((eT)gedo+y =gzdo .« + €T + u=£T u)ur3urad-3no-weisks
f{T)OPRUY ET?! (£) 9PBUY ' €11 (2)2pRUV £T¢ () <I8b83uI>qT Aeu=CT

T I({ETIEZDO+u =€2d0 W + ET + w=fI w)UT3IUTId-3no-wslshs

3 ' f{g)opeUv €1 (Z) ®PRUY €14 (T)@peUV"  £T¢ () <10ba3UI>AT ASu=CT
f{leT)ezdo+y =£2d0 u + €T + u=ET ) UTUTIA 3N0‘wWe3sAS

f(T)epeuy gT? (Z)pRUY €T¢ (£) @peUyY €T ¢ () <x8bouT>an asu=¢7T <Iabazjul>ql

{21111 a1 meu
+ 4=TI03D0IJEUCT MU ,, + ZT + u=%8T u + 1T + u=1T :uﬂi—uﬁﬂhﬂ.uno.rﬂwumhm
f(p)epeuy  g1? (G)epeuY ZT? (9)9PRUY 2T () <I19657UI>0T mBU=7T <I8683uUT>QT
f(T)®Peuy  TT¢(Z)®PBUY TT! (£)@PeuUY 1T () <I18b23UI>QT MBU=TT <I5637UT>J]

‘DNILSEL ¥03 300D YAYL

f(ZXne!I¥ne) <I>07 A9U uwanlex

{#()<3>01 aou wanjex| (2 uoT1ldedXIOTOBAQVL) YoI®O(
v {

g f()eToD'T = 1 f(({)ezaqged  T)epeuy - Tx0E

P {{)eTOBASE Ti) ®TTQA
! (%) speuy  Txne 8sTa
({)ezaqgep' 1) ol@aedwos ' ®) FT
{

{(£()BT0D" 1 =T (x)speuy-gxne} ( g <

{0)e1oD"T = 1
Plo =

{()ezaged'T =4

th = w ! (x)speuy{xne
(A)orexeduco % 3%

(JRTORASE " () @TOD" Ti) @TTUM

t()ez8qed T = £ £()BTOD'T = T {()ezaqQed T = %
I &x3
‘T wam3ax ((()etoeasz- ()BTOD°T} || ()eToeas3'T) It
() <i>Q71 MeU=ZHOE ! ()<H>Q] MSW=TXNE fzrne’Txne «<z>q1 A% 3 )

(1 <u>e38TT) £zde <i>east] <o1qeaeduon spuelx® - Or3E3ls OTTqnd

taft
Y &
roL €
{ ¢()eoezryoeigiutrad -xe )} (xo uolidsoxmoToEeAdVL) gqojeo | #. o
{ ~
f++pu3yTbuot ! () eTODTIT = T
f(@38qeDOPON ‘() EZBQED " [1)OPON A8U = ®zeqelOpON
bo(()eToRASTE TTi) erTum } X33
{®ZOQEDOPON‘ 7T = ®zeqeDopoN /puitbuor’zl = pn3rbuoy
’ b (2T <2>aT ‘11 <2>e3871) Q1 ot1qnd
(e
(z
. [€1] € [z‘e’1) ggdo
: (€'T] € [1’'z’g) gzdo
! (€'2'1] € [£’2‘1) gzdo
T = T gzdo
((s:h) gzdo):x 8573 [R)4+ s uayl (A<x) IT =(s:£:%) gzdo
[e)<- [2] <= (2 pag) :iigzdo (g
(A % sqgeppe) ong , = A (% 4) sqeppe
. A % sqeppe = (A ong) (X d) sqgeppe
) " (A x sqeppe) ong = A (% §) sqgeppe
% = b Z sqeppe
' IEN <- BN <- BIUI :isqgeppe (e (T
]
‘ ’ SNOLLN'10S
[ €707 “wi91 toquisaoy — 159) s5a130.4d JEXTEY . dnos3ysyduy
e —
ONNTINIONT IDNTAIDS HALNdIWOD NI 20944 TANLDMYLS VLVA
=

g
f %

QVBHA <F>B38 TT Yy Bunuawadun
5255810 |8 2pis;o wonerado ¢zde paywads Asnowmaid ayy sjuswsidun poypewn swy

{ ! (g¥ne’'T¥0R) <E>AT ASU uIN}SIT
HN3R 3000 WAEL FHI JXATAROD S/

() <E>UT meu=gwne ! {)<I>QT ASU=TXUE /Z¥uw’ [XO® <I>AT ‘K'x & }

(1 <E>e31sTT)ezdo <H>38TT <orqerwdmoD spueixe > oT3iwss orrqud (q

Tlare’p Tz c] aq 1snw s TU3 392[qo Jo JuL0o o) ‘UByY) (9°S‘p] =21
pue [€°Z'TI=TT Jr ‘eoumisul Jog *(TT “91) 9uo ISIy 2§ Jo IpI0 ay) Suisionar isye
ZT pue TT SISI| OM] JO SJUSLUS[S 3Y) YIM ISI| B $3)B10UST SSB[D <3>CT SY) JO JOIONHSUOD ST

{ FY3H 330D VAEC FEHI ALATIROD [/ ° °

{ITRU=Xne <I>OPON |}
(2T <3>QT 'T1 <@>P38T1)QT or7qud (e

"{fu=83juaTnbis fe=0JUI} (U <E>OPON ‘& F)opoN oiTgnd

SSB[O <H>OPON U} JO IOIONUSUOO 3L SE [[9M S8 “(JSI] SY) UI SPOU PopIsuI IS8 oY1 oY)
qulf) ®28qE00PoN <F>CPON 53EATId PUR (JSI] AU JO AW JO ISqUINY) P13 ThuOT
JUT S3EaTad SHNQUNE O] SSIE OS|R UBD <E>QT1 adA) Jo perpop swalgy -
U2 Pa4ISUY ISD] ST TROYIT M

151 U Suamgad jf  {UOTIABORIOTORAQYL SMOIUL () eT0D <3 >e3sTT oTTand

181] D UO JuB]S pariasu

ISV} 24 SuLmgad jf fU0T1deo IO TORAQYL SMOIUL () ezeqen 3 oriqnd

1S1] D w1 JuaUIA]2 UD S14ASUY 1/ !(8 F)sepeuy pica o7Ignd
Azdwia 51 3517 0 fi sy00Y2 /1 - !{)etoeasy ueatooqg oTTand
-a0pIa)uI yons Funuowajdun sasseqo (e 0} Surduopeq sy3lqo Sunemdrurw 1og EREIREIN]

3 nani) //dj*nu <d>®IST 94} Ul PaIR[OSP sauo Juimofioj a 1da0xa pasn oq Jou WED SpoyIAM IeifIny -
e H_u—vouﬂ UYM puBmuOD { ¢ CmUmu&dumumu:ﬂnQ.xm_ {x® uoT31deDXIOTORAQVL)
s3 uole2(~jA23 2y Burddde pue soeidwe; sy w  parepsp  sauo ap
o UEQ SHTAVIIVA SO ON Sursn “GALLVAHLI ‘INAIDLLAT 89 1s0u opod eael oy, -
- -

‘sautapm3 Summo[[oy a1 o} BuIpI0oTR MO[2q Spoya oM} a1 JO sajejdwa) ayy aerdwon

(Juawssasse snonupuod) yIEW [EuY 3y} jo %€T = €1+01 *NOLLVINAWATIIAT (T
€« [2'e'1] gzdo
% [T'2'€]l gzdo
: &« [e'2'1] g2do

:suoissazdxe Suimofjoy oyl Suneneas Joye pauleIqo Suwd) [[9%S8H 211 23U A4
T = T gzde
((8:K) ggdo):x este [x]++8 uey3 (K<x) IT {8:X:x) gzdo
[e]l<- [®] <= (® pz0)::gzdo

‘uoneoyoads [jeyseH Burmoqiog ays 1opisuoy) (q

(((oxag omg) oms) omg) ong & (oaez oms) (((z S)§)S) sqeppe
(oaez ous) ons & (oxeg oms) (((Z &)a)a) sqeppe
‘sapdurexy "WyO4 TYIION
NI SAVMTIY St Jjowered 1SNy 3y) Ul Jaquinu 53T 24 JBY) OWINSSE UBD oM
astorexa ay Aypduns 0 ‘papuwiad 10u are suoieredo Areyixne ySnowyy -roqumu
[eineu & pue 180Ul Uv Jo WS 9y} JO onjeA amjosqe Ay Sunuasardes Jequinu

[eINJEU 2y} SWIMAI (OIYM “IeN <- 3IBN <- @381 ::eqeppe uonerado AJwadg
moysg ButatTep @30l 4 | e3ur § | zZ = 93Ul ®3IEp
noys Butataep Iy Oong | oxegz = I8N ®IEpD

. 'sxFajui pue [eInen SUI[OPON J0J YOS I SUORRIBOSP E1EP [[9YSBH ULMO[[O) ayf (e

(3uawssIsER SnONUNU0D) YIBW [BUL Y JO % 7] = 9+9 NOLLYILAIDALS (I

€207 “WI9T JoquraAON — 1523 ssaaoad jsai dnoa3 ysiduy

THNLOMULS V.LVA







fH=OJUL " TEUTIOPON{OJUI * TRUTJOPON=0JUI *XN@ [OJUI "XNe=X {X J
f33UBTNETS "RNP=XNE (TEUTIOPON=]@3UaTNETS ¥Ne} ITTYM
{RZIQRIOPON=XTI® <F>OPON |}
EERE]
i f(eu gopoy 'z OPON MRU=EBZAQERDICOPON f (TTOU ‘7)OPON Ma8U=TRUTIOPON |}
(TTNU==33UsTNBTS ©20qeDOPON || TTNU==22Z3qeJopoN) IT)
() wewananb proa osyrand
(o

{:{T0Ss uan3ex !(1)erooudmy’ TOS! (Z)eTOHUT ' TOS }
(%2 uct1daoxgoToeAdyl) Yoieo |
{[0§ uar3ex ! (R)ereoum 1os!(()ezeqed -b)etcouz oS
f{)o3say‘b=b f()ezaged b =x ‘¥ I8Bajur
{#(j03seu b=b !(()ezoqes-b)etosuz Tos }
(()etoeasy - ()oasay- ()o3say-bj) artym |} 411
£ <zebolur>edTweuTq RTOD MAU=TOS <IaBajuI>edTweutq eTOD}
(B <asbejurrerod) wexsnanb <isbsjul>erod 273eas oTrgnd

{3uebeste azow sT sdeyzad ysTuym) NOISHIA WAHIO

{
!Tos uaniex
HOTOVA | wsuTT Qv )UTIuTId e 'we1sds | (we uotidesxgoToesdvl) yo3es |
{
¢ (¥)eTodud " Tos ! ( ()ezegen-b)etonug - tos
f()oisay-b=b ()ezaqen'b =x !% 1sbajur
{#()o3seg-b=b !(()ezeqep'b)eTodUz‘TOS }
(()eroeasa- ()o3isey’ ()o3sey-bi) aTTys }

osTa

{¢(1)eTODUR " TOS! (Z)eTODUT " TOS }
{(Jetoeasd- ()oisau'b || ()eroeasz-b) 37
}oAay

! {)<asbajur>edTURUTg BIOD MOU=TCS <Ixabajur>estueurg RTOD }
(b <I3bajul>eToD) wewsnanb <I8baIUISRTOD DTIRILS o1Tand

(q
Z "1 AT s (gt ondE)) <- (1°:z":g-:nDd3) wexananb
T ' (z ": nDa) <- (¢*:npd) wexenanb (e
(Z°:1':DF) wexsnsnb = ~ wexsnsnb
(x*:if:b) = (£-:1x:B) wexeonsnb
JuI enend <- IUT enand ::wexananb (z
CI3, OUdY NrE = - T NfgpuE ¥ne
(2397 2ug) ca2z Ned = ((0I8Z °ng) o197 Ned) {018z 0197 Wgd) NEEPUR xne
(CI=az =08) o8y Ncg = " ((oz@z ong) oxaz Ne&d) Negpue xoe
X = ¥ (c13z (0127 ong) Ned) NEEpUR ®ne
TEN2SIYLTCOY <-IBNRRIYLTOOHd <- IENS8IYlTCoOog :: NEEPUR Xne
(£ neazu) (% NEGIU) HNEgpue xne = £ X Negpue
IBNIIIYLTOOE <-IBNR2IYITOOE <- IBNSSIYLTOOg :: NEgpue
(q
(£ % Ned) NegIu = ({4 ong) (¥ °ong) Ne€) Nediu
{0197 ong) 0197 NEd = ( ox2Z Ng€) NedIu
0137 (0137 INg) MNEH = (0187 NEd)  NedIu
OI9F 0I8Z Ned = (197 oiez NEH€) NedIu
IeNeRIYITO0H <- 1BNI2IYLTOOd ! NEdIU
(e
~0ys PutatIiap 23BN 31BN Ned = JeNeRIysTOCd BIRP (1
SNOLLNTOS
0707 ‘W19 105G WIACN - 159) $Ea4804d 1] dno.ad ysiBugy
A THTING ADNIIDS MALNdINOD NI 33903 d TUMALLINULS VIVA

{
MOT - {#u=s3usTnfTgE=0TUI} (U <Z>O0PON ‘3 F)OPON OTTGRd
MOT -- fejueTnbTs <g>opoN oTTgnd  fogur 3 oTTYnd
} <E>opoN ssero 27Tqnd

{
HOIH -- (!]INU=TBUTIOPON!TINU=EZaqeDOPoN} ()eoTueutTd ©Te) oTTand
MOT -- {TRUTJOPON <H>OPON 2TTqnd ®zaqepopoN <@>OpoN oTTqnd
}<a>ered sjuswsTduT <I>BOTWRUT] RTOD Sserd o1Tand

HOIH fucTIdeORZOTIRAQYL SMOIYY ()O3ISeE <g>eTod 2TTqnd
HOIH -- fuoT1dedXEoTORAGYL SMOIYL ()ezaqed ¥ oTTqnd
HOIH -- Z(x% g)eropud proa o11qnd
HOIH -- f()etoeasy ueatoeq oTIqnd

}<g>e1os @ovjaajut orTqnd

‘9510192 Y82 J0J S[3qB] MO THOIH 113y} 0} A[SUIp10098 M0Jq SAINQLIYE/SPOYIOUI dLfy ATUO asp)

() wexsnsnb proa orrand LTHATT MOT (0
(b <zsbsijul>erod) wexensnb <ixsbajur>eTon o13e3s oyrgnd TAATT HOIH (9

:sadwys SurMo[0f oY} LM SPOSW BART JU2IOTP OM} SE uoneIsdo sy juawaduy

(r-:2":¢°:0bd3) wexsnenb
(g :ndd) wexsnenb

(z':1° :ndy) wexensnb - - wexanenhb
(% :X*:B) = (K- :x":B) wexensnb
3uI eusud <~ 3uI enend ::wexansnb

‘woneoLoads [[YSRH SuMO[[o] 313 Jopisuo) (2

{ozez ong) ozez Hed <- (ozez (oxez ong) Ned) (((oxez ong) ong) oxey NEed) NeaPuR
ez oI8Z NEH <~ (0a9z ((0z0Z ONF) Ong) Ned) ((oaez ong) (oIBLZ ONE) NEE) NegPue

ozez ©0IBZ NEL <- { ((caez ong) ong) ((ozez ong) ong) NEed) NEEFU
(oxez ong) o187 Ned <~ ( (({oz@z ong) omg) ong) ((oxez ong) ong) NeH) NegFu
ozeg (oI8Z ONE) NEH <~ { oxez ((ozez ong) ong) Neg) NegFu
‘sapdwexyg

"Pamofe are (payroads os[e 2q snw 181) uonessdo
AmiIxne ug 0) B [[oM SB NEEFU 0] S[[BD SULIY] IEN®@ILTOO™ OM} JO UONIUNIIOD ay)
SIWINJ2I [OIYM ‘IUNOSIYLTOOH <-IENSSIYLIOOH <- IEN®eIqLTo0g :: NHegpue (q
‘suoneiado Arerrxne Suisn JNOYIIM UL} JENSBIYLTOOH B
JO uLof [puriou ayy sondwioo YoM ‘IENSSIYITOOH <- IENOSIYLIOOE :: NEEFU (e
:suonesado ssap Surfrapous suonenba Jo 198 sy oA
‘(ozey ong) o8z NEW SISSP[Y ST JO SANLIU0SAIdI [BOIUIOUED DY, ‘SUO PUOIIS
o) Uy Io[ewWs APOINS JOqUINU IEN ¥ ST UL O} Jo Jojowered JSI S USM A e
‘oxez oxex Ned SISSBIO SHJ JO 2Anwjuasaides pomours oy, suo
PuOo23s 31 GiM SIPIOUI0T J1oqUMU IBN B SI W1} 24) Jo Jajownesed JsIy oyl usym 2gdbpy e
‘oTez (0IBZ OBS) NEW SI SSR[O S} JO oAnRIUasaidal [RIMUOUES Y[, "BUC PUOSIS
oy uep 12531 APOIS JsqunU IBN B ST UL2) oY) Jo Iojoumered JSIY S USYM ML) e
‘g jo suonou Suimorioy oy Sunuassaxdas sasse
ssuapamba sa1y) ur pauonmued aq uRd J0jRISUST NET O PUM J[ING SULID) JO 195 JJUYNT ST

IeN 3I®N NEE = JENSSIYLTIO0N ©IEP
JeN ong | ozez = JeN e3wp

“101810U03 I NON 2uo jsnl uo paseq suajoog
Jo juBLIBA panfeA-2a1y) & Surifioads 10§ Myasn SUONRIBOIP [[4SEH SUIMOO] oLy 1SpISUC)) (T

0707 “Y39 13qudAop] - 153} ssasF0ad 15014 dnoad ysij8uy
ONTHIANIONT JONWIDS HALNdINOD NI d3840dd HUNLOMULS VLVA




‘s

e

L

~
-
i -~
Ll
N 1 B
- i
- .
" Ll - S
1
'}-l
. =
1 1
v
1
. Fu
1
R .
=
" m Ll
1 =
1
N
1
1
1
- 1 1 1
N i
1
1 L
- - " . -
Ll

<



*En Hashelll No desaps b

op22 (q.x) s = x:llop2z q s)
op22 q (xiuy/s) = Y:/ CopZ q(x:/s)) o
op22 . s ES
op2z EQu (4si/6:/gs)
(4:/ &1 ey ™

op22 (Equ:.4:2:.2) (4:. ES) o -
)  opez U
3:/ (op2 EQu:.A:.2) (4:..Es)” S‘/G—/P L i
312/ Cop22(EGu: . 4) (4:. EsH®? 5_)0- °p&Z EGu
3:02:/4:/ (op22ECU) (@: ESN® /€:/ Es
OP22 (EGu . 4:.2..3) (4:/s:/6:IES)
320/ P2z Fqu  (4:]s: 6:/55)@

3:/2:/1:/5:/of>zz EGy (4:/6:/ESf?
Balaaldiis ity Op22 EQu (Y4:/Es)?
3:/2:/3.:/5:/€:/Eg

(4:/ES)

le.Sl'\ (chﬂln JAVA '
Puwic s-k:;hc <E> Ram45> op22 (coaa_<E> q, Pn'ﬂa.c&‘) s)}
-Ua <E> Si.; Copo.f-’.E) c'i.' é\'(.icd‘
’ 0
™ s

R&<E>S;L P
= LYa. E L ¥ o~
+ Colle.<E> q4 - o.:E:c;ccT,:gf %%( o*3"
B) I‘F(.'Si..Echx.cia.)g sd=s4 Thes ,0
(-U;nae_(l qi_b—svo_c‘.o_());. Pl ()f — s; hrtu) r-?so No Se puede a.cceder dtrec-lmmle
Sq:{lAP'%’-‘CQi‘\:C“Lea&O)—D ln-}raduce 29 prime— CQMLJOAE L_ c:ogcx
= R o () \ s e Yo. C
[Co:lck(...)?..-{es P G s ochalhie con dresdo aclh ol

NedeCo bezom Pn

Y‘c.-l'urn si,-
( 9 . NedoCarbero. = Crlon .
b) Low Oevey n JAVA 4yp—NC ' e
Puu.‘c void op22 (CD 4E>q)§k 5‘:;.'5 %\HB e
Nodo<E> aux: nuw,- aci quebn & © 6 L
9 Es b@ﬁ/q

if (nodo Ca. Leco-.lgnum) NodoCabe o = Nodo Cobeza. ] Sigufexxc
Culﬁioe(‘j- choccx.Lc&c.. l - nuﬂp)
;O:;X =z a I\bdo@.l)ezo.sigum*e/ q_ NodGC_bcco_ ) SBUOA'C:M%O— ; @
0do Cabeza. - 9. Nodo Cabeza, - - Nodo @
£ 1 Gleza. - oux; 2 ¥ 23

subl > ( . Py S(suLIxj)
sulbl Z (5% 2) — P(suBI)ﬁJ)

" &8\)&0
f Vo qutondo "S" 4 P boslo. Qe e "

S0b.L (P2Y 2 —% 2
SUbL (32) (s2) —s sb T xy
ST (P2) (P2) — sobT %y



. B 2024.
mlei. . Slo»t'-k o —> Oucue oL — G)ueue. O N OQLIH\Q &emx‘o

mix24d X.’/S) (qg) = (minzi (3'./5)‘]) X (cij)

mix24 (x:/9) q - mix S 9 [ rc,sx-o

mix24. ES G] = c]

;
o) mix24 (L:/2:/6s)  (EGu..2:.4:.8) 4 -No medifico o el

(ﬂmu‘xZi (5:/2:/9) (Eau:.3:.4) :. 4 2- Todo de lo dose B

u)mixzi(q:laz/ES) (EGu:.3):5:. L

(Dmix2d.(2:72: /ES) EGU

mm;xai(a:/x—:s) ST >EGU'..U‘3-5:'A‘
(Qmixzi_ EsS EGu i

b)Hlskbﬁoevgt;-fA\'A recibe qummloa,% Y C°Q°~
puoke static <E> Cola. <g> mix2d (rP.'L <E>g, (:ooo.c.E);}}

‘co“a. <E> qZ 3 (COPQ <E>) (q _(_0“0); < N _— '\'cc.cr OL caoVo- Oy \noD, CreornOS Lho- NUBJC-

It (!s. Esv. - Ogyg | Q2. Es\owcron (9) 4 — Campreebo. qe no hep eOmmla:. Vo-cyog

C12. = C?Z Re&lo 61 —> Tome- 'L)doa. menos Oo_ ccbero- S EQur. 2 : “‘l:)% .

| { qz. E-hCOOQ.. (s. TOPe())/' W Q-_, dgm.Lo_ der\'o.c\\ :)Oo Gahode o Oc._ L

rekrn g2,

WO’;@"‘"\’ 2 C’c\mcg) Naco S*‘""“O'Q
¢ S v

CJLOW OQVQQ n JAVA ms\—cnc,u:- diote PD2E> COO'-‘“ A= R -—>' -
PUBQRC. void mixzd (PD4E> )4 PEO&, X 2> NodoCaloe o x

i( (S. Nodo Co.,ke}o-. s nuﬂg é’g' l\bdoc.alaeh. s nuO,q ) )’"—;C"“f“'%l?m no ru-as de Slo-ck\j COQ(L

({QS. NodoCerbero.. S Bnm)(e = mﬂ; ‘—'>D&C°EC\T_ 0& cabeza deQ stock - 1
- ]
@ Nedo F:ncﬂ. Qﬁualre - S.NodoCa-la;—(—aAf-‘U"o'Lo* & P“"xe'o (‘M‘O £ ‘C—Z‘!‘*

+ra_s chodw

(7)%1;‘“&‘ Om an\guc- COJ.’JCZCL CEOQ'LM\'\
= Nodo FmoﬂS. yensre ; > N\ete 4% epehm% de stach

(u
]Nco‘oCa.tpem. : NodoCaloezo._Sisum\e}

& JG N
VTR SR INT N R A T
E [ ¢ 3 &l l aon 1“ Eeef || R0

‘ ji} [Eci € ]

.
B
f 1

§ 5
l i 3 ‘U
L | &
|
|

1 |
| -;
| | I
| | I




Eﬂ&zmen"mo A\S"‘VO-C'\' D‘-'L\'G- —[:“jpes

#‘LiS'\‘ ADT:
L;II"EG' Seciuencc OF e_OemE*AS W"““ orde- rBOO}ioﬂ, (.ul'“. o Self OFOPEIQJ\O\S ‘lo ﬂ\UhPl.anc

Heou. is"e‘oeme Tt 0 } a |
M0 The Tust, Yast introduced. [1Fo (Lot In Fr oo
Tau 0\ TLe rﬂigemm)(s )
“ederr aneny  TAIL
éq.)(o-. List o= N.‘ﬂ\ Cons o CLlSll a)
LiS“ o == [a]
Nia ——— ]::I Eﬁ\}:!ﬂt l\’- )
Cons —>: (wfix) 'r’r‘;e .G‘i‘\C"'Gs‘}'lU".l';-r.‘:h"l“f'-‘ W )
- i J
OPGI'D- lons fo ero-fory
EMP‘lj:: Lol —Bx //CL\ec\\s i troe }Y&( ( !n:m\1 i
Heod:: Lad>a 1 Retorns head fe € b it
_E:..\'Q 2:Lal=>Lol #Relurns {'Q.\Q

Lens\'\-n'.:fa_:l—>iﬂ+ | il #1 . iin
y J‘j-i::‘;l" L9 o fd

Gorca derade: a3 > Ea32Ead /oo os o0 | Crcicenale b4 Ve 2 | 1

L

| Yeverse (h:+) .. L \ - "
\ \ - t;: LY A '! - ‘-'ﬁ.\_-}s‘,\-";&i‘r_:_whi ‘;_ Lreve e ’h’) -

4:2:C1 an be expressed as [4,21]
Lo’ 'bY, eI can be expressedas “abc*

= ‘/Aﬂoﬁ". YOLL Ir,p\,l_g "\ 'l.\j“(‘.;l-. v O ‘\
ATE /

Reverse::l:u.'] I A |
La_g"'::[:"‘-]_)“- ' @Yo em ¥ (L ] Ve Flgnis By

e A ihis)is (X2 n) | elen
EQ"“ it (fga)= a>la] —)Bcaq {exxmg Y x(h.i)e i (x =2 bl then extract x + eleg b - exdre
Extrocd:: (Eqa) Do vCal>Cal lak e

& NG 1 J L.

N(%e.‘rls"wtes“ Fhe In} eﬂ:menxs froneft | teke o (hid)s take (n.4) ¢
e

ket >Lad—m1 /0 {4
DleTesin} elrents from (et Ceol by cobrn g

Cot: Y > Lad Lol /|

Sul:sx'-lu‘le - (Eq a) D o »o. >Lal-La]  Sui \!u’h %y (h by oyf e
I substAde x - C\"‘”jes ollXs in Lo byY's \ H,"p" posbsddule wy T
' Ve B substinuie X ul

Sum v LimdI 5 lnt 77 5um of a.m numbers

Greoker:: [l 5int 7/ greader: :(orda)DLaTd e ...
7 greater Cx: g 4)2i x5 g than gebGed), e getty.

——

¢ Queve ADT _ Hea
FIFO (Fustln First out) | o PARA(RY(RY EQ}&YH 3T
rZn ede pr >
"mac..d'gq; Ef,‘,?;_f.i",ic_)%“"' y ¢ S EQ@:e.3:.5:.7F
TAIL
E‘"‘P“‘;QI Queva. > BmQ
AErpty @ EQ= Trve
/IEMP‘!ij——- z Fc..Ogc e a {0l rom _ K
Ft'rs" v Cliage, oo, =% A, e N :.- e e 4
N (L@ 1:24: B nEG:,

//Firi"(EGL:.X) =X 5 ¢ 7 ¢
/I Fiest (c:x)- Fiest ¢ €>

€S Q\Jeueq, _'PQU&JE o
frest CEQ: . x)=EG

//res+Cc'--X) = (vest ). x



¢g+o~ck ADT /P\’L;

Bofed on Seq.ven'l' aﬂ o.ccess, "ePrc.S&n-L- d Ver'l-icaw
2] TOP (£ 24 eoment
|1_

A POP s neccesSc\r3 'lo occess *H'e rEmmmj Jemnk‘s

K 32, ESW —s 3:/2: .1 /s

EmPJ:jS Shek o 513600 Top: Slacka. v«

G > Heod

) s —Eu Q} \‘\..e!' ¢
= Se debe des&P|ar cn'lEs o8 o.cceder \ aQ lP Q"" 3 -
eo\m\m.:: o - 5\1:.::\\&. - Slack a ~oco \n &% 3 0 %:P & al
EQ\mlno._ x ES. ES g“;e o'
e_o\rnlno. x(‘tj /P)‘-‘F Lied s 'H““P 5959-5 /I:Dt:n%i
Ej lmfﬁ&mc lfa.x‘\;:n OFO\.S‘\'S
ln_)"“"o‘ stsore interface “‘5"‘-E> Eisdhe closs ogﬁa-newls m+he Olslf
® Djl'h.r'mt |mP&ma-.loAmn L) mus 'oe Q«.'l-endcc) for cr:_(j C(/n-ss \rr\PQe:rm-\o.Lm ﬂ;&"
L D _( I T i._n. -1 ,\ ‘ NJACJ. ND*-N nsLmt,’s, of Node < B> CQJ.SS
i S R R £ SO T vyt
L > l - ].‘ ! ‘} 4 LﬁNod“' . s 1 &i Pml_s o{:cﬁusss to l::e
Node 4 * o m the V\s‘r
LD A .
——y - F o ods as mrre:“f " f‘r;x node. i Ui que
l__> (o \ :- '.ia'!mi! J ,é,hm mb wihook Prchjcesgo—j k
heod beard L Node A. N Neden
- Crelr fisks | % =
LM i

t_;t N‘He&d"vccof ‘ Nade LT—AJ' m@‘é ;

{
L'S“ wt.“\ t:j\egs. JfO ;H\e an/ u‘{\\w\ USE'GO for c:noa.\&no:\:@s or mse'—&tncb aﬂer lrLe Oasj!‘ eden-m)f

: CLVO\der \'030 '}-L\rougl\

Mok L MNode n

‘rkaﬂ 'M t

DDj“OmC \mPQemlm.L\m uFGue.ue.s



bt Not . Zero [Sue Mot — Nume ros No...’mmDe.s 3 ((Num >z 0)
b lnle =2 ls m'\e | Pinte —» NUrmeres enkm (Rssilives msmlim]
addobs:: lnte = Na} --)Na.‘ B Mc\‘e-nas th enjtefo:jm ﬂo-le. obleniendo otro na bmp
@ CLd:b.Ls Z X = X—> S‘jmpre o Poslxwo,jo- gre c,o ane-voOOranxe-) {”d""“ xw
jﬂj o Q CoX quier c, poo cs-L-.. ?.e;l—o o CG'DCZ)J eO%ndo (Nc:--‘-) Sogt’-&(x >:0)
o ple .

i o

O._c’iéa"ci i SL(‘,(.ZPJO) —> S

D agdabs (5 2) x= Sc(addabs x 4) > Siempre sert posshuopor of musme mohve.
!O: “..':’lh <j,;-r:(; recursivi dod “d@P By “une S, vu%‘gu Z =X, X"—J
13dabs (S(S 2)) (sue seo) ( i
SUseea) <y (S (Sue(S . 2o )))
@ o.cUoJ:.s(PZ.) (Suc Zero) = oddoks Xy “
CLGBQ_‘:\; (P 2 (erdl. Buel adiibs o E"e';‘j Ensios -\\-\e. cooe '(:nds o3 P, i\‘w\wsus\«od A ndedd!

a..édo.l:s-.: ln‘le.-——-> Nc& _ Nc-.\' > =2 4 O - _L + (f ‘:1_ O\

CLAd&l'JS Z X =X ( B /
addabs (62) Y- Suc(addabs x 3) /) \ \,:“““"“ T -

addabs (P2) (Sic 200) = oddabs x
addabs (PZ) Zero = Sucfcddc\.lbs kj)

op23:: (0rda) =>[ad—>Lal
op23 (X:_cj:z.) = f(x 74 H-\er!m?-r: Lx} e x:(op22 (y: s))
op23 4.4 2" Geading o bmgdls 5
op23C4,231—> [4,2,31
op23C3,2,41> 4,37 —> 3>2 [43++033;[4,3]
op23[4,3,215 4,31 —>4-4 ; 352 ,;041++L33;04,3]
L> 4 (CJPZ,} [."\-;3 % : 2—:%/3;! > 4 [l++030
Xy s
LLal?, OF ¢ hse






USmj -hmc.s:: Not = Na“ -2 NOA /l '}ime& o o 2 & 'f;m- Fro.c.-\»ice 4

"'\‘me.s C done)
{Tmes-' A D a g #tv'e we o« Poro..n-e‘le—’ weouml\ one (o)

£+ 4 We ntoduce ane no:lu'ao, we o‘::!-au. onol( e e

fact: Not—Nat
Lol Zero—s Sczen  #ie I we cblan z8ro, the resllb is one — o):-4

focks: Swe (x) = times (foct x) (suc x) Fdt The hc_lbrc.p « n troduced
‘V Y
e n'z n-(n-4) re:w.siuepj

bﬂ e.XomPQe-_
focko Sue (Suex) > Lowes (Caet(Sie ) Soe (sue)

2= \i' = A ‘i .
‘H-T.D'ﬁﬁer thom 3 Ihis res of woux'r)a‘ be coe . har exm‘\:’)e Swed be 6L ailheend, alter 3-¢






= Ifgbgac. crodic <E» cdhe B> min2d (Plack>s, cdaciro)}
COO@C E> ci__'L - CCQOO. AE:.)C\:L.COacC)),‘
f(ls. Eg\lo._cio»f)?g 1 qd. esVaciee O0) )

ql: qd.Re

N
q,i FﬁCOD&Cs.ToPe()); L"‘ CVC’"JQT’
{ Z ™ H ‘r“::) ‘:f&u“ e, "_ }
2 i \ N
r'ﬁlu'n qi, JEAP'V?/O@bQPJU Ve MBue
{ ("f N DQ\N@}JQ

2022) o) public shohc <E> Rl <6 opzz (ColocE> q, Pla<E?9)]
Rlessd: (R, <E5) 5. dbne O
Cch.d-E‘aqi-. (Cooo.<E>) g- cOa-ec);
\-F('si _.ESVM‘-Q- O) ], sid-= S.i.l-)esC\P-Oo-C) 4 |
L()\'\\Oe(‘c‘i . Es\owcic. ) ; ‘ ’
Si. AP!U&- qu. Gbeze. 0)}
Qi = c\i Resto L);

4
rebun s

{






DATA STRUCTURE
English group

DEGREE IN COMPUTER SCIENCE ENGINEERING pa
First progress test - October 26th,2021 | (7%

och 1

1) The following specification of the Boolean ADT is based on two NON free gencrators, A2
where the second one reflects the classical NAND (negation of the conjunction) operation:

miw {4:/2./ES

data BoolNAND = Yes | NAND BoolNAND BoolNAND B ) \
- CEAY Y -
The canonical representatives of the two equivalence classes representing the notions of true
and false are, respectively, the terms ‘Yes’ and ‘NAND Yes Yes’.
operations --whose outputs must be always in normal form-- for normalizing a term of this ADT mix g 2t
as well as for evaluating an operation (considered now a modifier, not a generator) which
coincides again with the negated conjunction of Booleans:

nfBoolNAND
nand 2

BOOlNAND =-> BoolNAND
BoolNAND -> BoolNAND -> BoolNAND

Examples:
nfBoolNAND (NAND (NAND Yes (NAND Yes Yes)) (NAND Yes Yes))-> Yes
nand Yes (NAND (NAND Yes (NAND Yes Yes)) (NAND Yes Yes))->NAND Yes Yes

2) Consider the following Haskell specification:

mix21l :: Stack a -> Queue a -> Queune a /

min2l (x:/s) {q:.y) = (mix21 (y:/s) q) :. =
- mix2l (x:/s) q = mix2l 8 q

mix21l ES q = q

a) Write the Haskell terms obtained mnnn oe.mm:mnam the mc:ci_:m expressions:

mix2l1 ES {EQu:. .5) |V

mix21 (1:/2:/ES) EQu _C .
mix2l (1:/2:/E8)  (BQu:.3) (k] > L3 3
mix21 (1:/2:/E8) (EQu:.3:.4:.5) > g A

Implement this operation as two EFFICIENT Java methods with the following shapes:

b) HIGH LEVEL (use only the methods declared in the Pila and Cola interfaces):
public static <E> Cola<E> mix21 (Pila<E> s, Cola<E> gq)

c¢) LOW LEVEL (use only the attributes declared in CD, PD and Nodo classes):
public void mix21 (PD<E> s)

public interface Pila<E>{
public boolean EsVacial();
public void APila(E e);
public E Topa{) throws qbucwnkomxomﬂnwo:.
public Pila<E> DesaPila()throws TADVacioExceptiocn; }
public interface Cola<E>{
public boolean EsVacial();
public void EnCola(E x);:
public E Cabeza() throws TADVacioException;
public Cola<E> Resto() throws TADVacioException; }
public class PD<E> implements Pila<E>{
public Nodo<E> NodoCabeza;
public PD() {NcdoCabeza=null;} }
public class CD<E> implements Cola<E>{
public Nedo<E> NeodoCabeza; public Nodo<E> NodoFinal;
public CD() {NodoCabeza=null;NodoFinal=null;} }
public class Nodo<E> {
public E Info; public Hodo<E> Siguiente;
public Ncdo(E e, Nodo<E> n){Info=e;Siguiente=n;} }

Specify the following y 4 %

DATA STRUCTURE
English group

First progress test - Octol 2 32: ;:

U SOLUTIONS

1) data BoolNAND = Yes | NAND BoolNAND BoolNAND deriving Sho
B Versions using auxiliary operations ----  ===---

2. 1ES) Gy 2 nfBCOlNAND, aux _nfBoolNAND::
nfBoolNAND Yes = Yes
nfBoolNAND (NAND x y)= aux_nfBoolNAND

(NAND (nfBoolNAND x) (nfBoolHi 3 y})

BCoOlNAND -> BoolNAND

aux_nfBoolNAND(NAND Yes Yes ) = NAND Yes Yes
aux_nfBoolNAND {NAND } = Yes

[ES) ) T

9 nand, aux_nand:: BoolNAND -> BoolNAND -> BoolNAND
Lo ) nand ¥ y = aux_nand (nfBoolNAND x) (nfBoclNAND y)

1y
“aux_nand Yes Yes = NAND Yes Yes
N+ 4| aux_nand _ _ = Yes
y -t
8 Versions NOT using auxiliary operations - --——-=-
2 nfBoolNAND:: BoolNAND -> BoolNAND
nfBoolNAND Yes = Yes
nfBoolNAND (NAND Yes Yes) = (NAHD Y 5 Yes)
nfBoolNAND (NAND Yes (NAND Yes Yes)) = Yes
nfBoolNAND (NAND (NAND Yes Yes) Yes) = Yes
nfBoolNAND (NAND (NAND Yes Yes) (NAND Yes Yes)) = Yes
nfBoolNAND (NAND x v = nfBoo..N ND
(NAND (nfBoolNANL x) (nfl> _NAND y)!
< nand :: BoolNAND -> BoolNAND -> BoolNAND
nand x y = nfBoolNAND (NAND x y)
2)
a) mix21 ES {EQu:.3:.4:.5) 2> Eou 24 3 1o 04 2, 5
mix2l (1:/2:/ES) EQu > EQu
mix21 (1:/2:/ES) (EQu:.3) > EQu :. 1
mix21 (1:/2:/ES) (EQu:.3:.4:.9) = EGa . 4 1. 8% 51

b) public static <E> Cola<E> mix2l (Pila<E> s, Cola“E> g
{ Cola<E> g2= (Cola<E>) (g.cleonel());
if (!s.EsVacia() && !g2.EsVacia())
{g2=q2.Resto () ;q2.EnCola(s.Tope()):}
return g2;
}

c) public void mix2l (PD<E> s)
{ if (s.NodoCabeza!=null && NodoCabezal=null)
{®s.NodoCabeza. Siguiente=null, (*)
NodoFinal.Siguiente=s.NodoCabeza; el
NodoFinal=NodoFinal.Siguiente;
NodoCabeza=NecdcCabeza.Siguiente;

{*) (**) Also valid: NodoFinal.Siguiente=new Nodo<E>(s.NodoCabesi nfe,null. -
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SOLUTIONS
1) SPECIFICATION: 10+3 = 13% of the final mark (continuous assessment) _ 5
~ ' \ Ly.Cef 1)
a) The following data declaration (based on NON FREE generators) is useful for modelling .u_ WO L L 4 ~
integers: data Inte = % | S Inte | P Inte deriving Show. WHITOUT using . gey ¥ MHMM Uﬂm " ﬁm ‘" % i
auxiliary operations, specify a substraction operation subI:: Inte -> Inte -> Inte, ’ subT & (8 wv c B Ecgwx i
such that: if the inputs are not in normal form, then the output doesn’t need to be in subI (P x) (P y) = subl x y
normal form but, if the inputs are in normal form, then the output must be also in = s fe subI x (B y) = § (subl x y)
normal form. Examples: 30l Opt :
- \
subI (P (P (8 Z))) (8 (P (S8 (8 £)))) 2> P (P (P (P (5 Z)))) (¢ £ b) (*op22z (EQu:.1:.2:.3) (4:/ES) ce3 3 5/ (2 iF (1 2 ES))
- subl (P 2) (s (s 2)) 2 B (R (P 2) = op22  EQu  (4:/5:/6:/ES) -->5 i/ (6 :/ ES)
©p22 (EQu:.1l:.2:.3) (4:/5:/6:/ES) --> 3:/(2:/(1:/(5:/(6:/ES))))
b) Consider the following Haskell specification:
infixr 5 :/ data Stack a = ES | a :/ (Stack a) deriving Show
infixl 5 :. data Quene a = EQu | (Queme a) :. a deriving Show
op22:: Quene a -> Stack a -> Stack a
op22 (g:.x) s = x:/(op22 q s) o , Eauly )
op22 q (x:/y:/8) = y:/(op22 q (x:/8)) " bl i Sk . ., _public static <i> Pila<i> op2Z (Cola<i> g, Pila<i> s)
op22 _ = = Es ./ Sopdd EOW (M7) pilacs> s1= (Pilaci>)s.clone(); Cola<i> ql={Cola<E>)q.clone();
Write the Haskell terms obtained after evaluating the following expressions: | B s s it try {
op22 (EQu:.1:.2:.3)  (4:/ES) 3 e/ 214 PED if (Isl.Esvacia()) sl = sl.DesaPila();
op22  EQu (4:/5:/6:/ES) > o v e while (!gl.EsVacial()) {
op22 (EQu:.1:.2:.3) {(4:/5:/6:/ES) 2> - 2 -y sl.APila(ql.Cabeza());
37014 5 </ ; gl = gl.Resto(};
2) IMPLEMENTATION: 11+11 =22% of the final mark (continuous assessment) }
lcateh (TADVacicException ex) ( ex.printStackTrace{}; )
Implement the previous op22 operation as two EFFICIENT Java methods according to the ) zetuzs @l
following guidelines: 1) no more variables than the ones declared in the templates are permitted;
2) the try{..)catch (TADVacioExzception ex){ex.printStackTrace();} command b)
must be appropriately used when needed; 3) the input parameters in the HIGH level method will public void opZ2 (CD<E> q)
remain unchanged after calling such method and 4) the LOW level method will be able to alter { Nodo<i> aux=null;
the content of the input parameter as well as the content of object this inside the PD class: if (NodoCabeza!=null) NodoCabeza-NodoCabeza.Siguiente;
- + | N\ 7 , s s~ -—While (g.NodoCabeza!=null)
ol ! ’ St S L) {aux=g.NodoCabeza.Siguiente; q.NodoCabeza.Siguiente=NodoCabesza;
* ' NodoCabeza=g.NodoCabeza; ¢.NodoCabeza=aux;}
{ Pila<E> sl; Cola<E> gl; . . . } . v _ g f2 539
b) LOW LEVEL (use only the attributes of the CD, PD and Nodo classes ) . T Too ML JLHEH BOON s e ot i o o o B e S AT G R T A T TTrTTTTTTT
public void op2? (CD<E> q) liifop e EOv S JAVA CODE FOR TESTING:
{ Nodo<E> aux=null; [ 1 - ot
Lt ] opl2 ECuL /¢ “CD<Integer> gl=new CD<Integer>();
public interface Pila<E>| o L gl.EnCola(l); gl.EnCola(2);ql.EnCola(3);
public boolean EsVacia(); wif v 33 gl PD<Integer> sl=new PD<Integer>(};
public void APila(E e}; bl ol OF { ' sl.APila(6); sl.APila(5); sl.APila(4);
public E Tope() throws TADVacicExceptiony D R W au
public Pila<E> DesaPila()throws TADVaciocException; - Qpcc =4 System.out.println ("HIGH op22 (EQu:.1:.2:.3) (4:/5:/6/:E8) --> 3 :. 2
public Object clene(): } t.1:, 5:/ 6 :/ ES " + op22(ql,sl)):
public interface Cola<E>{
vﬁg,.ﬁ,.,n Uon.z.mmn EsVacia(); sl.0p22(ql);
wmwﬁm mommuwmmﬂw%nwpm e s System.out.println ("LOW op22 (EQu:.1:.2:.3) (4:/5:/6/:ES) --> 3 :. 2
public Cola<E> Resto() throws TADVaciocException: t. 1 :.5:/6:/Es "o+ osl);

public Object clonef(); }
public class PD<E> implements Pila<E>{

public Nedo<E> NodoCabeza: }
public clases CD<E> implements Cola<E>{

public Nodo<E> NodeoCabeza; public Nodo<E> NodoFinal; }
public class Nedo<E> |

public E Info; public Nodo<E> Siguiente; }




N (o

) < o) V@ .m ?\b 24 U 35¢~

: \,\_QQmV
b7 ~mqeoeeN B =N g

/ sp = 9299°D%FN P A
h.ﬂ\u D030 P V2370 .Ormuoruuﬁomm
' P
b apwechs oepeway b =
(e =i aeoeeeN B 3

~N

7 ~o2aqeoQoN = penbis 7D RN

OO Ve ﬂo.mr@tw% ..oﬁg, ._d,,_x.ch,‘.v...._\ e . :
Y : v = 50gou )

m atwein ,.W ; ..OMUJ.UUOQOZ - JOMOJ..OUOQOZ ﬂ;ac 19299

% ay = YOO AwVOBZ

5 4
\%@.\’ wh 8° norrooigiﬁ.man_w IH ﬂmu s Vgnu 5 27do groa uu?n_DL
A :

O150A QU Y TO¥S 1S

{

U_E7F) 309 m ° ¢~ 595
./.v 0 2TPOHOPONI €

~Q NuJOUoooZ



ij Q-) d—-ddo_&)s lnlre - No ¥ — Nc\.*
&édo-llS E W = X

%ddoks (s Zv} -lj . Suc_(a.éécks x “
Q.(BO-E)S CPZ_) (Sucb\-a 0—660135 x j
addaks (P2) y = Suc (od00bs % y)

b)op23:: (ord o) = LoI—>La]
op22 (xy:s): ifCx>g) then s++Cx]

opz [ QT TORR el
12 22[4.3,2
op23 C4,2,33%) op23 532_3 13 op ! ”
i_. COP23C2'3))(¢> E—3A--.f i: COPZE:(?;'Z))
152 (c.PZ.Zs(B.:---\)HLJ ié)l\bhos &
Ei:Z:B]

N ecesi bor e ot
‘2)1_:'. 42,3 L2- 45,6 —2 XS‘V’Z!‘.‘:L.J_.L.‘_L_S" s AmPQlUU L inbroducience
5w

Fjj L o L2
Oi LD CLtsl‘a. <E>L4, LD<E? Ley
PLE)(D ) '\Ué Lz 0005 -\vud . Noao Coslbelo-. = L2. NOdOColt?a)
0[51 2 . 1 4

Jn,:j \ W\,,.Oe L EsNocio.0)) 4

Nodo Cabeeo- = hew Nodo (L4 . chloezck(),. NodoCaleu, ).

/ &ﬁ;.cf.’pf(%} BOng-lud +1; <
fCOJ‘cln .. ) ; 5o > |mpa"\!m~l|'5‘rm_l |

PQ'&- ‘(’GCGJT@'_ odiQay j (.;'\\_;I‘!n— U  &EG
-, |

¢

PJLO‘;tOi%\é;Cs‘jf ;[a);_o: E.f> opz ( CO@)- <E> 9 pnoe. <E>s)]

1 I
Sd= (R'Oa. <E>)s.c one(); q‘i s £l <E>)q- Cvaf-(),'

‘}f_‘ﬂ (s EsVocio)) s4- sﬂ.Deso.PQc-()f
cwhi e ( kaq. Esloucic) )
S:L.AFMUO- (q4d.Cobeza);
91 : q4. Resto(y;

(( Ca'lokc-'-)x -
Yetorn sj_,

{






aa) e . Dl

1 ABL (AR2 (B4 AVAV) AB SAVAY) (AB3AV(AB 6AVAV)
v\ | Culpot st [6,1,03
) 3 -
RN SRS
L‘ 5 ' \\ é S eV

\ "J: - esvVo a

R
" L{\ \/\ te{ t ¢ L A AL Frrcci ;

‘-]‘ = RO § ﬂ‘ ;:‘\ < i' :.: “"r\\. eco ( \ >r \ 1 r !/;

P)bot = l‘c <E> lem. cu?r.: lnooc(AronB‘“O‘@ <E> U;
ink q, o Lih. 4—“\%0'3’ Oe“-,rrjﬂ- 500 rew LD () <> (),
W (1. EsVoucio 0) sl ARode(0); // \ndicea que eshe Voo'o
e Yoy 05:4 k(4. Sba%aglz%o O b b mrsﬁ D de());

// Eome-"odo l"OUQ q,g-ysm. Oo) nodo.s Uab moLceno. Gn Qe’F‘lc /’r‘ﬁ\.‘l
Gyl Los me.cena en V-

0 QE'(* Cal)e?-a-() r= rﬂ\\‘« Co.Le.w-() - “)
‘F(U-ﬂ') &tz eﬂ Ccﬂa.() SaoAmAe(O] '''''

dse i f (1 >r) ,rﬂm Colan; sol. AMH)A
Am(h.-d)
[CO.LC\Q (TAD Vacco EQCEFc,\.Oa ex)} ex. ?nnl O, f

reiun s 7

£
& :L o)

x Q.OO-

d)l‘\ma'ovc.
a Yoo deecho | 2qui edo- (deo €)
LAl Ei a1

CCJ"\d ICt C-‘:) P;{ eyl

:
O paunCrale



NJbGra.‘Fo ¢E>

2

N\
i‘ Z ) 2 fete !d'“f-_

oA 2
Ohci@')lf_sf- T T

y > )

. Nodes [GTZ12]374] I

T

- N ¢ T
SR 2 =
T

T

N

e
TR roon |
5 YISl me
(d v

2L



PN (12 % 5)* 4
% *(%12 SY4=%%12 54

x..

St O/

‘120 \7.° g— -

s s 5 2 2

d 9 x 9 X q # 4 3 4 = 8 8
@.&F aux  exp  owux exp oix  exp alx exp aux Erp ¥ Erp aux €Xp aox

}1\5} wk Oe(! exp. EsVocral ))}
i ( exp. Tope () insknee of Dakley ¢
X = (mooble) expapey;
€xP= exp Deos )
j:@mkoe?:gx-{mpem
apX = Aux. l!.-,o,
cPr.(S\‘hrﬁ) aux. 'l'OFGC),;
ALx = QL. .Ou. 0/
exp. AP.Oc-. (OP Ewﬂfn, CP,S“,
Se) aux. APcﬂa (exp.{‘oi:e()))
exp s Q}P.DebaF.Qo.()/'

aux, EBNocua Ol awx .'\'OPP-Q iskonceof Dmlﬂe)]

+
4 EsVacio) )
be] 02
13] l((Q_Estc\ﬁ() =~ ©

£ (1. stbobadDe (). EsVaco ())] p* 1. R (1,:

e iF () Glezalls )3
’ Smgaock.maﬁhqn,ﬂ.cﬁm)f

lse3' . melodo (4. sibo-bdDe0), U. Clla O
evs . metod (1. 5k /
Ty f

{ relwm ‘P/

( B_gﬁ oo (N }{Jfﬁmﬁ\ree
-»Pﬁbkjékoo Ll e B — b

—>C0ni:n,e(;o que f::%c;éjim.m . .sooz Q Cobeto-—o} /\?A )WC

R loes?D .
—>No Vo eszr::)A D cn new ABDCraxzi-rra.tz"/ArBi Arb2)

9.
- \nse~o ARD e b\‘c- Rs ‘n;H(ABD/x))






DATA STRUCTURE DEGREE IN COMPUTER SCIENCE ENGINEERING

English group Progress test on practices — December 21th 2023
NAME:
Java interfaces that can be used in this exam %:{ N
| — ~O. N\ N
public interface Lista<BE> { Pi\’ ;;‘) +F ((\.a" Yo )F )

public boolean EsVacial(); 2~f{( 2 ’!}“'*J ggg’,\l
public void Afade(E x); P ) N =
public E Cabeza() throws TADVacioException; +e E{ 12 %S 193 \__L ZF ( | Tk P

: . ; : /O =) =
public Lista<E> Cola() throws TADVacioException; _—~ NS
public void Concatena(Lista<E> 1); L& 2 T (V2 QoS <
public Object clone(); R L e “L L= — )R

} 7'2 > £ {2 ‘ﬁf’c;'. ) 21 oy i - , TN _g_
P Lo —~ QT
public interface ArbolBinario<E> extends Arbol<E> (;/
public booclean EsVacio(}; +23¢ Op |2 © 2 ‘
public E Raiz () throws TADVacioException; Ll R ! 2 \a S G ;
O S *

public ArbolBinario<E> SubArbollzgdo() throws TADVacioException;
public ArbolBinario<E> SubArbclDcho () throws TADVacioException;

1) [Reverse Polish Notation] In this exercise we are concerned with the second practice devoted to evaluate an
arithmetic expression stored into a general stack once expressed in RPN (reverse Polish notation). Given the arithmetic
expression 2+ ((12%5) *3), complete the following Java code for initializing a stack representing the same

expression in reverse Polish notation:

Pila = = new PD() ; s.APila( ; s.APila( 2¢ ); s.APila( 2 ) ;

+: )
s.APila(®/c ); s.APila( S ); s.APila( |2 ); s.APila( 2 );

In the table below, use only the cells required to represent the contents of stacks exp and aux after finishing cach
iteration when calling the method explained in class with the previous stack:

2 ((12%owmd)+

11E. | IIE. 2 ITE. 3 ITE. 4 ITE. 5 ITE. 6 ITE. 7 ITE. & ITE. 9 I1E, 10

I

S5 5

6/o ®/o %o

% 2 % 5 3 2

al X | Hrll w2 x| A

120+ [ 2| w2 Fi2(4 [ 2|T |2 3

exp | aux | exp | aux | exp | aux | exp | aux | exp | aux | exp | aux | exp | aux | exp | aux | exp | aux | exp | Aux

2) [Huffman trees] Complete in the next page the Java code of method code01 which receives a Huffman tree t
with at least two leaves and the ASCII code of a symbol s and returns a list only containing 0°s and 1°s representing the
Huffman code of s if such symbol is included in the tree t. Otherwise, the output must be the list [-1]. The number
of visited nodes in the tree must be minimized.

3) [Floyd’s algorithm] A floydij in a weighted directed graph is a path connecting two NON ADJACENT nodes i and
j and verifying that its weight is: 1) SMALLER that the weight of any other path between i and j and 2) BIGGER than
the double of the weight of its first arrow. Complete in the next page the Java code of method £1oydijs which retums
the number of floydijs found on a graph represented by its adjacency matrix.



DATA STRUCTURE DEGREE IN COMPUTER SCIENCE ENGINEERING
English group Progress test on practices — December 21th 2023

public static Lista<Integer> code0l (ArbolBinario<Integer> t, Integer s)
{ Lista<Integer> 1, laux; l=new LD{(); ArbolBinario<Integer> aux=new ABD<>{);

return 1;

public static int floidijs (int[][] adj)
{int inf = Integer.MAX VALUE, n = adj.length, i =0, j =0, k = 0, num = 0;
int[]1[] paw = (int[][])adj.clone(); Lista<Integer>[][] pan Floyd (paw) ;

return num;
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SOLUTIONS

1)

Pila s = new PD(); s.APila(3); s.APila(5); s.APila(12); s.APila('%');

s.APila('*'); s.APila(2); s.APila('+');
ITE. 1 ITE. 2 ITE. 3 ITE. 4 ITE. 5 ITE. 6 ITE. 7 ITE. 8 ITE. 9 ITE. 10
2
Pelet Tkt 12
FQA)l T%l TOA’I l()/of '0/9' 2
12 12 12 B 12 [atE Lt Yt i
5 5 2 5 2 5 2 5 2 2 2 2 2
3 $+l 3 “+! 3 l+! 3 !+l 3 l+' 3 !+l 3 '+l 6 |+f 8 8
CXp | aux | ¢Xp |aux | eXp | auX [ ¢Xp | aux | eXp | aux | exp | aux | eXp | aux | CXp | aux | eXp | aux | ¢xp | @

2)

public static int percent

{

( ArbolBinario<Integer> t,
Lista<Integer> 1)

Integer p=-1; ArbolBinario<Integer> aux=new ABD<>();

if (!t.Esvaciol())

try{ if (l.EsVacia())

{if (t.SubArbolDcho() .EsVacio(}) p=t.Raiz();}
else if (l1.Cabeza()==0)
p=percent (t.SubArbolIzqdo(},l.Colal());
else p=percent (t.SubArbolDcho(),1l.Cola());
}catech (TADVacioException e) ({System.out.println(e);}
return p;
}
2)
pUblic static Lista<Integer> cycle(int/] [] adj) 4
ifit inf=Intgger.MAX VALUE/\ minweight=Integey|. MAX VALUE,
n= adj.length/[ i=0, J=p;
i stakInteger> solf=new LD<[Integer>(};
istdfkInteger>[][[] path/= [Floyd(adi) s
for [(L=0;i<n;i++
br  (3=0[; j<nf p++)
if [(i!E]) d&ladjfil []]!=inf &&\adjfj] (i) !=ipf
&& (AGY[11/M31+d4dj[371[1]) dmipweight)

return s01;

| minweightsadj[il(jldyad]j(j][i];
sol={Lista<Inteder>/) (path[i] []j].CQola{) .clone())’;
sol.Concatena (pat®]jl [i].Cola()):\}
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NAME:

Java interfaces that can be used in this exam

public interface Lista<E> { / .
public boolean EsVacia(); (129 )
public void Afade (E x);
public E Cabeza() throws TADVacioException;

public Lista<E> Cola() throws TADVacioException; %-’:1 ey

public void Concatena(Lista<E> 1); Vi SO R

public Object clone(); g/
public interface ArbolBinario<E> extends Arbol<E> %Pfkb 12 S :

public boolean EsVacio();

public E Raiz() throws TADVacioException;

public ArbolBinario<E> SubArbolIzgdo () throws TADVacicException;
public ArbolBinario<E> SubArbolDcho() throws TADVacioException;

}

1) [Polish notation] In this exercise we are concerned with the second practice devoted to
evaluate an arithmetic expression stored into a general stack once expressed in PN (Polish
notation). Given the arithmetic expression 2+ ( (12%5) *3), complete the following Java code
for initializing a stack representing the same expression in Polish Notation: D » 0/0

>
Pila s = new PD(); s.APila( > ); s.APila( O ); s.APila( \2 );
s.APila( % ); s.APila( »* ); s.APila( 2 ); s.APila( + );

In the table below, use only the cells required to represent the contents of stacks exp and aux
after finishing each iteration when calling the method explained in class with the previous stack:

ITE. 1 ITE. 2 ITE. 3 ITE. 4 ITE. 5 ITE. 6 ITE. 7 ITE. 8 ITE. 9

ITE. 10

£
*

Fad 'z
Y ° /o %I %o °/o
1. 12 Yo | 8 \2 | % %

™
™

[ [

%
S [ 294 D2 § Sl21% |2
_fa

ikl ES - BREY K 2 6|18

aux [ CXp | auxX | CXp | auxX | eXp | auX | €Xp | auX | ¢Xp | aux | ¢Xp | auxX | €Xp | aux | €Xp | aux | exXp

aux

2) [Huffman trees] Complete in the next page the Java code of method percent which
receives a Huffman tree with al least two leaves and a list only containing 0°s and 1°s. If such list
corresponds to the Huffman code of a symbol in the tree, then the method must return the
percentage of such symbol. Otherwise, the output will be -1.

) [Flgyd.s algorithm] A cyck in a graph is a path starting dnd ending in the same node and the

stjof hodics ardnot feReated. Gomplétd\in the ekt page thoyava cod€of method eyole which
-récgives\thg adjadengy matrix of¥a grdph and, gfter {pplying the Floyd’s algorithmhory it, tetuyns\a
ligt [with ‘g 1\the nodgs (without repetitionshinvolved, on/the cy¢le with the’lowest weight in the
graph. If therg/are no cycles in the graph, the output will be an empty list.
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public static int percent (ArbolBinario<Integer> t, Lista<Integer> 1)
{ Integer p=-1; ArbolBinario<Integer> aux=new ABD<>();

if (!t.EsVacio())
try{

}catch (TADVacioException e) {System.out.println(e);}

return p;

Integer®) cyfle (ipt[1{]1 adj)

mipwejyghtFIntedest . MAX VALY

plablic statigd LAilsts

it f#Integery. MAX /VALUH,
n=/ady. length, /i50, =0, (k=0
LilgtlafIntlegetr> golfngw [[D<Infegers (

Lilgte<Injeger>Y] [] \$ath = Floyd\(adj)

return sol;




DATA STRUCTURE_ DEGREE IN COMPUTER SCIENCE ENGINEERING
Progress test on practices — December 21th 2023

English group

SOLUTIONS

1)
Pila s = new PD{(); s.APila("+"); s.APila("*"); s.APila(3.0);

s.APila(“%"”); s.APila(5.0); s.APila(12.0); s.APila(2.0);

ITE. | ITE.2 ITE. 3 ITE. 4 ITE. 5 ITE. 6 ITE. 1 ITE. 8 ITE. 9 ITE. 10
12.0

5.0 5.0

%" e '

3.0 3.0 30 150130 3.0

ma v 12,00 ¥ 1204 Y 20| P 120 6.0

i Ll o Rl | R S R il B3 R il e 6 S R i B 8.0

CXp |aux | exXp |aux |exXp |auxX | exp |aux | exp | aux | exp | aux | exXp | aux | ¢Xp | aux | eXp | aux | exp | aux

2)

public static Lista<Integer> codeOl (ArbolBinario<Integer> t, Integer s)
{ Lista<Integer> 1,laux; l=new LD();
ArbolBinario<Integer> aux = new ABRD<>();

try |
if (t.SubArbolDcho () .EsVacio())
{ if (s != t.SubArbollzgdo().Raiz()) 1l.Aflade(-1);}
else { 1 = codeOI(t.SubArbolIzgdo(), s);
if ((l.EsVacia() || l.Cabeza() != -1)) 1.Afiade(0);
else { 1 = codeOl(t.SubArbolDcho(), s);:
if ((l1l.EsVacia() |! 1l.Cabeza() != -1)) 1l.Anade(l);

t
}
}catch (TADVacicException e) { System.out.println(e); }
return 1:;

3)

public statiec int floidijs(int[][] ad]j) {

int inf = Integer.MAX VALUE, n = adj.length, i = 0, j =0, k =0, num = 0;
int[] [] paw =(int[][]) adj.clone(); Lista<Integer>[][] pan =Floyd(paw);

for (i = 0; 1 < n; 1i++)
for (j = 0; j < n; J++)
try {
if (i !'= 3§ &s adj[il[j] == inf s&& paw[i][§] != inf &&

(2 * adjl[i]l[pan[i]l[j].Cola().Cabeza()]) < paw[i]l[]]) num++;
}eatch (TADVacioException e) {System.out.println (e} ;}
return num;
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Vocabulary 1: The Arts

1 Both words in each of the pairs below can be used in combination with one ol the
words in the box. Write an appropriate word from the box in cach ol the spacces. There

is an example at the beginning (0).

@Animal magic

i |

novel opera  eomeert painting  stone  classical  gallery }

0 open-air concert 1
jazz

2

3

2 Which people do you associate with cach of the lollowing areas of the arts?

ballet 4 portrait
music art
singer 5 abstract
house priceless
sculpture 6 detective
statue historical

theatre  music  literature a:

Example:

Theatre: actor, actress, director, cast, plavwright, audience

Check your answers in the Wordlist on page 208.

Carmad] fowt
Gapped text

1 o Look at the work of art in the photograph and discuss the following questions,

What type ol person might want to own such a work ol art?
Where might they put it on display?
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