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2. System Overview
 

In the scope of this project, we investigate 3 different methods of exam mark classification: a naive 

keyword approach in which the answers are treated as a 'bag of words' as described above (but 

using a more standard classifier than the 'k nearest neighbour' technique), an approach which 

incorporates the sentence semantics, and a potential optimisation of the latter which uses a new 

type of classifier. All 3 methods use a 'supervised learning' approach, that is, we train a classifier 

with pre-marked data, and use this to mark subsequent answers. 

Such a classification problem requires a number of stages: 

1.	 Semantic Conversion: This takes the answers in English (a CSV file containing the answers 

and marks), and converts them to a semantic representation, using the CAndC parser to 

identify the sentence structure. This is then fed this into Boxer, producing a semantic 

representation (i.e. a DRS). Clearly this step is skipped in the keyword approach. The 

conversion process is described in Section 3. 

2.	 Featurisation: A 'feature' is a singular property encompassing some fact about an answer. A 

'binary feature' takes the value 0, denoting the feature is not present, or 1 if it is. The aim of 

this stage is to provide some function which maps the answer (either in its raw form for the 

keyword approach, or the DRS for the semantic approach) to a set of such 'features' which 

are satisfied. For the keyword approach, the mapping simply produces a set of words the 

answer contains. For the semantic approach, the DRS is a non-linear structure and thus the 

mapping is more ambiguous. The latter is dealt with in Section 4. 

3.	 Data Preparation: Such features from all answers must be collated to provide a suitable 

input for a classifier. This data is embodied as a file known as an 'ARFF'. See Section S. 

4.	 Training: A suitable machine learning classifier is chosen, and is 'trained' with this data. 

5.	 Classification: Subsequent new answers are parsed (if necessary) and featurised as before. 

This is fed into the trained classifier to provide an estimated classification (i.e. a mark) for 

the answer. 
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'fl(p:noun(x)) { p:String}
 

'fl(p:verb(x)) { p:String}
 

For example, <p( cat(x)) ={"cat" ). In addition, other unary predicates representing adjuncts can 

modify such an entity; this is an adjective in the case of a noun, and an adverb in the case of a verb. 

Its corresponding atoms consist of the name of the modifier and the modifier combined with the 

name of the entity. The nm(x) function simply retrieves the assigned 'name' of the entity x. 

'fl(p:adj(x)) = f p:String, p:String[nm(x)]) 

For convenience, we define <p(x) to be all atoms associated with the entity x. We similarly take <p of 

the whole DRS expression a as the union of sets produced by applying the function to all expressions 

contained within it. That is: 

'I'(x) = 'l'lp,(x) ; ... ; p,(x)) 'I'(p,(x)) u U'l'(p,(x))
 

'I'(a) ='I'(a,; ... ; a,) 'I'(a,(x)) u U 'fl(a,(x))
 

Binary predicates (i.e. relations) connect two entities, and typically represent a verb or a 

prepositional modifier. In mind of providing all inferences, the resulting atoms must incorporate 

every possible pair of atoms from the atom sets of the constituent entities: 

<p(plx" x,)) {p:String[e"e,] I e, E 'I'(x,) A e, E 'I'(x,)} 

Larger DRS expressions can be combined together using a variety of conjunctives. These must be 

dealt with appropriately: 

'fll a v P) 'flea) u <P (P)
 

'1'( aA P) <pea) u 'fl (P)
 

'I'(a =/is P) {"e, = e,", "e, = e," I e, E <pIa) A e, E 'I'(P)}
 

'I'(a --> P) {"e, --> e," I e, E <pIa) A e, E <pIP) }
 

'1'( -a) 'I'(a)
 

Such a function may initially seem disastrously hideous to a logician: negation is ignored, and 

conjunction and disjunction are treated in a uniform way. The motivation is to have as high coverage 

as possible of all inferences made by the sentence, with the only requirement being that the original 

sentence can be reconstructed from some conjunctive/disjunctive/negative combination of a subset 

of <p( a). Note that the equality relation is symmetric, therefore we must supply both orderings in the 

string representation. We do not treat a --> P as ~a v P given we are only interested if the inference 

was made, not if it was true vacuously when a is false. 

To demonstrate this definition, take the sentence "The big dog jumped over the lazy man." This 

could be represented in DRS by: 

dog!x,) ; big(x,) ; man(x,) ; lazy(x,) ; jump(x,); agent(x"x,) ; over(x"x,) 

In this example, the jumping is being executed by the dog (i.e. the dog is the agent of the jumping). 

Using the laws above, the following atoms are produced: 

9 
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('on:.l~IlS .; 2:': . se t ;>Cass =r;c:.",x ( L1S tar,ce".'u cay [:c J . nl1:~'1I_:: - 10 ~"Les (~ 1:17: /, P"."trl,,:,r ti,e ~n.s"3n,-:"e only to tI-;e ""~[Lt,:;,tes 1, 
~ .2·5 : 1:<6 : -OO'll" :u9"qer:t ':"',:-;Ke,y to .'n,~k" [11,. ~nst,~ncC" S' ltable for 
1 2"7 : 1 8,): ',,_'-.0 ~ C 1 (',~ t .i.Jr,. 

.2 3 : /; S'!'EF :;: C. _·1--'5~~£Y ;-h:" rc,"'tLj'-~cd J.".~r-1ncc. 

- 29 : / I t"(Jv.' J-'-JjJ ,,'atC' i-};", ~nf;t,'Jn,~'2S '_'])j~,,:,r for eacr (lL • ,"e ,:.cdSS] f:ce! ~ 1'} : c,. -".dd tOCJe:!'~I aJ 1 Cli15SlfJ.ca+-l·:'J1:',"'. 
I..: ,j : 10/: h. Cap til'? 'IliU k c''- maxM.,r.... 
IY Md.':.:i;;: 0Mx In5L.L[h.::(,sRed:1e: . ~0tVCl-:- r lX,' rc,f' _~_",', Jr,C(cS (.illS I. ''lr,:.~eo,) ; - 93 : 
I !: 194 : double lct~l C.O; 
"'): for (int l < QYX.llc.rc",:,ws(', II I I ... ":
 

J4; '':iF;: for (int 1 = C, ~ < classlfle;:-s.ler.9,::n; i--.-" l
 

3::>: daub le [1 r~)w ~~l;{.q~ti'i<) ..d~) ; I'F' double :::eS-;-I'ict(,d::ostan::e = ·l_ste.![~t lIs
 
1 'OJ,: 198: .:;w l.\'JWr~f>=:" c ct"'S;'oCl'--.s' cr : c ~ust er;- . .-:H"t ,; i), l~ S Lance 
1 -;7 : if Ncc>ri tc [.ind c:lusteJs '!;/S Ii'OS'. ",~mllaI to 101: . tc,Loub] 'CArr;:,y (\); 

1 lR; L~st<T~rpger> clusteIsO~j~red CIJzt~=Ut~15 :leo: double~_1 wlthArbl:-;.ralyClass':::-C3.tlL'n = J.r,per.dClao"'~flcatl.Jn[ 

1 39: .y",~Cluster:-sBy.s,-m113.'lty(:·('W,c~lus:e;s); )'~'1 : re~trlc~edin~tdn~c, 2.0); 
, 40: int r;;lassl1'lcatlcn = Instanr:f-7.c;PeadcI' -I.I] 2: Ins:-,}nce instanccB = new 10STd:1C~~' .C, 

41 : .qetCluSSlfication(lnsrdnces, 1); 20:<: .. j thl'.rbJ tra:::yCICl~S]flcat.lon' 

14 ~: 204 : lOS ta!:~c8f<. c;",CData=:e t (lr_sL"'.rcosArI'ClY '1); 

143 : II WF Li.ke the f~rs~ /c~ass~t~c"t".Hl' clu,o:ters fr('m ordered 70,,: try f 
144: II ell1.<c[er8, and trdlIl the "etwc'!'."'" for the."''' clust~·rs. /1]6 : double d cl aS21 f lers [11 .'.::L.ls31ty-n"tance (In,,,t-JnceB); 

145: for (int j = 0; J < clust~Ls . .o;~7c(J; J'") 207: t()~al + d; 
1 -16: II Tra.Jn elwHer 208: catch (Except_on e) 

i 47: 20'): throw new Ert'o:)r(e); 
118: II Eut E~rst, nc,~d to COfl",tTiiC't Ll1starJce! 210: 
" -19: II To do tiLlS, we snnply m,Jp lncLdcn,-:p vector tor ell2ster 211 : 
; 50: /1 on thp [ow. 2' 2: 
151 : doubler] c.il~sterAI'rCly = 2"13; if iLJtal ,.. [)\iJ.XMClIk)·~otal max~J.rk; 
152: Cl ,~sterUtJ 1s. qetR('"Rcs tri(_'c e,jTcCl us Ler ( 2 -I ~ ; 
153; Cll1s~'~I'".qet(C'.L:.steloiO~-'le:-ed.geL:~ ), row); 215: retut'n tctal; 
1:::,4 ; Tnstance ~nstan(,-e = new Instancc(clustct"Array. IcnqIh I- 1); i16; 
I:,::,: nsta"ce. 5e tDataset- ( 1 nsr ",[~cesAI'I'ay[:: Ius ter:'Ordered.:;e t (J) ] ) ; 21 I; 
I :d;' for (int :-: = 0; k ~. ,.~lusr""IArray, length; kT' 21[,; prl.Yate double [] o.ppend':l as",--:] cat~on (double l] cArr ai, double ~_[)l'.ppcnd) t 

-:Ji 1Qslancc.setValuc(k, cl~st~rAlrayrk]); ?-1 (;; double! I cl'.rTJ.yNe,,' = new double[cl'.rl'ay.lenq:h T 1:; 
1 ':18: if (j <:" Cl'",,0'0'1tlcat1or.) { )20: fot' (int 1 = 0; '-- <. cl'.rray.length; J+,) 

:>CJ; n"t3.nc";.:;;E:tValue:,~ll.=:terArI'Cly.len,}th, "1"); 721 ; cl'.LJyNewlJl c.o,rrclyl;]; 
': fiG: e se 222: ct"layKcwCcAr-ray. :cnqt:,1 Lo1l-[ire:1d; 
1;; 1 ; :'S"_clr,cc. set. Vc,lue' (:::: Ius '.8r'i'l.I'rCly. 18;]9 tL, "0"); :'23: return ~AI:OyN~w; 

I;::? ; I :"j: 
161 : .:'..:'.~, : 
164 : , 'lst ClncesA'- l-ay [cl ustCI'sCr,je red. qet i. J ) 1 . Cldd {~ll S tane", i 7 ;',6: 
16:'; 
166 : 

b f; 
68 :
 
'·;0 ;
 

11:) : STEP j: 

II F~Ildj_I}', huld tile Cl.-ic's"'[lcrs L.'=.i,-J(' the l.,'stanc-:e.·; obJccts. 
/2;"

'I] : try [
 
74 : for (int 1 0; < L):al::'J'Js-eI,,; lTT) 
''1: c 1 aSco1': i'3rs . t: ~_ljC1 '0"-':00::-1' .LeI' (1 n.c;tanccsP.:-::: 3.y 

, J F,: catch (~xce~tlcn c) f 
/ I; e. p!" .L n t3tClekfl <lee I \ 

"78 : 
79 : 

" 2j: [<'or thi" <_'2e.i- [0 sep, pr.1 Ci-: the melT" -",':ileme 
~ 81 : .';,~'l'OmaCtllS. pc, nt (sl us l e-s, a:: ~ ~ ,OClt FoS: 

~ 32 : 
; "3 : 
1,:",1; public double c 13Ss1fi-=ns'_-3-T1(-r-_i:::_sl_~lr"c" ::-:_~~·.-3r,~,~ 

:<'); throws ~",·/O. I ~C'q."::x"",!~~_' 

,,';h ,-; F:)-" e,,- -'l,~ss~{:cr, i.'," [.'t'ed +-'/' 
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package 5(" ,--;~ d- -	 59 : 
"'::' >', "."; , s new -< ',,:. _:"S-!~:-

lmport -:; av ~ . boolean :1J ,j:" A;:"!'-on,i true; 
import ~c.'.-O-. -: ~c":J=-_ 0'"':.; ",2.: 

'J: llnport • L - >C. ~: for .,,,,,._< > ='; ':'> ,,~, - '
 

"'; import -:;3'J,] •._ I ~; I
 
"~' new ~~~~3~~<!!~~l';2'>
~~c(IntPg~:> ~:r 

8:	 import "'8;;':.L.';c:n:.~atr:..x; \;;: ::O'~ _ ( • ,: I,coger> w9akB'--':ld~ new HdshSet<lnTegr'l>();
 
(,7 :
 

1 C: ;* k ,,6 : for -:::',:e::;;'~~ ;-~ ,
 

'ih-'-s ~- l"S_~ .~·'}P.rJ:" -,-C',' ,-L '=["~,,, ~t '\eti:-""7ds:' Ie',',. ',9: if (j !
 
'J~.y:p:? ,'):: fe."itc"es b",,,2Li .:J." t.h,., tL'.~LI..'::t···; r'r;c~ reuce. C: if ,-'ri." :.t",,,,:.~,,,:,c: ,fl>~X •.--;" ~.~~ ~-"':",- -~ >~:: ..,~'.'~"~' to ,,",
 

'i'he ~nfendcc1 (.'Li~Pl!t of S,JC1~ JIlctnocJs ,'S ., i~s: or sc:rs, -:::r:,L'
 
',,1112:-e f:>ac," '~e;; :-,.,p:es~,,~s " g,,,Cip of fe" l.!t'<· (~n _,"rlex 7' : else W'c'ClKiior,dE. d,~Li (J.' ;
 

1 ~) : to!m) . ,2.:
 
'16: @a:lthor Jdmt2 I j:
 

"/ 74: II System,out,pr~[jrl!l{"Stronqbonds: 1I','t!,"nqBOJ~ds);
 

1 d: 7:5: /1 Sy.s~cr:.(~ul.prJ.:)tl!;("j,"',·akbor2Js: "~ .. c·,>jidkJ!lJs);
 
19: public class Gr(JLlp~c,=nL~._~_ 76 ; 
2 _. ; 77: II Tf l.e,,,kBo,.do; LS empty, til".!) the e/~rnen: becomes pdl< I>:': 
.~ i : ;" ~ l;.~ ~ .,,'O! ~ •
 

2" : * TI;ls J/:ctnoa' L~2S 3ta.'xlard :5"-111.0110' }(-.'i,('ans) clLister~11'7. 7[;; if (weaklkll"jS. 1sEmply () )
 
1:3 : u 79:
 
21; public static [,lst<Set-<}rlLeqer» ~LiCrlL'-::y':;roJps:j~j;:-_9C::',~s·_cr.:-.g("!Cltx~x :"e,:"T.lJ. 8e; group.add(J) ;
 

re';; r::eC\,;tLMx, =- t;:<~;t: ::-.9'> -"e",t~:::-2", int :"..l:~C~lJsti-'r."'~ 81 : dldntAppen,j false; 
?~" [ 1',2 : else if(st:~r.,;~-<~ .1:o,_s::::np',y':! \ 
/6: -8a' ,1'::'cSt:-e:oq:-nMx = I'.,".:,~ _.... ;:'!. 1 ~ E . ::,,: "ci .: Sr> -:: ':\~"x : ~e J tv :-eS ~ L'8Ylg~I:Mx) ; 83 : 

-" ': Cl~~:-~:~~W~OPPCI ~w new Clus~ 0~erWI ."r,rx,r (t'2iit ureSt n"ngtl,~lx, numClus c il4: it strongBonds ~s empty, !,":er. We' !Jeed t:J C!'<~.'He ,OJ 1. 
CIS) ; ew set 

7 S: ,~,,·,i:'ll:;._:L ,s'e:--e;' 1",2::",.:'("'5; B5: II C":ltdln.J.nq just th.~t fearure', fJOWEVF.R, rhJ..s only oc
 
/.9 : return ,~w.letCll1ste:"t;(); curs
 
';0 : fl6 : II 1F the teatlH'e WriS [lot added to "1n,. ,<:et.
 
3 ~
 67 :
 

:',2.: /1 Pu( 1/] wlnd ma(r~x 1." nDrrrul..:..,;""d. oj:] : else 1
 
33 : II A{;yd~i!1g L1nder vai:1e ~S' cOI;",~derFd <i 'I·..eell( bo,.-';' 8'3 : II Dotil .-;[p)ngBonds and weakBunds IS nOIl-~mpty_ 

!L: .J.,,!,:,:, 'Lg ilbi've ~~. ,--'o, .. ,,;-c,-je:' 'streIJI]'. 98: II ~'c 3:;'[I..'Ly make a nee,' g1,};;/-, e,',;:~I; ::-.e s ~"7"q£.'onds 

j ~: final statlc double »~L~-Wj~-':_BOr1D (J.L;; 9: II and the eh'ment tu add. ~r'.'~e Or'..(g~nal gI'~l!P is 
,,,: 92: unaifet:tt>d,
 ,.. 53: f't :-c:,.ga'~:1Qs.a,::o (~
 

,18 : @depr'c':ccl!('d ?~ ; r8wClrolJps. udd (c,:t L")!\,,-:-Ruodc') ;
 
P!.:id~'~e;5 :-':E' Q:'Cc-'I'5 l)y i3""n~~!Yl[Jg cl.2lllJ.C~· (where" teatun~ "J') : dldntAppend = false;
 

LC: T](-,rifO'" 1Javc' ,1n edge betwc''c':fJ Lh,.,m .i.f tile,r ,'oW'ect.!.on l~,; '1t;'
 
,;, : si[E~c-'-t'!L;! .-·l~Or;'-l' D('10~c' .::,':':;;:...-;g t};('::: :;'-(' d",s'r2d ·n
 
,,; : ':::lop!, C" (j!C'!.'>-. ail :
 

13: .j 9": if I Q~ :::ltApr~'=;:::)
 

"'1 : public stat~c '::e:.-.::,!~·,<~- 9"e:-» _de-·_<y':':c:..:]::.coU:::~' ;.ql.eMen:;.:c"c;J (Mutr J x Feel 11J 11: I
 
':i',.9r~F:r,yx! o Se,<::;.--2,.>--'r''';O new :---.3';'o-,,··;.:,-,~c~>(
 

4'): 
, c 

". :'!.d,1 (i) ;
 

46: :"','-, ~""~':;:'\:x • '. Xl~;~ ~ ~",', ': ,', ~l, osT ;~ax ( ':("",,- '.]r",~'; c_reng' I:Mx) ;	 1 C .,,,,w',:Jrc'·,.Jps. add (" 'I 

>,:
 
<.., : 3f'l (::;<:-':<cnc",;er» new :-:a",:"S,;t<S9:-<~-~e~C'~»' 1 ~I:i: ~T(-"Jp'", 'iodAJ 'L (n0WC~GUps) ;
 

I :6: 
4 (~ : for(int J,O; ]-<feCJrure2~[,:,ngLl:Mx.llLlITlJ:<~JWs':1;lTr)
 

'), 1 08: return Q,rGUps;
 
.sy",te'· -,--"t-';lI"Processing row ",L'
 

52 : if \]~ ('L~'_". _siorq,ty,
 
5':: :
 ';11 : 

5; : 3.lJ."I'lc 5~ilrL ca.~e
 

s:; : -~~"",,,>;):c: new ,;2, ',C,;'o~) publlC stat~c void Ll1aln,':;-::1 1"I~ll ,.,rq~\
 

:::;;; . .'-'. ~ '-1 '.j: I
 
:) 7: ,1 r'~"'!PS. '-",J" , "ct-' .d)cJve ,/:--, :.p ,l'o"! ~.!.!'~: ,)t~c'~
 

"':,' else 
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17 ; ["lSI. oV'-lr > Ffoci',dres new ~ir.Ke,:,LI.'3-<SfI.-.'J:>:\	 -:-.X ; • "'-' • '0':'; ­

:;; ",~.:,- • J i "A'"	 1 ,'co: ;m','. 3(",'1 ,~J.~"ll\",n:- l,.' , ; .2, 1 ; ,.	 ,re 3. -, . Fo,- . 3. -...:' "B" -"'= 
:eat =~-·.,3 oJ '''e'';	 1 ':)1: .'1"-1. S21 S2.c·· ,:23- ~Pc.'i ."0", ""'. 50",' El'",·o'- -,;..
 

'22: i ",a L 1I re3 ..""d,~ : "E") ; 'UJ ";.X,'. ''- _,,=,
 

~ L ~ . 1->- :-~.3. ,,:i.~ "y"	 S,; : ~Xj • .s(' ~;ler\,·Ll(3,~ 0.0;' 
724 : lr·.'i~u:-es.ad':J "G")	 "-,X).3;'·,,:e·-p:_e. :,:0, 

L:; : -'"'Od:'" 'r-es.-.J.j-j "H" 1df: ~,X ~. SteL r~12ITlen:- (~,	 ·1, I • J J ;
 
e
1 26 :	 ')'7: ";.xJ. s,--< C 2--'._'=.~.-: .0) 

2. 7 : M'Ot!:x 111Y. = new MJ'::rlx(4,41;	 1 Hi;: mxj.sc;lf.l02'''<o::t(~,5, I ,,~, 

I 2Ci; rrx. s", L ,=,:-;?-r,'. \ ' , -', 1.'	 ,j? l:'-LMx(:-lX~'\; 

1:9:	 "x.s(,;:.Flenlc~L(D,l, C.'J); " '10 :
 
j J : :-.X.5"''- ',""mc"," ,L, I CJl : Lj J "L.pS = Gr'OI~r': ,i<o 0 t l f ie)" . l den t I f y G·' ;Jl,psll,; j ng(~llf:;'.leMe!'q,--rJg {'nx 3;
 

l:n: mx.seLFlemF,rl~{(],J, ", .0	 1"2: g~(;';PC" '/er--::e··.:-c~'?p:;:'() r~" ,:':]\:,;5, '''X~, )\; 

137: IT_x.!':",,~_Fle.-·e:,'_(',1,	 Scheroc\Ut i 1,.,. pr J n L (qcoup8, fe.ntures);1.r	 1 "3: 
133 : mx. ""tf,-emcnL (1 ,;;, 1 .0 '4 :
 
:,4 ; lllX. ~·;to:-;:lemeLL (1, j, G.0) ; 1 "5: Sys'::p~n.uu,: .prlotln I,'
 

13:::: rr.x. seL SlemenL (L, /, I • C; ; I CI~;
 

1 3G: mx. seL F18J1lCnl (2, j, i .0) ; 197: AI·t£Rt!,Jder ,), '" new ArI'fRSCi::V'l ("./files/13bll.-O.arff";
 
,}, i' ;.x.:;e:::::l;o'Tlc:.'.(3, "~ '.(1\ ; 198 : Me;. l I'ix !CI.x4 = M--J.trlxUt II >;, qe LIncldcnc",Matr eX (Cil . gctJ-.'.at I : x,~ ) 1 ;
 
13B: rnirTurMx(illx) ; ~ 99: ~ Xl, V:dt':"lX;: ~ls.rL-:;r:T":~,,,,=,T~~ax:7.11:4
 
, 39:
 ?[]O: 
1 411; Set< Set < [r.xegt':[ :>;. groL.p:' '= Group Lie,H l f ler. ~[kTit ~tyGro\JpsUsj ngC LlqueMe 20' : II gt'Oi1PS = Gro:.1plcic-n:! fl ('t'. id'.'lJ t ~IyGrOL~ps (mx1) ; 

IQ1f:a(;nx) ; 2CJ2: II SchemaPrJ nLer .prJIl' (groups, eli'. ':JctAt U"lbll res ( , 1 ; 

41 : Scrh"lca:j, i lS.;:H·-=-:l~ (gril,JpS, :~_Jr\1~e"l;	 2 :<~ : I, System. au r . P::'J n t J n ("Menu "-9'" ; 
142 : 204: qr'oups = Hc"gc-r. merqe(;l oups (groups, mx4, a r. gl:' tMaxfHark .J) ;
 
· .; j : Sys~'2~. . pr lrJ:; 1r, 2(JS: II SCheJ"iiF'l"llJ teo'!'. prnl L (gr(JIlpS, ar. ge-tA t t rl1,11 U'S () ) ;
 

144 :	 2 ~,r;: 

1 45; "1'l'_~lX mx2 new ."1"itrlx(:', 5);	 )07: LJst<~~et<lnle(,J",r:>:> cJusters '= Llf-'otlryGr()upsU~;iIl'JC1\1s(erlng(;TcX4,.'it .qe 
146 : mx2.setr:lem(";r,I~(II,lJ, 1.0);	 ~At,r~b~Le~(; ?c.ge~~ax~ark[ll; 

· 47: Tx2.seLFlsm<'lLL(C,1, 1.0;;	 708: ScherndU t l J '> .pr l nt {clustcrcc, ,J [". ~lf'tr" tI'l bll I,es ( ) ) ; 
145 : mx)':-'e(i':':"e:rf;nc\,J,2, 1.~:; ,'C"! :
 

14'0': ['lX2.setFlemf~nt(0,~" G.O); / 1 c:
 
- "0; :rJ{2.seL,.'=-e:·'el~t{,~,L., ~,~;	 .11; /H 
151 : mxi. setEIE':mf-'nt (1,1, ',.0); 7'1/: ,).-1",-/ hy tn(' dr.7;D	 lO copy cJ t·'li,:,IU'.=ll' n,atrlx !J~,[) 

- 5,,: -.x2.~et31",,,,,,;::::(1,2, 1.C);	 ;I'd: ~ lts dlaqonul reflectlon s,~ UI.Jt Lik' resuJt-lnq m_ltI~X 

153 : mx2.sel21eill<::;jt(1,3,0.0); r,,; .. .:.5 Syl',.metr2,-.
 
- 54; JTQ(;'.t'etS':'eI:"f;nt(" ,4, r .Co:; 2'15; .. /
 
155 : ;T,XL. "e - ::-iemrln: ': 1. C) ; i' (.-: private static void iTI1r:',:,,~x:Matclx "lX~
 

1,,6 : mx2.s c LI'·"lemf)IlL I , .0); ) I 7 : 1
 
':;/ : ",x2. 0'2: ::-=-e:"·~;,,:: 8 : for(int !<O; r<mx.numCc.l~rr.n,(I; r.L+)
 

I SB: rlx2.seLI'ls:n(:IlL( ,), . J) ; /19; foriint ~",,'; ;::e;
 
1 _o_~: -x2.~e: :e~0~t( 4 no: rrx. "et,Eleillpr.L (.r, ", ~lx.gel Element it ,r:,) ;
 

He: rnx2. seLf'leLl!(:Ll ("-,4, 1 .en;" 72' :
 
· to' ; ,'C: :y~Mx':[''-X7''; /22:
 
1 f, 2.: ",23 :
 
',6 j: gr u-Jps G' '''up ~,len-::l flsr . ldcn L i :;:yG'-0UpSUS ,d'(JC 11.qucMerq l iFJ (lllxl) ; 
- oJ,: :;,~~;E;--;"Lrl_s.~:-"·t·~,::::r'),-;..-", :C,,,·...Le3 ; 

1G'~: .SY""~r~n,. ''.l;:.prln~ln(''''j; 

,. 
i 6 I: MaLrlX mx:-'- new ~1i'i'_r'lxit),OJ; 

· 60: 7x3.sel~lem~;,~(1,O, '.0); 
1 Ge:: mxJ. 5e(Ei~'.Tl"'~.C: (:-,1,
 
- -,',.
 -,xJ.ccetE:lerr.en::(1I,2, .(:':;
 

...11: _ • "0'0 '. 2:-"-s::-.,,:,.;:: , : , J , . ~, ;
 
, i 2;
 :'\x.l.s,:::~~len'E'nt (1.1,4, 0.01;
 

:- x -" • "'S --::: co:" ,~",-=
 

", : ""lx·.se-:"'.,,'.:'nt;",I, :.0:
 
X·.5=· _'''':''''_~ (' ,2,
 

. _=1 - r"r_ ',:,
 

'y ~""t ',:1"" .', ( I ,4, . (I \ ; 



- - - - - - - - - - - - - - - - - - - -
02/20/08 
15:17:26	 schemagenerator/lnstancesReader.java 

package scbe"lJ.'"Jer-,"ra t 0r;	 8.' 
L:	 • "0' ~p -=.' , =-~,'l"'X 

import return ,new :"~.l[:_" _ (, c '. ,,:J .-P:: ::"i :, .' 
lmport ",UVd. (l'_ 1.L. i_1 ~I ,'''' .8,
 

fe' ,.
 

l':	 import wej{i.J.~(::-e.i\~t-:'~blJte; S-1: 
lmport weK".C,.n'o. L;lS'c1~_<P; 

lmport '.• 81.;-.. reo =fl3'3:'.·~·C'S; 

lmport w,::kJ.c-'re.Ma-r~x; 

, 1; 

1.-: ",'rJi!~-=-'",,'; f1.r,·-tEi.ca.deI U!.-:fCi;!.f, er;i-' ::c'.1.';:·e.~e,~:a~-L"-p "r",,:_x cl.n:l C~[;e-l 

'~; * Liat3 ~'lJrr: en: ,_~rIf fl)I';-, ,<-1:,.,; !,rovJdes surl11:;r ("Xll-ci;',i01l from 

'I,: * an Jnsr'1lwes ob]c, t. 
@c~l.~i.or J-;.,-~e 

1 p,: 

1/: '-j 

"R: public class l'l:s'.cwc.::ccsFec.der I
 
I'l: public static t~'l.1..rix g('~MCi~_r:LXOI(-,mlnoOt".n(:es(lns(iin::;Es:J;SLClnccs)
 

i 1 : MiltrJX mx = new Matr"lx(11,,;ol'1rlCc'2.nIJm~n"1..a!lCrS~' 

2:; : "'f,ST,c:nc·, .TH.. rnAL~: :~,",~e;3,
 

L J:
 
'::·1: for (lnt TOW = oJ; rr,,- < lrlstQnc:cs. rll..lTI~rl"'tCLnCcs,:; t'JW-r' I
 

2. ~: 1:-:5:.-a,.c" = 2-;,,;ta::ce;':.2-nO'tClnce(rcw); 

2C' ; double r J In,;.''~-L rf ~ tis. I sD~n.lbl [~". r I ClJ': I ; 
21 ; for: int < =-"",,:,l;"'.C"'" .;"'_~"",;>;' ~c ~.~tes':' _1; :.·"l~ ,) 

2t!;
 
29; mx.se(El(Om€nL'"I~'W, col, l:,~,.~'ci';'U""\:"~
 

2~: ; 
1 I ; 
12 ; return IT,X; 

-' J: 
3,1 ; 
J." 
.'iC: publlC static int 9,~t"iCixMclrj{( fnstant:es lnstances:' 

3l< : double m"x;.fd,-k = [j.D; 
39 : forlint ~ow = '.1; IGW < lLs:a;",.cC's.rL;n::,.~r_lr.,.::"S,); 10W,-) 

,~ 

Insconce lnci Jnstances.1.-"~'>i;""(~e\;,,,c,w);'" : 
4. 2: doublel . .:.r,:i.;J,.:--:"y = _:-:s.-c=-,'-':::;:'7-!'·:'~"Y(}; 

-1 -;: double c .. a3::o-:d', (~,~' 1.:>:' lIlsArroy: 1 nSld'~Ce3. n'.J:lv\T t 1'1L\)te.;~ ( 

1]4 : FdxMar'-;: (C_~~'l'lC~~l('">~~A~~=kl ? C_J. ;~~-l~~ -- J :(\'~: 

:s: 
'16 ; 
"i return .:::.",,-:-J_'(~.',new~, __':-;: 

'12; 
49 ; 
"; ~: public static . :3t(S:~~~~> g~~AL~: ~.,':e~:lr..s~c1:Jces ~nc;:_~nces) 

r 
:-> 2: _~3,<:;:r-_~. I" ol~-l'_::C,:-e~ = new :'_'"l.s:::_'.O'.<:O:~_:1~'>'); 

: ~-' : I/Don"( W,~:lt the la.o't dlull,lute (wh:Lch 15 'score') 
LA; for~int l=r,; ~<::.!,sta:lCco;.:- ;fes,'__ I-At-~ 

~,G ; I\Ltr-.lOcl'.e ,~~t = In",L?nc'~s.d.:::tllDu~_ellJ; 

ii ~ t~ iT";· e~. :d,; ~ 

58 :
 
'd; return -.l::" :(-'.1'=.0
 

f:,' ; 

'.J ~ ; public static int	 "~"'e ~nt ",=,,,,, 



- - - - - - - - - - - - - - - - - - - -
02120/08 
15:23:47	 schemagcneratorIMarkSchemeLister.j ava 

~; paclta<;;lE! - '-.c'" ~'~'c!)c:Cc,'J'C; 

~ , 
import ,\" '::",='" ~c~;
 

import ,',',. _ . .~':. >3. -;',"r;
 
import ""._ r'-0"-C:-_;;:~"-.i,=~· 

c;;	 import "..~. "'--~i~"-:c=~; 

import "-'-'. . .. 1 ~_-;",:i=-_~c 

3:	 import ,'..~. - '" ~
 

lmport Vee'
 

import ~\'
 

import . ~\ ... -~,·,,",:'-~d~-;
 

import. )"J'. --_~.-=.t:ct=3~·_ 

- j : 

. 'l: 

':,; i'.'='<',1 tc ~()r:lvprt "i J1arK?('.hI:>.~", £~le lnto a _"l,,::.cl~.S't flle. 
~(,: /\ 'Ild,'ki 1St f~Jr' ~s il iIIL'!'C corl1Ten~e!lL fS'TJn Eo~ manual 
'7: ~'dllJn9, and h~_c, il.nes of the form: 
1~; .- "(C,,(,3["C [l~_"t 01 9roups-~t-appeLnE-Inl" 

i';l; It 'J 'i Ie rrJi31fJ.:7"Hidlst IS placed J.n a test d~reC'tor:y,
 

l.rJ: thlS ""'ii overr.;.de iJle mark <]roiJps.
 
'.'1 (dauth"!" Jdm~e
 

U.: 
l3: 
7.4; public class M"rkSclle1!,c:,:Lst'"I' { 
;>':>: 
7(,; lItat ic Mdn<';T t :LrLq, Set< T~tegtol"» gr'oupMappir.go3 
2'1; new Tceel·L"1p<Strlnq, Set (lntC'ger» \ 1 ; 
28 :
 
2g: public static void mclln(St.t'lrlg[l args) throws ::xcept.lon {
 
30: if(ilcgs.lcnC'lTh ~GI 

J I : I 
'j 2: :0;1'03 '_en. ont. pt' i :it In ("USAGE:" 
3 J : ":1'" ~ err. :mt . pI in'_ I rL ("\tMarkSchemeLi ster in. markscheme 
3,1: SY::-<'J'~"ollt.prin:lil{"\t\tor">; 

f J: 
.,j 

",:; : 

','C: 

:;? : 

7 i : 

'".<, 

c, 
76: 

'H: 
7 <:: 
t1(;: 
81 ; 
d? : 
KJ: 

[\4 : 

8:0: 
86 : 
87 : 
R8: 
89: 
<:>0 : 
0, : 

~:': : 
9::!: 
9!l: 

out. marklist "i ; 9:': 
96: 

3:,: S~'Sl<::,TI,OlJt,prl!llln("\tMarkScherneLister In.rnarkllst out.markllst":-; 97: 
JG: Sysr,~'n.exlt (0); '~H : 

37: :-Jj: 

lfJ : "ljO: 

';9 : 3~'II:g l~·P\;tO:L~e = 3rgs[~']; 'UI: 

.;.:' o;l!_ng ,-'_,trll~rile = Cl!""g.s[1]; 1 'J): 

';1 : ~ J : 
,; 2: F'!,Jd 1 n ~ : 4 : 

" 1 : 
",; : 
4:, : 

if 

;3-l:{8rccFI.p-"' ...."":::-: ­ new 8'-=-==s·wiF-sade.::-'ne.... 

.,;,."._! ",,-',' ,,-'-;;,-,"markscheme"j, 

r::'2?~""jC'~- .:--r·\,c;.:-:"",), , ~7 : 
. ~'6: 

4 G: 1 ~ g : 

<16: int 
'~ j _ ":; ~ c; 

",,'.'''.!:,< 
...::.. ','eJ:::_

=; 
~,-::' ' 

4? : while t· . ~"''i;'ly'' 

-a"V~!:'<-T; 

~_1 : ~r.~~~i:"_~e 

S'::: 
'>3: :";1 _ -::J ':,SC; , i 5: 

°.-1 : ;Y""'-,u'1t.pr-'..n:":'r("NOTE: There are "lx~3rk~" groups." • 1 r,: 

55 : " 17: 

"6 : '--:":10-' ;>'Je aItIlb~;cc'" In 123L, , "b: 

57 : ~ff!;: ~ ClLl:'S''''',lL-s~.rln-;J':1,a-::c:r",_~e:-;:;;tfl '_1 \ .. c,: 

5'-\ ; Il,'-<,c;c:_,, ­ > ",t::clt-'..:tes = ne.... ::"':'I,k",:iL1S~<:::t:::-::.~.;;> :;r,' 

':;U; :'~~ ll.'; ',,'0/ = -"c_,::.'::~,.o3p: "," 
to(',­ for'int l.<'"dtt.'::,O,,,,- !cnqt.h; ;,++ o~'::rlb,~-e2.'1·)~;,,,7-r,,2,l, , ~ L: 

•
 

F': ,,13P, .nti: c,~l ",.1.-01..1.."-,,,' ~" ,.o!n!,c. '.,,( ,1. C. "]0 ,,-'o,:_c: 

for 3'_" ~::; 'l.-::::r "-~ . - ,,",0 

.;r:"~'~-':Y'l.PP.J.~,gs.'~--,~,3":7: new ',~' ,';.1(" : C' ,
 

else
 
_'\san ':"o,:J<:" ,,~ 1:2--,-e
 

:-;: ~~,o:J<,.,:r:::l:,":3 = 3''':i,e:T'dT:::l:;'~'';;: -~~~~~; -:.~;,I[~.,."
 

_"~~"" •.le a. CCJ."Jr:ia.!':a .:._';r "e~"'~';== (,,"(i..:.~! '1;0'2' T;O:":pc' 

."''is:e~'.---:·-~.9::'''-- "Commands:"'; 
"'1'''':8,°',:):-::: .:;.~:':: ,-:::=--::.:"\tASSIGN attr groups" ; 
3ysterr.c,I~.,...._, :li,"\tCONTAINS word groups'" 
?-yste:'".c'.1~ .;;~~n-::: :c("\tQUIT" 

,::ys'_err.oll:.;ct" n-::: n("···· ..•••••• ...... ····"' ......•• ...... "' .. • .. 

~~i=ered2eildcr b~ = new Bu:f~redReadcr( 

new ::nput ':>1. n:-wlReader (System. 1 n) 
boolean qu~t = false; 

while ( ! q',Jl t) 

Sy"tem.CJ'Jt.print("> ");
 
Strlng ~lne = br.r~adLln~();
 

Strlng[] lineParts = Ilne.split(" ");
 
if(llne?arts(IJI.equals("ASSIGN"l)
 

{
 
StrlIlglJ groups = lirJ8l:-'arts[2j .SpllL(","l;
 
for(int Jdl; j<grOllp~.l,cncrth; .JH)
 

qroupMapp __inQs .get (l.lncPaI ts 11 ). eidd (
 
new li1t"qeI (groups [J))~';
 

O'JtpuL(OutpL;tl;j lee);
 
) 

if ( 1 : nfcPar't" [0] . equa 1 0-: ("CONTAINS") ) 
[
 

Str ng[J groups = ll[ieParto;[2J.spllc(",";
 
for SLrlr,q aL:::r Y~-("JpMapP.lfi')3.k~YS,::'i(:'
 

f(ottr.~ant31Ils(1~nc?",r~sll i I 
for:int J=J; ~<'~~'-\lpo..~e:-:-_r[l; J'.) 

qr'~upMapplf.gS.!Je: : J,I.· l', . i1.c~d ;new :: .. 6J(,'- ,1: '~.lPo3 [~,' ) ) ; 

~"I ~.~-::: (C-·ctF ~"~~9: 

if ~,·-?.-'l=-ts[~': .e~,'~'1~~ "QUIT"': ,J'_~. true; 

::::'.::::":J~e 

public statlc void ;;~t!::L.t .::-~;.,l 7 le:;.:;.; throws i':x '''', 

:~rl,_-:::W'::-1:::e:::- p" = new -·"~,·''''~l'_C>'(~:'_L«I,,-r,
 

for St.::- .'-f·g ?.t t:· ; qrcJ-P/o:~'P~::':'Ys. -;l'y:';,="
 

P""';'::Lr,~'att:r"\t" :
 
pw pr l n ~ i qrC:lp~3p;':':I'~cc. CH,~ L'" ll, .
 
P'" pr:nT:ll,:
 

pI-i.'::' -:;"e:;; 

,e, ~, • 

http:n("����..������......����"'......��......"'..�


- - - - - - - --	 - - - - - - - - - - •
 
OZ/14/08 
18;3~;14	 schemagencrator/MarkSchemeModifier.java 

package 3':~le~IOG-E'.':~eJ 'iL"r;
 
L'3: ~y"+:,,,m .. Lr, - ~.­ . ~ - ~ '-,- ";''? •
 

import . ,-s' "d:o"",J • "'.! 
">
'J~' 

~:	 lmport :av~.~ ,.j'l~C~€dd~r; ,.c=: c -2: ,-,,:'r ~". r,,-"j- ,-!Jr. I : ; 

:,:	 lmport 1"-""0..':-' ." r.,- 1".:'0 ;:'-c}-.3,·Cc". "I: if ! d~ • '3r~"o j " "" , 

import ~'T.~.~ ~·_-.:'·,·:_-s=-; r,,':; 

import ,aVct.:,tli .fl~~nSeT; r, " ; ::;r: ~.;,:~' _J'~;:;: --"c:,--p.c,el('C:lc,d,.S~·ll,.I" "'; 

~: import ja'"",.,o LL~.~,t''''e8. ,,' F1 : for (int _' =:,,; ) (ell -, 'DS. j crlgrh; -=-, r 'l':\o.'(.·r,.)UpS [ne 
import ~:3 ~; w ~'<~cJCtlqr--:'l.~:,slJ]J-i"',irJ',:"J; 

~mport :3.. I. t i! . 2"t; 6:; ; 

11 ; ;:;6 : 

2.; I' ~ 6':
 
;;ldp f-'r"''-'6.ted
 ";ij: 

,, ~J0ULhur J:lmlf' '';9 : SY5tc~.~~l.prlnr!p!"----------------------~---------- ") 

i 'J: 
'iO: .' c,: 5,,-'3":';'- , ,;:~:..:_L:.. ..;~"Done, writinq to file."\; 
if: public class M~~kSchem~Modl[ler 

~I:J: pUbliC static void J;ci~~..:;- i'-~ ;re: \ throws ~'x'-'<O'p,- lor, : 12: ?tJnlWl'lter pw new Fr'..(,~~:r-l ret (O\.:iLP'lt::-l_e); 

if('iX'92.:'.-er.gt~j= (J~ 7'l,; Y·"'.P: ~::::-l...«al,tc:.h_Le-",:; 

74:	 ::;,!steI11.8'JT.pr,),I.l:-r-'iI.t;Ilhutes~JC: 
F: ~:,J--r.('":-.p.!C ~_~::"':"USAGE:"';	 'IS; for(int i 0; l<l1Iiix~,'[a'K; ::..' r~ { pw.r,",lr,t-!n ,.:ncwGr-cl.p=, :ll); SY-'3-~'TI' 

n: System. (l'..:.t. pI l~, L :n (It\ tMarkSchemeModif ier in. markscheme .OIlL.prlnl:i., (nc·....('roups C.:.i J; j­

out.markscheme"); 7G: pw.,:·lco:e~);
 

n: ,"'r.SCCr:l.l'X~~ ;:1; 7 7 :
 

i4 : 78:
 

2':> : 
3'rJ::g lr,~,'·~rJ'L~'" = )~'JS~2" : 

2. , :	 S'_::--=-~.g ~,t,;tp,)'.);"~!e "lrg~' [1 I ; 

2!3 :
 
L') : E.lfi,"-n:cd?f!c'Jd,::~' ('r new i'L:.: te~'",j;'Coij-=: [new ;:-.2- leokyl.c:I ~.;:,\;+::-' l1
 

eJ, 
~ ':1 : 2'.r:crq -'ll.t"IS = br."r~CldLl;1(,,(); 

31 : int m6xMClrK c;
 

3? ; W'hile:t:~.:'eiOly[\
 

3 ~; 1lIC!x..'.\ii.:-k, ~;
 

~/I : b:- .~'c"')dL',n(, (
 

3':: , 
3f:	 br.cl~~'c,(
 

Syste:.ll.)uL.p('inr:inl"N(lTE: There are" ;axHo~r<:"" groups.":
 
';1) 

-:! : N~w pllr a~t:Jb~tes In lJS!.
 

4 e, . "tiC; '= Clt-Lrs.sut)S:-.rl[;g;i,:}fLI'5.~O.<;-;-:"( ,~~;
 

4 I ; -<:;',~::..n,~> J-c'.":.'=" = new ::'.,:-,:,-,c:'.s-l-<S':.·'::"':--1>
 

- 2: S~~'~,g: ,:;.+:trs) = ':lL1r':c;.t:~'1.2-t(", "l;
 

43; £or(int l=O; ~<d['rsl.:'.'~ngrn; l.i~la:(t~bu[Ps,~ddlac~':-s2:'1"
 

'~4 :
 
,: _. :"y'='. '" ~ ~,. ::.t:'-"i"For each attribute enter a group from' to
 

"-~?xl-"cjlk·" to place it in,");
 
~{) : "'1'0' c.r';:':'·,t:'.1 ("For Illultiple groups, separate by spaces.
 

<1 ,.	 Si SI '~~" (.\.J r , r,r 1 I, '_:in (" -- - - -- -- --- -- ----- - - - ---- - -- - - - - -- -- - - - -" 

'/ No,,' g,,~ Ij, ... ,"~·,).~ps
 

:iC-C::,,=:',7e,::-e:'> '~,,,,v,,:;~~-~;,s new :'",r ~o;X"",--kl;
 

:;;2 : for(int 1=:'; l(m"x~'1or<:; l·+)newl;~)'_r'f,rl'. = new ndSl\:",C"'(=lltC'JS;
 

> i I; 
~ ',' 

- ~:
 

~'r' = nQW ~c t-;e'reclr<2dCc, new -l~ .. _,· ~:,~',,~>,;'
 

H': for .
J.nt ,'''i' 



- - - - - - - - - - - - - - - - - - - -
·02/20/08 
15:26:02 schemageneratorlMatrixUtils.java 

-

I; packaqe : . ."0 '~"'2- ~.",:C~'=':'.::c~.: ;3.:<.:.,,: '_' ~~; .:'S'~·l"'I.Cl';ler!er,J:"r; X~ : 

H: 
unport '"'".z,,. ·~',t·e. ~~, 'Or dn ~":::;
 

~: import -:.:: l;;~",''''' ,( : return 1<;.::2;
 

import :-"".:.:.'- ..(;
 
,;,~: 

7: / •• ".': 
8: UtlJlt.I(-'O' r..,lCltHh/ to malrlX 1J:'Jn.lpuL~[J.'-'I1. 

~da1.'r,'lU:- ~ ~e 

public class :.:a:-'·,,;· I" 
-J; public static ":"'_t 1X 20r-;-.,,' ~_",lJ:'13-X;Y:0r!~A n;..: 

I J; 
14: 1/ WfO Lake the leY' of cjjl tile v,dlje~,-. 

1'0; TillS PJlsur,'c; very IlH7h val'lt'S -ir> no+- 8C"IP 

1 6; pve.cythH)9 t-'lse down. 
I; The!) Iov'e sC<3Ie evcTy!'!;:"CJ .so th3r !,';C' mdXJrliJiri ]5 

1 R; 
1(\; M,)tIlX cor_,y = (Mc.l··'.lc:) mx.clcJfleri; 
; I): 

21 : F.lnd mdX
 

72; double ca:crentMax = G.G;
 
?:< ; for(int :!--o; l(;nx.~·L.lr'L'<.,-'w,,(:; :'.~~)
 

24 : for{int l Q; J<mx.nil;d<ows(); ~,,) 

2~, ; 
76, 1/ S"f element tu ch.~ log (If 7 t. 
27 : /i We plus 1 SllKe 10g(0) JS !.J/jdef~Iled. 

23 : TlJerefore () -> 0 ciS Ioo.'an!cd. 
20; c,-:;,::y. "12'. F:~"";:l2(.l" :.:.., J ,!-':2. ~D. ~,<J (c-::~py. -:;e~ ";~e; .2~ ~ - • : : j ; 

30 : if (r(if.JY. 'Je':::E I cmtont (,-, ~ , >c: urrenU1':<x', 
31 : <:!lcccntMax copy. gctEl'::menl (2, j' ; 

] 2: 
~ ~: 

3~ : 
J:::: lJ]v:..de '.'\·,-;.yth.lily hy lIIax 
3(- : [JJ.agon31'· ,J''''' se, 'L' 1.0, 5:,cJl ~f;dl , feature '..·iJI ,,"'(,',oy.5· match 
37 : II WIth .1.t",<:"lf. 
38 : for(int l=O; ~"mx.numrL\w'3(); l++ 

for:int l J; C<'T,;.::.nu[[1'~'""Ows() .1'+) 

.,<: if;2 '.,\::::::;Jy.<:e-~l' 0',8:'-::(':", 
~. 

-'Vi.ge:.l:~CIrLp.n~ -'J' ~'.::-·8:-::~.-iX'; 

4. 2 : else C)py.s9~Eleillcr.:(I,;, 1.e 
43 : 
44 : return CODY;
 

.;:::
 

.;6 :
 
-\: / ':.:'i.H~Jii"lS ',·,"Tf.!\ 
,',6: public. static :>1,:ltrlx g('"[l:~~l;lenc"",Moc'lx~~>1"'.ClXmx) 
4": return mx.:.J<'lnt;p',SE'().ml.lllp:y(ml<:); 
':li,' 

public static ?--'):::;.:: ~.C::::-. ,) .• ,,;0 _. _'..:.::,:'.'" '<J-:-' x --:< 

" 
Md:-r;;.:: rllXJ new ~3.'.r'x(ITIx.r.uITI><·~\~O::; IUX.:'.UII ,1,jiT,no;(J,I; 

r,",' Normal.1.S"'" co I 'J[M1S 

for (int .:.<fI1X. ~.UITIC("):Lu.',n:s' ;; 1- f J 
:;';. 
:;,': double s ;~)r=:i:O'-..:· 

for int ~ J <~ x." ,.,,, ~,'o:' 

S'1Il'lJ,',iS;j;;1~~ Y'!LlI.'l.pOW:IILX. ;'.;-1:. ("',mt<"" 1", ?' 

"q'-l3rcc! :u" t~ai.:'l_t;ql·l· i.o··~,.'3.rc-',1. '.111'\; 
foriint :~" .'<"';'::.[.j"-r-;'~''''.3' 

5 
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15::10:21	 schemageneratorlMerger.java 

packa~e ~: .S~~~2~~~~:~c: 

1.:
 
import .:-:':.0' .-'-''c"
 

~: lmport ,"',. _L :-1. ~-;et" ;
 

import \>·e":<",.~· :--2.X3-:"_X; 

I; 

6: I *~
 

c
 A ~,'"s_" ~'-' :;:e~}·; gro~'us (CO[Jne~ti'L1 '-'ompor.tcnt,;.J iIJ(" n ~) roups 
1 J; by U,'U::'e] tr:f' ft",,,turf'	 stt-erhl[(lS i.J'_'~'~"[, ',':.G.lr- !!oae.­

,'\-;c-_~-:-;3:-." cpj 

1 1; {da:';"!Jor ,]dmle
 

- ."i;
 
, ~ :
 

lS: publ~c class McrgF~
 

~ ":
 
" I: publlC static SeL <Sl:' t <I n ;::eg8r» lIler(Js(;rC''':9~'(58 c<3e'. (Ir:c.egc:::» groups I
 

'11: )~,,7I"";'; rea;::,;:::e?C".-;:;]L-;;·:x, int :-1:
 
1:':
 
20 : _Ie un ly wan t .'l qrlJup~', 1herefo~-e we r.eed 

~,:' :"C • .c;J<" g:o:n..Jps ~'i '-h,_ l~ljrrent lIst tntll 

;: :' II tJJ,'rc ~s a suIfJ.Cler,t ty small number.
 
2~ :
 
2"1 : / / To p1 L,k ..-hl c:'h pal! L'~ ,Jr'QUP," to m~'rgC', we
 , II fJ.nd the ,'lJaXlmllm ult,..,r-0rollp bond SL~prj;}t::,
 

<: : D}' ~~l:_::'1 t.';(' .T\.-e,-",gf' 0: ,.'] t;:e e}e.rT'C": P,'1.['5'
 

7, I I 2_'\ the crc;'-';s prodilct. 

S, 
L9: {Cd.t\;reSt~engthMx Mdt. c2xiJ llls _~,o:'II1dl::c~cTOMilX (feat.llreSt:-2nClLhMx I ; 

10:
 
]. : /1 F~rst, ",'p .'"e,1.!.>>"p a:J}' ,}.'"oups tllde u.cly hi!vE' onf'" el>OI{;~nt. i.p.
 
~'2 : II it h,;s no clJr,IJec,'I011 w~tjl d.nyLhinq.
 
13 : SC~L<Se;::<Tnl('g(;l» ::r:'-".Jp:<::C::;y ~
 

J 4: :Set< SpL <I~,' "'c:;"':-;';':' 'i lJ,3.S~'''€~ <Sel.~, ::'n' "",,,,: '» qrollpsi . .::::10ne ( ) ;
 

J'::>: fOriSf>L<Inr.sger> 'Jr"'l\[) grOl:pS}
 
j'i : iLT~.~;J.,L=e(.= :;. __,.3:';:y.~",··--r·· ,J:''-;
 

c;I~UP" 'Jc·OL:.psCopy; 

le: 
if .': e,'O'_ c,::e.":'':.H,;"gl.J-:Mx. ~ 'J:' j.';,·...'s () : =f e",t l;reStn~n(ll.hMx. numC'.2.l(mnS i. ) 

4 'J: throw new F:rr:Jc("Must have same number of rows as COlUIIlOS.") 
" . 
-L': 31's ;:C~:~. ~)l1t . pc 1 'I (1 n ("Merging into "+ n-'-" groups."); 
-13 : 
,;.::: while 'C;;' '.·~1'5. ," :~. " >:.' 

1,:': 
4(;; ""s:c:-"'",,::.vr-::l:'"-. "Current group size: J;;:'J;;oe.s:":e(j '-; 

(>c'~ < _,,~ ,:'<]e' > t'eC'~ G~"_' _pi null; 
4fJ : :oet,<lntcGer> l:)<:"c:c~·:.lLP/: ~ null; 
.;,> double ~',.,~. ::--0: 
':>~, • 

';11 : for , ~e-;;< -:-r :"~Q' ..;::-:-~.::;" 

:;; : for("e~<.:_'_;qc:;. ';nuclp2 : 9TCL:~'''\ 

:; 3; if (~qroup- . <:':j,L.ClJ ;;\<;:ro,lpi.I:' 
54 : 

~nt 1~no;C>-uTJ n; 

c	 double :'e- . ~-ci . ~,; ~.::::-," 

for (:>:::-.' i"c:lc'-: CJroIJp1 ' 
for I ::'r,~e,l<cr ,rL"-~"pL, 

n~"" ~;','2.rS2'~'le+ 

-C',,- : S-."- :-.:. :T"'~" ~s -0. 

- - - - - •
 
63: 

'_'"J 

c'<:' : double "'.' :;::O'~ ,,~ "'~~':-"':~'.-c
 

new D'~, .L~,''- _' 1 :i«(·.."IT.: ,I;
 
~,r1 : if.~v};c-:e>ie~:~~:~
 

--; 0 :	 beS".Pall·Scc:·'" ~ ;)""',lS~';,;:'<::; 

;;8.'3-> .",. ­

7 2.: b",st ~:'('up2 g.':-()up2;
 
7]:
 
.. 4. :
 

7':; : 

-, ': 
78 ; II Sysr.em.aul.. prJnlln("Et'st pal~- 9('"or",,: "~i.'cS,~P6.J.rScorp-;;
 

J 9; /1 3yste~r.au~.prJ."~1"("Eest '.11"0(1):.' "+besLGI,JUp)};
 
eo: 3ystem.olll..prJnll11("Ec-st .'!J'o'Jp 2: "-fb,ostGroIJ):.':!);
 
B1 ; 
22 : 1/ _Merqp 7 g'OI1]':=: 
8"< • 1. Add el~mcTJ' 'f ,~~~cund to f1..!"st.
 
f,4 :
 

f,S: for(ln\.C'g('r _ bestGr-oup2)hestGr:)up1.arid(2);
 
flo:; : II.'. /)plcte second [rom llst.
 
t]7 : II System. out.print1n ("RemOViJ1(] "~b[;s~Grol)p2+" from "+9rr'~ps);
 

l,if,: I I DOiJl"dIl It'moved r;/J'(>ups. rc-r.IOVI-' (b,"sc(;. ')Up'I);
 

89: I I Sys .~elll. au t . .or ~n t 1[; (;'~.'"lovf>d.l ,.
 

gO: S'~~<S~L<I"lteger» neWer')\.lp" = new lJacl11SeL<Set<Integcr» I
 
91 : fOr(SeL<'.nteget> gruup : g.=-,."ps)
 
? 2: if ( ! ',,:-O\lp. cqlldl s i L,.c;,; l Cr :)up2) ) ncwGroups. arid ('.l:"~up) ;
 
93: group" = n'~"'GI'OUpS;
 

JL; :
 
')5 : 
96 :
 
9/: return }~c\..:cC';
 

':!P: 
99: 

':JC: 
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'5:36:D6	 schemagenerator/SchemaUti ls.j ava 
package	 ;,. J.nt c;·.·,:;.""~,,,:.e: 'i'..	 u 

;:; : 'J';': while 1:: .: "J~
 

import .. ,.'.-J ~~-S' s-i.--=<-",.-i,,:-;
 ":':
 
.;: import >? .. O).-is:-; C.",; .Ld\"o' l.:;' ,1 'cC\r;''.,,-n2 i
 
.,: import :0V .~as~.Spt if'" ,,= '" 1 r
 
,,: l.mport -ave!.. ::.-::. ... ! ':'J:k;cdfl?t; c r; : 11st<S:'-111r;> ".,'.:!_Dl.. c·co; = new :'_r,,,,,,.:'.~ :.3-::<.3' .:.~>
 

import -0.','--;. •.• ::-"-. ~2l;	 :,9 : /1 Ei"cldlIJ<7 c1ltrli'l,te~;
 
.., .
~"I; import ~av.-;.·.ltl) .:~cl':';	 'Ine = Llr,e.su)j-",rr'~n'ol~·,Jln'2.';'~:nclc1, 

import ~ cj\'cJ. \... t J l '..·c T ;	 SLrlnq(] l:rh",'r.r·_f' ,tl('.'P:C'c'_ 
import .; "Vel. c. t ; 1 . T [f'-o:M.Jp;	 . 2: for(~nt ,=,~; _<I:..r,e~':lc·s,';'t~:):!Li.; J'-, 

': import _I.-'V;). L+ ~ l. Tn-'~C''2t;	 aLtl Ibu·"''' . .-,,:i.J "loecc;t::.,,: ';i 
1 ;; : ,. ~ :	 if ( ! aL t rID:H~S. ,~~['l.}~ S ':i::" r: :::h. -=-es ~::<::- ~2:". 
1 '~ : ' 'J: throw new E1 :;-,.":, "This mark scheme file is not" 
11\: .. P'-oVJd("s lltJ1ItIes I-'-!th rcqards lo Ie"'Ollh) ,"clCltk ,sclleme/l1st 16 : "compatible wi'th the traininq model. " ~ 

1 e,: .. [\ 1 t"S. 17~ "Ensure that their attributes are the same."}; 
"6: • @rtulhor JamIe 78 : 
., I; 79 :	 else i 
18: */	 80: I I R,'tr(Jve 
19: public class ScnemaU~lls l	 8'1 : iilJe = i1ne.sc.bstr::-.q! ,.lr'.c.l<ooqth()-'J); 
20: public static void r,[lrlr (Ser<~-;8r.<1.[\Leqc.t» yP~'~~J_S,	 8;.': S>::ring,j 'L~neFaI"~s = J~;,,,,.scLiL(", "~i 

2': ["lsL<.Strlng> feacll.!.('t-;alllC,s)	 81: Ser<I:-,l~gf")"> ::;.., ~e, new c!.'l.3f·.'~er<]:l1..~q-~!")(); 

22:	 84 : for(int -~l~~sPar's.!cnqL~; j'+l 
23 : for(S2~<In(egcr> grOLp : gr0~ps) 8:' : c ~c:o~e::-. Clcid :new Il11-eqcr (J i:1ePar\"s [l] 1) ;
 
;; 4: 86 : cJ ust.:r s. a,'id,:: ~'Jster);
 

;'5: Syst,..,rr.o'JL.prInt«"{ "', 81 :
 
/6; II Pr'.tnL each group 8R:
 
2. 7 : Int (; 0;	 59 : _ .... +-; 

2i::l : for(Icteqer 1 gro~~: 90 : 
:"q: 91 : 
~ ,1 : if(c>~)Sysr.'?r.I.cJur.p!'lnt(", "); 9;': : return C.LustCl·S; 
31 : Sy:; '. "::1.. ;]1,:·•• pr i!lt ([sate] rcNal1'cs. get (i) ) ;	 '3: catch :Fx.ceptlon e) { 
32: , ; 9,: : throw new Err:.'r("Problem readlnq mark scheme file",;
 
j 3 : ;'C,'
 

34: Sy.ste:n.. ~<.;r .pc:cnt Jr: (" }"); 9ti :
 
3 S;
 
)6 :
 92: 
.' 7 9': : public static llsj<Sf'l<J~~teqet» readMalkLl'--'<''-l;e·~;:;r;:lr.,.;=-npdLr.L.~, 

j tl; public static void p!'lnt(Ll~t(Set,rnteqer» qroups, 1 D,: : L c St<S'LL1I'Cp att.l"lb'-,res, int m.lllLC1usr.cr:,),0 : :"'~<;'/St r::.nq> fea'L'-JIs't.Jelires)	 'Cil : :r.,''3t(::;(~t<~IlLegeL).~ cluc,ters '= new ~JrJ)(ed,.l"l<;::<-ot<:n;:s'Jer»(); 

1 02: for (int 1=0 i i<numC1llsters; 1- r! c1.;st(:cs. a<jci !new I!d2J::Se~ <Tr.re:;e~'> I 
for(Set<~:1te()e~> ~a<'\lp : 9C0'..lpS) . 03: M_"t,< _~'; r ::::..ng, StOL <1[1 tcgrc!'> > gt"oupMap;:' t:".-:r3 

<12: 1 0t.: Scher~a;jt I 1". 'Jet'::;;"'\Jpt~apiJ_ILls i '~!lP,-- cF ~ cE:; ; 
t.? : SY""e~> .r'Ut.pI"Lnr ("{ ")); ·'.1'0: 

'14 : II Pruit "<:Ic1J group	 , c't:: We have lo coltibJr,c 'J~rrlb:!tes' Dnd "q:o:,pJ..'apr~nqs' to c}C~32' 
>1:) : int c: = 0; '(; 7: II 'c1usten';/. In tJn~ m3ckL,;ot [,ie, groups n_'Tl'e[~' '1(' FI'(Jr.1 1 to n, 
'1" ; for (l:-,t"~~"r : group) " G:3: /1 l-lhf'r2"s j[] 115(5 Io'e rfo'/ere'lce D to [J_l, so ..'I;' c>'ed,ct 

; ri9 ; II aCCl)lclln'11y. 
t;; : if(c.>G)Syste.m.out.p:-lnt!", ");	 1 1 0: for(~nt '..=0; l<3'LrrIo'",te".Sltei;; ::::.. 
~ (0' Sy :;;trol1'. O\-,l .;:->r J :;:lL ( reCl~ u~cci3.r.~,; ,gel. (J )	 ;' , , 

. .:;~~ i ;;.~. r::.bu':es . '::let : 1)) ;'~4 +;	 l' 2: Set< Ir,t(YJ~I).;)CJ\lP'" 

le~!'JI'~up-l\ .ddd(l);1 1 3 : fori I flCe,]er qroJp 
:>.c; SysrenL.oUf,pr~i~ti[l" }";o; 114: 
:>3; 11 ':>: 
S-1 : 1 l' 6: return c1us~ers; 

pUblic stat ic J ,:;, ,., 1.. <Scot. <. :".LC'cJt;r.~) :-eadMa 1-~3cr:e';".eC:;, :.".-;:>V':.:=-l Le,	 , 7: 

"G: 1 C~:>- ~~,q> ClL,v"L"'L'~" ~ .co:::/{	 I :): 

S i: l' g:
 
~"j : .C.,,=, ~ <':-.' s,::;e: > ... new :_~k0j' :~~<~,..,:<!~t~g~!»~); 1 I':': ?roeJcit.C3 oJ I~cir :);: ..c~_ !>:t.~'OS :,,( c,: }: -'p"
 

1 <,': 2"'L ";J~ Tc7'CPO.";u.'" ]~('5' OJ ":i; ~- J{ =! ~ _I f' J­

",', try " I.::::: ~~3 ;!\F'''T. 

,.':': 
.~,. "-'s ,j t: new ~·~.'~!'''"tS.'''0l~2;''new F: _":'Pea:!,,: ,r:"J~'-'L'''o, , .'..; public static :<3.,<"~~_~.;::,?~~,,, '":;,"' ..... ;- 'Y'·.''''r'~,\.':,''<''''~'''.':IS 51:1[.,,; :..r'l."J' "".L'" 
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15:36:06 schemageneratorlSchemaUtils.java 
- 2:;; 
I / h: \' ,n/ '-' r c ' :'Q, ::::,~, < T-, e"''J''r> '> 'l~ ')lJp'1-,,,-,!',' '-,'J,e 

I i. 7: new ~e:·<'i.k'::; .: ~ , ,­ "= ­ <. - -. ­

- L:; ; try 
'1'-'; 

-,' 
-':,,:-·~.",e oc::.=, 

whi Ie (,D1 . ready r 

new .Oo __ ='--:-2::?;:",'::=:'new ~':-_'_!-[;"'-~':'~ -~'r..::~=~~'~\\; 

',U; 
-.CO 0'_ .:c"'-"od' -n"I1."c::~ ,. "\t"); 

1 .,,~ : Srrl~q aLtl ibure LnellJJ; 
I "le;; '=;,_ "';,J:a -,.:p ..­
- 2' : ~::c "J."l.:.b,,·_r_r'(lll.J_n·II].leng~h\i-I).sol"ll(", 

17 ; 
. :15: 

yr:llJpMa 
if;:::: 

VllhJS.pL'.t'.,c.r.l;-ll·'.tt', 

=~_=_ "'[]" 
new Ir",p.ooc'<,Ij~i-'J£t>, 

1", ? fort nt I 0; '<;L.~r,'.lp",.lc!lgl;'; +'j 

1 41J: ')r~ UpI-'JpplW;J"_'':::''': ;.),~' =-G'.'=-':"~ ."'~~ 

- ~ ; new :':r:tegl"":' (orccl.-:;;s Ilj)); 

I'; 2; 

1'13: ) 

catch{~x~~pt_o:: ~)j 

. ~ 'i: ". ),:'1 :Lr.t St ucJ.;: 1'.=-0('", ( ;. 

"0 : 
1 -1 i: return Qr",upl-Jo.9plngs; 

",'1l1: 

<i;: 




