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ABSTRACT

S cen ar ios  ar e n arr atives  that illu s trate f u tu re p o ss ib ilities, s uch  as p r o po s ed  s y s tem s  or  p lan s , an d  h elp  p olicy m ak er s  and 

d esig n ers  ch oo s e am o n g alter n ativ e cou r s es  o f  action .  In  v iew  o f th e d ecisio n - mak in g u s es  to  w h ich s cenar io s ar e p u t, it wo u ld 

b e v alu ab le to  elab o r ate s cen ar io s  at m u ltip le lev els  o f d etail or  to  s u b s titu te d etailed ev entu alities  b y  s tar tin g  f ro m  a co m m on 

co re o f  n ar r ativ e ep iso d es  an d  ref in in g  th em  dif f eren tly. A lth o u gh  d o main - sp ecific tech n iq u es  an d  co m p u tatio nal en v ir on m en ts 

ex is t f or  en co d ing  s imu latin g  and  m anip u latin g s cenar io s, th er e ex is t n o  g en er al- p u r po s e s cen ar io  rep r esen tatio n s b etween  th e

ex tr em es o f  fo r m ality  an d  in f o r mality p r ov id ed b y  ex ecu tab le s im ulation  p r og r am s at on e ex tr eme an d f r ee- f o r m text o r 

s tream ing  m edia des cr ip tio ns  at th e oth er. Th e ch allen g e is  to  d ef in e a r epr es entation  f or  s cen ar ios  th at s u pp o r ts  a wid e ran g e

o f  d is cus s io n an d co m pr eh ens io n  activities  w h ile r em ain in g  ind ep en d en t o f  co n tent an d acces s  mech anis m s . O u r  ap p ro ach  is  to

d efin e a r ep res entation  b ased  o n th e m o r ph o lo gy  o f  n ar r ativ es an d th e activities o f  sto r ytellin g , an  ap pr o ach th at s epar ates  w h at

a nar r ativ e is  f ro m  h ow  s cen ar ios  ar e u s ed  to  s u p p or t d ecis ion  m ak in g . Th is p ap er  d escr ibes  the r epr es entation , a m ar ku p 

im plem entation  ( SCML) , an d  th eir u s e in  th e m an ag emen t of  s imu latio n  ex p er im en ts.

K E YW O R D S: S cen ar ios , h yp er med ia, s o f tw ar e en g ineer in g , In ter activ e n ar rative, X ML, collab or ation 



INTRODUCTION

System designers and policy makers use scenarios to assist them in making design and policy decisions. Scenarios are used

throughout software development to examine alternate design decisions and requirements [5]. Throughout the 1990s the

design research communities in human-computer interaction, object-oriented software design and business administration

have paid concerted attention to user-centered design representations that utilize scenarios [1]. Some of these studies

proposed methods for establishing categories of scenarios as design artifacts in their own right [6].

S cen ar ios  ar e im po r tant in  m an agem en t an d en ter p r ise m o delin g. S cen ar io - b ased  r is k  ass es sm en t is  an ef f ectiv e co st- b enef its

an aly s is techn iq ue f o r d eter m in in g  f utu r e d ir ectio ns  o f  an  o rg an ization .  A m ajor  tech n iqu e in b u s in es s  p r o ces s  reen g in eer in g  is

th e cr eatio n  o f  scen ario s  th at illu s tr ate h o w  a b u sin es s actually w o r ks  an d h o w  its  op er atio n s m ig ht b e im p r ov ed .

W ith in  co g n itiv e s cience, so cial s cien ce an d  cu ltu ral s tu d ies, m an y  w riter s h av e elevated n ar rativ e to  a cen tr al p o s itio n  in  th eir 

m o dels  of  ex plan atio n , in f er en ce an d  in ter p r etatio n, an d in  th e ap p licatio n o f  th es e m o d els  to p r o fes s ion al pr actices  s u ch  as 

p edag o g y an d  ed u catio nal tech n o lo g y  [1 1 ] . I n  gen er al, s cen ar io s  res em ble and  ex ter n alize m en tal m o dels  an d  tho u g ht

ex per im en ts . Th e d ecisio n - mak er  m ay  tes t h y p o th es es b y  co n s tru ctin g  w hat- if s cenar io s o n  to p  of  a bas elin e d es cr ip tio n o f  th e

s itu ation  u n der  co n s ider atio n . Wh eth er  thes e scen ario s  ar e m er ely d es cr ib ed, en acted  th r ou g h  ro le- play ing , o r s imu lated 

co mp u tatio n ally , w h ether  they  f aith f ully  r ep r es en t a r eal p h en o m en o n  or  m erely  pr o v ide the o u tlin e s k etch  o f  a p os s ib le co ur s e

o f  action , the inten tio n  is th e s am e: to  clar if y  the r elatio ns h ips  am on g  actio n s an d  f eatu r es  o f  a s itu atio n  an d  to  u nd er s tan d 

b etter  th e con s equ en ces  o f  action s .

Th e p u r po s e of  the r esear ch w e des cr ib e in  th is  p aper  is to  dev elo p  a co m p utation al rep r es en tatio n  f o r  nar r ativ e to  aid  p o licy 

m aker s , s y s tem s  dev elop er s , an d  tr ainer s  w h o  need  to  as k s u ch " w hat- if"  q u es tio ns  in  th eir  d ecis io n m ak in g . We d is tin gu is h 

tw o as p ects  of  n ar r ativ e r ep r es en tatio n s  f o r  scen ario s : th e static s tru ctu re o f  n ar r ativ e co n ten t, an d  th e d yn am ic u n fo ld ing  o r 

" tellin g"  o f  th e n ar r ativ e. By  sep ar atin g s tr uctu r e an d  u s e, it is  p o ss ib le to  co n s tru ct en v iro n m ents  f or  d iver s e s cenar io -r elated 

activ ities .

To  m ak e it con v enien t to  create d if f er en t p r esen tatio n s  o f  the s am e s cen ar io  co nten t, w e in tr od u ce th e co n cept o f a h yp er m ed ia

s cen ar io d o cum en t, o r  h y per s cen ar io. As  w ith  an y o ther  f or m  o f co n ten t, n o n -lin ear  link s  amo n g  tex t, g r aph ics , an d  o th er

m u ltim edia elem ents  s up p o r t m u ltip le p er sp ectiv es  an d  w ay s  o f d iscu s s in g  s cen ar io s . Go in g b ey on d  this  g en er ic f eatu r e o f 

h y per m edia, ho w ever , hy p er scen ario s  ar e als o  activ e d o cum en ts th at tr an s cend  th e s tand ar d n av ig ation al in ter action  o f  m u ch 



h y per d o cu m en tation .

Th e f o llo w in g s ectio n  o f  this  p ap er  des crib es  th e is s u es in v olv ed in  des ig nin g  a h y p er m edia s cen ar io  r epr es entatio n . Ou r 

ex plan atio n  bo r r ow s  ter m s  an d  con cep ts  f ro m  the f ilm  in du s tr y.  We ju stif y  o u r  ch o ice o f  X ML fo r  the s tru ctu ral as p ects  o f  th e

r epr es entation  and  illu s tr ate its  u s e in  d ef inin g  S CML ( Scen ario  Mar k u p Lan gu ag e). W e th en  d is cu s s  th e d yn am ic as p ects  an d 

is su es  in v o lvin g  w h er e in ter p r etatio n, b ro w s ing  an d " tellin g " capab ilities  s h o u ld  r esid e in  the r epr es entation  its elf  o r  in th e

ap plicatio n s  th at m an ip u late it. W e th en  illu str ate th e f r am ew o r k an d  S CML w ith  w h at-if  decis io n - m ak in g  ex am ple dr aw n 

f r om  a sig n ificant lo gis tics  p r ob lem  o f  th e k in d  f req u ently  stu d ied  b y th e U S  A rm y  in s imu latio n  exer cises .

THE HYPERSCENARIO FRAMEWORK

I n  th e film  in d u str y , th e scr eenp lay  is  a s tand ar d  f o r m at f o r th e d o cum en t th at d es crib es a m ov ie or  a play . [ 4 ]  Th e scr eenw r iter 

d o es  n o t ju s t tr an s late a no v el in to  a s er ies  o f  s cen es , bu t g iv es  so m e n o tion  o f  a r elatio ns h ip b etween  th e s to r y  elem en ts  an d  an

o v er all f lo w  o f  actio n. Th e d ir ecto r  an d  f ilm  ed itor  th en  d ecid e w h at f o r m  th e sto r y  s h o uld  tak e. Th e s am e s cr eenp lay  can  be

u s ed  to  cr eate a s to r yb o ar d, g ener ate a so u n d tr ack , d es cr ib e co s tu m e req u irem en ts , f or ecas t the b u dg et, an d  ou tlin e cas tin g

cr iter ia.

I t is  this  s ep ar atio n  o f  con cer ns  b etw een a s cr een play 's f o r m an d its  u s es  in  tellin g its s to ry  th at u n der p ins  o ur  r epr es entation  f o r

s cen ar ios . F ir s t w e d es cr ibe m o st o f  th e co m p on en ts an d  s tr u ctu r e o f  nar r ativ e scen ario s . I n  th e s ectio n th at f o llo w s , w e dis cu ss 

h o w s cenar io s ar e " to ld " .

Building a Conceptual Model for Scenarios

Th e f u n dam en tal bu ild in g  b lo ck  of  s cen ar io  is  th e actio n . An  actio n  is  any th ing  th at h app en s  in  th e con tex t o f  th e s to r y . I t co u ld 

co ns is t o f  char acter s  co m m un icatin g , th e p h y s ical mo v em en t o f an  o b ject, o r a chan g e o f  state.  Actio n s  ar e no t th e o nly 

co mp o n ents  o f a scen ario , bu t they  are the m o st im po r tant. A lth o ug h  actio n s ar e p er f or m ed b y  acto r s an d  cau s e ch an g es  to 

o ccu r  in o b jects , it is  th e actio n s  th em selv es th at m ak e a s cen ario  a n ar r ativ e r ath er  than  a m er e d es crip tion  o f a s itu atio n .

F o r o u r  p u r p os es , it is  s u ff icien t to tr eat actio n s as  a b as ic categ o ry  an d co n cen tr ate in s tead  o n  h o w  actio ns  are co mb in ed an d 

m anip u lated  in  the b r oad er  an d  mo r e pu r p os ef u l co n tex t of  a scen ar io .    O ur  s cen ar io s tru ctu re d eriv es  f r o m  th e s to r y g r amm ar 

o r  s to r y s ch em a mo d els o f  nar r ativ e co g n itio n  th at s ev eral cog n itiv e ps y ch olo g ists  p ro p o sed  in th e 1 9 7 0 s.  Thes e s to r y

s chem ata w er e d evelo p ed  to  ex p lain  the d if f er en ces  in  eas e o f s tor y  com p r ehen s ion  an d r ecall [1 0 ] . A cco rd in g  to  th es e m o d els ,

a sto r y  is  a s tr in g  o f n ar rativ e elemen ts. Th e m o s t co n ven tion al an d  mem o r ab le or d er in g s  co m p ly  w ith  a ph r as e- s tru ctu re



g r am m ar , th e n o n -ter m in al no d es  o f  w hich  in clud e g oal- o rien ted  ter m s  su ch  as  ep is o d es.  Wh ile s to ry  g ram m ars  ar e n o  lo n g er

taken  s er io u sly  as  a mo d el o f  n ar r ativ e co g n itio n , th ey  f o r m  a u sef u l b as is f o r  co m p utatio n al d es crip tion s  o f s cen ar ios  f o r

d esig n  an d  evalu atio n  p u r p os es .

 A n im p or tan t co ncep t in term ed iate in s cale b etw een th e en tire s cen ar io  an d th e ato m ic ( fo r  o ur  p u rp o s es)  actio n  is  the ep is o d e.

W h at d istin g uis h es  a gr o u p  o f  actio n s as  an  epis o d e is  th at th ey  s er v e a com m o n  g o al. I n  each  ep is od e, th er e m ay  b e s ev er al

s ets  o f  action s  th at wo u ld  acco mp lis h th e s tated  g oal [ 9] .

J u st as  s to r ies  mu s t co n tain  s o me co nf lict to  h o ld  th e au d ience’  s in ter es t, s o  a s cenar io is  on ly  in ter es tin g to  th e ex ten t th at it

illu s tr ates  or  h elp s  th e d ecis ion - m aker  ex p lo re s itu ation s  in w h ich  g oals  ar e thw ar ted  o r en d an g er ed . Con d itio n s  th at im p eril

g o als  are called  o b stacles .

P articipan ts  in  a s cenar io  co m e in  a n u m ber  o f v ar ieties th at p erf o r m  s p ecif ied  r o les. O ne s u ch  r o le is  th e s tak eh o ld er , a p er so n 

o r  o r g anizatio n  with  a s take in  th e ou tcom e o f s o m e as p ect o f th e s cenar io . W h ile a stak eh o ld er  m ay n o t d o  any th in g  to af f ect

th e o u tco m e, a s tak eh old er  can  be g r eatly in f lu en ced  b y  ev en ts  in th e s cen ar io . Th e client o f  a f eas ib ility  stu d y o r  po licy

ev alu atio n  is like th e au d ien ce o f  any  s to r y , b u t is  less  d isin ter es ted  in  th e ou tco me o f a s cen ar io .  In  th is  r ole o f s cenar io  client,

a stak eho ld er m ay co n str ain th e s co p e o f  th e nar r ativ e by  d efin ing  w h at m ay o r  may  n ot h ap p en  o r  g o w r o ng .   Th ese co ncer n s

ar e r ep res en ted  as  ex cep tion s  and  co ns tr ain ts , wh ich  ar e sp ecif ic cas es  o f  con d itio n s  u s ed  to  lim it th e s co p e o f  the ep is o d es as  a

s cen ar io u n f old s .

Mo st ch ar acter s  in  a nar r ativ e ar e ag en ts .  A n  agen t has  th e r es p o n sib ility  f or  p er f o r min g  actio ns  w h eth er o r  no t it h as  a s tak e in 

th e o u tco m e. I n  plan n in g  s cen ar io s , it is s o  co m m o n to  en co u nter  s itu atio n s in  wh ich  s o m e ag ents  ( co m p etito r s, o pp o n ents ,

en em ies ) o p p os e th e actio n s o f  an o th er  that thes e ob s tacle- r ais ing  ag en ts  ar e con s id er ed  as  a s p ecif ic ty p e, th e an tag o n is t. An 

an tag o n is t p er f o rm s  actio n s th at m ay  b lo ck  th e s u cces s f ul co mp letio n  of  ep is o d es. I t is  th e inh er ent co nf lict b etw een  ach iev in g 

g o als  and  th war tin g  antag o nis ts  th at m ak es  f o r an  in ter es tin g n arr ative, w heth er a f olk tale o r a b us in ess  s cen ar io .

A  co m p o site ro le is  the acto r . An  acto r  is b o th  an  ag en t w ith r es po n s ib ilities  fo r  actio n s as  w ell as  a s tak eh o ld er  inf lu enced  by 

w h at h app en s . I n  m o s t s itu atio n s, en tities  in  th e sto r y  ar e bes t d es crib ed  as  acto r s , s ince w hat o ccu r s  in  the n ar r ativ e m ay 

in flu en ce th e actio n s  th at ar e av ailab le.

A  mo r e pas s ive r ole is th at o f  th e p r op . In  th eater  an d  f ilm , p r o ps  ar e u s u ally  th o u gh t o f as  in an imate o b jects . Mo r e gen er ally 

h o wev er , a p ro p  is  an y tar get o f an  action . I n m ilitar y  s cen ar io s, a giv en  r es o ur ce su ch  as  a co m p an y  m ay  b e r eg ar d ed  as  a p r o p 



at o n e lev el o f  detail an d  as  an ag ent ( or  co llectio n  o f ag ents )  at ano th er. A t a s till fin er  lev el o f  detail, the co mp an y  m ay  be

r egar d ed as  a s tak eh o ld er  in  th e o u tco m e o f  tactical actio n s .

F igu r e 1 s h o ws  the co ncep tual m od el fo r  scen ario s  rep r esen ted as  a U ML ( U n if ied  Mo d elin g  Lan g uag e)  clas s d iagr am  [ 4 ] . Th e

d iag r am  es tablis hes  a h ier ar ch y  o f  s to r y  elem en ts  an d  the as so ciatio n s am o ng  th em . Each  elem ent is  a f irs t- o rd er  o b ject th at

can b e man ip ulated  w ith in  scen ario s  lik e th e sto ck  cu ts 1 o f f ilm ed itin g .

The Storytelling Process: Scenario Navigation

S tor y tellin g  can  b e tho u g h t o f  as  a fo r m  o f  p ur p o s ef u l nav ig atio n th r ou g h  a s et o f  even ts. W h eth er  th e pu r p o se is

co mp r eh en s io n, lear n ing , enter tain m ent, or  s p ecu latio n  ab o u t an  im ag ined  env ir o nm en t, it is  tas k  o f th e s to r yteller  to w eave

th es e even t ch u n ks  in to  a mean ing f u l w h o le. I n f ilmm ak ing , the tech n o lo g y  an d  lin ear  o r d er in g  o f  the v iew ed  ev en ts  h as g iv en 

r ise to  th e aes thetics an d  ter m in o lo gy  o f f ilm ed itin g . A lth ou g h  s cen ar io s  ar e lib er ated  f r o m  th e pr e- p lan n ed linear ity  o f  f ilm 

n arr ative, w e ad op t the s ame term in o lo g y  b ecaus e it is  so  u s ef u l in  d is tin gu is h in g  n ar r ativ e elem ents  f ro m  the s eq u en cin g  an d 

co ntin u ity  o f th eir  p res en tatio n.  In th e cas e o f  scr eenp lay s, a cr itical pair  of  co ncep ts  in  th is  tr an sf o r m atio n f r o m p lo t to 

im plem ented  nar r ativ e is  the s cen e and  the cu t. A  scen e is  a s eq uen ce o f  clip s  th at tak e p lace in  a p ar ticu lar  location  [ 3 ]. I n  a

s cen ar io, th e " location "  that d is tin gu is hes  a s cen e n eed n o t b e a p h y sical p lace, b u t it r etain s  the p lace- lik e no tio n o f  state.  Cu ts 

ar e ed ited  tran s itio n s b etween  scen es. S ev er al k in ds  o f  cu ts  ar e d is tin g u ish ed  in  f ilm  theo r y  b ecaus e o f th eir  con tr ibu tio n to 

n arr ative im pact. O n e ty p e is  the tr an s itio n  cu t w hich  is  n eces s ar y  to m o v e f r o m o n e s cene to  th e nex t. O v er lay ing  tr an s itio n 

cu ts  is  d if f icu lt b ecau s e th ey  med iate the co ntin u ity  o f a n ar r ativ e. A n o ther  s ty le of  cut is  th e reactio n  cut. Th es e ar e res p o ns es 

to  s o m e ch an ge in th e s tate o f  a s to ry . Reactio n  cuts  are u s ed  to allow  ch ar acter s  to in ter act an d  to  elicit s o m e lev el o f 

en gag em en t f ro m  th e aud ien ce. By " v iew in g"  a ch ar acter 's r eactio n to  so m e situ atio n  on s creen , th e au d ience can  inf er  th eir 

em otio n al s tate. Ef f ectiv e u s e of  r eaction  cu ts  d ecr eas es  th e am ou n t of  ex po s itio n  o r ex plicit n ar ratio n. F inally, a ju m p  cu t is a

s u dd en  sw itch o f  v iew po in t w ith in  th e s ame s cen e. Nav ig atio n  th r ou g h  a s cenar io , u n lik e th e cuttin g o f  a f ilm, d oes  n ot h ave to 

r esu lt in  an  u n chan g ing  o r  p r e- plan n ed  s eq u en ce o f  ev en ts . Ther e ar e man y  ex am p les  in liter atur e and  f ilm m ak in g  wh er e n o n - 

ch ro n o log ical p r es en tatio n  o f  a s to r y en han ces its  im p act. Each  sh o w ing  o f  a f ilm  o r  r eadin g  of  a tex t yield s th e s am e

p r es en tatio n  o f  th e even ts . O u r  m o d el f o r s cenar io  n av igatio n is  in f luen ced b y  Mu r r ay's  [8 ]  con cep t o f  mu ltifo r m  s to r ies  and 

th eir  imp licatio ns  f o r co m pu tatio n al n ar rativ e. A  mu ltifo r m  sto r y p r esen ts  a s ing le plo tlin e with  mu ltiple telling s . Th es e

v ers io n s co u ld  b e s am e s to ry  to ld  f r om  d if f er en t p er s p ectiv es o r  v ar ian ts  of  th e s to ry  w ith  s om e s ig n if ican t d etail m od if ied . I n

                                                            
1A stock cut consists of previously created footage of actions that can be retrieved from a library and pieced together and used as a placeholder during
filming.



ad ditio n to  mu ltif o r m ed n es s, s cen ar io n avig atio n  r eq u ir es  s u pp o r t f o r  b o th  p r o ced u r al ( r ule- b as ed )  an d  par ticip ato r y 

in ter activ ity [ 8 ].

F igu r e 2 illus tr ates  th e lin k in g s tr ateg y b etween  scen ario  elem ents . Th e lin k s  ar e the m eth o d  f o r  mo v in g th r ou g h  th e scen ario .

V 1  an d  V2  ar e v arian ts o f  th e s am e s cen ario  f ro m  d if f er en t v iew p oin ts . S 2  rep r esen ts  a d if f er en t s cen ar io . The f ir s t ty p e of  link 

is  th e setu p . Th is  w o uld  o rig in ate f ro m  an  ep is o d e o r  even t th at in itializes  th e s to ry .

Ch an g in g v iewp o ints  r eq u ir es  th e p r esen ce o f  a cu t. Th e ep is od es  an d  actio ns  in  V 2  are the s imilar  to  V 1 b u t to ld f r o m a

d iff er ent p ers p ectiv e. A ctio n s  en clo sed  by  an  o v al ar e eq u iv alen t to  each  oth er . Th is eq uiv alen cy  relatio n s h ip  estab lis h es  a

clas s  o r s et o f  actio ns . The ch oice of  any  actio n  with in th e s et h as  th e s am e eff ect o n  th e f lo w  o f th e ep is od e.

D epen d ency  is th e s econ d  r elation s h ip am on g  actio n s. G iven  an actio n , th e po s s ible n ex t mo v es  can  be d eter m ined  th r o u gh 

b r ead th -f ir s t s ear ch  of  d epen d ency  lin k s . Th e n o tion  o f  a f las h b ack , rew in d, an d tr ans itio n  lin k  w er e d ev elo ped  fr o m  th e

f ilm m ak in g  m od el. A  f las h b ack  lin k  allo w s an  en tr y  p o in t in  th e sto r y  to  exis t at an y p o in t, with  th e ability to  r ev iew 

b ack g r o un d  inf o r matio n if  neces sar y . F lash b acks  w o uld  g en er ally  be o n  th e lev el o f  an ep is o d e b ecaus e the level of  d etail

b ein g  s ou g h t. Co ntr as t th at to  a r ew in d  lin k , w h ich allow s  f or  b ack in g u p  with in an  ep is od e b etw een actio n s . P r ereq u isite an d 

tr an s itio n  lin k s  es tablis h  d ep end en cies  at th e ep iso d e lev el. P o st-  and  p r e- co n ditio n ep is o d es w o u ld  h ave to  b e co m p leted 

b efo r e or  ex is t pr io r  to  this  typ e o f m o vem en t. Th e d ecis io n  lin k is  th e m os t imp o r tan t fr o m  th e s tan d p oin t of  analy zin g 

alter n ate p ath s . Th is  is  the o n ly  ty pe o f lin k th at cr o ss es  scen ar io  bo u n d ar ies .

IMPLEMENTING THE FRAMEWORK AS A MARKUP LANGUAGE
O u r g o al is  to  r ep r es en t the s tru ctu ral an d  lin k in g m o d els  in a fo r m  th at is  g ener al en o ug h  to d es cr ib e th e str u ctu r e o f  any 

s cen ar io, y et ex pr es s iv e eno u g h  to  s up p o rt d iff er ent ex ter n al v iew s  o f th e d ata. Th e ch o ice o f a m ar k u p  lan g uag e s u p p or ts  bo th 

th es e o bjectiv es . Mar ku p  lan g u ages  d es cr ib e a d o cu men t’  s s tr uctu re, leav in g p r esen tatio n  d etails  to th e cap abilities  of  th e

s tru ctu re- aw ar e ap p licatio ns .

S p ecif ic m ar ku p  lan g u ag es  ar e d ef in ed f r om  X ML [ 1 2 ] b y  cr eatin g  a D TD  ( D o cum en t Ty p e D ef in ition ) .  Th e DTD  d ef in es 

allo w ab le co mp o n en ts  an d  s tr u ctur es  fo r  do cu m en ts  of  its ty p e.  Des ig nin g  SCML th er efo r e in v o lv ed  deter min in g w h ich 

en tities, elem en ts  an d attrib u tes  to  r ep res en t an d  th e ru les  f o r  co m b in in g  th em  in to  a d ocu m ent en co d ed  as  an X ML D TD .

F igu r e 3 is  an  excer p t o f  th e D TD  f o r S CML.  Majo r  s to r y co m po n ents , su ch  as  ep is o d es, g oals , action s  and  cu ts  are all

r eflected  as  elemen ts  in  the S CML D TD. A no th er im p or tan t as p ect of  S CML is  th e su p p o rt f or  th e lin k s tr ateg y .  With in  an 



X ML- b as ed  lang u age, the d evelo p er  can d efin e lin k  ty p es  u s in g X LL ( X ML Lin kin g  Lan g u ag e) .  SCML link s  are b i-

d irection al.  Ex ten d ed lin ks  can tar get a s electio n o f  po s s ible do cu m en t artif acts , as  o pp o s ed to  a s in gle f ile. Ex tern al pr o g r am s 

can b e ex ecu ted  by  activ atin g  a lin k  u s ing  th is  m eth o d . Cu t lin k s ar e th er ef o r e im p lem en ted  as ex ten d ed  lin k s, allo w ing  f o r

cu ts  to  an y  lo catio n  in  a co r r esp o n d in g  ep is o de.  In  th e f o llo w ing  ex am p le, w e dep ict th e p r o ces s  of  cr eatin g h y per s cen ar io

d o cu m en ts  an d u s in g  the ty ped  lin k s  to  n av ig ate a nar r ativ e.

SCENARIO-DRIVEN SIMULATION EXAMPLE
S o  f ar , w e h av e dis cu ss ed  th e d es ig n  is s ues  that w en t into  con s tru cting  o u r h y p er s cenar io f r amew o r k. Th e s ep ar atio n  o f

co ncer n  r eq u ir es  th e ap p licatio n d o m ain  to  p r es en t to o ls f o r  p ar sin g  an d  m an ip u latin g S CML- b ased  n ar r ativ es . Th e r u les an d 

p o licies o f  a d o main  as s ig n s em an tics to  S CML s to r y elemen ts . To  illu str ate th e ap p r oach  w e h av e cho s en  an  A rm y  battle

p lan n in g s im ulatio n . A m ilitar y  d o m ain  is ex trem ely w ell s u ited  fo r  d ep ictio n  u sin g  hy p ers cen ar io s , d u e to  the amo u n t o f 

es tab lish ed  do ctrin e fo r  any  activ ity, p ar ticular ly b attle p lan n in g . Th e d ecis ion s  m ak in g p r o ces s  an d  p ar ticip an t r es po n s ibilities 

ar e d es cr ib ed in  A r m y  f ield m an ual [ 6] , wh ich  is  ess en tially  a m an u al f o r  battle p lann in g.  It is  str aigh tf o rw ar d to  deter min e

p o ten tial ep is o d es , acto r s , actio n s  fr o m  d o cu men ts  th e field  m an ual. We b egin  w ith  an o v er v iew o f  a s p ecif ic A r m y m o d elin g 

an d s im ulation  exer cise u s ed  f o r an aly zing  co mm an d  an d  co n tr ol iss u es .

Using Constructive Simulation for Battle Planning

Th e D ep ar tm ent o f D ef en s e has  f ocu s ed m u ch  atten tion  in  r ecent y ear s  to  th e u s e o f  m od elin g  and  s imu latio n  f or  d ev elo pin g 

an d an aly zin g th e m ilitar y  s y s tem s  o f th e f u tur e. Decr eas in g  b u d gets , co u p led  w ith  the n eces s ity  o f b eing  p r ep ar ed  f o r m u lti- 

f aceted  ty p es o f  m ilitar y  activ ities , s u ch  as  h u m anitar ian  inter ven tion s , jo in t p eacek eepin g  ef f o r ts , and  o ther  “Mis s io n s - oth er -

th an - W ar”  h ave created a n eed  to p r epar e f o r  un f o r es een  m is s io n s . Th ere is  als o  a r equ ir em en t f o r  th e m ilitary  to attem p t to  tr y

o u t u n f ield ed an d ev o lv in g  w eap on  s y stem s an d  tech no lo g ies  to s ee h o w  th ey  m ig h t af f ect th eir  tactics , tech n iq u es, an d

p r oced u res .  Th is an aly s is  is  b ein g  do n e b y  m ean s  of  s imu latio n  an d  m od eling , f ro m  con v entio n al ( liv e actio n ) w arg am ing  to 

co mp letely  v ir tu al s imu latio n s . Co n s tr u ctiv e sim u latio n s, th e m an- in - th e- loo p  s ty le of  s im u latio n , ar e bein g  u s ed b y  th e A rm y 

to  d eterm in e th e af f ect o f  n ew  tech n olo g ies  o n Co m man d , Co n tro l, Co m m un icatio n s , Co m pu ters , and  I n telligen ce ( C4 I) . Thes e

s imu latio n s  ar e gen er ally  do n e as  w arg am es  in  w h ich p ar ticip an ts  ar e giv en  as s ign ed  ro les.

Th e Mo u nted  War f ar e Tes tBed at Ft. K no x  is  eq uip p ed to  han d le b attlef ield  sim u latio n s.  On e o f th e au th or s  p ar ticip ated  as  an 

o b ser v er d u r in g  a r ecen t con s tr uctiv e s imu latio n  exp er imen t ref err ed  to  as  th e Battle Co mm an d  Reen gin eerin g  (BCR)

ex per im en t at th e Mo u nted  Man eu ver  Battle Lab , als o at Ft. K no x . Th e pu r p o se o f  th e BCR ex p er im en t w as  to  g aug e th e eff ect

o f  n ew  tech n olo g ies  o n a b attalio n - s ized  m an euv er  un it (tan k s) . An  A r my  tank  b attalion  w as  s et u p  to  f igh t o n a vir tu al



b attlef ield  us in g th e A r m y 's  Mo dS A F  (Mo d ular  Sem iA uto n o mo u s  Fo r ces )  s im u latio n  sy s tem. Mod S A F  is  a s im u latio n

en vir o n men t with  v ir tual o bjects r ep res entin g  tan k s, s cou t v eh icles , ar tiller y  un its , an d o th er  co mb at platf or m s . Mo d SA F 

s imu lates  th e h ier ar chy  o f  m ilitar y  un its an d  th eir as s ociated  b eh av ior s , co m b at v eh icles, an d w eapo n s  sy s tems [ 2 ]. A n 

o p po s in g f o r ce ( Op F o r ) w as  als o  p r es en t in  th e b attlef ield  and  b ein g  dr iv en b y  hu m an  p ar ticip an ts  rep r esen ting  the en em y . Th e

p articipan ts  r an  th e sim u latio n  f r o m  s tatic m ock u p s o f  battlef ield  v ehicles, u s in g  o nb o ard  co mp u ter s y s tem s  with  co llab o r ativ e

tech n o log ies  ( s h ar ed  wh itebo ar d s, d igital r ad io s , etc.)  to  v iew  th e b attlefield . D u r in g  a s im ulation  ex er cis e, tan k  m ock - u ps  an d

co mm an d  v eh icles  co m m un icate b y  r ad io acco r d ing  to  s tan dar d  pr o toco ls  th at g o v ern  actu al m is s io n  inter actio n s. This  d ig ital

r adio  com m u n icatio n  d ata, alo n g  w ith  d ata s tr eam s  fr o m  th e s im u latio n  s o f twar e, w er e r ecor d ed  as  an ev ent tr ace fo r 

s u bs eq u en t analy sis .

Th e ex p er im ent las ted  o v er  a p erio d  of  two  w eek s . Each  day  o f th e ex p er im ent in vo lv ed s ever al m is s io n  s cen ar io s  th at wer e

g u id ed  by  th e o p er ation al or d er s ( O P ORD s ) o f  th e d ay . Con tin uity  w as  main tain ed  b etw een  in d iv id u al s im u lated  m is sio n s .

Th e m is sio n s  w er e ch o sen  to tr y  an d  illu str ate s p ecif ic ar r ang em en ts  of  co mb at fo r ces. Excep t f o r  th e ins tr u ctio ns  o u tlin ed in 

th e O P O RD s , th e mis s ion s  w er e o pen - end ed ; th e p ar ticip ants  d id  n ot k n ow n  h ow  th in g s  wo u ld u n f old  u ntil th ey  occu rr ed .

Many  u n ex p ected  ev en ts h ap pen ed , s o m e d u e to  th e n or m al co m p lex ity  o f  th e battlef ield ( r eal o r v ir tu al)  an d  so m e d u e to 

tech n ical p r ob lems  w ith  th e s im ulation  s of tw are. Mod S A F  Client w or k s tatio n s d is play ed 2 - dim en sio n al v iews  o f  th e b attlef ield 

w ith in  real- tim e o v er  a terr ain  m ap . I co ns  r epr es ented  fr ien dly  an d  enem y  fo r ces.  Each  rep r esen ted a u nit w ith in th e b attle, n ot

n eces s arily  an  ind iv idu al veh icle, thu s  giv in g th e co m m an d er  an  ab s tr act v iew  o f th e s im ulated b attle, no t the m ov em ent o f 

in div id ual v eh icles , sq u ad s, o r  p latoo n s .

A f ter  each  d ay 's  b attle s imu latio n , th e par ticip an ts  w o uld  d is cu ss  th e activ ities  d u rin g  in f o rm al "h o tw as h "  ses s io n s . Th e

f acilitato r  wo u ld as k  q u es tio n s  o f  the p ar ticip an ts, s u ch  as  " D id y o u  f in d  th e us e o f r o bo t cam er as u s efu l f or  y ou r  s itu atio n al

aw ar en ess ?"  or  " Do  y o u th ink  th at w e w ill r eq uir e as  m u ch  r eco n n ais s ance and  s u rv eillan ce if  we h ave th is  tech n o lo g y ?”

S o me o f  th e qu es tio n s  w er e eas ily  an sw er ed  b y  an alyzin g  th e data s tr eam  f o r r es ou r ce u tilizatio n , tim in g o f  ev en ts , and 

p o sitio nal d ata fo r  tro o p  mo v em en ts . Ev alu ative an d h y p oth etical q u es tio n s , in  co n tr as t, ar e bas ed  o n  the p articip an ts'

p ercep tio n  and  r eco llectio n o f  ho w  the s im u latio n  pr o ceed ed . Man y o f  th es e q u es tio n s  h av e a " wh at- if "  n atu r e th at co u ld  b e

an sw er ed d u r in g  a s im ulation  o f  d if f er en t s cenar io s ( f o r ex amp le, r em ov in g  th e am o u n t o f  r es o ur ce av ailab le du r ing  th e b attle

an d th en r ecor d ing  th e ch ang e in tactics ).   In  m any  cases , ju s t s u ch  “w h at- if ”  s cen ar io s w er e ex p lo r ed  o n  s ub s equ en t d ay s  o f 

th e ex p er im ent.



Hyperscenario Support for Battle Planning

Th is  im po s itio n  of  s eman tic o r g an izatio n  o n  a m as s  o f  r aw  d ata r es em b les  the layer in g o f  lo g ical s ch em as o n  th e ph y s ical

r eco r d s  o f  a d atab as e ( s ee F ig u re 4 ) .  Jus t as S Q L im p o ses  a r elatio n al v iew  o n  d ata, s o , b y  an alo gy , S CML imp o s es  a nar r ativ e

s tru ctu re o n  th e r aw  ev en t tr ace g en er ated  b y  th e back - en d  s im u latio n  p r o g ram .  In  o ur  f ram ew or k , a s im ulation  s ys tem  lik e

Mo dS A F  ser v es th e s am e p u r po s e as  a databas e man ag em en t s y s tem .  Ju s t a S Q L d atab as e tr ans actio n s  ar e o f th r ee typ es 

( s ch em a d ef inition , u pd ate, an d  r etr iev al) , s o S CML can  b e u sed  fo r  an an alo g o u s s et o f  th r ee s cen ar io  “tr an sactio n ”  ty p es :

s cen ar io au tho r ing , inter v en in g  in  a r u n nin g  sim u latio n , an d  r etriev ing  th e s tate o f  a r un n in g o r  co m p leted  sim u latio n.

P r ob lem s o ccur  at d ecis io n  p o in ts  o r  w h en ev ents  trig g er a chan g e in  th e cou r s e o f  the s cen ar io . The s cen ar io cr eates  n ew 

o b stacles  to  tes t th e p ar ticip ants ’   per f or m an ce. Thes e decis io n  po in ts can  in clud e n otif ication  tr ig g er s, w h er e th e s cen ar io 

f acilitato r  can  sto p  th e actio n  o r  r ed ir ect it, d epen d ing  o n  n o t o n ly  tem p or al or d er in g  of  ev en ts , b u t als o  occu rr en ce o f  ev en ts o r 

co nd ition s  –  e.g . " W h en  at leas t 3  tan k  plato on s  h av e r each ed P h as e Lin e D elta, d o  the f ollo w in g …”

H y per s cen ar io au th o r ing  is  acco mp lis hed  in  th e b attle- p lan n ing  d om ain  b y  analy zin g  arm y  or g an ization al an d  p lan n in g 

d o cu m en ts . The arm y  o per atio n s  man u al [ 6 ] d es cr ib es in  detail th e p h ases  w ith in  a b attle acco rd in g  to  a s p ecif ic d o ctrin e.

Th es e p has es  eas ily  m ap  to  ep is od es .  Th e o r g an izatio n  of  all u n its , bo th  in  term s  o f p ers o n n el r equ ir ed, r esp o n sib ilities ,

am ou n t of  eq uip m en t, ar e all s p ecif ied .  Th es e d o cum en ts, in  electr o n ic f o rm , cou ld  be analy zed  to  au to matically  g en erate a

temp late f o r  a b attle.  Other  d ata that des cr ib es  mis s ion  o b jectiv es  can  b e an aly zed  f o r  s p ecif ic data.  Fo r  ex amp le, F ig u re 5 

s h ow s  an o p eration al or d er  ( O P O RD )  r ep r esen ted as  a g r aph ical o v er lay  m ap  with  an n o tatio ns  to  ex p lain  the m iss io n.  The

s y mb o lo gy  o f  th e m ap  alo n g  w ith  th e sh o r th an d  ab b r ev iatio n s  fo r  th e u nits , is  eno u g h  in f or m atio n  f or  a do m ain ex per t to  cr eate

a detailed  s cen ario .

Th e h y p er s cenar io g en er ated f r o m th e O P O RD  an d o th er  d o cu m en ts  b eco m e th e “s cr ipt”  f or  the b attle.  In  or d er  to  in ter ven e

an d r eceiv e no tificatio n s , s p ecial m ar k u p elemen ts  ar e need ed in  th e hy p er scen ario .  Fig ur e 6  g iv es an  ex am p le o f S CML

m ark u p  fo r  an in ter v entio n .  In  th is  cas e, th e s im ulation  f acilitato r  w an ts to  fin d  ou t wh at th e f or ces  w ill d o  if  s ign if ican t

p o rtio n s o f  th e am m u n itio n  as s ets  ar e r edu ced  s u d d en ly  at s o me p oin t.  Bef or e the actio n  is  p er f o r med , th e app licatio n p r o gr am 

m o nito r in g  the Mod S A F  s im u latio n r eceiv es n o tif icatio n  of  a sp ecif ic co n d itio n .  A d ecis io n  lin k  is th en activ ated  to  p er f or m 

th e actio n  r eq u ested  by  th e s im ulation  f acilitato r .  Th e s im ulatio n  d ata cou ld  be an aly zed  af ter  that p oin t to  d eter m in e h ow 

tactics  ch an ge to ab s or b  the lo ss  o f  r es ou r ces.



A f ter  the b attle is  o ver , a m o r e d etailed s cenar io  o f  the b attle is  available, wh ich  m ay  n o w  be q u er ied  to  f in d  ou t h ow  th e tr o op s 

p erf o r m ed .  Th is  d o cu men t pr o v ides  a m o r e o b jectiv e s o u rce o f in fo r m atio n  th an  th e p ar ticip an ts ’   m em o r ies  f o r d iscu s s io n 

d u rin g  th e h otw ash  s ess io n s.

RELATED & FUTURE WORK

Th e cu r ren t status  o f  o u r  wo r k  in clu des  a w o r kin g  stan d ar d  f or  S CML and  a detailed  analy sis  o f ( s cen ar io- cr eatin g) 

h y po th etical q u estio n s th at w er e as k ed  in r eal h o twas h  ses s ion s  fr o m  th e BCR ex er cis e.  Dr iv ers  f o r Mo d SA F  d o n o t y et ex is t,

an d o u r  f ir s t s cen ar io- b as ed  ap plicatio n s ar e b ein g d es ig n ed  o n  a m o r e m an ag eab le an d o p en  s imu latio n  env ir o nm en t, s u ch  as 

S imJ av a [ 7 ] .

F o llo w - on  task s  fo r  this  r es ear ch  in vo lv e th e d es ign  an d im p lem entation  o f  an  h yp er s cen ario - awar e Mo d S A F clien t.  Th e

o r ig in al s im ulatio n  w as  w r itten  to  b e ex ten s ible. Th er e is  a d ev elo p er’  s  g uid e with  gu id elin es f o r  ex tend in g  Mo d SA F ’  s 

capab ilities .  The ev en ts  an d  n otif ication s  that can  b e u s ed  f o r  Mo d S AF  w ill b e r ep r es en ted  in an  ex ter nal m on itor /s erv er .

I n div id ual clien t to o ls  to  s u p p or t s cen ario  auth o r in g , in ter ven tio n s , an d  qu er y in g  w ill be w r itten  to  com m u n icate w ith Mo d SA F 

th ro u g h  a w r ap p er en v ir o n m en t.

Resear ch q u estio ns  to  b e exam in ed  in  f u r th er  detail in clu d e man ipu latin g  m ultim ed ia ob jects , han d lin g  m ultip le entr y  po in ts,

s u pp o r tin g  collabo r ativ e s cen ar io  n avig atio n , an d  in cr eas in g  th e lev el o f  dir ect in ter actio n .

Th e p r esen t wo r k  is  f ir m ly  g r o u nd ed  in  a s p ecif ic sim u latio n  ex ercis e b ecaus e w e b eliev e s tr o ng ly  th at th e n ar r ativ e str u ctu r e

o f  s cen ar io s  s h o uld  b e d eter m in ed  f r om  emp ir ical inv es tig ation s  of  h o w s cenar io s ar e n atur ally u s ed b y  decis io n - mak er s th an

f r om  th eo r etical p r econ cep tio n s .  Never theles s, w e ar e in ter es ted in  scen ario  m an ag emen t m o r e g en erally  an d  th e plo ttin g  and 

tellin g  o f  s cen ario s  us in g  h y p ers cen ar io s.  For  ex am p le, s cenar ios  ar e als o an  or g an izin g p r incip le f o r  s im u lation - b ased  and 

r o le- p lay in g  g am es .  Co m p u ter - b as ed  gam es s u ch as  DO O M, To m b  Raider , an d  Mys t imm er s e p lay er s  in  s cen ar io s  in w h ich 

th e en s uin g  ev en ts  d epen d  so m ew hat, bu t no t entir ely , o n th e p layer ’  s  action s .  Th er e m ay b e so m e leew ay in  ho w  th e p lay er 

acco m p lis h es  a p ar ticular  tas k , b u t fo r  th e m os t p ar t the s y stem  can  on ly  res p o nd  in  lim ited  way s .  In  th e Ear ly  8 0 's , tex t- b as ed 

MU Ds  s u ch  as  th e H itchh ik ers  G u id e to th e G alax y  allo w ed f o r  a lar g e nu m b er o f  ou tco mes  bas ed  o n  a h an d fu l o f p o ten tial

m o ves .  We are inv es tig ating  th e ar ena o f g am es  in  ad d itio n  to  d ecis ion - s u pp o r t s im u lation  b ecau s e in  enter tain m en t

ap plicatio n s , th e p lo t s tr uctu r e an d  s to ry tellin g  meth o ds  h ave m or e p oten tial eff ect o n  th e v alu e of  th e u s er’  s  ex p er ien ce.
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Figure 1 Scenario Conceptual Model



Figure 2 Hyperlink Strategy



Figure 3 DTD for a Hyperscenario Document



Figure 4 Framework for a Scenario-driven Simulation



Figure 5 Overlay Operational Order



Figure 6 Simulation Intervention Markup


