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A. Dain Samples

A '-rac -

I I. Parnas has recently proposed [1] a new progf'aming control
structure - the it-ti. This constract is a synthesis of several
ideas in programming theory including iteration, conditionals,
and Di kstra's guards 21. It has been implemented in a lIP
interpreter [?] as a more structured replacement for -he tradi-
tional pro- construct. Several progran mina examples are given
that compare the use of the it-ti with the more conventional prc-
ramming constructs. Theseexeamples will also show that the it-

ti fails to satisfy several criteria for programming constructs
ncludin- managability and visibility. An appendix to t.i

contains aDistral's concept of the 'weak-
est precondition' to the it-ti.

• ntroducti.-n

. Parnas F1] has recently proposed a new programming contrcl
stracture he calls the it-ti (iteration) onstIct after the
fashion of do-od, if-fi, and case-esac. i is a synthesis of two
concep~ts o ' - srclred pro-amig iteration and conditional
execution) and is a direct descendant of Dijkstra's do-od and
if-fi [2]. Reference rj] contains a detailed and mathemtical
treatment of the new construct for both non-deterministic and
deterministic programming.

While the it-ti is certainly an interesting proposal and has
filled a niche-in-;avlisp, we will see that it fails to satisfy
several requirements of good programming.

_o motivate the new construct, let 'is look at one of the
thorns of structured programming [3]: the mid-exit loop, illus-
trated by a sequentia array search. The task is to find an ele-
ment X in an array A. 1f it is found, function F is tassed the
index of an element of A that contains K. 7f it is not found,
fnction N is called with K as its parameter. A straight-
forward, non-structured implementation in pidgin-code* of this
task might be:

* _3 pidgin-code we mean to indicate a language that
incorporates features of several languages, and that we are
free to modify as the need arises.



:r--ex .

-~~ c: :ncex > sizecf(,A 'e' ~~ 'ofu
if (A~index] = K) then goto found;
index := index + 1;
--oto !Cor;

notfound: : ;(K);
Roto continue;

_:),ad: 7'index';

Ats Kruth 3j noints out, there is really no satisfactory way tc
solve this problem with 'stiactured' programming. If we restrict
ourselves and io not use any got statements, we -nizht solve the
problem ir. one of the following ways:

Solution 1

found := false;
for i 1 to sizeof(A) Io

if ('Ai] = K) then
found :=tre;
index :=i;
endif;

endfor;
if (found)

then ..index;

else 2'(X);
endif;

Solution 2

found := false;
index := 1;
while (not found and index <= sizeof(' ) do

if (A[index] = K) then found := t-re;
else index := index + 1;
endwhile;

if (found) then F(index);
else N K);
endif;

Solution 3

index := 1;
while (index <= sizeof(A) cand A[index] <> K) io

index := index - 1;
if (index > sizeof(A)) then N(K);
else F(index);

olution 1 is obviously inefficient. The whole array is searched
even if K is the first element. This coald he an important con-
Sideration if the arra.y A is large. Soluticn 2 is somewhat
etter, but th~e zi eficIncy-m n ot o' "hatfound



'renoves -_-.e 'Ia r iablIe but lecends ,-n cordi-tional evaluation --f
toolear. exrressions. That is, the right-hard exmoression of a
'2and -sevaluated only if the left-hani e ."ressi on eautst

true. :n our example "he cand prevents u~s from exceeding the
arrav -ynd f A. :z" o, thi*s sooio till 2hecks the value

ct~ hat he :ual resrornse to -nese Mrtcs is"o
cares'?" Ln t-at -s the correct res-cn~e ?GY4 of the time. --he
readsar41i-y -and r-*nainabil it -,o Df -'-e iso o. e preceaerice over
effiincy al"'ost all1 of the ie- However, occasionall.y, a

zriece of ocde will Dccury a critical no'i-ion in an inner
lcor) atnd the iuestion becomes --mTortant. Azain, the asual
resnonnse is,: '"lode it in assembly ara_. ut t.his imnlies
th-at readabilit-Y 3nd maintairnabili, y -'usn be sacrificed in Some

sitacnsfor e- ffic iency. A more -eorb oal i.s a sZet of
.ztructured 7rozr,nmi~na lisciolines t",at prcrnote readability' -rnI
maintairability with-out Sacrificing efficiency.

The 2-ahn-onstruct F3.]attempted to solve this problem
zan~ care mnecnanism. :hIe :rlow rl e'rent z!e Orra''-

.searcro witn. a "ahnn 2onstruct u,.sinz th-e iotation of i:'nuth '

cruntil foCund -or nctfoun-d:
ifAidexi th&ren foi=d;

i ndex := index + 1;
i f 'i-ndex > sizeof(A)) then notfouid;

1-9reat;
then found => F(index ;

notfound => :;(K);
f.

2Bore find this less satisfying than orthnodox structured Iprozran-
ming or nrozraminp with 2cto statements. 2Bore of the oCroblems
with the Ia hn-corstrict derive from tne stru-cture's lack o
b4;iity- and readability. For examrle, to trace -the result-s of a
narticuflar e-ent , '--a. foiund) the reader m-ust scan. toe then
clause for the event label - the targ-et of tr~e event - much as he
would have to :3can for thle target of -a -oto. 'Thile some :ff th~ese
nroblems -u~ht be resolved with arrro-,riate 3s,,mtact4,c 'suzar' .
the 2amn--cor~qstruct is still a3 riot-vetr-well disc%,ised zotc.
re-lete a*h label. This c=n be aorreciao ed better by drawing -.he
control flow zracho fOr the if-then :,!e, reeo~i.etc. , L?:(A4

oMrarinaa them with the control flo_ w zraz for. the -Zah-n-oc.sic-
i-v. section 3. b-elowl: the lahr-oonstruct ioes not h ave -a

ol --w 7rarh. About its nl advantAge iS onat th-e ' an-n-
,:cnstract forces the -proprammer to-oa. ieclare the labels in

.e ontext -.f use.



A~jIIM=p

?arnas has propcosed a zeneralization of Di~kstra's do-od 'itera-
~icn ad if-i (conditional) ccnstructz. "he basic syntax o f

th i-ti :s ~ieInelow in a close facsimile of Parnas' nota-
tiov* where <break/rereat> represents one of the I e.,,doras ~r e a

r reat .

2-)s2 <break ' repoeat>
&->S7 <break/rereat>

cn -> sn <break/ remeat>

:-he s-emantics of the it-ti are strai #itforward. "he c-reiicates
o:i are evaluated sequietialy unmtil one evaluates to tru.

t -rue, then the seauence of statements s 4 are evaluatea. T2he
2 S7 element of sj is a keyword th.at soecifies whether t.he it -
-Z) to -e executed again (rereat), or exited (break). _t is an
error if none of the predicates pi evaluate to trae: in this
case, the Drogram aborts.

7he following shows 'hcw an it,-ti could be coe cn-3 onven-
_ironal pro~zramming language like ?75a:-7FaI, Algol, or 7

-thead:
if'o ten begin

ioto <label>; where <label> is ithead (a reroeat'
or ittail "a break

eBnd
iLf (p2) then begin

a2;
,yto <label>;
end

if(-.n' then bec-in

sn;to <label>;
end

errorl "it-ti fall throu.Lh");
ittail:

retof program;

*_7anotation in t.his report iiffers from ?arnas in: 1 no
elseor -the predicates are assumed to be executed
ieterministically and sequentially; (2) no up aLnd iowr' arrows

nae keywords rereat ani break %re -ised instea,.



• oi .. -......

index := I

index > sizeof(A) -> b(?); 'reak;
AFindex = -> Findex); break;

-. nix:=nnxd exat

This seems to solve ost, if not all, of the troblems we have
7en+ioned: 'here :s no redundant boolean variable like 'found';
the search stops when the element is located; there are no redun-
Iant tests; there are no labels that redefine the 'shane' of the
structure; the targets of the ,otos implied by the repeats and
lrreaks are visible and fixed; ;nd any compiler worth its salt can

,acor out the constant boolean exoression at code-generation
time. -ere we have a tight, efficient sequence of -ode.

7he tad4-ional control structures are available using the

.f-then-else:

_ ' then_-
'-odyl b - cd-7; re1

-se trae - body2; break;

uodoy2 ti

erndif

for-loon:

for i := I to n do i -;
'body') it
end; i <= n -> (body)

i := i +;
repeat;

true -> break;
it

while-loor:

while (b) io it

'body) b -> (body'; repeat;
end; true-> break;

t;-



-tase x it
xi: xoy = x1 -> cdyl b reak;
X> Ccr!-> x =x2 -> bdy2; -brea~c;

xn: -oo!,'rn: x '.n- bdynr; breakc;

Ontor ->'body" re-eat;
~r~tl b:troe -> creak;

-. vauati on o h tt

-nere are several- valid critico_'2L- of th'e i t- i. - ocr exait. len
:rd er to handle the "execute at least 3nce" 10005 C. 2

untl, nd-he FCRTRAN-66 DC-loo) a new feature -ut e added t

the it-ti construct (see the rep)eat- loop iminplementation, above):
associate with each it-ti an 'init' variable that is true only on
t:he fi';rst iteration. A.-nd to nrevent u.necessary evaluation o f
-,e b.-colean 'b' in -,his st ructure, we ::ust eso-_s reqU~r cn:-
..on eva!,uation of boolean ex-pressions prcbabl1y rnot an uinrea-
zcal reavirement, but one forced on as b-Y -,he s-ruct-ure ofte
4t-ti, nevertheless)'.

7Cote also that the i-I ces not o)roviie for efficient
!n-lementaticn of the case-stateret itotfrher enhrance-

etthe i-t-ti detrives us off access to um-abl e or h-ash-table
imolementation of selection construicts. The strai,-htfor-ward if-
then-elseif arnroach to selection is not antroriate for all con-
texts.

Furthermore, practically speaking, the it-ti is not one 2con-
trol structure but a fanily of control structures. Unlike a con-
vrentional rereat or whilin hch e ro te oor-rr< cw

entaled y te sructure wit hout zown the deta47s of te
cde, the introductory keyword 'of the it--ti Ices not -.Ze aus

nformcio-about the control flow of -,he followinL7 code. :
s imrljy announces that a section of code h.as been reac ned which
will contain alterations to seueia Ioto.lw.Terae
will have to examine the body of each it-ti' to underst.andth
nature of the control flow. 7his critici-sm can be rnade concrete
by observing that the 'traditional' control structures have a

oroic~zically constant -flow hatre-oresentaticn as shown in 7 4 --

Are11



bodl bodyl ... y

2. 7fare -. 'a-ee

I to n

~ ~ie .
or-loop body

t

f

Fizire 4. Rapeat-loop

tbody

re While-lCOp

M c matter what 'b'. 'x', or 'body' nkay be, the :h-araceristics of'
t±e traditional control structures can be can, ured with a 3in-ale



-e -ione is -,o 4indio-ate a 7seuio-iecision node a-, 'th.e ena of acr.
guarl clause:

4-

-sn

6ze0. it-t

ThIeyr are not reC 4eci!ion nodes because there i*s no rotzn
lisio 4_n to e:tea- -r 'brea: the oDro-ommer neIeS tonat 1.ec:*z_-fn
a-, 41eSit 4ime.

2ince en 4tt with guiard clauses has 2**:. nossib-le f.ccw-
rasa iar~ze it-ti, can be iuite ciomplex and obscure, and fail

to satisf t'-he need for readable, maintainable code. nhe would *
nope that thisc additional complexity would be 4ustified 1by an
:nncrovement in our ability7, to express algorithms, especial-lv
Isimrie' ones. B--ut, there is still a simnie control flow -7aph
(11rorn Knuth _,j) that the it-t cannot Handle without contortion.
D'i4kstra called it the lolop that is executed 'In end a half times"
(see Fimire 7).

f t

Ti-ure . hi4 kstra's n-enid-a-half-_tie loon IC

if s emnlty wehave a -while loop, eand if :s empty we nave a
rerea - '1oz. _n srite of the fact that the i-iallows us to



..and-craft - ontro ztricture to meet -ur needs, :he "n and a
ilf Simes loon" does not have a simple implementation using it.

About the best we can do is to duplicate -, or introduce a
boolean variable.

S;
it

it reeat;

b -> T;; toge t;repat

true -> break;
ti

toggle := tmnie;
it

toggle-> S; toggle ; false; reeat;
b -> T; toggle true; repeat;
true -> break;

ti

dhis relatively simple control-edow oaph can be implemented with
an t-,iie twe make a further extension to the construct. w he
allow continue (fall through to the next guarded statement) as an
altern-atie o break or ro w tiaa then

it
true -3;"o continue;
b ->T; repeat;

true break;ti

would do precisely what we wanted. However, continue, like "he
init variable introduced earlier, is not clean and is very ad hoc
in natite. It increases the complexity of the construct 7-5h~e-e
are now 3**N possible flow graphs) and does not'enhance the visi.-
bility of the code.

And now, in order to implement intuitively simple programs,
we find ourselves going through the same contortions with the

° • it-ti that we have gone through with traditional programming

* i

!0



Before we reject the it-ti entirely, however, let us look at one
context in which the T-t-3 has nroven effective.

Veteran LISP programmers may have a feeling of ieja-vu with
te it-ti. 'n very nan -ways, it resembles the cond conditional
zf !--? except that the ccnd ices not iterate. For non-veteran
l i2 programmers, a short discussion of the control-flow strac-
tures of LISP follows.

.11 17p functions

In most programming languages, a function is called with syntax

that looks something like

funcname (parml, rarm2, ... )

A =:s fhnction arnlication looks like:

(funcname parml parm2 ... )

4.2 cond

-he syntax of LS's control stracture for conditional execution,
the cond, is as follows.

(cond (p1 sl)
(p2 s2)

(pn sn)

The pi are predicate expressions evaluating to the LISP
equivalents of true or false. The pi are executed sequentially
until one of them, say pj, evaluates to true. At that point, the
list of statements sj is evaluated. Whe-all of the statements
r.n statement list sj are evaluated, interpretation commences at
the first program statement after the final parenthesis of the
cond.

McCarthy [7] reports that he originally intended that LISP would
be a FORT A-like list processing language with the addition of
recursion and conditional evaluation of boolean expressions. He
also admits that prog looks like an "afterthought", and that its
design was an "aftertought". But it is this control structure
that pr-ovides iteration via labels and M. If we assume that
(A n) is a function that returns the nth element of the array A,
then the array search problem could be written in LISP as fol-
lows.

~-10-



e index 1'
loop ;this is just a label, not a LISP keyword

(cond ((greaterp index (sizeof A)) (go notfound))
((equal (A index) K) (go found))

(setq index (addl index))
n o 1 oop1rnotfound

(:r *.:'

Sremurn)
found

? index)
(return)

A more efficient LISP program to perform this search would be:

(prog,(index)
(setq index I)
loop

(cond ((greaterp index (sizeof A)) (N K) return)
((equal (A index) K) (F index) return))

(setq index (addl index))
(go loop)

Cne can see that this transliteration from our pidgin-code into
LISP results in FORTBAN-like code which, when one thinks about
it, is a far cry from the programming style indicated by the rest
of the LISP language: this goto style of programming is an abdi-
cation of the applicative nature of LISP.

5. An alternative to prog

A moment's thought will convince you that it is easy enough to
incorporate the it-ti construct into LISP. The syntax of the
cond is modified toacept one of the keywords break or repeat at
the end of the statement list. The keyword bre--peci eh Jnat

control exits the cond. The keyword repeat specifies that the
cond is to be repeat-e-. i.e.,

(cond (pl si Frepeat/break])
(p2 s2 [repeat/break])

(pn sn [repeat/break])

.here are some differences between the enhanced cond in 'Tavlisp
and ?srnas' strict definition of the it-ti. 7or urward

-.. .... .



-a- -- rre-t ementa4-ons -f L_, .rereat/brea- is Dr-tional since the conven-ionai coni is iefi--nea

as if break were at the end of each statement list. nd for the
same reason, the cond does not abort if all of the
guards/predicates are f e. Unfortunately, this results in the
loss of one of the distinct advantages of the it-ti: providing an
effective run time check that each case has been anticipated.

With !,,' er .ancement to cond, the odin2 of our examloe -4
concise:

(setq index 1)
(cond( greaterp index (sizeof A)) (1 K) break,

((equal (A index) K) (F index) break)
(setq index (addl index)) repeat))

Note again that the keyword break is not necessary since that is
the default action of the L17cond.

5.1 Examples

Winston [5], page 328, defines a non-recursive factorial function
which is reproduced below:

(defun factorial (n) ; written in ?.aclisp
(prog (result counter)

(setq result 1)
(setq counter n)
loop ; note the label
(cond ((zerop counter) (return result)))
(setq result (times counter result))

(setq counter (subi counter))
(go loop)))

The following shows the result of defining the function using the
modified cond.

(defun factorial (n) ; written in Navlisp
(let ((result 1) (counter n))

(cond ((zerop counter) result break)
(T (setq result (times counter result))

(setq counter (subl counter))
repeat))))

The let used in the above example is a LISP function which, like
the in of Algol and the curly brace 'I' of C, defines an
environment with local variables. That is, let is simply a
without the complications of labels, Eo, and-rturn. In Yaclisp,
let, pZog, and an unmodified cond are availab, in Navlisp,
on y 'the let and the enhanced cnd are necessary.

-12-



, ---. ,..a-., -~e _..1ilus, rates -,he ise 7r --.. z ".i- hn

nr:-r9_ t commute -Iie ang-h o- a list. vers!. .- -,f zniz
function uses urog:

(4efun length (list)
iprog 'u v)

(setq v 0)
(seta u iSt

a , end ( ,,nul _ u) return v':',',
(seta u (cdr u )
(seta v 'add1 v))
(go a)))

The following is a version using the modified cond.

(defun length (list)
(let ((v 0) (u list))

(cond ((null u) v break)
(T (setq u (cdr u))

(setq v (addl v))
repeat))))

A more intricate example comes from Winston [5], page 334. If we
assume that (matrix i j) is a function that returns the (i,j)
element from a two-dimensional array named matrix, then Winton's
version usinga prog is:

(defun print-matrix (n m) ; written in ',Iaclisp
'prog (i .1)

(setq i 0)
row-loop
(cond ((equal i n) (return nil)))
(terpri) ; prints an end-of-line
(setq j 0)
column-loop
(cond ((equal j m) (go next-row)))
(princ (matrix i j))
(princ ' ; prints a blank
(setq j (addl j))
(go column-loop)
next-row
(setq i (addl i))
(go row-loop)))

This program prints out the elements of a two-dimensional array a
row at a time. The following is the Navlisp equivalent using the
it-ti form of cond:

-'3-



-v. . .. . u e
rcond ','e-ual i n nil treak;

(: (terpri)
(setq j 0)
(cond (Jequal j m) break)

(T (crintf (matrix i j)
,setq i (addl *
repea ,,

,se+.a i addl il)
repeaz)

'r final examrle is the LISP interpreter function evccn coded in
:,avlisp.

,efun evcon (beg a)
(let ((c beg))
(cond ((null c) break)

((eva (caar c) a)
(let ((slist (cdar c)) (s (car (cdar c))))
(cond ((null s) (set 'c (cdr c)), break)

\(atom s)
(cond ((equal s 'repeat) (set 'c beg)

break)
((equal s 'break ) (set 'c nil)

break)
( (eval s a)

(set 'C (edr 2/))
break))break)

S(eval s a)
(set 'slist (cdr slist))
(set 's (cond ((not (null slist))

repeat)))car 
slist))))

repeat)
(T (set 'c (cdr c)) repeat)) )

6. Conclusions

Computer Science as a field is always on the lookout for program-
ming concepts that simplify the art of programming. Parnas' it-
ti is an interesting proposal to that end, but does have several
serious drawbacks. However, the it-ti has proved itself a very
apt programning structure for LISP,-alowing the complex prog to
be replaced by an enhancement to cond. The new cond is slightly
more complicated than the old, but allows the writin of itera-
tive programs whose structures are more within the programming
sirit of LISP. This structure has been implemented in Navlisp
and has proved itself to be both compact* and sufficient.

-14.-



Arendix

7n r2, Dijkstra develops a programming lanoiage conducive to
correctness proofs in which he defines to constracts he calls
if-fi and do-od. He introduces the concept of the 'weakest
reFcndition', written wr(S,R and naraphrased as 'The necessary
cnditions which. zzarantee tha excuticn . .a.tement -i 41

ave t.e comrutation in 3za-e R.' ?arnas r ize Dikstr. 2'
as his insr tion for the it-ti, noting that is a modifica-
tion of the do-od and the-If-i. He does not, however, attempt
to apply DijksmFa- 'weakestrecondition' to the it-ti. For2ompleteness, it is included here. The reader is referred to [27

for a complete discussion of the development of the weakest
precondition for the do-od and if-fi. :t should also be noted
that the following discussion assumes non-determinacy, as do
Diikstra and Parnas.

Let 7T refer to the it-ti:

it
31 -> St

B2 -> S2

3n-> 2n

where the last statement in each Si is either break or reTeat.
At least one of the Bi will evaluate to true otherwise the
results are undefined and will abort execution of the program).
That is, using the notation in [2]**:

(Ei : 1 <= i <= n : Bi)

Since the construct is non-deterministic, we can re-arrange the
statements such that:

Era : (0 <= m <= n)
(Ai : F(1 <= i <= m) and (Si ends with 'repeat')]

or rim <= i <= n) and (Si ends with 'break') ])

m = 0 then the construct corresponds to Di"kstra's if-fi, and
if m = n the construct is an infinite loop. This is 7- ?fetively
ecuivalent to the following:

:t may interest some to Iow that it required only six

additional lines of 0-code to the N'avlisp interpreter to
implement the enhanced cond.

• The notation uses Ei to mean 'there exists a i', and Ai to
mean ' for all if'



-rue ->error

7- e last s-atement of the if is necessaryj if m =n.) :-:c-e tha-u
this assumes that for any iteration either

'A4i : Bj - l in '1,m) and jin (l,m)l
or ri in (mn+1,n) and jin (rn--i,n)'

or that do-od/ren~eat statements take -precedence over if-fi/creak
statemrents if- more than one 3i is true. With these u4-fia-
tions on the it-ti we can arrive at its .%reakest precondition.
Let D01 rerprs t that sub-cart of the it-ti that reneats, and
IF' represent that sub-part of the it-ti tEt-breaks, Ten

Wnere (from V21)

=) (Ej: rnq < j <= n : 34 and
(Aj :m < j <= n :Bj => wp(Sj,R))

"M (D:)c "R (E k >= 0 KR

fl&(R) = wp(IF, H(k-1)(R)) or H(k-1)(R)

i =R R and not (Ej 1 <= 1 <= mn Bj)
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