MASSA CHUSETTS INSTITUTE OF TECHNOLOGY AR TIFICIAL INTELLIGENCE LABORA TOR A.I.Memo No. 1236 August, 1991 The Iterate Man ual Jonathan Amsterdam Abstract: This is the man ual for ersion 1.1 of iterate erful iteration macro for Common Lisp. iterate is similar to loop but pro vides umerous additional features, is ell in tegrated with Lisp, and is extensible. This rep ort describ es researc done at the Arti�cial In telligence Lab oratory of the Massac usetts Institute of ec hnology Supp ort for the lab oratory’s arti�cial in telligence researc is pro vided in part the Adv anced Researc Pro jects Agency of the Departmen of Defense under O�ce of Na al Researc con tract N00014-85-K- 0124.

Con ten ts In tro duction Clauses 2.1 Driv ers 2.1.1 Numerical Iteration 2.1.2 Sequence Iteration 2.1.3 Generalized Driv ers 2.1.4 Generators 2.1.5 Previous alues of Driv er ariables 2.2 ariable Binding and Setting 2.3 Gathering Clauses 11 2.3.1 Reductions 11 2.3.2 Accum ulations 12 2.3.3 Finders 13 2.3.4 Aggregated Bo olean ests 14 2.4 Con trol Flo 14 2.5 Co de Placemen 15 Other eatures 16 3.1 Multiple Accum ulations 16 3.2 Named Blo ks 16 3.3 Destructuring 17 3.4 On-line Help 18 3.5 arallel Binding and Stepping 18 yp es and Declarations 18 4.1 Discussion 18 4.2 Summary 21 Problems with Co de Mo emen 21 Di�erences Bet een Iterate and Loop 22 Rolling our Own 23 7.1 In tro duction 23 7.2 riting Driv ers 26 7.3 Extensibilit Aids 27 7.4 Subtleties 28 Obtaining Iterate 29

INTR ODUCTION In tro duction This man ual describ es iterate erful iteration facilit for Common Lisp. iterate pro vides abstractions for man common iteration patterns and allo ws for the de�nition of additional patterns. iterate is macro that expands in to ordinary Lisp at compile-time, so it is more e�cien than higher-order functions lik map and reduce. While it is similar to loop iterate o�ers more Lisp-lik syn tax and enhanced extensibilit (F or more complete comparison of iterate with other iteration constructs, see MIT AI Lab orking ap er No. 324, Don ’t op, Iter ate. An iterate form consists of the sym ol iter follo ed one or more forms, some of whic ma iterate clauses. Here is simple example of iterate whic collects the um ers from to 10 in to list, and returns the list. The return alue is sho wn follo wing the arro w. (iter (for from to 10) (collect i)) (1 10) This form con tains clauses: for clause that steps the ariable er the in tegers from to 10, and collect clause that accum ulates its argumen in to list. With few exceptions, all iterate clauses ha the same format: alternating sym ols (called keywor ds and expressions (called ar guments ). The syn tax and terminology are those of Common Lisp’s eyw ord lam da lists. One di�erence is that iterate ’s eyw ords do not ha to egin with colon|though they ma except for the �rst sym ol of clause. So ou can also write (for :from :to 10) if ou prefer. An Lisp form can app ear in the dy of an iterate where it will ha its usual meaning. iterate alks the en tire dy expanding macros, and recognizing clauses at an lev el. This example collects all the dd um ers in list: (iter (for el in list) (if (and (numberp el) (oddp el)) (collect el))) There are clauses for iterating er um ers, lists, arra ys and other ob jects, and for collecting, summing, coun ting, maximizing and other useful op erations. iterate also supp orts the creation of new ariable bindings, stepping er ultiple sequences at once, destructuring, and compiler declarations of ariable yp es. The follo wing example illustrates some of these features: (iter (for (key item) in alist) (for from 0) (declare (fixnum i)) (collect (cons key))) ou can also use iterate but iter is preferred ecause it oids oten tial con icts with ossible future additions to Common Lisp, and ecause it sa es horizon tal space when writing co de.

CLA USES This lo op tak es the eys of an alist and returns new alist asso ciating the eys with their ositions in the original list. The compiler declaration for will app ear in the generated co de in the appropriate place. Clauses Most of iterate ’s clauses will familiar to loop programmers. loop is an iteration macro that has een incorp orated in to Common Lisp. Seen Guy Steele’s Common Lisp, 2nd Edition .) In nearly all cases they eha the same as their loop coun terparts, so loop user can switc to iterate with little pain (and uc gain). All clauses with the standard eyw ord-argumen syn tax consist of parts: quir part, con taining eyw ords that ust presen and in the righ order; and an optional part, con taining eyw ords that ma omitted and, if presen t, ma ccur in an order. In the descriptions elo w, the parts are separated the Lisp lam da-list eyw ord &optional 2.1 Driv ers An iteration-driving clause conceptually causes the iteration to go forw ard. Driv er clauses in iterate allo iteration er um ers, lists, ectors, hash tables, pac ages, �les and streams. Iteration-driving clauses ust app ear at the top lev el of an iterate form; they cannot nested inside another clause. The driv er ariable is up dated at the oin where the driv er clause ccurs. Before the clause is executed for the �rst time, the alue of the ariable is unde�ned. Multiple driv ers ma app ear in single iterate form, in whic case all of the driv er ariables are up dated eac time through the lo op, in the order in whic the clauses app ear. The �rst driv er to terminate will terminate the en tire lo op. In all cases, the alue of the driv er ariable on exit from the lo op, including within the epilogue co de (see the finally clause), is unde�ned. All the parameters of driv er clause are ev aluated once, efore the lo op egins. Hence it is not ossible to hange the ounds or other prop erties of an iteration side-e�ect from within the lo op. With one exception, driv er clauses egin with the ord for (or the synon ym as and men tion an iteration ariable, whic is giv en binding within the iterate form. The exception is repeat whic just executes lo op sp eci�ed um er of times: repeat Rep eats the lo op times. or example: (iter (repeat 100) (print "I will not talk in class.")) If 0, the lo op will nev er executed. If is not an in teger, the actual um er of executions will

CLA USES 2.1.1 Numerical Iteration for var &sequence The general form for iterating er sequence of um ers requires ariable and, optionally one or more eyw ords that pro vide the ounds and step size of the iteration. The &sequence lam da-list eyw ord is shorthand for these sequence eyw ords. They are: from upfrom downfrom to downto above below and by from pro vides the starting alue for var and defaults to zero. to pro vides �nal alue and implies that the successiv alues of var will increasing; downto implies that they will decreasing. The lo op terminates when var passes the �nal alue (i.e. ecomes smaller or larger than it, dep end- ing on the direction of iteration); in other ords, the lo op dy will nev er executed for alues of var past the �nal alue. below and above are similar to to and downto except that the lo op terminates when var equals or passes the �nal alue. If no �nal alue is sp eci�ed, the ariable will stepp ed forev er. Using from or upfrom will result in increasing alues, while downfrom will giv decreasing alues. On eac iteration, var is incremen ted or decremen ted the alue of the sequence eyw ord by whic defaults to 1. It should alw ys ositiv um er, ev en for do wn ard iterations. In the follo wing examples, the sequence of um ers generated is sho wn next to the clause. (for upfrom 0) (for from 5) either from or upfrom is okay (for downfrom 0) -1 -2 (for from to 3) (for from below 3) (for from to by 2) (for from below by 2) (for from downto 3) 2.1.2 Sequence Iteration There are um er of clauses for iterating er sequences. In all of them, the argumen follo wing for ma list instead of sym ol, in whic case destructuring is erformed. See section 3.3. for var in list &optional by step-function var is set to successiv elemen ts of list. step-function, whic defaults to cdr is used to obtain the next sublist.

CLA USES for var on list &optional by step-function var is set to successiv sublists of list. step-function (default cdr is used as in for ... in These clauses use atom to test for the end of list. Hence, giv en list whose �nal cdr is not nil they will silen tly ignore the last cdr Other hoices are endp whic ould signal an error, and null whic ould probably result in an error somewhere else. If ou wish to use an end-test other than atom set the ariable iterate::*list-end-test* to the name of the desired function. for var in-vector ve ctor &sequence var tak es on successiv elemen ts from ve ctor. The ector’s �ll-p oin ter is ob- serv ed. Here and in subsequen clauses, the &sequence eyw ords include with-index whic tak es sym ol as argumen and uses it for the index ari- able instead of an in ternally generated sym ol. The other &sequence eyw ords eha as in umerical iteration, except that the default iteration ounds are the ounds of the ector. E.g. in (for in-vector downto 3) will start o� eing ound to the last elemen in and will set to preceding elemen ts do wn to and including the elemen with index 3. for var in-sequence se &sequence This uses Common Lisp’s generalized sequence functions, elt and length to obtain elemen ts and determine the length of se q. Hence it will ork for an sequence, including lists, and will observ the �ll-p oin ters of ectors. for var in-string string &sequence var is set to successiv haracters of string. for var index-of-vector ve ctor &sequence for var index-of-sequence se quenc &sequence for var index-of-string string &sequence var is set to successiv indices of the sequence. These clauses oid the er- head of accessing the sequence elemen ts for those applications where they do not need to examined, or are examined rarely They admit all the optional eyw ords of the other sequence driv ers except the (redundan t) with-index eyw ord. for (key value) in-hashtable table key and value, whic ust app ear as sho wn in list and ma destruc- turing templates, are set to the eys and alues of table If key is nil then the hash table’s eys will ignored; similarly for value The order in whic elemen ts of table will retriev ed is unpredictable.

CLA USES for var in-package ackage &optional external-only ext Iterates er all the sym ols in ackage, or er only the external sym ols if ext is sp eci�ed and non- nil The same sym ol ma app ear more than once. Implemen tation note: Curren ersions of Common Lisp do not pro vide mec hanism that will allo for ... in-hashtable and for ... in-package to implemen ted e�cien tly Ho ev er, the new Common Lisp standard do es so, and future ersions of iterate will tak adv an tage of implemen tations that conform to the new standard. for var in-file name &optional using ader Op ens the �le name (whic ma string or pathname) for input, and iterates er its con ten ts. ader defaults to read so default var will ound to the successiv forms in the �le. The iterate dy is wrapp ed in an un wind-protect to ensure that the �le is closed no matter ho the iterate is exited. for var in-stream str am &optional using ader Lik for ... in-file except that str am should an existing stream ob ject that supp orts input op erations. 2.1.3 Generalized Driv ers These are primarily useful for writing driv ers that can also used as generators (see section 2.1.4, elo w). for var next expr var is set to expr eac time through the lo op. Destructuring is erformed. When the clause is used as generator, expr is the co de that is executed when (next var is encoun tered (see section 2.1.4, elo w). expr should compute the �rst alue for var as ell as all subsequen alues, and is resp onsible for terminating the lo op. or compatibilit with future ersions of iterate this termination should done with terminate whic can considered synon ym for finish (see section 2.4). As an example, the follo wing clauses are equiv alen to (for from to 10) (initially (setq 0)) (for next (if (> 10) (terminate) (incf i))) for var do-next form form is ev aluated eac time through the lo op. Its alue is not set to var that is form’s job. var is only presen so that iterate kno ws it is driv er ariable. (for var next expr is equiv alen to (for var do-next (dsetq var expr )) (See section 3.3 for an explanation of dsetq .)

CLA USES 2.1.4 Generators In all of the ab clauses, the driv er ariable is up dated on eac iteration. Some- times it is desirable to ha greater con trol er up dating. or instance, consider the problem of asso ciating um ers, in increasing order and with no gaps, with the non- nil elemen ts of list. One ob vious �rst pass at writing this is: (iter (for el in list) (for upfrom 1) (if el (collect (cons el i)))) But on the list (a nil c) this pro duces ((a 1) (b 2) (c 4)) in- stead of the desired ((a 1) (b 2) (c 3)) The problem is that is incremen ted eac time through the lo op, ev en when el is nil The problem could solv ed elegan tly if could step only when wished to. This can accomplished for an iterate driv er writing generate (or its synon ym generating instead of for Doing so pro duces gener ator |a driv er whose alues are yielded explicitly obtain the next alue of generator ariable write (next The alue of next form is the next alue of as determined its asso ciated driv er clause. next also has the side-e�ect of up dating to that alue. If there is no next alue, next will terminate the lo op, just as with normal driv er. Using generators, can no write our example lik this: (iter (for el in list) (generate upfrom 1) (if el (collect (cons el (next i))))) No is up dated only when (next i) is executed, and this ccurs only when el is non- nil etter understand the relationship et een ordinary driv ers and generators, observ that can rewrite an ordinary driv er using its generator form immediately follo ed next as this example sho ws: (iter (generating from to 10) (next i) ...) Pro vided that the lo op dy con tains no (next i) forms, this will eha just as if had written (for from to 10) can still refer to driv er ariable without using next in this case, its alue is that giv en to it the last ev aluation of (next Before (next has een called the �rst time, the alue of is unde�ned.

CLA USES This seman tics is more exible than one in whic egins the lo op ound to its �rst alue and calls of next supply subsequen alues, ecause it means the lo op will not terminate to so on if the generator’s sequence is empt or instance, consider the follo wing co de, whic tags non- nil elemen ts of list using list of tags, and also coun ts the ull elemen ts. (W assume there are at least as man tags as non- nil elemen ts.) (let* ((counter 0) (tagged-list (iter (for el in list) (generating tag in tag-list) (if (null el) (incf counter) (collect (cons el (next tag))))))) ...) It ma that there are just as man tags as non-n ull elemen ts of list If all the elemen ts of list are ull, still an the coun ting to pro ceed, ev en though tag-list is nil If tag had to assigned its �rst alue efore the lo op egins, ould ha had to terminate the lo op efore the �rst iteration, since when tag-list is nil tag has no �rst alue. With the existing seman tics, ho ev er, (next tag) will nev er execute, so the iteration will co er all the elemen ts of list When the \v ariable" of driv er clause is actually destructuring template con- taining sev eral ariables, all the ariables are eligible for use with next As efore, (next ev aluates to v’s next alue; but the e�ect is to up date all of the template’s ariables. or instance, the follo wing co de will return the list (a c) (iter (generating (key item) in ’((a 1) (b 2) (c 3))) (collect (next key)) (collect (next item))) Only driv er clauses with ariables can made in to generators. This includes all clauses men tioned so far except for repeat It do es not include for ... previous for ... for ... initially ... then or for ... first ... then (see elo w). 2.1.5 Previous alues of Driv er ariables Often one ould lik to access the alue of ariable on previous iteration. iterate pro vides sp ecial clause for accomplishing this. for pvar previous var &optional initially init back Sets pvar to the previous alue of var, whic should driv er ariable, ariable from another for ... previous clause, or ariable established for ... for ... initially ... then or for ... first ... then clause (see section 2.2). Initially pvar is giv en the alue init (whic defaults to nil ). The init expres- sion will mo ed outside the lo op dy so it should not dep end on an ything

CLA USES computed within the lo op. pvar retains the alue of init un til var is set to its second alue, at whic oin pvar is set to var’s �rst alue; and so on. The argumen to back ust constan t, ositiv in teger, and defaults to 1. It determines ho man iterations bac pvar should trac var or example, when is 2, then pvar will assigned var’s �rst alue when var is set to its third alue. for ... previous clause ma ccur after or efore its asso ciated driv er clause. for ... previous orks with generators as ell as ordinary driv ers. Example: (iter (for el in ’(1 4)) (for p-el previous el) (for pp-el previous p-el initially 0) (collect pp-el)) This ev aluates to (0 2) It could ha een written more economically as (iter (for el in ’(1 4)) (for pp-el previous el back initially 0) (collect pp-el)) 2.2 ariable Binding and Setting Sev eral clauses exist for establishing new ariable bindings or for setting ariables in the lo op. They all supp ort destructuring. with var &optional value Causes var to ound to alue efore the lo op dy is en tered. If value is not supplied, var assumes default binding, whic will nil in the absence of declarations. Also, if value is not supplied, no destructuring is erformed; instead, var ma list of sym ols, all of whic are giv en default bindings. If value is supplied, var is ound to it, with destructuring. Because with Creates bindings whose scop includes the en tire iterate form, it is go st yle to put all with clauses at the eginning. Successiv ccurrences of with result in sequen tial bindings (as with let* ). There is no to obtain parallel bindings; see section 3.5 for rationale. for var expr On eac iteration, expr is ev aluated and var is set to its alue. This clause ma app ear to do the same thing as for ... next In fact, they are quite di�eren t. for ... pro vides only three services: it sets up binding for var sets it to expr on eac iteration, and mak es it ossible to use for ... previous

CLA USES 10 with var for ... next pro vides these services in addition to the abilit to turn the driv er in to generator. for var initially init-expr then then-expr Before the lo op egins, var is set to init-expr; on all iterations after the �rst it is set to then-expr. This clause ust ccur at top-lev el. init-expr will mo ed outside the lo op dy and then-expr will mo ed to the end of the lo op dy so they are sub ject to co de motion problems (see section 5). This clause ma app ear to similar to for ... next but in fact they di�er signi�can tly for ... initially ... then is ypically used to giv var its �rst alue efore the lo op egins, and subsequen alues on follo wing iterations. This is incompatible with generators, whose �rst alue and subsequen alues ust all computed (next var Also, the up date of var in for ... initially ... then do es not ccur at the lo cation of the clause. Use for ... initially ... then for one-shot computations where its idiom is more con enien t, but use for ... next for extending iterate with new driv ers (see section 7). for var first �rst-expr then then-expr The �rst time through the lo op, var is set to �rst-expr; on subsequen itera- tions, it is set to then-expr. This di�ers from for ... initially in that var is set to �rst-expr inside the lo op dy so �rst-expr ma dep end on the results of other clauses. or instance, (iter (for num in list) (for first num then (1+ i)) ...) will set to the �rst elemen of list on the �rst iteration, whereas (iter (for num in list) (for initially num then (1+ i)) ...) is probably erroneous; will ound to num ’s default binding (usually nil for the �rst iteration. Compatibilit note: loop ’s for ... orks lik iterate ’s, but loop used the syn tax for ... ... then to mean for ... initially ... then It as felt that these op erations ere su�cien tly di�eren to arran di�eren eyw ords. Also, the for in the ab three clauses is misleading, since none is true driv er (e.g. none has corresp onding generate form). setting ould ha een etter hoice, but for as used to retain some compatibilit with loop

CLA USES 11 2.3 Gathering Clauses Man of iterate ’s clauses accum ulate alues in to ariable, or set ariable under certain conditions. the end of the lo op, this ariable con tains the desired result. All these clauses ha an optional into eyw ord, whose argumen should sym ol. If the into eyw ord is not supplied, the accum ulation ariable will in ternally generated and its alue will returned at the end of the lo op; if ariable is sp eci�ed, that ariable is used for the accum ulation, and is not returned as result|it is up to the user to return it explicitly in the lo op’s epilogue co de (see finally ). It is safe to examine the accum ulation ariable during the lo op, but it should not mo di�ed. These clauses all egin with erb. When the erb do es not con ict with an existing Common Lisp function, then it ma used in either its in�nitiv al or presen t- participle form (e.g. sum summing ). Ho ev er, when there is con ict with Common Lisp, only the presen t-participle form ma used (e.g. unioning ). This is to prev en iterate clauses from clashing with Common Lisp functions. 2.3.1 Reductions duction is an extremely common iteration pattern in whic the results of suc- cessiv applications of binary op eration are accum ulated. or example, lo op that computes the sum of the elemen ts of list is erforming reduction with the addition op eration. This could written in Common Lisp as (reduce #’+ list) or with iterate as (iter (for el in list) (sum el)) sum expr &optional into var Eac time through the lo op, expr is ev aluated and added to ariable, whic is ound initially to zero. If expr has yp e, it is not used as the yp of the sum ariable, whic is alw ys number get the result ariable to of more sp eci�c yp e, use an explicit ariable, as in (iter (for el in number-list) (sum el into x) (declare (fixnum x)) (finally (return x))) multiply expr &optional into var Lik sum but the initial alue of the result ariable is 1, and the ariable is up dated ultiplying expr in to it.

CLA USES 12 counting expr &optional into var expr is ev aluated on eac iteration. If it is non- nil the accum ulation ariable, initially zero, is incremen ted. maximize expr &optional into var minimize expr &optional into var expr is ev aluated on eac iteration and its extrem um (maxim um or minim um) is stored in the accum ulation ariable. If expr is nev er ev aluated, then the result is nil (if the accum ulation ariable is un yp ed) or (if it has umeric yp e). reducing expr by func &optional initial-value init-val into var This is general to erform reductions. func should function of argumen ts, the �rst of whic will the alue computed so far and the second of whic will the alue of expr It should return the new alue. reducing is roughly equiv alen to the Common Lisp (reduce func list where list is list of the successiv alues of expr Because this list need not explicitly constructed, the iterate clause ma more e�cien than the Common Lisp function. If the reducing clause is nev er executed, the result is unde�ned. It is not necessary to pro vide an initial alue, but etter co de can generated if one is supplied. Regardless of its lo cation in the iterate dy init-val will ev aluated efore the lo op is en tered, so it should not dep end on an alue computed inside the iterate form. 2.3.2 Accum ulations All the prede�ned accum ulation clauses add alues to sequence. If the sequence is list, they all ha the prop ert that the partial list is ept in the correct order and ailable for insp ection at an oin in the lo op. collect expr &optional into var at plac result-type typ Pro duces sequence of the alues of expr on eac iteration. plac indicates where the next alue of expr is added to the list and ma one of the sym ols start beginning (a synon ym for start or end The sym ol ma quoted, but need not e. The default is end or example, (iter (for from to 5) (collect i)) pro duces (1 5) whereas (iter (for from to 5) (collect at beginning))

CLA USES 13 pro duces (5 1) (and is lik ely to faster in most Common Lisp im- plemen tations). If typ is pro vided, it should subt yp of sequence The default is list Sp ecifying yp other than list will result in collect returning sequence of that yp e. However, the yp of the sequence eing constructed when inside the lo op dy is unde�ned when non- list yp is sp eci�ed. (As with plac quoting typ is optional.) adjoining expr &optional into var test test at plac result-type typ Lik collect but only adds the alue of expr if it is not already presen t. test, whic defaults to #’eql is the test to used with member appending expr &optional into var at plac nconcing expr &optional into var at plac unioning expr &optional into var at plac nunioning expr &optional into var at plac These are lik collect but eha lik the Common Lisp functions append nconc union or nunion As in Common Lisp, they ork only on lists. Also as in Common Lisp, unioning and nunioning assume that the alue of expr con tains no duplicates. accumulate expr by func &optional initial-value init-val into var This is general-purp ose accum ulation clause. func should function of argumen ts, the alue of expr and the alue accum ulated so far in the iteration, and it should return the up dated alue. If no initial alue is supplied, nil is used. The di�erences et een accumulate and reducing are sligh t. One di�er- ence is that the functions tak their argumen ts in di�eren order. Another is that in the absence of init-val accumulate will use nil whereas reducing will generate di�eren co de that oids an dep endence on the initial alue. The reason for ha ving oth clauses is that one usually thinks of reductions (lik sum and accum ulations (lik collect as di�eren easts. 2.3.3 Finders �nder is clause whose alue is an expression that meets some condition. finding expr such-that test &optional into var on-failure failur e-value If test (whic is an expression) ev er ev aluates to non- nil the lo op is termi- nated, the epilogue co de is run and the alue of expr is returned. Otherwise, nil (or failur e-value, if pro vided) is returned. If var is pro vided, it will ha either the non- nil alue of expr or failur e-value when the epilogue co de is run.

CLA USES 14 As sp ecial case, if the test expression is sharp-quoted function, then it is applied to expr instead of eing simply ev aluated. E.g. (finding such-that #’evenp) is equiv alen to (finding such-that (evenp x)) finding expr maximizing m-expr &optional into var finding expr minimizing m-expr &optional into var Computes the extrem um (maxim um or minim um) alue of m-expr er all iterations, and returns the alue of expr corresp onding to the extrem um. expr is ev aluated inside the lo op at the time the new extrem um is established. If m- expr is nev er ev aluated (due to, for example, eing em edded in conditional clause), then the returned alue dep ends on the yp e, if an of expr (or var, if one is supplied). If there is no yp e, the returned alue will nil if the yp is umeric, the returned alue will zero. or these clauses, var ma list of sym ols; in that case, the �rst is used to record expr and the second, m-expr. As with finding ... such-that if m-expr is sharp-quoted function, then it is called on expr instead of eing ev aluated. 2.3.4 Aggregated Bo olean ests always expr If expr ev er ev aluates to nil then nil is immediately returned; the epilogue co de is not executed. If expr nev er ev aluates to nil the epilogue co de is executed and the last alue of expr (or if expr as nev er ev aluated) is returned. never expr Equiv alen to (always (not expr )) thereis expr If expr is ev er non- nil its alue is immediately returned without running epilogue co de. Otherwise, the epilogue co de is erformed and nil is returned. 2.4 Con trol Flo Sev eral clauses can used to alter the usual o of con trol in lo op. Note: the clauses of this and subsequen sections don’t adhere to iterate ’s usual syn tax, but instead use standard Common Lisp syn tax. Hence the format for de- scribing syn tax subsequen tly is lik the standard format used in the Common Lisp man ual, not lik the descriptions of clauses ab e.

CLA USES 15 finish Stops the lo op and runs the epilogue co de. leave &optional value Immediately returns value (default nil from the curren iterate form, skip- ping the epilogue co de. next-iteration Skips the remainder of the lo op dy and egins the next iteration of the lo op. while expr If expr ev er ev aluates to nil the lo op is terminated and the epilogue co de executed. equiv alen to (if (not expr (finish)) until expr Equiv alen to (if expr (finish)) if-first-time then &optional else If this clause is eing executed for the �rst time in this in cation of the iterate form, then the then co de is ev aluated; otherwise the else co de is ev aluated. (for var first expr1 then expr2 is almost equiv alen to (if-first-time (dsetq var expr1 (dsetq var expr2 )) The only di�erence is that the for ersion mak es var ailable for use with for ... previous 2.5 Co de Placemen When �ne con trol is desired er where co de app ears in lo op generated iterate the follo wing sp ecial clauses ma useful. They are all sub ject to co de- motion problems (see section 5). initially &rest forms The lisp forms are placed in the prologue section of the lo op, where they are executed once, efore the lo op dy is en tered. after-each &rest forms The forms are placed at the end of the lo op dy where they are executed after eac iteration. Unlik the other clauses in this section, forms ma con tain iterate clauses.

OTHER FEA TURES 16 finally &rest forms The lisp forms are placed in the epilogue section of the lo op, where they are executed after the lo op has terminated normally finally-protected &rest forms The lisp forms are placed in the second form of an un wind-protect outside the lo op. They are alw ys executed after the lo op has terminated, regardless of ho the termination ccurred. Other eatures 3.1 Multiple Accum ulations It is ermitted to ha more than one clause accum ulate in to the same ariable, as in the follo wing: (iter (for from to 10) (collect into nums) (collect (sqrt i) into nums) (finally (return nums))) Clauses can only accum ulate in to the same ariable if they are compatible. collect adjoining appending nconcing unioning and nunioning are compati- ble with eac other; sum multiply and counting are compatible; and maximize and minimize clauses are compatible only with other maximize and minimize clauses, resp ectiv ely 3.2 Named Blo ks Lik Common Lisp block s, iterate forms can giv en names. The name should single sym ol, and it ust the �rst form in the iterate The generated co de eha es exactly lik named blo k; in particular, (return-from name can used to exit it: (iter fred (for from to 10) (iter barney (for from to 10) (if (> (* j) 17) (return-from fred j)))) An iterate form that is not giv en name is implicitly named nil Sometimes one ould lik to write an expression in an inner iterate form, but ha it pro cessed an outer iterate form. This is ossible with the in clause.

OTHER FEA TURES 17 in name &rest forms Ev aluates forms as if they ere part of the iterate form named name In other ords, iterate clauses are pro cessed the iterate form named name, and not an iterate forms that ccur inside name. As an example, consider the problem of collecting list of the elemen ts in o-dimensional arra The naiv solution, (iter (for below (array-dimension ar 0)) (iter (for below (array-dimension ar 1)) (collect (aref ar j)))) is wrong ecause the list created the inner iterate is simply ignored the outer one. But using in can write: (iter outer (for below (array-dimension ar 0)) (iter (for below (array-dimension ar 1)) (in outer (collect (aref ar j))))) whic has the desired result. 3.3 Destructuring In man places within iterate clauses where ariable is exp ected, list can written instead. In these cases, the alue to assigned is destructur according to the pattern describ ed the list. As simple example, the clause (for (key item) in alist) will result in key eing set to the car of eac elemen in alist and item eing set to the cdr The pattern list ma nested to arbitrary depth, and (as the example sho ws) need not terminated with nil the only requiremen is that eac leaf bindable sym ol (or nil in whic case no binding is generated for that piece of the structure). Sometimes, ou migh lik to do the equiv alen of multiple-value-setq in clause. This \m ultiple-v alue destructuring" can expressed writing (values pat pat for destructuring pattern, as in (for (values (a b) d) (three-valued-function ...)) Note that the pat can themselv es destructuring patterns (though not ultiple- alue destructuring patterns). ou can’t do ultiple-v alue destructuring in with clause; instead wrap the whole iterate form in multiple-value-bind Rationale: There are subtle in teractions et een ariable declarations and ev aluation or- der that mak the correct implemen tation of ultiple-v alue destructuring in with some- what tric ky The destructuring feature of iterate is ailable as separate mec hanism, using the dsetq macro:

TYPES AND DECLARA TIONS 18 dsetq template expr Macr erforms destructuring of expr using template. Ma used outside of an iterate form. 3.4 On-line Help There is limited facilit for on-line help, in the form of the display-iterate-clauses function. display-iterate-clauses &optional clause-sp unction Displa ys list of iterate clauses. If clause-sp is not pro vided, all clauses are sho wn; if it is sym ol, all clauses eginning with that sym ol are sho wn; and if it is list of sym ols, all clauses for whic clause-sp is pre�x are sho wn. 3.5 arallel Binding and Stepping The parallel binding and stepping of ariables is feature that iterate do es not ha e. This section attempts to pro vide rationale. sa that ariables are ound in ar al lel if neither binding shado ws the other. This is the usual seman tics of let (as opp osed to let* ). Similarly can sa that iteration ariables are stepp ed in parallel if neither ariable is up dated efore the other, conceptually sp eaking; in other ords, if the co de to up date eac ariable can reference the old alues of oth ariables. loop allo ws parallel binding of ariables and parallel stepping of driv er ariables. My view is that if ou are dep ending on the serial/parallel distinction, ou are doing something obscure. If ou need to bind ariables in parallel using with then ou ust using ariable name that shado ws name in the existing lexical en vironmen t. Don’t do that. The most common use for parallel stepping is to trac the alues of ariables on the previous iteration, but in fact this do es not require parallel stepping at all; the follo wing will ork: (iter (for current in list) (for prev previous current) ...) yp es and Declarations 4.1 Discussion Sometimes e�ciency dictates that the yp es of ariables declared. This yp information needs to comm unicated to iterate so it can bind ariables to appro- priate alues. urthermore, iterate ust often generate in ternal ariables in visible to the user; there needs to for these to declared.

TYPES AND DECLARA TIONS 19 As an example, consider this co de, whic will return the um er of dd elemen ts in number-list (iter (for el in number-list) (count (oddp el))) In pro cessing this form, iterate will create an in ternal ariable, let us call it list17 to hold the successiv cdr of number-list and will bind the ariable to number-list It will also generate default binding for el only inside the dy of the lo op will el set to the car of list17 Finally iterate will generate ariable, call it result to hold the result of the coun t, and will bind it to zero. When dealing with yp declarations, iterate observ es one simple rule: it wil never gener ate de clar ation unless queste to do so. The reason is that suc dec- larations migh mask errors in compiled co de oiding error-c hec ks; the resulting problems ould doubly hard to trac do wn ecause the declarations ould hidden from the programmer. Of course, compiler migh omit error-c hec ks ev en in the absence of declarations, though this eha vior can usually oided, e.g. sa ying (proclaim ’(optimize (safety 3))) So, the ab iterate form will generate co de with no declarations. But sa wish to declare the yp es of el and the in ternal ariables list17 and result Ho is this done? Declaring the yp of el is easy since the programmer kno ws the ariable’s name: (iter (for el in number-list) (declare (fixnum el)) (counting (oddp el))) iterate can read ariable yp declarations lik this one. Before pro cessing an clauses, it scans the en tire top-lev el form for yp declarations and records the yp es, so that ariable bindings can erformed correctly In this case, el will ound to zero instead of nil Also, iterate collects all the top-lev el declarations and puts them at the egining of the generated co de, so it is not necessary to place all declarations at the eginning of an iterate form; instead, they can written near the ariables whose yp es they declare. Since iterate is not part of the compiler, it will not kno ab out declarations that ccur outside an iterate form; these declarations ust rep eated inside the form. Here is another could ha declared the yp of el (iter (for (the fixnum el) in number-list) (counting (oddp el))) iterate extends the Common Lisp the form to apply to ariables as ell as alue- pro ducing forms; an ywhere ariable is allo ed|in with clause, as the iteration ariable in driv er clause, as the into argumen of an accum ulation clause, ev en inside destructuring template|y ou can write (the typ symb ol instead.

TYPES AND DECLARA TIONS 20 There is one crucial di�erence et een using the form and actually declaring the ariable: explicit declarations are alw ys placed in the generated co de, but yp information from the form is not turned in to an actual declaration unless ou tell iterate to do so using iterate::declare-variables See elo w. Declaring the yp es of in ternal ariables is harder than declaring the yp es of explicitly men tioned ariables, since their names are unkno wn. ou do it declaring iterate::declare-variables somewhere inside the top lev el of the iterate form. (This will also generate declarations for ariables declared using the .) iterate do es not pro vide uc selectivit here: it’s all or none. And unfortunately since iterate is not privy to compiler information but instead reads declarations itself, it will not hear if ou (proclaim ’(iterate::declare-variables)) Instead, set the ariable iterate::*always-declare-variables* to at compile-time, using eval-when determine the appropriate yp es for in ternal ariables, iterate uses three sources of information: Often, the particular clause dictates certain yp for ariable; iterate will use this information when ailable. In the curren example, the ariable list17 will giv en the yp list since that is the only yp that mak es sense; and the ariable result will giv en the yp fixnum on the assumption that ou will not coun ting high enough to need bign ums. ou can erride this assumption only using and explicitly declaring ariable: (iter (declare (iterate::declare-variables)) (for el in number-list) (count (oddp el) into my-result) (declare (integer my-result)) (finally (return my-result))) Other examples of the yp assumptions that iterate mak es are: yp list for into ariables of collection clauses; yp list for expressions that are to de- structured; yp vector for the ariable holding the ector in for ... in-vector clause, and similarly for string and the for ... in-string clause; and the implemen tation-dep enden yp (type-of array-dimension-limit) for the index and limit ariables generated sequence iteration driv ers lik for ... in-vector and for ... in-string (but not for ... in-sequence ecause it ma used to iterate er list). Sometimes, iterate will examine expressions and try to determine their yp es in simple-minded If the expression is self-ev aluating (lik um er, for instance), iterate kno ws that the expression’s yp is the same as the yp of the alue it denotes, so it can use that yp e. If the expression is of the form (the typ expr iterate is smart enough to extract typ and use it. Ho ev er, the curren ersion of iterate do es not examine declarations of function result

PR OBLEMS WITH CODE MO VEMENT 21 yp es or do an yp inference. It will not determine, for example, that the yp of (+ 4) is fixnum or ev en number In some cases, the yp of an in ternal ariable should matc the yp of some other ariable. or instance, iterate generates an in ternal ariable for (f x) in the clause (for from to (f x)) and in the absence of other information will giv it the same yp as If, ho ev er, the expression had een written (the fixnum (f x)) then iterate ould ha giv en the in ternal ariable the yp fixnum regardless of ’s yp e. The yp incompatibilit errors that could arise in this situation are not hec ed for. Note that if ou do declare iterate::declare-variables then iterate ma declare user ariables as ell as in ternal ones if they do not already ha declarations, though only for ariables that it binds. or instance, in this co de: (iter (declare (iterate::declare-variables)) (for from to 10) (collect into var)) the ariable var will declared to of yp list 4.2 Summary iterate understands standard Common Lisp ariable yp declarations that ccur within an iterate form and will pass them through to the generated co de. If the declaration (iterate::declare-variables) app ears at the top lev el of an iterate form, or if iterate::*always-declare-variables* is non- nil then iterate will use the yp information gleaned from user declarations, self-ev aluating expressions and the expressions, com bined with reasonable assumptions, to determine ariable yp es and declare them. Problems with Co de Mo emen Some iterate clauses, or parts of clauses, result in co de eing mo ed from the lo cation of the clause to other parts of the lo op. Driv ers eha this as do co de- placemen clauses lik initially and finally When using these clauses, there is danger of writing an expression that mak es sense in its apparen lo cation but will in alid or ha di�eren meaning in another lo cation. or example: (iter (for from to 10) (let ((x 3)) (initially (setq 4)))) While it ma app ear that the of (initially (setq 4)) is the same as the of (let ((x 3)) ... in fact they are not: initially mo es its co de outside the lo op dy so ould refer to global ariable. Here is another example of the same problem:

DIFFERENCES BETWEEN ITERATE AND LOOP 22 (iter (for from to 10) (let ((x 3)) (collect into x))) If this co de ere executed, collect ould create binding for its at the top lev el of the iterate form that the let will shado w. Happily iterate is smart enough to catc these errors; it alks all problematical co de to ensure that free ariables are not ound inside the lo op dy and hec ks all ariables it binds for the same problem. Ho ev er, some errors cannot caugh t: (iter (with 3) (for el in list) (setq 1) (reducing el by #’+ initial-value x)) reducing mo es its initial-value argumen to the initialization part of the lo op in order to pro duce more e�cien co de. Since iterate do es not erform data- o analysis, it cannot determine that is hanged inside the lo op; all it can establish is that is not ound in ternally Hence this co de will not signal an error and will use as the initial alue of the reduction. The follo wing list summarizes all cases that are sub ject to these co de motion and ariable-shado wing problems. An ariable for whic iterate creates binding, including those used in with and the into eyw ord of man clauses. The sp ecial clauses whic place co de: initially after-each finally and finally-protected The ariable of next form. The initially argumen ts of for ... initially ... then and for ... previous The then argumen of for ... initially ... then The initial-value argumen ts of reducing and accumulate The on-failure argumen of finding ... such-that Di�erences Bet een Iterate and Loop loop con tains great deal of complexit whic iterate tries to oid. Hence man esoteric features of loop don’t exist in iterate Other features ha een carried er, but in cleaned-up form. And of course, man new features ha een added; they are not men tioned in this list.

OLLING YOUR WN 23 iterate ’s syn tax is more Lisp-lik than loop ’s, ha ving higher densit of parens. The curren implemen tation of iterate unlik the curren ersion of loop (as do cumen ted in Common Lisp, 2nd Ed. ), is extensible (see section 7). loop puts the up dates of all driv er ariables at the top of the lo op; iterate lea es them where the driv er clauses app ear. While for the most part iterate clauses that resem ble loop clauses eha similarly there are some di�erences. or instance, there is no for ... ... then in iterate instead use for ... initially ... then loop binds the ariable it at certain times to allo pseudo-English expres- sions lik when expr return it In iterate ou ust bind expr to ariable ourself. loop has sp ecial return clause, illustrated in the previous item. iterate do esn’t need one, since an ordinary Lisp return has the same e�ect. loop allo ws for parallel binding and stepping of iteration ariables. iterate do es not. (See section 3.5.) loop and iterate handle ariable yp declarations ery di�eren tly loop pro- vides sp ecial syn tax for declaring ariable yp es, and do es not examine dec- larations. Moreo er, the standard implemen tation of loop will generate dec- larations when none are requested. iterate parses standard Common Lisp yp declarations, and will nev er declare ariable itself unless declarations are sp eci�cally requested. Rolling our Own 7.1 In tro duction iterate is extensible|y ou can write new clauses that em dy new iteration pat- terns. ou migh an to write new driv er clause for data structure of our wn, or ou migh an to write clause that collects or manipulates elemen ts in not pro vided iterate This section describ es ho to write clauses for iterate riting clause is lik writing macro. In fact, writing clause is writing macro: since iterate co de- alks its dy and macro expands, ou can add new abstractions to iterate with go old defmacro Actually there are extensions ou can mak to iterate that are ev en easier than writing macro. They are adding synon ym for an existing clause and de�ning

OLLING YOUR WN 24 driv er clause for an indexable sequence. These can done with defsynonym and defclause-sequence resp ectiv ely See section 7.3, elo w. The rest of this section explains ho to write macros that expand in to iterate clauses. Here’s ho ou could add simpli�ed ersion of iterate ’s multiply clause, if iterate didn’t already ha one: (defmacro multiply (expr) ‘(reducing ,expr by #’* initial-value 1)) If ou found ourself summing the square of an expression often, ou migh an to write macro for that. �rst cut migh (defmacro sum-of-squares (expr) ‘(sum (* ,expr ,expr))) but if ou are an exp erienced macro writer, ou will realize that this co de will ev aluate expr wice, whic is probably bad idea. etter ersion ould use temp orary: (defmacro sum-of-squares (expr) (let ((temp (gensym))) ‘(let ((,temp ,expr)) (sum (* ,temp ,temp))))) Although this ma seem complex, it is just the sort of thing ou’d ha to go through to write an macro, whic illustrates the oin of this section: if ou can write macros, ou can extend iterate Our macros don’t use iterate ’s eyw ord-argumen syn tax. could just use eyw ords with defmacro but ould still not using iterate ’s clause indexing mec hanism. Unlik Lisp, whic uses just the �rst sym ol of form to determine what function to call, iterate individuates clauses the list of required eyw ords. or instance, for ... in and for ... in-vector are di�eren clauses implemen ted distinct Lisp functions. buy in to this indexing sc heme, as ell as the eyw ord-argumen syn tax, use defmacro-clause defmacro-clause ar glist &body dy Macr De�nes new iterate clause. ar glist is list of sym ols whic are alternating eyw ords and argumen ts. &optional ma used, and the list ma termi- nated &sequence dy is an ordinary macro dy as with defmacro If the �rst form of dy is string, it is considered do cumen tation string and will sho wn display-iterate-clauses defmacro-clause will signal an error if de�ning the clause ould result in an am biguit E.g. ou cannot de�ne the clause for ... from ecause there ould no to distinguish it from use of the for clause with optional eyw ord from

OLLING YOUR WN 25 Here is multiply using defmacro-clause The eyw ords are capitalized for read- abilit (defmacro-clause (MULTIPLY expr &optional INTO var) ‘(reducing ,expr by #’* into ,var initial-value 1)) ou don’t ha to orry ab out the case when var is not supplied; for an clause with an into eyw ord, sa ying into nil is equiv alen to omitting the into en tirely As another, more extended example, consider the fairly common iteration pattern that in olv es �nding the sequence elemen that maximizes (or minimizes) some func- tion. iterate pro vides this as finding ... maximizing but it’s instructiv to see ho to write it. Here, in pseudo co de, is ho ou migh write suc lo op for maximizing function F: set ariable MAX-V AL to NIL; set ariable WINNER to NIL; for eac elemen EL in the sequence if MAX-V AL is NIL or F(EL) MAX-V AL then set MAX-V AL to F(EL); set WINNER to EL; end if; end for; return WINNER. Here is the macro: (defmacro-clause (FINDING expr MAXIMIZING func &optional INTO var) (let ((max-val (gensym)) (temp1 (gensym)) (temp2 (gensym)) (winner (or var iterate::*result-var*))) ‘(progn (with ,max-val nil) (with ,winner nil) (cond ((null ,max-val) (setq ,winner ,expr) (setq ,max-val (funcall ,func ,winner)) (t (let* ((,temp1 ,expr) (,temp2 (funcall ,func ,temp1))) (when (> ,temp2 ,max-val) (setq ,max-val ,temp2) (setq ,winner ,temp1)))))) (finally (leave ,winner)))))

OLLING YOUR WN 26 Note that if no into ariable is supplied, use iterate::*result-var* whic con tains the in ternal ariable in to whic all clauses place their results. If this ariable is ound some clause, then iterate will return its alue automatically; otherwise, nil will returned. 7.2 riting Driv ers In principle, driv ers can implemen ted just as easily as other iterate clauses. In practice, they are little harder to get righ t. As an example, consider writ- ing driv er that iterates er all the elemen ts of ector, ignoring its �ll-p oin ter. for ... in-vector on’t ork for this, ecause it observ es the �ll-p oin ter. It’s neces- sary to use array-dimension instead of length to obtain the size of the ector. Here is one approac h: (defmacro-clause (FOR var IN-WHOLE-VECTOR v) "All the elements of vector (disregards fill-pointer)" (let ((vect (gensym)) (end (gensym)) (index (gensym))) ‘(progn (with ,vect ,v) (with ,end (array-dimension ,vect 0)) (for ,index from below ,end) (dsetq ,var (aref ,vect ,index))))) Note that immediately put in ariable, in case it is an expression. Again, this is just go Lisp macrology It also has subtle e�ect on the seman tics of the driv er: is ev aluated only once, at the eginning of the lo op, so hanges to in the lo op ha no e�ect on the driv er. This is ho all of iterate ’s driv ers ork. There is an imp ortan oin concerning the progn in this co de. need the progn of course, ecause are returning sev eral forms, one of whic is driv er. But iterate driv ers ust ccur at top-lev el. Is this co de in error? No, ecause top- level is de�ned in iterate to include forms inside progn This is just the de�nition of top-lev el that Common Lisp uses, and for the same reason: to allo macros to return ultiple forms at top-lev el. While our for ... in-whole-vector clause will ork, it is not ideal. In particular, it do es not supp ort generating. Do do so, need to use for ... next or for ... do-next The job is simpli�ed the defmacro-driver macro. defmacro-driver ar glist &body dy Macr De�nes driv er clause in oth the for and generate forms, and pro vides parameter generator? whic dy can examine to determine ho it as in ok ed. ar glist is as in defmacro-clause and should egin with the sym ol for

OLLING YOUR WN 27 With defmacro-driver our driv er lo oks lik this: (defmacro-driver (FOR var IN-WHOLE-VECTOR v) "All the elements of vector (disregards fill-pointer)" (let ((vect (gensym)) (end (gensym)) (index (gensym)) (kwd (if generator? ’generate ’for)) ‘(progn (with ,vect ,v) (with ,end (array-dimension ,vect 0)) (with ,index -1) (,kwd ,var next (progn (incf ,index) (if (>= ,index ,end) (terminate)) (aref ,vect ,index))))))) are still missing one thing: the &sequence eyw ords. can get them easily enough, writing (defmacro-driver (FOR var IN-WHOLE-VECTOR &sequence) ...) can no refer to parameters from to by etc. whic con tain either the alues for the corresp onding eyw ord, or nil if the eyw ord as not supplied. Implemen ting the righ co de for these eyw ords is cum ersome but not di�cult; it is left as an exercise. But efore ou egin, see defclause-sequence elo for an easier 7.3 Extensibilit Aids This section do cumen ts assorted features that ma of use in extending iterate iterate::*result-var* ariable Holds the ariable that is used to return alue as result of the iterate form. ou ma examine this and use it in with clause, but ou should not hange it. defsynonym syn wor Macr Mak es syn synon ym for the existing iterate eyw ord wor d. Only the �rst ord in eac clause can ha synon yms. defclause-sequence element-name index-name Macr &key ac ess-fn size-fn se quenc e-typ element-typ element-do c-string index-do c-string Pro vides simple to de�ne sequence clauses. Generates clauses, one for iterating er the sequence’s elemen ts, the other for iterating er its

OLLING YOUR WN 28 indices. The �rst sym ol of oth clauses will ha prin t-name for element- name and index-name should sym ols. element-name is the second ey- ord of the elemen iterator (t ypically of the form in- se quenc e-typ ), and index-name is the second eyw ord of the index-iterator (t ypically of the form index-of- se quenc e-typ ). Either name ma nil in whic case the corre- sp onding clause is not de�ned. If oth sym ols are supplied, they should in the same pac age. The for that egins the clauses will in this pac age. ac ess-fn is the function to used to access elemen ts of the sequence in the elemen iterator. The function should tak argumen ts, sequence and an index, and return the appropriate elemen t. size-fn should denote function of one argumen t, sequence, that returns its size. Both ac ess-fn and size-fn are required for the elemen iterator, but only size-fn is needed for the index iterator. The se quenc e-typ and element-typ eyw ords are used to suggest yp es for the ariables used to hold the sequence and the sequence elemen ts, resp ectiv ely The usual rules ab out iterate ’s treatmen of ariable yp declarations apply (see section 4). element-do c-string and index-do c-string are the do cumen tation strings, for use with display-iterate-clauses The generated elemen t-iterator erforms destructuring on the elemen ari- able. As an example, the ab for ... in-whole-vector example could ha een written: (defclause-sequence IN-WHOLE-VECTOR INDEX-OF-WHOLE-VECTOR :access-fn ’aref :size-fn #’(lambda (v) (array-dimension 0)) :sequence-type ’vector :element-type :element-doc-string "Elements of vector, disregarding fill-pointer" :index-doc-string "Indices of vector, disregarding fill-pointer") 7.4 Subtleties There are some subtleties to are of when writing iterate clauses. First, the co de returned our macros ma nconc ’ed in to list, so ou should alw ys returned freshly consed lists, rather than constan ts. Second, iterate matc hes clauses using eq on the �rst sym ol and string= on the subsequen ones, so the pac age of the �rst sym ol of clause is relev an t. All of the clauses in this man ual ha their �rst ord in the iterate pac age. ou can use the pac age system in the usual to shado iterate clauses without replacing them.

OBT AINING ITERATE 29 Obtaining Iterate iterate curren tly runs on Lisp Mac hines, and on HP’s, Sun3’s and Sparcsta- tions under Lucid. iterate source and binaries are ailable at the MIT AI Lab in the sub directories of /src/local/lisplib/ The source �le, iterate.lisp is also ailable for anon ymous FTP in the directory /com/fpt/pub/ on the mac hine TRIX.AI.MIT.EDU (In ternet um er 128.52.32.6). If ou are unable to obtain iterate in one of these ys, send mail to jba@ai.mit.edu and will send ou the source �le. iterate resides in the iterate pac age (nic kname iter ). Just sa (use-package "ITERATE") to mak all the necessary sym ols ailable. If sym ol is not exp orted, it app ears in this man ual with an iterate:: pre�x. Send bug rep orts to bug-iterate@ai.mit.edu The info-iterate mailing list will ha notices of hanges and problems; to ha ourself added, send mail to info-iterate-request@ai.mit.edu Ac kno wledgemen ts Ric hard aters pro vided in aluable criticism whic spurred me to impro iterate greatly As early users, Da vid Clemens, Oren Etzioni and Je� Siskind help ed ferret out man bugs.

Index *always-declare-variables* 21 *list-end-test* *result-var* 27 accumulate 13 adjoining 13 after-each 15 always 14 appending 13 collect 12 counting 12 declare-variables 21 defclause-sequence 27 defclause-sequence 27 defmacro-clause 24 defmacro-driver 26 defsynonym 27 display-iterate-clauses 18 dsetq 18 finally 16 finally-protected 16 finding ... maximizing 14 finding ... minimizing 14 finding ... such-that 13 finish 15 for for ... for ... do-next for ... first ... then 10 for ... in for ... in-file for ... in-hashtable for ... in-package for ... in-sequence for ... in-stream for ... in-string for ... in-vector for ... index-of-sequence for ... index-of-string for ... index-of-vector for ... initially ... then 10 for ... next for ... on for ... previous if-first-time 15 in 17 initially 15 leave 15 maximize 12 minimize 12 multiply 11 nconcing 13 never 14 next-iteration 15 nunioning 13 reducing 12 repeat sum 11 terminate the 19 thereis 14 unioning 13 until 15 while 15 with 30