 

C
onstraints can be w

eighted

 

•

 

C
onstraints can be cached - yields perform

ance im
provem

ent and also allow
s 

for an explanation of constraint violations

 

•

 

C
apacity (R

esource) constraints
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O
rigin

 

O
riginal scheduler w

as im
plem

ented as a neural netw
ork - 

the “G
uarded D

iscrete S
tochastic” (G

D
S

) neural netw
ork. 

G
D

S
 neural netw

ork perform
ed very w

ell, and detailed analysis of w
hy it 

w
orked led to the developm

ent of the “m
in-conflicts” strategy for solving C

S
P

 
problem

s. 

N
eural netw

ork is no longer used in S
pike as the C

S
P

 form
ulation has a m

uch 
sm

aller overhead (particularly sm
aller space overhead).



 

S
PAC

E
  TE

LE
S

C
O

P
E

  S
C

IE
N

C
E

  IN
S

TITU
TE

 

N
A

S
A

 P
&

S
 W

orkshop
M

iller, et. al.
28 O

ctober 1997

 

  10

 

M
ultistart S

tochastic R
epair

 

U
ses constraint violations to guide search. S

teps:

1.

 

T
rial A

ssignm
ent

 

 - M
ake an initial guess. R

esulting schedule w
ill generally 

have constraint violations and resource capacity overloads.

2.

 

R
epair

 

 - A
pply heuristic repair techniques to elim

inate violations until there 
are no conflicts or a pre-established level of effort has been reached.

3.

 

D
econflict

 

 - E
lim

inate any rem
aining conflicts by rem

oving tasks or relaxing 
constraints.

4.

 

F
ill In

 

 - A
dd “filler” tasks w

here possible, w
ithout introducing constraint 

violations.

E
ntire process can be repeated (w

ith different heuristics or random
ization) and 

best solution chosen. P
aram

eters in steps 1&
2 are easily custom

ized (m
in con-

flicts, high priority, early or late greedy, etc.)



 

S
PAC

E
  TE

LE
S

C
O

P
E

  S
C

IE
N

C
E

  IN
S

TITU
TE

 

N
A

S
A

 P
&

S
 W

orkshop
M

iller, et. al.
28 O

ctober 1997

 

  11

 

Long-R
ange P

lanning

 

S
T

S
cI uses m

ulti-year Long-R
ange P

lan (LR
P

) to m
anage H

S
T

 observing pro-
gram

.

 

❑

 

inform
 observers w

hen observations w
ill occur

 

❑

 

plan for servicing m
issions (new

 instrum
ents and repairs)

 

❑

 

respond to changes in instrum
ents or spacecraft

O
riginally used C

S
P

 scheduler to assign observations to a single w
eek 

for execution, as short term
 schedules are m

ade w
eekly.

To achieve high efficiency, short term
 scheduler required ~

100%
 oversubscrip-

tion. T
hus LR

P
 w

as highly unstable and required additional effort to reschedule 
~

half of every w
eek’s observations.

A
s a result, S

T
S

cI developed 

 

P
lan W

indow

 

 concept
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W
indow

 P
lanner

 

•

 

P
lan w

indow
 is a subset of an observation’s constraint w

indow

 

constraint w
indow

 reflects the physical and scientific constraints

•
P

lan w
indow

s are selected to optim
ize:

❑
O

bservatory resources: observing tim
e, S

A
A

 avoidance, ...

❑
S

cientific quality: orbital visibility, low
 background, ...

•
R

epresents a best effort com
m

itm
ent to schedule in the w

indow

•
N

om
inal w

indow
 duration is ~

8 w
eeks

❑
P

rovides sufficient resolution for user planning

❑
B

uilds in flexibility and oversubscription needed for stable and efficient 
plan
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E
xam

ple P
lan W

indow
s

P
lan w

indow
s for observations 1-6 in w

eeks 1-8.

❑
P

lan w
indow

s are overlapping and possibly non-contiguous

C
andidates for W

eek 4 are 1, 2, 3 and 5. O
bs 1, 2, 3 m

ay have been executed previously.

O
B

1

O
B

2

O
B

3

O
B

4

O
B

5

O
B

6

   

W
K

1       W
K

2       W
K

3      W
K

4      W
K

5       W
K

6       W
K

7        W
K

8        
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A
dapting S

pike to a N
ew

 M
ission

G
lobal 

Param
eters

O
bservations

and targets
C

onstraints

Specialized m
ethods

(I/O
, G

U
I, tasks,

constraints)

“Export Spike”

D
ata

C
ode

Schedules, reports, ...
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E
xam

ple S
pecialization

ta
sk-to

-ta
sk-o

ve
rh

e
a

d
: 

❑
m

ethod to com
pute overhead tim

e betw
een tw

o tasks

P
aram

eters: 

❑
Tw

o task instances. Task class is specialized for an observatory, e.g. 
F

U
S

E
-TA

S
K

, E
S

O
-TA

S
K

D
efault m

ethod

❑
N

o overhead

F
U

S
E

 

❑
slew

-tim
e (task1, task2)

V
LT

❑
m

ax (instrum
ent-overhead-tim

e (task1, task2), slew
-tim

e (task1, task2))



S
PAC

E
  TE

LE
S

C
O

P
E

  S
C

IE
N

C
E

  IN
S

TITU
TE

N
A

S
A

 P
&

S
 W

orkshop
M

iller, et. al.
28 O

ctober 1997

  16

S
pike A

pplications

H
S

T
O

perational since 1989, used for proposal preparation (R
P

S
2), im

plem
entation, 

and long-range scheduling

F
U

S
E

W
ill be used for long- and short-term

 scheduling. 

E
S

O
/V

LT
Long-range (sem

ester) and short-term
 (nightly) scheduler. 

C
urrently being tested on N

T
T.

A
X

A
F

W
ill be used for long-term

 scheduling

E
U

V
E

O
perational since 1991, used for long-range scheduling of pointed observations

A
S

C
A

O
perational since N

ov 1992, long-range scheduling

X
T

E
O

perational since D
ec 1995, long-range scheduling

G
S

O
C

/D
LR

G
erm

an S
pace A

gency has used S
pike to schedule several M

IR
 experim

ents

Interval Logic C
orporation is applying S

pike technology to sem
iconductor m

anufacturing
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A
dditional C

apabilities
E

xam
ples of features added to S

pike:

Far U
ltraviolet S

pectroscopic E
xplorer (F

U
S

E
)

–
variable task duration (duration depends on tim

e of execution)

–
interruptible observations

–
spacecraft slew

s, ground station contacts, ram
 avoidance

E
uropean S

outhern O
bservatory Very Large Telescope (E

S
O

/V
LT

)

–
m

oon phase, airm
ass

–
coordinated scheduling on m

ultiple telescopes

–
m

inim
ization of instrum

ent changes

–
calibration observations
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Lessons Learned
It is possible to build an architecture for planning and scheduling for a broad 
dom

ain w
hich is both general enough to be easily extended but also efficient 

enough to handle the task.

T
his is achieved by:

❑
general purpose constraint representation and propagation

❑
libraries of dom

ain-specific objects and m
ethods

❑
m

odular design and object-oriented im
plem

entation

❑
specialized scheduling/planning engines as needed

S
oftw

are m
ust support the actual scheduling process used by observers and 

observatory. N
o one process fits all observatories.
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F
uture P

ossibilities for S
pike

U
se C

O
R

B
A

 to better integrate w
ith other com

ponents of ground system
 

(in progress)

P
ort from

 Lisp to C
, C

+
+

, Java, ... ?

U
se com

m
ercial softw

are for event calculation (e.g. S
atellite Toolkit from

 A
na-

lytical G
raphics)
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C
hallenges

C
hallenge for designers of planning and scheduling system

s is to stop reinvent-
ing the w

heel. P
ossible steps:

❑
M

ore m
odular designs to be able to plug-in com

ponents from
 a variety of 

system
s

❑
M

ore use of com
m

ercial softw
are for basic functions such as orbital 

events

❑
Interoperability via C

O
R

B
A

, scripting languages

❑
D

evelop m
ulti-m

ission form
at for interchange of scheduling data

❑
P

ublish benchm
ark problem

s and solutions for realistic m
ission planning 

and scheduling


