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2. L. Parnas has recently proposed [1! a new rograming control
gtructure - the ii-ti. This construct is 2 synthesis of several
ideas in programming uheory including 1iteration, econditionals,

-ry

and “1*<stra s guaris f21. 1% has been ‘mplemer+ed in a il?

interpreter [2] as a more structured replacement for <he <tradi-
ticnal prog construct. Several programming examples are g*ven

that compars the use of *he it-ti with the more conventional rprec-

gramming constructs. These examples will also show %hat “he it-
*1 Tails to satisfy several criteria for orogr,mmlng constructs
Thcluding menageability and visibility. An appendix o this
renors conta*"c an a2xtension of Dijkstra's ccncept 27 <he 'wezi-
est precondition' to the it-ti.

4

'. Introduction

D. 1. Parnas (1] has recently proposed a new programming contrcl
structure he calls “She i%-ti ’1ueratlon zonstruct after th
“ashion of do-od if-fi, ana_bEZé-esac It is a synthesis of *wo
concepts of structured programming (iteration and conditional
execution) and is a d¢rect descendant of DJijkstra's do-od and
if~fi [2]. Reference [1] contains a jetailed and mathematical
treatment of the new nonstruct for both non-deterministic and
deterministic programming.

(D

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

To motivate the new construct, lgt us look 2t one of the

“horns  of structured prograrming [3]: the mid-exi% lcop, illus-
. Pry = 15 - . - -

tratad by a sequential array search. The “ask is %o find an ele-
ment 4 in an array A. If it is found, function P is vassed <he
index of an element of A that contains X. If it is not found,
function W is called with ¥ as its parameter. A straight-
forward, non-structured implementation in pidgin-code* of +his
“ask might be:

¥ Xy vidgin—ccde we mean %o indicate a language that

incorporates features of several languages, and <hat we are
free t0 modify as the need arises.
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“har weey AR e
Then 20N0 nonIcunls

index := index + 1!
goto lcor;
notfound: L0

goto continue;
Syund: Tlindex’;
Tomninue:

v ses T

As Xruth 3] points out, there is really no satisfactory w#ay <0

zolve %his vroblem with 'structured' vrogramming. If we restrict
surselves and 10 not use any 2010 statements, we might solve the
oroblen in one of the following ways:

Solution 1

“ound := false;
for 1 := 1 to sizeof(A) do
i® [Al:] = X) then

found

*hen Tlindex’;
else MN(X);
endif;

Solution 2

‘ound :
index : 3
while (not found and index <= sizeof!
if (A[index] = X) then found := true;
else index := index + 1;
endwhile;
if (found) then P(index);
else N(X);
endif;

alse;

i
—

Colution 3

index := *;

while (index <= sizeof(d) cand Alindex] <> X) io
index := index + 1;

if findex > sizeof(A)) then M(¥);

slse F(index};

ZToluticn 1 is obviously inefficient. The whole array is szearched
aven 1if X is the first element. This could he an important con-
zideration if the array A is large. Zoluticn 2 is somewhat
tetter, tut the <riy efficiency-minded 2ncint out Shat found

T




TamMoves Sne - arlaol= kut iepends on *onax:1ona¢ svaluation <7
Tool2an  exrressions. “hat is, the right-nand expression 57 a
22nd iz 2valuated only if the lof4-nand 2xpression evaluates %0
“rue. In our example *he cand prevents us from =xceeding ne

array ~oands 2fF A, Tven zo, vhisz zolution 3till checks *he va$4e
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wet2 that the usual resrorse To  tnese zrifticizms is o
r)n . 3 s 1 ~ ey B s 1.

tares ard  shaet iz th nor"'oc*, resrcnze 29% 57 the “ire. The

“°aua“l-1‘7 ané maintal ﬂaDlL_ty Ccde TIST Tade precedence over

wever, occasionally, =
-

e
53
27ficisncy almess all of +h **me. ov
ion fe.g. in an inner

Disce 2F ceode will zceury 2 crisical nosist

lcot) and she question becomes fmportant. Again, *the usual
resvonse iz "Code it in assembly language”. 2ut  this  implies
“tha*t readatili‘ty and maintain2bility must be zacrificed in some
zituations Jor a2ffiziency. A more lesiratls zoal iz a zet of
strmietared  crogramming  disciplines <hat vremote readapilivy and

maintairability without zacrificing efficiency.

4] attempted *o0 solve this problem

.
- - —~ - -~
bl ve T3llowing implements she Array-

PR RN S,

The Cahn-cons*ruct
wish 2n  =sscate mecnani

searsn with 2 Zann 2onstruct (using the notation of Xnuth (305,

=z
-
s
Pl

J iz Tound or nctfound:

if 'Alindex] = X) then Sound;

index := index + 1;

if ’index > alzeo,\A)) then notfound;
rereat;
“hen “ound => ?(x.dex);

notfound => M(¥);
3.
~-y

Come find “his less satisfying “han or<hodox structured program-
ming or orogramming with zo%o statements. Zome »f the rnrotlems
with “he lann-—constrict derive <rom “ne structure's lack 37 vizi-
vility and readability. Tor examrle, o trace The results of a
rartionlar asven®, ‘2.2. found) “he reader st scan *he “hen
clauge Ior *the event label - *he “arget 3% <he avent - *uc“ a8 e
would have <o 3can for %he *arget 37 2 zoto. While some of these
“rﬁblems might e resolved wifh ancrocria*e 3yntactic 'sugar',

he Zahn—construct is s%ill 4 nos-verv-well 1i sguized = e,
“ODL,,e wi*h latel. This can he annrecza*pq hetter by draw1ng ~ne
sontral “low zrache ‘or the if-*hen—elze, reneat-until, e%2., and
~cmearing ‘“en with the contrel Ilow zrapn Ior She da“n—~ﬂ"*‘rAc,
‘1.v. 3ection 3, telow': the Zann-—consiruct ioces net lave a1 3im-
vle Tlow srapn. About ite Jn.j advantage 13 that *he Zann-
2onstmict forces the trogrammer 45 lonallv leclare the labels in

*ne ontext f use.

l
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Parnas has vrovosed a generalization of Dijkstra's do—od (itera-

“ion) and if-fi {conditional) constructs. The basic syntax of
“he it-ti is " ziven helow in a clcse facsimile of Parnas' nota-
~ion¥ where <Hreax/renea+> represents one of “he <eyworas rtreag
2 reveat.

S

>
->
->

NN

0 0 W
AN PO -+
N

o’

3

USEET IR Ro IS ]

3

-> 3n <vreak/repeat>

The semantics of the it-ti are straightforward. The zreiicates
i are ava*uaxed sequentially untl* one avaluates to true. 1f ol

13 “rue, then *the sequence of statements 3 are svaluated. The
lass =L=ment of sj is a <efword that specifies wnether the i4-%ti
i3 %o ce executed agaln (repeat), or exited (breax). It i3 an
errer 1f none of the predicates pi svaluate %o true: in this
case, the program aborsts.

e Zollowing shows now it-ti could pe coded in a -onven-—

“icnal programming language like Pascal, Algol, or TCRTEAN.

Ithead:

i n1) +hen begin
st
20%0 <label>; | where <label> is ithead 2 repeat)

! or ittail (a break!

and

i® (p2) +hen btegin
32;
aotc <label>;
2nd

£ {zn} then tezin
3n;
2000 <labeld;
end
or{"i1t=ti fall through");

,,
N
oF
o

e (
|

® o '3

st of programi

he notation in this report 1iffers from 2arnas in: 1) no

3enr - the predicates are =2ssumed %0 te executed

“erministically and sequentially; (2) no up and iown
- “he «eywcrds reveat ani bregk are used instsad.

]
- —
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naex = g

i
. 3 ) \ v r R Rl
index > sizeof(A) => L(¥); oreak;
Alirdex] = ¥ => ®index); break;
e ~> index := indsx + ' rerveat;

N

This zeems tc solve mest, if not all, of <he prodlems we have 1
mentinned: <here I3 no redurdant toolsan variable like 'found'; »
~me zearch stops when *he slsment is located; thnere are no redun-

jant “ests; “here are no labels that redefine <he 'shape' of the

structure; the %argets of the gotos implied by the repeats and

rreaks are visible and fixed; and any compiler worth i%s sal®t can

Tactor out the constant boolean expressiosn at code-generation

~ime. Zere we have a %ight, =fficient sequence oI code.

-

The *raditional zontrol structures are available using the

' if-then-else:
o ’;1\ t""’ ! ,;t
\ Teedyt L D -> tcdyl; treak;
2lse T true => bodv2; treak;
vody2® bl
ardif
for-lo0mo:
\ ~0r=.000
for 1 :=1 tondo ST
{body) it
end; ! i <=n => {vedy) ;
! i =1+ 1;
ﬁ repeat;
. | true -> break;
' Loit
vhile=loop:
s .
anhile {b) Jo it

|
b
1
1

b ~> (body}; repeat;
true => break;




- .
2ase x 2% i*
xt: Todyts x = x1 => tcdyl; trzed;
x2: TedvZs ‘ X = X2 => bedyld; trezd;
. ; .
wne haAtme - S beadome treak:
wm: toims X = X => tedyn; Tread;
2oy e +~ -
M bl
A aa*t N )
rereat it
“pody) | init or 5 => ‘tody'; rereag;
. I . ' - e e
otiio o ; bl -> Lreax;
i -
H Ui

7. Zvaluaticon of the it-ti

There are geveral valid criticiems o7 the it-si. Tor examrlis, 1

~rder *o nandle “he "sxecute 2t lsast ocnce' L loons fa, Z. rereas-
until, and “he FCRTRAN-66 DC-loop) a new Zeature must ve added =2
the it-ti construct (see the repeat-locp implementation, above):

associate w1+h each it-ti an 'init' variable that is true only on

“he first seration. = And *o orevent umneceszary svaluation of
k2 ncolean '“' in %nis structure, we TusSs =w13¢ reguire condi-

~ional 2valuaticon of boolean DXEresszoﬂs ‘rrotatly not an unres—
scrable reguirement, tub one forced on us oy “he structure 2f tne

P
Y
is-ti, neverthelass)

Yicte also that *he it-ti dces nos ourovide for =2ficient
implementation of <he case-statement. Without further =nhance-
ment, the it-%i devrives us of access o jump~-table or nash~tacie
implementation of selscticn constructs. The straightforward (7=
+hen-elseif avproach to selection is not appropriate for all con-
“exts.

Marthermore, tract icallv speaking, *he i%-%tl is not cne con-
“rol structure cu+ a fanily of con*trol structures. Unlike 2 con-
ventional reveat or while in which we mow *the control Zlow
antailed Ty She =ztructure withous Imowing *“he details °T <ne
scde, *the introduc*tcry keyword of the it-ti dces not give is any
informasion about the control Zlow of -he -ol-ow-ﬂg ccde. 1%
simply announces that 2 section of code nas been reacned which
will contain alterations %o sequential aontrel flow. The resager
w#ill have 0 examine the body of each it~ti %o undersvand -<he
nature of the control flow. This cri<iciam pan ke made concrets

ty observing “hat the 'traditional' contrecl 3structures have =2
“ovolcgically constant flow chars representaﬁ:cr as zhown In Tizs-
ares 1 = £,
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1 () xn
T
{ tody! | [ body2 | ... hodm

Timure 2.
Tiqure 3. For-loop

tay

iaure 5. while-=lzop

o matter what 'b', 'x', cr 'tody' may ‘e, the characteristiecs of
the “raditional contrecl structures can be capsured with a zingle




Sarrasve eyl

e ‘1one is

It=7iL  Ancut Tns

rseudo—iecisicn node at %ne sna 27 =2a&cn

2uard clause:

ecizion nodes because *hers
% or oreak: the Jrograzmer mak

=ti wi*h § muard :zlauses nas 2**{ rossible Ilow-
zrachs, a large it-ti, can be juite complex ard obscure, and fail
<0 3atizfy +he need Zfor readable, maintainable code. Zne wouli
q0pe *hat this additional complexity would ve justified by an
improvement in cur ability +to express algorithms, especially
'simple' ones. 2ut, there is still 2 simple control flow araph
(from nuth [%]) “hat the it-ti cannot handle without contortion.
p=J

Diikstra called i% the loov that is executed "n and 2 half times"
{see Pigure 7).

<
vl

\

il i

y

-

izure 7. Diikstra's n-gand-a-nalf-tires lcc

i3]

If 2 is ompty we have a while locp, and if T is empty we nave a
rerveat lcop. In svite of the fact *hat the It-ti =21lcws us tc

-
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( ! nand=craft q control 3tracture Yo mest our needs, the 'n o and 2
half <imes loop" does not have a simple implementation using it.

About the best we can 4o is to duplicate =, or introduce a
hoolean variable.

Oy

- it
3 o) -> 73 3J; regpeat;
4 “rue -> break;
£i
4 toggle := *true;
i
3 toggle => 3; toggle := false; repeat;
3 b -> T; toggle := true; repeat;
i true ~> break;
ti

This relatively simple control-flow graph can be implemented with

an it-%i 1if we make a further extension to the construct. IZ wve
‘ allow continue (f2ll through %o the next guarded statement) as an
' alternative to break or repeat then

it
# true => continue;
o > repeat;
true => break;

t3

i

would do precisely what we wanted. However, continue, like <he
init variable introduced earlier, is not clean and is very ad hoc

| in nature. It increases the complexity of the construct Tthere

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,

fa we find ourselves going through the same contortions with the
E it-ti that we have gone through with traditional programming
structures.

(SR
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2efore we reject the it-ti entirely, however, let us look at one
» . -~TOTT 0]
context in which the it-ti nas vroven effective.

Veteran LISP programmers may have a feeling of deja-vu with
*he I1%-ti. In very many ways, i% resembles the cond conditional

57 LICD except “hat the 2cnd ices not iterate.  For non-veteran

_IZ? oorogrammers, =2 short iiscussion of the contrcl-flow z*ruc-
tures of LISP follows.

4.1 ISP functions

In most programming languages, a function is called with syntax
that looks something like

“uncname (parm!, parm?, ...)

[ U d

A JISD “unction apvlication looks like:
(funcname parm! parm2 ...)
4.2 cond

The syntax of LI3P's control structure for conditional execution,
the cond, is as follows.

fcond {p1 st)
(o2 32)

gpn 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. When all of the statements
in statement list sj are evaluated, interpretation cormences at%
*he first prcgram statement after the final parenthesis of +he
cend.

4.2 prog

McCarthy [7] reports that he originally intended that ISP would
be a FORTRAN-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 "afterthought". 2ut it is this control structure
that provides iteration via labels and go. I we assume that
‘A n) is a function that returns the nth element of the array A,
+hen +he array search problem could ‘e written in ISP as fol-
lows.

—10-
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crog index’
“zety index 1)
loop ;this is just a label, not a LICP xeyword
(cond ((greaterp index (sizeof A)) (go notfound))
g(e (A index) X) (2o found))

(setq index (add! index))
20 lcop)
notTound
/- L)
T
‘revurn;

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

(pro% (index)
(setq index 1)
loop
(cond ((greaterp index (sizeof A)) (i X) return)
((equal (A index) X) (F index) return)

(setq index (add!l index))

2o loop)

)
Cne can see that this transliteration from our pidgin-code into
LISP results in FORTRAN-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 %o prog

A moment's thought will convince you that it is easy enough to
1ncorporate the 1it-ti construct into LISP. The syntax of the
cond is modified to accept one of the keywords break or repeat at
tThe end of the statement list. The keyword break specifies that
control exits the cond. The keyword repeat specifies that the
cond is *o te repeated. I.e.,

(cond {pt st rrepeat/break])
(p2 s2 [repeat/break])

gpn sn [repeat/break])

There are some differences between the enhanced cond in ‘“lavlisp
and  Parnas’ strict definition of the it-ti. Tor urward
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ompasitility  with ourrent Imrlemennations 2 1I7Z,  tns
repeat/sreak iz ortional since the conventional cond is delined
as if break were at the end of each statement list. And for the
Same  reason, the cond does not abort if all of the
guards/vredicates are false. 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 this enhancement fto cond, the ceding of our 2xample is
concise:
(setq index 1)
{cond
‘lgreaterv index (sizeof A)) (I X) break,
({equal (A index) K) {F index) break)
(setq index (add! index)) rereat)

(7
)

Jote again that the keyword break is not necessary since that is
+he default action of the LISP cond.

5.1 ZIZxamples

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

(defun factorial (n) ; written in Maclisp
{zrcg (result counter)
(setq result 1)
(setq counter n)
loop ; note the label
(cond ((zerop counter) (return result)))
(setq result (times counter result))
(setq counter (subl 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)
(7 (setq result (times counter result))
(setq counter (subt counter))
repeat))))

The let used in the above example is a LISP function which, like
the "begin of Algol and the curly brace '{' of C, defines an
environwent with local variables. That is, let is simply a prog
without the complications of labels, g0, 2nd return. In Maclisg,
let, vrog, and an unmodified cond are available. In JNavlisp,

only the let and the enhanced cond are necessary.

L. ™ T AN ROy b
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(defun length (list)
{orog (u v)
(setq v 0)
(setq u list)
‘2ond (‘null u) ‘return v
‘seta u ‘=dr u))
(setq v (addl v))
(20 a) ))

J$¥]

The Zollowing is a version using the modified cond.

{defun length (1i
f1et ({v 0) ¢
(cond ((null u) v break)
T (setq u (cdr u))
setq v {add! v))
repeat))))

A more intricate example comes from Winston [S], 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 using prog is:

(defun print-matrix (n m) ; written in Maclisp
{prog (i i)
fsetq i Q)
row-loop
{cond ({equal i n) (return nil)))
(terpri) ; orints an end-of-line
(setq j O)
colurm-1lcop
(cond ((equal j m) (go next-row)))
(princ (matrix i j))
(prine '} }) ; prints a blank
(setq j (add1 j))
(go colum-loop)
next-row
(setq i (add1 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:

o Ji‘i
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M S s Jisnot i
cond ' ‘equal i n, nil treak,
(2 (terpri)
(setq j Q)
fcond {(({equal j =) break)
(T {printf (matrix i j> " ")
{setq j (addt 3))
repeat ')
isetg i faddt i)
repeat))))

2ur final example is the LISP intervreter function eveen coded in i
Tavliisp.

let ((slist (cdar c¢)) (s {(car (cdar c))))
(cond ({(null s) (set 'c (cdr c)} break)
| {a*om s)
, (cond ({equal s 'repeat) (set 'c beg)
: break)
] ((equal s 'break ) (set 'c nil)
break)
(T (eval s a)
(set 'e {cdr =)}

‘ break))
? break)
| (7 (eval s a)
(set 'slist (cdr slist))
{ (set 's (cond ((not {null slist))
{car slist))))
repeat)))
repeat)

§§ (set 'c (cdr c)) repeat)

~

5. Conclusions

i

|

] Computer Science as a field is alwaeys on the lockout for program-
A ming concepts that simplify the art of programming. Parnas' it-
' , ti is an interesting proposal to that end, tut does have several

serious drawbacks. However, the it-ti has proved itself a very

1 apt programming structure for LISP, allowing the complex prog %o

. te replaced by an enhancement to cond. The new cond is slightly
' more complicated than the old, but allows the writing of itera-
tive programs whose structures are more within the programming
svirit of LISP. This structure has been implemented in Navlisp 1
and has proved itself to be both compact* and sufficient.

-14-
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Acrrvendix

1 (2], Diikstra develops a programming language conducive o
norrectness oroofs in which he defines two constructs he calls
if-fi and do-od YJe introduces *the concept of the ‘'weakest
Trecondition', written wo{S,R) and vparavhrased as 'The necessary
3ﬁni:t:ono Mh;ch guarantse *has executicn 3T 3tatement T will
lzave she ﬂomr"‘auldn in s%ate 2.' Parnas '] 2i%es Dijkstra 2]
a5 1is inseviration for the it-ti, noting tha®t it is a modifica-
“ion of fhe do—od and the T:=Fi. He does not, nowever, attempt
%o apply Dijkstra's 'weakest orecondition' %o <*he it-ti. Jor
:ompleteness, it is included nere. The reader is referred <o [2]
Tor a complete discussion of the develorment of the weakest
oracondltlon for the do-od and if-fi. It should also be noted
“hat the follcwing discussion assumes non-determinacy, as do
Oijkstra and Parnas.

Tad

ik

e%t IT refer to the it-ti:

it
31 =3
R -> 32
2n => 2
t1

where the last statement in each 31 is either breakx or repeat.
At least one of the 2i will evaluate to true {otherwise the
results are undefined and will abort execution of the program).
That is, using the notation in [2]%*:

(Fi + 1 <=1 < n : Bi)

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

Mm: (0<=nm
(Ai + [(1 <=1 <=m) and (Si ends with 'repeat')]
or [(m <= 1i<=n) and (Si ends with 'break') ] ))
I m = O then the construct corresponds to Dijkstra's if-fi, and
if m = n the construct is an infinite loop. This is effectively
aquivalent to the following:

N
B e et A . e

* .% may interest some to xmow that it required only six
additional lines of C—code to “the Navlisp interpreter to
implement the enhanced cond.

** The notation uses Ei %o mean 'there exists an i', and Al to
mean 'for all i'.
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(The last statement of the if is necessary if m = n.) Icte *hat
this assumes *that for any iteration 2ither

in (1,m)]

(A1 ¢+ 2L : (A3 ¢35+ [iin (1,m) =and .
in {m+1,n). )}

J
or [i in {m+1,n) and ]

or that do-od/reveat statements %ake vrecedence over if-fi/break
statements if more than one 2i is true. With these jualiZica-
tions on the it-ti we can arrive at its weakest precondition.
Tet DO' represent that sub-prart of the it-ti that repeats, and
IF' represent that sub-part of the it-ti that bresks, then

w2(I7,3) = wp(DC', wp(IF',R) )

where {from [27)

wo(DC',R) = (Fk : k¥ >= 0 : (R))
#k(R) = wp(IF, H(k-1)(R)) or H(x-1)(R)

%
—
W
S~
1]

Rand not (Ej : 1 <= j <= m : Bj)
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