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Abstract

This noteproposes programmindanguagdeaturefor formattedoutputthat
is almostas corvenientas pri nt f but provides significantly better static and
dynamicchecking.

Sincethe FortranfeatureFORMAT, mostif notall programminganguage$ave pro-

vided languag€eeaturesor library routinesfor formattedoutputof numericdata. Per

hapshemostpopularof themary approachebasbeentheC library functionpri nt f .

print f takesa variablenumberof parameters.The first parameteis a string (the

format string), the remainingarguments(the output arguments) arethe valuesto be

printed. They canbeof varioustypes.In thisnote,l will call thetypesthatareallowed

for the outputargumentsthe formattable types. The format string containswithin it

several conversion codes, onefor eachoutputargument. The effect of pri nt f isto

sendto the outputa copy of the formatstring, with eachcorversioncodereplacedby

the printedvalue of the correspondingutputargument. For example,the corversion
code" %" specifieghe corversionof anintegerto a sequencef decimaldigits. The

cornversioncodemayincludetype-specifidormattingspecificationsFor example,the

code"%8. 1f " specifieghe conversionof afloatingpointnumberto athree-character
wide decimalfield with onedigit to theright of thedecimalpoint. Thus

printf("The floor of 93.1f is %\ n", 25.0/10.0, 2)
will print
The floor of 2.5 is 2

followedby a newline.

The varying numberand varying typesof the argumentsare keys to the corve-
nienceof pri nt f , but thesefeaturesmalke it difficult to provide good static or dy-
namiccheckingfor pri nt f .

Thislittle papemproposes formattedoutputfeaturethatis almostascorvenientas
print f, but providesbetterchecking. It is not my suggestiorto changeC or C++
or their libraries. But, asnew languagegontinueto be designedandlanguagedesign
continuesto be of scientific and engineeringinterest,the featurel describemay be
usefulin somedesigndn thefuture,evenif it is mootfor the greatdesign=of the past.
Thereadershouldimaginea cleanslate.



| suggesbne left-associatie overloadedbinary infix operatoy say“&”, which |
proposeto call conversion. Thereis one overloadingof the corversionoperatorfor
eachformattabletype T. Let us useConvert.T asthe nameof the overloadingof
& for type T. Convert.T hasthetype String x T — String andthe following se-
mantics:Convert. T (s, X) producedhe string obtainedby replacingthe left-mostcon-
versioncodewithin s by the valuex formattedaccordingto that corversioncode,or
producesanerrorif thatcodedoesnt exist or is inappropriatdor type T. For example,

print("the floor of 98.1f is %d\n" & 25.0/10.0 & 2)
print("the floor of 2.5 is %\n" & 2)
print("the floor of 2.5 is 2\n")

Comparingthe examplewith overloadedcorversionto the examplewith pri nt f,
we seethat, using & we canwrite a commandthatis semanticallyequivalentto the
printf version.And theversionwith & is not significantlymoredifficult to type or
(moreimportantly)to read. (Only a curmudgeorwould complainthatthe ampersand
key is lesscorvenientlyplacedthanthe commakey.)

Severalaspectareinteractingin this design. First, an overloadedeft-associatie
infix operatoris beingusedto avoid the needfor aroutinethattakesa varyingnumber
of parametersf varyingtypes. This aspecbf the designis not newn. For example,the
C++ operator<< usesthe sametechnique.But the detailedsyntaxand semanticof
& have beencraftedsothatthereis anobjective basisto the claim that & is almostas
corvenientaspri nt f (objectve by the standardof programminglanguagedesign
discussions)pamely:the syntaxandsemantic®f & aresuchthat

almostall occurrencesf pri nt f canbeeliminatedin favor of aseman-
tically equivalentstatementsing& by simply replacing”pr i nt f " with

“print” andreplacingthe commabeforeeachoutputargumentwith an
ampersand.

This strongargumentfor nearequivalenceof corvenienceof & with pri nt f is new.
For example the C++ operator<< doesnt allow aformatstringor corversioncodes.

Overloadedorversionprovidesbetterstaticanddynamiccheckingthanpri nt f .
In the casethat an outputargumentis not of a formattabletype, or in the casethat
an outputarguments type is inappropriateto the correspondingorversioncode,the
C languageallows pr i nt f to print garbagewithout warning,which is just whatthe
majority of implementationswill do. In contrast,overloadedcorversionwill give a
statictypeerrorin thefirst caseanda runtimeerrorin the second.

The naive useof overloadedconversioninsteadof pri nt f will resultin more
stringallocationsandmorestringscanningwhich areundesirabldrom a performance
pointof view. But optimizingawaytheseunnecessaryostan thecommoncasesvould
beeasy

I have readspecificationgor pri nt f that defineits behaiior whenthe number
of outputargumentsexceedsthe numberof format codesin the format string. The
overloadedcorversionoperatorthat| proposewill not duplicatethesesemantics But
the specificationghat | have readdiffer, and | have never met a programmerwho
admittedto deliberatelywriting a programthatrelieson the specifiedbehaior in this



case.Sothefactthatoverloadedcorversiondoesnt duplicatethesesemanticcannot
be claimedasa significantlack of cornveniencecomparedo pri nt f .

It is time to explain the qualifier “almostall” in the claim providing an objective
basisfor thenearequivalenceof corvenienceof & andpr i nt f . Thenecessityor this
qualificationarisesfrom two circumstances.

First,for pri nt f, Sring itself is aformattabletype (with corversioncode%s). In
theuncommorcasethatan outputargumentof type string containsformatcodesit is
easyto comeupwith anexamplein whichthe mechanicatransformatiorof printf into
& fails. Thus,for example,

printf("9% od", "%d", 6)

prints“% 6", but mechanicallyreplacingpr i nt f with pri nt andcommaswith
ampersandproducesa differentresult:

print("% %" & "%l" & 6)

prints" 6 %" Butit isfor %d and% thatwelovepri nt f , notfor %. In alanguage
that usesoverloadedcorversionas an output primitive, it would probablybe bestto
avoid this problemby omitting String from theformattabletypes.

Secondpri nt f will translatean occurrenceof “9%84 in the formatstringinto a
literal occurrencef asingle % in its output,functionalitythat& cannotduplicatewith
equalcorveniencgsincein generalit takesmorethanoneapplicationof & to replace
a singleapplicationof pri nt f). If the“% comesafterthe corversioncodesin the
formatstring, thereis no problem. Otherwise,a workaroundis to print anexpression
of theform A + "% + B where+ denotesstring concatenatiorand A and B are
applicationsof one or more occurrence®f & This is clearly lessconvenientthan
printf,butit is alsonotthecommoncase.

A final subjectmustbe touchedon. Nowadaysall programmersare expectedto
write programsthat can easily be customizedfor useby peopleof different native
tonguegthreestepsforward); andsomeprogrammersreevensubjectto the extreme
requirementhat the customizationrmust consistonly in substitutionsfor the format
stringsof theoccurrencesf pri nt f in the program(two stepsback).(The definition
of pri nt f hasbeenchangedo make the extremerequirementenable.) If you are
designinga programmindanguagehatyouintendto beusedby programmersvhoare
subjecto thisrequirementyou shouldnotattempto replacepr i nt f with overloaded
conversion.But in this caseyou shouldstopdesigninga new languageandjust useC.
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