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Ahstract: The situation of the Second
Act ot "The Mikado" is
analyzed from the point of
view of Advice Taker
formalism. This indicates
defects still present in the
language
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At the LISP 2 meeting in July, considerable discussion wvas devoted to
the problem of allowing a wide wariety of nev itypes of entities, but no definite
conclusions wvere reached. In the last few weeke a new approach to types has
been developed that simplifies the problem greatly. The simplicity comes from
geparating the problem of computation types {e.g. ingeger ws real) from the
problem of storage types and solving the storage type problem by itself.

Bere is the solution. The basic entity in the system is list structure
as in LISP 1.5. Houever, a vord with negstive sign i3 a storage layout word and
can say any of the follouing things:-

1. Follouing me in memory is 2z block of n words nonc of which have
relocatable addresses or decrements.

2. Followving me in memory is a bloclk of n words each of which has
relocatable address and decrement.

3, Follouing me is a block of n vords vwhose relocatability is
detexnined by bits in as many of the vords that imaediately
follow me as is necessary {Both address apd decrement relocate
if either does).

4, Following me 1s a block of n words of program. The bits that
immediately follou say vhich words have relocatable address parts.

In each case the address part of the layout word may contain a type
name {(e.g. real or inteper) usable for determining computation type and serving
to distinguish the type in sets defined by the direct union operation of
YA Basis™,

The first advantape of this scheme is that the marker of the packing
garbage collector cam kmouv how to trace the storage from the layout vords alone;
it does not have to refer to separate type definition statements.

The second advantage of this scheme is that the public pushdovm list
can be made to include layout words just like free storage itself. This
simplifies the marker vhich can now simply start marking at the head of the
pushdowa list,

We vould like to jmclude the LISPF 2 program itself and its subroutines
in the free storage arez amnd have it referred to fyvom the top of the pushdown
list. This would mean that parts of the system could be excised, and the garbage
collector would automatically pack everything else.

fle ghall pou reviev the garbage coliector for LYSP 2 vhich is
substantially as discussed at the July conference. Xt operates in four phases.

1. Marking. In a separate table two bits are resevved for each vord of
free storage and this table is initially set to all zeroes. The marker stavts at
the head of the pushdoun list and traces the memory struciture determined by list
structure and the layouk vords. Each vord that it finds has one of three ent: les
made in the wark table according to vhether it doesn’'t relocate (pumbers), has
address relocation only (certain program words), or has address and decrement
relocatable {list structure). Layout words are of the third type.



Besides these functions which are analogous to LISP 1.5 we also want
to be able 1o reserve am array in storage for later assignment statements. This
is accomplished by the functions:-

declaxrs 1 Ln; type}
declare 2 [n; type]
and declare 3 [n; type; S HIREE ri]

which have as value the Iocation of the layout word of & new block of a given
type but do not actually put apything into the block (It is set to all zeroes).

The storage schaoe described above provides the ability to use most of
the kinds of entity proposed at the conferance without making any commitments to
specific computation types.

In their present form the functisns are unsafe. For example if x is
the location of a layour word spacifyiany & block of thres unrelocatable words,
then cwrix +4) does not depend on the quantity represented by x but belengs in
another block, and evea x + 1 will znct be a3 legitimate LICP 2 emtity simce it
is not the location of either list structure or gpecification words. Tails
suggesits that these functions not be used directly, but that the compiler
generacte the approprizte functions when reading iype definition statements.
Thus the compiler might generate AL [(x 73 cwe [x + 1] and AL0(x]; cur {x + 23]
to pick up the real and imaginavy parts of a comnlex aumber. For the time
being, however, a very powerful and easy to produce sgystemn can be nade from the
basic functioms. Misuse of the basic funciions will lead to obscure bugs
because the marker will beccme confusad.
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The situations ovcurriay in an opevetta afford good oppe ftunity fo
analyeis as potential Advice Taker poblems since they ave app orimaticns to
cal life p-oblems, yer sve simpie ennugh to be —educed to formali-ations.
With the end in view of sharpening the proposed Advice Take- language and
pointing up its deficiencies. we can ctudy the situation invoived in the second
act of Gilbe—-t and Sullivan s "The Miksdo™. 1 p-opose tc show how the knot of
the situation can be untied in the p-esent formulation of the Advice Take

language.
He~e 1s an exposition of the problem, showu of i relevsncies:-

Katisha, an elderiy lady of influence. has intevpireted Nanki-Poc s
natu al amiabhility as flirtiag, the only cvime punishable by execution in
Japan. On he+ application to the Milkado, Nenki-Poo was orvdeved to ma vy he~
vithin a week o~ die. YHec promptly disszppeared and has tu:ned up in Titipu,
disguised as a second T-ombone. He is in love vith Yum-Yum vwhom he caunot
narry since she is engaged to Ko-Ko. the Lord High Executlioner. Keo-XKo s
difficulty is that if he does not execute somebody soon., he ill lose his ob.
Since Nanki-~Poo is about to kill himself in despair, Ko~Ko sugpests that he
vrait, become Ko-Ko s victim, and die thus. Nanki-Poo agrees on condition that
he can marry Yum-Yum for the shovt time he is yet alive. Ko-Ko consents. and
the two agre married. When the Mikado appears, Ko-Ko describes to him with s
wealth of corroborative detail the execution of the second trombonme {the actusl
execution was Iimpossible since by Japanese law Yum-Yum would die upon her
husband s executior}. It turns out that the Mikado vas not very interested inp
the executfon, but rather has srrived in Titipu because he heard that his son
a8 there. The Mikado and Katisha discover that Ko-Ko has apparentlw
executed Nanki-Poo, not knowing that the latter was the heir-appavrent. The
penalcy for compassing the deoth of the Heir Apparent is death by boiling oil.
The oaly way Ko-Ko can save himself is by producing Nanii-Poo and erplaining
avey the execution. THowever, should fanki-Poo appear, the latter will die
because of Katisha s accusation, and since he is now happily married to Yum-Yunm
l.e prefers to be, to Ketisha s knowledge. a dicembodied spirit. Lf Katisha gets
ma ried however, she will have no fu ther claim on Nanki-Poo. aad Ko-Ko's
pvoblem wiil be solved.

In the following analvsis, we use these definitions and arioms f-om
"Situations, Actions and Causal Laws", by John ¥cCa- thy:

1. cause {7 {c) means that the citustion s vill lead in the futu e to a
situetion that satisfies the fluent 7.

2. can(p 1) (s) means that the pevson p can make the situation s satisfy 7.

(From nov on we use the convention of suppressing explicit mention of the situation r

Cl. V¥.cause{7) A (U ==>p)} ==2cause( P )

C2. V. cguse{cause{®) i==)cause (M)

)

/



CCL. Wp¥ - . v can{p,cause{canult{p,7))) ==>caault{p. ). vhich, ar Mcla chy
cemavlts, i pavtially ecuivalent to the LISP vecu slve definition:

canult(p,m)= v ' can{p.cause(canule{p.~}}}
Theo 'em 1. canfp,cause(i)) . ¥. (T == can(p,cause(’))):=vcan{p cause(can{p.cause{’ }};

Ue ave novr ~eady to put dowm the formalization. fi-st of the p oblem
and then of the solution. We have nine obse-vatiouns,

Hl. v V.y(-ma rried{»)a-ne ried(y)amale () Afemale (y) )= can(> canly mar-v(: ¥))}

H2., WWryymarre (s, y)=="cause(ma:ried{r)rmarried(y))

H3. -married{Katisha). ~mar-ied{Ko-Ko)Amale(Ro-Ko)Afemele(Katisha)

., Y(oarvied(Katisha)(==, -Katisha has claim on Nanki-Poo)

. V({-Ratisha has cleim on Nanki-Poo =-->cause(-l<a.tisha accuses Nanki-Poo))

H(. V{-Ratisha accuses Nanki-Poo ==>caa(tlanki-Poo, appeé"/\continue 1iving))

H7. ¥Y(can(Nanki~Poo, appear/continue liviag) ==>can(Ko-Ko,produce(Ko=Ko,Nanki-¥os))}
@ H8. W¥p. (produce(p,Nanki-Poo)== cause{~-Mikado thinks Manizi-Poo dead))

H9. ¥(-Mikado thinks Nanki-Poo dead ==> cause{Ko-Ko continuves Livinsg))

The Problem is to prove that canult(Ko~-Ko, Ke~-Ko continues living).
Proof:
Fom 12 we deduce
1. merry(Kavicha, Ko-Ko)== cavse(ma ried{Ratisha})
Prom 1 and H4, by use of ariom C1, we deduce
2. marvy(Katisha,Ko~Ko)== cause(-Katisha has cleim on Nanki-Poo)
From 2 and B%, ve apain find from aviom Cl
3. marry(Retisha.Ko-Ro)== caucef{cause{~Katicha accuses Nanki-Poo))
From 3. by application of ariom (2, we have
4, marry(Ratisha,Ko-Ko)==) cause(~Katisha accuses Nanki-Poo)
cﬁm\ From H1 and H3, we deduce

.  can(Ro=Ro, marry{Ro-Ko Ratisha))



4 and 4 cdve, op applicanion ef aviowm Ki,
can{llo-lio. cause{-Katisha sccuses Manki-Po0))
From N7 and H! . we deduco
7. -Racicha sccuses Naniti-Poo == can(Ko-Ko. produce (Ko-Ko,ianiii-Poo}}
From U3 and 0%, ve deducé by use of avxiom C!
8. Vp(produceip,¥anli~Poo)==)cause{cause(Xo-Ko continues Livingi))
Fom &, by application of a:iom C2, e have
9.  ¥p.{p.ocduce{p,Nanki-Proj==rcause{lo-Ko continues livinn})
from 7 and 7 we get by awiom K1
iC, -~Ratisha accuses Nanii-Poo==; can({Ko-Ko,cause{lc-Ko continves Tivinn))
The ¢ ucial deduction is from * and 1¢, by Theorem 1
1. can{Ko-Ro.cause(can{Ko-Ko,cause(Ko-Ko continues 1iving))))
Then ve have the desi-ed ~ecult fvom 11 by ariom RC1
12, camit{Ro-Ko, Ko-Ko continues living).
This completes the deduction.

The principal worsl that ¥ drav f om this snalysis is thaz the
Advice~Take - lanpuage 1s not yeé properly tuned to actions by mo-e than one
pevson. Tor example, the deducrion step 5, which says thet Ko-Ro can mar+y
Ratisha by himeelf, does not follow from the permissibic statement:

can{Katisha,cau{Ro-Ko, mavrryi{fo-Ko Katisha})).
Yurthe=, a deduction using canult is not possible involving zctions by tuo

persons. More analysis of this vroblem is Likely to indicate a soiutiocn to
these difficultics.



