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1. Permutation generator. As with other combinatorial generators, 

this depends on a notion of order, and steps from one item to the 

next in order. We use lexicographic order of permutations of 

integers 1 ~\In~ nn; basic step is as follows. Find latest n 

which fails to exceed some m following; interchange this with 

the last following element which exceeds it, and put all the 

elements following the old position of n into ascending order 

(by reversal). We keep for each element tlie number of following 

elements which it exceeds, and keep a stack of all those positions 

which contain an element not exceeding all following elements. 

ni = f<n,n/, 1 ~ n ~ nn]; exfol =[<n, o), 1 ~ n ~ nn 5; 
stack= ni lesf. n; 

(while stack ne. nl. )(i, stack(ffstack)>(stack(#stack) ,n); 
e = n-exfol(i); (ni(i), ni(e)>(ni(e), ni(i)>; 

(exfol(e), exfol(i))(exfol(i), exfol(e)+l); if exfol(i) lt. n-i then 

stack(jstack+l) = i;; 

( 1 ~ V ,j ~ ( n- i) /2 ) < n i ( i + j ) , n i ( n- j + 1; / ( n i ( n- i + 1) , n i ( i + ,j) > ~ ; 
(i+l ~ \lj ~ n) exfol(j) = O; stack(jstack+l1 = j;; 

Note that the array ni may be replaced by any other in this procedure. 

2. Generator of unordered trees. Standard order is established 

as follows. First take highest number of nodes, then, recursively 

arranging subtrees in standard order, take "}exicogr~pnic order 

of these arrangements. To advance from one tree to the next, we 

find last tree which can be advanced, which is first of a terminal 

run of trees, all equal, and advance lt if possible, reducing ~11 

its followers to single-node trees_ If it can't be advanced, we 

add one node from a follower, and arrange this k+l-node tree in 

single node fashion. If it has no followers, we take the first 

element of the preceding run, and follow a similar procedure. 
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define enum n; desc =Jl...__; top= newat.; (1 ~ 't/j:: n-1) a= newat; 

d esc ( top, j) = ( a, 1, 1 >; ( while top ne J)_) print treeout top; 

top= nexut top;; 

the descendants of a node are triples 

(node, treenumber, number of nodes in tree) 

definef nextut top; enum external desc; 

if desc (top, 1) ~ .../1_ then return._/l_;; ld = ldesc cop; 

fe = ld firsteq top; tryadv: if (nextut*desc (top,fe)) ne _/L 

then do advance (fe); restart (top, fe+l); return top; end if; 

if fe ne ld then do pulla(fe, ld); restart (top, fe+l); 

return top; end if; 

if fe ~ 1 then return .../L; 

fe = fe-1 firsteq top; go to tryadv; 

definef ldesc top; nextut external desc; j = l; 

(while desc (top, j+l) neJL) j = j+l;; return j; end ldesc; 

definef j firsteq top; nextut external desc; k = j; 

(while - desc (top, k-1) ~ - desc (top,k)) k = k-1;; return k; 

end firsteq; 

block advance (fe); rlesc (top,fe) = 

(nextut :Kdesc (top,fe),t-desc (top,fe) +- 1,--desc (top,fe)>; 

end adv'.lnce; 

block pulla (fe, ld); nds = nl; addnodes (tdesc (top, ld), nds;; 

node from nds; 
ndz = nl; Rddnodes (-~desc (top, fe), ndz); attach (ndz, node, 1); 

desc (top, fe 1 = {node, 1,--desc (top, fe) + 1); 

attach (nds, top, ld); end pulla; 

end nextut; 

define restart (top, loc); nextut external desc; nds = nl; 

(loc ~ \lj ~ ldesc top) nddnodes (;t-desc (top, j), nds);; 

attach (nds, top, loc); 

return; end restart; 
define attach (nds, top, loc); nextut external Jesc; j = loc; 
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(while desc (top, j) ne../1...) desc (top, j) =.Jl.;,i=j+l; ,j = loc; 

(Vnt:: nds) desc (top, j) = (n, 1, 1>; j=j+l; return; end attach; 
define addnodes (top, nds); nextut external desc; top in nds; j = l; 

(while desc (top, j) ne.../'L) addnodes (:,tdesc (top,~i), nds); 

j = j+l;;return; end addnodes; treeout is omitted output routine. 

3. Huffman table. Given set char of characters with frequency 

function freq(c). First sort into decreasing frequency to get 

nchar(n)=ordered sequence. Then, using binary search and insert 

function elt insert nchar proceed as follows: (while #nchar gt. 1) 
node = newa t. ; nc = jfnchar; r = nl. ; l == nl. ; 

(l(node), r(node), freq(node))= 

<.nchar(nc), nchar(nc-1), freq(nchar(nc))+ frc11_(nc:B,r(nc-1.)p; 

(nchar(nc-1), nchar(nc)>=(../l_ ,.Jl./; node insert. nchar;; 
top= node; code= nl.; walk(nl., top); 

define walk(seq, top); external code; if l(top) ne . ../L then s = seq; 

s (# s + 1 J = 0 ; 

walk (s, l(top)); s(//s) = l; 

Ha 1 k ( s, r ( top ) ) ; 

else (top, seq) in. code;; return; end walk; 

1;. II'cJi.'i.'11nn encode ::.nc.: uecode 01 sequence~ ,)l. c:1,.r2ctecs, ~isinz_': 

code tab 1 e anrJ tree pr2p1red ab·) 11e. 

:,~scq= nl.; (l~VJ :5:/f::cseq, ~-~;,~~#code(cseq(j)) hcseq(#"hcseq+l'i= 
,•-J,1n (,,~pr,(J 0 il (k-\ ... 

_, \.._ , < '......- \ \_, '~ _, '-i I ,' \ j ' ' 

no_ie i.:, i1c•~eq(j) eq. 

i., J(nou,,: er-;_ . ../1_ '.~,'.1·:1 

/ l < \ .. / . < jr,, , ,·· re(' \ 

' ,_ '- V ,_, '- :+f '"--. ,: ·-1 

0 thi?n J (nodr;\ c-:.se i'(nolr;\; 
u; . 
V d-' 

thi:s rel::i tion involves a rel.'ltive orrset, ·:p1,j Ls r,urn:nr,rized l)Y 1 

rn::i.p rn1sL(node) =<node;', offseL). /\ set or lcLplc~ 

[(no,.1c, nocie 1, off;3et)} Ls to be: pcocessed Lt1to t:1:Ls f ,!'::,, '.1t1•.i ::, 
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flag set if a contrrtdict:on results. 

err= f.; (\/tftrips) (node, nod2, offs)t; (while mast(node) ne._/l_) 

<node, off s) (imas t (node), off s +- mo_st (node));; 

(while ma.st(nod2) ne • .Jl.) 

(nod2, offs>(~mast(nod2), offs -- mRst(nod21);; 

1-.f nocle eq. nod2 and. offs ne. 0 then err = t. _; go to done; 

else mast(node) = (nod2, offs);; 

end Vt; done:; 

6. Polynomial addition and 
, rr ti •T 1 r ~7-oy ,._nu -,1, vo ume _, p .. ::: ). 
oi' terms, each of ,-rh1.ch has 

exp of z'; v1iti1 a coe;fficlent 

are in standard orcler. 

mul tlplic::i.J,;j_on i.n :Corm rJescrib,-:;d 

A po1.ynomi~1 is q sequence poln(n) 

the fo1·:;-i (coeC', e;xp of x, exp of y, 

':;n] three expone;nts. The exponents 

d efinef poll plus. pol2; return plu sadj ( poll, pol2, ( 1, O, O, 0 )) ; 

end plus; 

definef poll times. pol2; p = nl.; (1 ~VJ~ pol2) 

p = plusadj (poll, p, pol2 (j));; return p; end times; 

definef plusadj (poll, pol2, adj); n = l; m = l; sum= nl.; 

(while n le.fpoll or m le.jf,pol2) 

if m gt. -jf po.12 then <sum (JFsum+l), n) = <poll ( n), n+l); 

else if n gt.jpoll then <sum(:ffsum+l;, m) '--' {pol2(m) ::10n.sdj, rn+1/; 

else p2a = pol2(m) mon.adj; pl = poll(n); if - pl eq. - p2a then 

c = *p l +lp2a; ( m, n) (m+ l, n+-1) _; _:_f .. : ;1e. O then sum (#-sum + 1) = 

<-~, - pl.);; 

else (sum(#:=°sum+l), n, m) i.f - pl bi 0 exp. p?,1 then<pl, n+l, m) 

else(p2a, n, m+l); end if; end while; end times; 

definef el bigexp. e2; (wh1.le el ne._ll_) v::il = if *el gt. ,;lf.e2 then t. 

else if *e2 gt. ¼ el then f. else .J)__; if. val ne •. _/L_ tl1en return va l;; 

el = - el; e2 = - e2; end while; return t.; 

definef p mon. q; /;k/ monad multiplication /~-/ 

return <*P-Jf~q, 2 z.p + (2 z.ql, 3 z.p + (;, z.q), l.J. z.p + (l.J. z.q)>; 

end mon; end plusadj; 


