Sem 2 (Bittner) Top 5: English in CCG + DL Spring 2009

Lecture 9-10
FROM ENGLISH TO DL COMPOSITIONALLY

1. Goal: Sample predictions
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Jim! came in. He1 sat down. antecedent name
O =y [u1] ur = jim, cme; ur]; [Site; u]

iff [jim]™ € Y[eme]™ & [jim]™ € V[sit]"

Jim' has? a wife. She; is a doctor. antec. indefinite
O |=um [u1 ua| uy =jim®, us wifeee ur]; [dre; us]

iff Ad(d, [jim]") € V[wifec]™ & d € M dr. ")

Jim' doesn't have? a wife. She; is a doctor. negated indef.
O |=u [wn] uy = jim®, notfuz| us wifeee ur]]; [dre ua]
iff —=Ad(d, [jim]") € V[wife.]™) & o € M dro "

(At least) one' student solved every2 problem. quantifier scope:
O =y [u1]| stde; uy, [tz proe uz] = [t $Deer uz]] SU > DO
iff Ae(c € Vstd, " & Vd(d € "[prbu]" — (c, d) € V[slveu]"))

O |=um [[ua| proe uz] = [ui] stde ur, uy SIeer u2]] SU < DO
iff Vd(d € Y[[prbe]™ — Ac(c € Vstd]" & (c, d) € V[slvea]™))

Every! student attempted but no? student solved one? problem. s/DO coordination
O [=u [us| prbe us, [uy| stde ur] = [ua| uy attee us], notfuy| stdy, ua, s e u3]]
iff Ad(d € V[prb.] & Vb(b € V[[std,]" — (b, d) € V[[atte]")

& —3c(c € M[std]" & (b, d) € V[slveu]™))

Al" gave every? student herz3 homework. ‘bnd. vbl.” ana.:
O =y [u1| ur = al, [ua] stdy uz] = [us| uz hWeer Uz, Uy @Vleeer Usttz]] DO > 10

iff Vd(d € "[std]" — Ac((c, d) € P [hwea]™ & ([all, ¢, d) € V[gVtee]™)

Al gave every? letter to itsp® addressee. ‘bnd. vbl.” ana.:
O =y [u1| uy = al, [ua] ltre un] = [us| us adree Uz, Uy @Vteeer s3] DO > PP
iff Vd(d € V[try]" — Ac((c, d) € Vadre]" & ([all", d, ¢) € " [gVteee]™)

Al' gave every? man a3 whiskey and every4 woman a® cocktail. [DO 10] coord.
O [=um [ur| wr = al, [ua| mne un] => [us| whse us, uy @viteeer Ustia],
[1a] wmesug] = [us| chte us, uy gvteee: ustia]]
iff Vd(d € “[mne]" — Ac(c € Vwhsa]" & ([all™, ¢, d) € V[ gvtcea]™)
& Yd(d’ € "wm]" — Ac(c’ € ckta]” & ([all", ¢, d) € V[gVteee]™)

Every' man who marries a2 woman gives her ad ring. donkey rel. clause
If a® man marries a2 woman hes gives herz ad ring. donkey conditional
O |=u [[ur ua| mne uy, wmer uz, ty mrree: un] = (3| rnger us, tr gViceer Uzt ]]
iff Vb, c(b € U[mna" & ¢ € Pwma]" & (b,c) € S mrr ™

— 3d(d € "[rng]" & (b, d, ¢) € V[[gVteeed]™))
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2. English fragment 2: CCG + DL

e  UNIVERSAL RULES

(>) Forward application
oy = X: Pa

X/Y: ﬁab

Y:

(<)  Backward application
X\Y: Bap =_ X: Pa

Y: o,

(>T) Forward type-raising

X:a,

=1 Y/(Y\X): Afa(fa))

(<T) Backward type-raising

X:a,

= YNY/X): Afa(for)

(>B) Forward composition

X/Y: ﬂab

(<B) Backward composition

Y\Z: o,

e ENGLISH LEXICON

i. English categories:

!

n =
dp =
prd =
prd’ =

n/np,s vp
s/vp VPr
Sse\NPA xlylz =
prd/np,s x\y/z =

i1. Category-to-type correspondence, tp:
To any English category X, the function tp assigns a DL-type as follows:

tp(s) =
tp(np)
tp(n) =
iii. Eng. item
came.in
come.in
saw
see
spoke
speak
gave

give

T
E

(ET)

tp(X/Y)
tp(X\Y)

Y/Z: a, =.p X/Z: Av(Pav)

X\Y: Bup = X\Z: Av(fav)

AB-categories based on {s, np, n}, plus the following abbreviations:
= s\npy
= sp\npy  for any feature F € {inf, sc, to}!

x/y)/z
(x\y)/z

= tp(V)tp(X)
= tp(V)tp(X)

Category X: DL-translation of type tp(X)

vp: Av[cme v]
Vpinf: )W[Cmet V]
vp/npa: AvV[v seeees v

VPinf/NPa: AV V[V Se€ee; V']

Vp/MPso: AVV[V SPkeer V']

VPinf/MPro: AV V[V Spkeer V']

vp/dp/mps: Av'OV(QAV TV @VEeees vVV'])
vp/dps/mpa: Av"OV(QAV TV @Vteeer vV])
VPin/dp/mpa: Av'OV(OAV TV gVteee: v'V])
VPind Apro/npa: AV "OV(QAV TV @Vleee: vV])

I inf= (bare) infinitive, sc = small clause, to = fo-infinitive
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is, was

be

has”

have”

isn’t, wasn’t
didn’t
doesn’t
he,

him,,

his,,”

n

Jim

doctor
wife
who
a

a", one”

every”

no

if
and, but

Top 5: English in CCG + DL

vp/prd: AP(P)

Vpin/prd: AP(P)

vp/prd’: ARV([u,]; Rvuy,)
Vpin/prd': ARV([u,]; Rvuy,)
vp/prd: APv[not Pv]

Vp/Vpini: APv[not Pv]

Vp/Vpini: APv[not Pv]

npx: Uy,

Npa: Uy

s/vp/m': ARP([un]; Rumity; Puy,)
vp\(vp/np)/n': ARR V([u,]; Rumitn; R u,v)

s/vp: AP([un| u, = jim°]; Puy)
vp\(vp/np,): ARV([u,| u,= jim®]; Ru,v)

n: Av[dre v]

n': AvV[v wifeee v7]

n\n/vp: AP 'Pv(Pv; P"V)

prd/n: AP(P)

prd’/n": AR(R)

s/vp/n: APP ([u,); Puy; P'u,)
s\(s/np,)/m: APP ([u,]; Puy; P'uy)
vp\(vp/np,)/n: APRv([u,]; Pu,; Ru,v)

s/vp/n: APP1[u,]; Pu, = P'u,]
s\(s/np,)/n: APP [u,]; Pu, = Pu,]
vp\(vp/np,)/n: APRv[[u,]; Pu, = Ru,v]

s/vp/n: APP not([u,]; Pu,; P'u,)]
s\(s/np,)/n: APP Tnot([u,]; Pu,; P'u,)]
vp\(vp/npa)/n: APRv[not([u,]; Pu,; Ru,v)]

dp:/dp: AQ(Q)

s/s/s: Apq[p = q]

s\s/s: Agp(p; q)

vp\vp/vp: AP 'Pv(Pv; PV)
(s/mp,)\(s/mpa)/(s/np,): AP'Pv(Pv; P)

Spring 2009
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3. Examples of semantic composition
All DL translations are reduced as much as possible by (valid) A-conversion and/or merger.

DISCOURSE (1)
1" Jim' came.in

s/vp: AP([u1| uy =jim®]; Puy)  vp: Av[cmie v]
>

s: [u1| ur =jim®, cme; u1]

(1% derivation 1
he; sat.down

npx: U s\npy: AV[site V]
<

S: [Site u1]

derivation 2
he, sat.down

npx: U s\npy: Av[site v]
>T
s/(s\npy): AP(Pu;)

S: [Site u1]

DISCOURSE (2)
2" Jim! has? a wife

s/vp: AP([u1| uy =jim®]; Puy)  vp/prd’: ARV([uz]; Rvupy)  prd'’/mn’: AR(R) n': AvV[v wifeee v
>

prd’: AvV[v wifeee: v']
>

vp: AW[ua| us wifeee v]

st [uy up| uy =jim®, uy wifeee u1]

(2% she, is a doctor
npy: Uy s\npy/prd: AP(P) prd/n: AP(P) n: Av[dre v]
>
prd: Av[dr. v]
>
s\npy: Av[dre v]
<

S: [dre uz]
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SENTENCE (3')
e derivation 1
Jim! doesn't have? a wife
>
s/vp: VP/VPinf: Vpin/prd’: prd’:
AP([u1| uy = jim®]; Pu;)  APv[not Pv] ARv([uz]; Rvuz)  AvV[v wifeee v
>
VPinst Av[ua| tr Wifeee, V]
>
vp: Av[not[us| uy wifeee v]]
1
>
s: [ur] uy = jim®, not[us| us wifeee u1]]
! AP([w1| uy = jim®]; Puy) Av[not[uy| uy; wifeee v]] >
([u1] uy = jim®]; Av[not[ua| us wifee v]]ur) A-cnv
([u1| uy = jim®]; [not[uz] uy wifeee u1]]) A-cnv
[t1] uy =jim®, not[uz| uy wifeee ui]] F.mrg
e derivation 2
Jim! doesn't have? a wife
>
s/vp: VP/VDinf: Vpin/prd’: prd”:
AP([u1| uy =jim®]; Pu;)  APv[not Pv] ARv([uz]; Rvuz)  AvV[v wifeee v7]
vp/prd’: ARv[not([uz]; Rvuy)]
s/prd’: AR[uy| uy = jim®, not([uz]; Ruju;)]
3
>

s: [u1| uy =jim®, not[us| uy wifeee u1]]

' AR(APv[not Pv] AR V([us]; Rv'u2)R) >B
AR(APv[not Pv] Av([uz]; Rv'uy)) A-cnv
AR(Av[not Av ([uz]; Rvuz)v)) A-cnv
AR(Av[not([u2]; Rvuy)]) A-cnv
ARv[not([u2]; Rvuy)] abr.

2 ARAP([uy] uy = jim®]; Pur) AR v not([uz]; R v'u2)]R) >B
AR(AP([u1| uy = jim®]; Puy) Avnot([uz]; Rv 'uz)]) A-cnv
AR([u1| uy = jim®]; Avnot([u2]; Rv uz)]ur) A-cnv
AR([w1| uy = jim®]; [mot([u2]; Rujuz)]) A-cnv
AR[uy| uy = jim®, not([uz]; Rujuy)] F.mrg

3 AR[uy| uy =jim®, not([u2]; Ruiuz)] AvV[v wifeee v'] >
[ty uy = jim®, not([uz]; AvV[v wifeee v ]uius)] A-cnv
[t1] wy = jim®, not([uz]; AV[V Wifeee: u1]uz)] A-cnv
[ty uy = jim®, not([uz]; [uz Wifeee u1])] A-cnv
[11] w1 = jim®, not[ua| us wifee u1]] F.mrg
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SENTENCE (4)

* reading SU > DO
one' student solved every? problem
s/vp/n: n: vp/Mpa: vp\(vp/np,)/n: n:
APP([u1]; Puy; P'uy)  Av[stdy vl AvV[vslve, v  APRV[[uz]; Pup; = Ruyv] Av[prbe v]
1 > 2 >
s/vp: vp\(vp/np,):
AP ([uy| stde ui]; P'uy) . ARV[[ua| prbe; uz] = Runv]

<
vp:

\ M[[ua] prbec uz] = [v $lvee u2]]

s: [u1] stde wr, [ua] prbe us] => [U1 5o u2]]

b APP([w1]; Puy; P'uy) AV[stdy v] >
AP ([u1]; Av[stde v]uy;, P'uy) A-cnv
AP ([u1]; [stde ur]; P'uy) A-cnv
AP ([uy| stdes ui]; P'uy) F.mrg
2 APRV[[uz]; Pus = Rupv] Av[prbe v] >
APRV[[u3]; Puz = Ruav] Avprbe v a.v.
ARV[[uz]; Avprbes v uz = Ruyv] A-cnv
ARV[[u2]; [prbes ua] = Ruyv] A-cnv
ARV[[ua| prbe; uz] = Runv] F.mrg
3 ARV[[ua| prbe; uz] = Ruav] Av V[V $lvee v <
ARV[[ua| prbe; uz] = Rupv] AvV v 5o v] a.v.
M[[ua] proe uz] = AWV V" $Ieer v uav] A-cnv
M[[uz| proe uz] = Av'v” $lvee, uz]v] A-cnv
M| prbe; uz] = [V $Iveer u2]] A-cnv
4 AP ([uy| stdes ui]; Puy) Av[[ua| proe uz] = [V $Ieer u2]] >
([u1] stde ur]; Av[[ua) proe; uz] = [V $Ieer ua]Jur) A-cnv
([e1] stde, ur]; [[ua| proe ua] = [ur $Weer u2]]) A-cnv
[t1| stdey uy, [Ua| proe; uz] = (U1 SIVeer Uz]] F.mrg
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* reading DO > SU

one' student solved every? problem
s/vp/n: n: vp/npy: s\(s/np,)/n: n:
APP ([u1]; Pui; Puy)  Av[stdev] AvV[vslve, v APPT[uz]; Puy = Puy] Av[prbe v]
1 > 2 >
s/vp: s\(s/npa):
AP ([uy]| stde; ui]; P'uy) AP T[uz| prbe: uz] = Pus)
3 ~B
s/npy:
AvTuy| stdes uy, uy SIeer V7]
4 <
S:
[[uz| prbe; uz] = [u1| stde; ur, g SWeer uz]]
b APP([w1]; Puy; P'uy) AV[stdy v] >
AP ([u1]; Av[stde v]uy;, P'uy) A-cnv
AP ([u1]; [stdes ur]; P'uy) A-cnv
AP ([uy| stdes ui]; P'uy) F.mrg
2 APP [ua]; Puy = P'up] Av[prbe v] >
AP [ua]; Av[prbe viua = P'us] A-cnv
AP T[uz]; [prbe: uz] = Pus) A-cnv
AP [uz| prbe: uz] = Pus) F.mrg
3 AP ([uy] stdes ui]; Pur) AvV[v slvee: v']v') >B
AV AP ([uy] stdes ur]; P'uy) AvV[v $lvee; v7v) a.v.
AV AP ([uy] stde ur]; P'uy) AV[V $Ieer v7]) A-cnv
(] stdes ur]; AV[V $Iveer v uy) A-cnv
A ([uy]| stdes ur]; [ty SDVeer v']) A-cnv
v Tuy| stdy uy, uy SIWeer v F.mrg
4 AP [uz| prbe; uz] = Pup] Avuy| stde uy, uy $Ieer v7] <
[[ua] prbe; uz] = Avuy| stdy uy, uy SWeer v’ uz) A-cnv
[[uz| prbe; uz] = [u1| stdes u1, 1 SWVeer Uz]] A-cnv
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SENTENCE (5): s/np, coordination

a.

every' student attempted
s/vp/n: n: vp/np,:
APPT[u1]; Puy = Pui]  Av[std v] MYV attee v
>
s/vp:
AP T[uy| stdes ui] = P'uq]
>B
s/npy:
M [uy| Stde ur] = [y attee v
no2 student solved
s/vp/n: n: vp/npa:
APP Tnot([uz]; Pup; Puy)]  Av[stdev]  AvV[V slvee v
>
s/vp:
AP Tnot([uz| std. uz]; P'uz)]
>B
s/npy:
Avnot[uy| stde, ua, s SWeer v]]
one’ problem
s\(s/np,)/n: n:
APP ([us]; Pus; Pus)  Av[prbe v]
>
s\(s/np,):
AP ([us| prbe; us); P'us)
X :=s/np,
(a) but (b) one® problem
X: x\X/X: X: s\x:
W [uy| stdy u] = [uy attee, v]] APPv(Pv, Pv)  Avnot[uy| std, uy, tuy sIvee, v AP ([us| prbe, us]; Pus)
>
x\X:
APV(Pv; [not[uy| std,; us, s SIVee v])
<

X:

M[[w)] stdey ur] = [uy attee v], n0t{us| stde, uy, ty $1vee v]]

S:
[M3| prbet us, [M1| Stdet ul] = [ul Alteer u3]a n0t[u2| SIdet U, Uy Slveet Z’t3]]
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Homework 5

Use the lexicon of the English Fragment 2, and extend it with suitable lexical entries to derive
the following translations of the English sentences (6)—(8). (Do NOT add any combinatory rules,
i.e. use only >, <, >T, <T, >B, and/or <B):

(6) Al gave every? student herz? homework.
(6" [wi| w1= al, [uz] stdes ua] = [us| ur gvteeer uztin, Uz Aweer u2]]

(7) Al' gave every? letter to its,3 addressee.
(7" il wr= al, [ug] ltrec ua] = [us| ur @iteeer oz, uz adr oo u2]]

(8) Al" gave every? man a3 whiskey and every* woman a® cocktail.
(&) [u1] uy = al, [uz] mneuz] = [us| uy @vteeer ustiz, Whse, us3],
[ua] wme,us] = [us| uy @vteeer tsita, Chter us]]
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Solution to homework 5

SENTENCE (6)
a. herz? homework
dp/n’: n':
ARP([u3]; Ruous; Pus) AV[V AWy V]
>
dp:
A‘P([u3| us hweet MZ]; Pu3)
b. gave every? student herz3 homework
>
vp/dp/np,: (vp/dp)\(vp/dp/np,)/n: n: dp:
WOV QA Y gVleee v'V]) APTOV[[1s]; Puy = Tuy Qv]  Av[stde v]  AP([us| uy hwey us]; Pus)
>
(vp/dp)\(vp/dp/np,):
ATOV[[ua| st up] = Tu, Qv]
<
vp/dp:
AOV[[uo| std,, uy] = QAV'TV @Vt eeer vU12]]
>
vp:
A'V[[MZ| Stdet u2] = [u3| us hweet u, v theeet u3u2]]
c. Al gave every? student her® homework
>
s/vp: vp:
AP([uy| uy = al®]; Puy)  AV[[ug] stde, up] = [u3] tz AWee U, V @Vl eee, Uz ]]
>
s:

(1| uy = al®, [uy| stde us] = [u3| us hWeer s, Uy GVl eeer U3l ]]

11
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SENTENCE (7)
a. to its23 addressee
dp,/dp: dp/m': n':
AO(Q)  ARP([us]; Rusus; Puz)  AvV[v adre v]
>
dp:
A‘P([MS‘ Us adreet uZ]; Pu3)
>
dpro:
AP([us| uz adr e us); Pus)
b. gave every? letter to its2® addressee
vp/dp,,/np,: (vp/dp,,)\(vp/dp,/np,)/n: n: dp;,:
A OW QMY @Vteees v'V]) APTOV[[Us]; Puy = TusOv]  AV[ltry vl AP([us] u3 adr ey us]; Pus)
>
(vp/dp,)\(vp/dp,/np,):
ATOV[[uy] Itre; us] = Tu, Qv]
<
vp/dp,,:
AOV[[uo] Itre, up] = OQAVTY @VEseer uav ]
vp:
M| Itre, uy] = [us| u3 Adree, U, V @Vt eer Uai3]]
c. Al gave every? letter to its2® addressee
>
s/vp: vp:
AP([uy| uy = al°]; Puy)  AV[[ua] ltre; up] = [us| U3 adPee iz, V @Vl eeer trtt3]]
>
S:

(1] uy = al®, [u| ltre; un] = [us| U3 adree s, Uy @Vteeer trtt3]]

12
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SENTENCE (8): [DO I0]-coordination

a. every? man al whiskey
(vp/dp)\(vp/dp/np,)/n: n: dp/n: n:
APTOV[[uy]; Puy = Tu,Ovl  Av[mn,, v] APP ([u3]; Pus; P'us) A[Whs,; V]

> >
(vp/dp)\(vp/dp/np,): dp:
ATOV[[uy| mne; uy] = Tuy Ov] AP ([us| whse us]; P'us)
<T
vp\(vp/dp):
AF(FAP ([us| whs us]; P'us))
1 <B
vp\(vp/dp/np,):

ATV[[un| mng, uy] = Tup AP ([us] whs, u]; Pus)v]
: AT(AF(FAP ([us| whs e us]; Pus)) AT'Ov[[ua] mng, uy] = T'uy Qv]T)

AT(AF(FAP ([us| whs,, us]; P'us)) AQV[[us| mn,, uy] = Tu,Qv]) A-cnv
AT(AQVI[uz| mne, up] = TuOv] AP ([us| whse us]; P'us)) A-cnv
AT(Av[[ua] mn,, up] = Tup AP ([us| whs., us]; P'uz)v]) A-cnv
ATV[[uy| mng, uy] = TupAP ([us| whse, us]; Puz)v] abr.
b. every? woman ab cocktail
(vp/dp)\(vp/dp/np,)/n: n: dp/n: n:
APTOV[[uy]; Puy = TusQvl  Av[wmy, v] APP ([us]; Pus; P'us) Av[ckt, v]
> >
(vp/dp)\(vp/dp/np,): dp:
ATOV[[usg] wme, ug] = TusQv] AP ([us| ckt., us]; Pus)
<T
vp\(vp/dp):
AF(FAP ([us| ckt,, us]; Pus))
2 <B
vp\(vp/dp/np,):

ATV[[us| wme us] = TusAP ([us| ckte: us]; P'us)v]
2 AT(AF(FAP ([us| ckt,; us); P'us)) AT'QOv[[ug] wme, ug] = TusQv]T)

AT(AF(FAP ([us| ckte us]; Pus)) AQv[[ual wim,, us] = TusQv]) A-cnv
AT(AQV[[ua| wme; us] = TusQv] AP ([us| ckty us]; P'us)) A-cnv
AT(AV[[ug] wmg, ug] = TugAP ([us| ckt,, us]; P'us)v]) A-cnv
ATV[[ug] wme, ug] = TugAP ([us| ckty; us]; P'us)v] abr.

c. x := vp\(vp/dp/np,)

every2 man a3 whiskey and every* woman a5 cocktail
<B <B
X: X\x/X: X:
ATV[[uy| mng, uy] AUUTV(UTv, U'Tv)  ATV[[ug] wme, uy)
= Tur AP ([us| whse us]; Puz)v] = Tus AP ([us| ckto, us]; Pus)v]
>
X\x:

AUTV(UTY; [[ual wme us] = TuadAP ([us| ckte: us]; P'us)v])
<

X:
ATV[[us] mne uy] = Tus AP([uz| Whs, us]; Pus)v, [us] wmy, us] = TugAP ([us| ckt, us]; Pus)v]

13
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2.1

22

23

2.3

Al gave

Spring 2009

every2 man a® whiskey and every* woman a5 cocktail

<

s/vp: vp/dp/np,: vp\(vp/dp/np,):

AP([uy| uy = al®]; Puy)  Av'OVW(QAVTV @Vteee, vV])  ATV[[uo| mng, us] = Tuy AP([us| whs,, us]; Pus)v,
(4] wme, ug) = TugAP ([us| ckt., us]; Pus)v]

1

<

vp:

M[[ua] mng us] => [us| Whs o us, v @Vteeer sthr],
[1g] Wher tg] = [us| Chtor s, V @Vceer Usis]]

2

S:

(11| uy = al®, [uo] mng, uz] = [us| WhSe Uz, V @Vleeer Ustta], [Ua] Wier ts] = [us| chto, s, V @Vteeer Usits]]

ATV[[uo| mhg, ux] = Tup AP([us| Whse, us]; Pus)v,

[l Wi, us) = TusAP ([us| ckte, us]; Plus)v] Av QW QA TV gVicees v'V])

ATV[[u| mng uy] = Tupy AP([us| whse, us]; Pus)v,

[u4| Wl u4] = Tu4A‘P([u5| thet uS]; P,MS)V] Av /QV W(QA’V ”[V //,gvteeet V”V/J)
M[[uy] mng us] = 'OV (O V" @Vleees V'V Nua AP([3| Whs s us]; Pus)v,
[tg] wme, ug] = WOV (QAV V" @Vt oo vV s AP ([us] ckt,, us]; Pus)v]
M[[ua| mn u] = A0V (OAv V"’ @Vt eer V't ))AP([u3] Whs s us]; Puiz)v,
[u4| Wil u4] nd A'QV W(QA'V ”[V Wtheeet v”u4])/1P’([u5| thet M5], P/MS)V]

M[[uy| mng, uy] = Av"(AP([us| whs; us]; Puz)AvTv"”’ @Vteee v iuz])v,
[ua] wme ug] = Av"(AP([us| ckto; us]; Pus)Av'Tv" @Vteee v tts])V]
M[[ur] mng us] = AP([us| Whser uz]; Puz)Av'v @vteee v it3]),
[ua] wme, us) = AP([us| ckto us]; Pus)Av TV @Vteee v ua))]
M [ur| mng us] = [us| whse uz]; Av TV @i v'2]us),
[a| Wi, ug] = [us| Chtoy us); Av'TV @Vl eeer v t14]uis)]
M[[ua] mng uy] = [uz] Whse u3]; [V @Vteeer Usita],
[u4| Wi u4] = [1/{5| thet U5]; [V theeet u5u4]]
M [y mng; ug] = [us| Whs o uz, v @Vteeer Ustha],
[1ta] Wie ug) = [us| Ckte tis, V @Vleees Usts]]

AP([u1| uy = al®]; Puy) Av[[ua] mneg us] = [uz| Whse, us, Vv @Vleeer sl ],
(14| Wier ug] = [us| chte tis, V @Vteeer Ustis]]
([t11] uy = al°]; MW[[ua] mng, us] = [us] Whse, uz, v @Vt eeer Ustiy],
(sl wme, ug) = [us| chte, us, v @Vteee; usua]]uy)
([et1| uy = al®]; [[ua] mng us] = [us| WhSer u3, 1y @Vleeer UsUa],
(04| Wine ug] = [us| chte us, Uy @Viteeer Ustis]])
[u1| uy = aloa [Mz‘ mne M2] = [M3‘ thet Uz, U theeet l/l3u2],
(sl wme, ug] = [us| ckte, us, uy @Vteee usitg]]
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