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This document is an appendix to the DFNS NOTES document:

    www.dyalog.com/dfnsdws/DfnsNotes.pdf

It contains the source code of each of the functions and operators in the dfns
workspace. See the main document for a general introduction.

Code Stats:

    Number of functions    169
    Number of operators     58
    Total lines of code   5694



               ÚÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÌ
               Û F u n c t i o n s   a n d   O p e r a t o r s Û
               ÀÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÙ

                                                                               1



acc-ambiv··

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎacc

acc„{                                   © Accumulating reduction.
·   œ¸¸{(›¸ ¸¸œ«½¾),¾}/1‡{¾,›«½¾}¯1²¾
}

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎalext

alext„{         © Association list ¸ extended with pair ¾.
·   ¸,þ°›¨¾     © list ¸ with new name and value _prefixed_.
}

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎalrem

alrem„{                     © Association list ¸ with name ¾ removed.
·   (›~<\(ŒIOœ¸)¹›¾)/¨¸     © list without leftmost name and corresp. value.
}

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎalrems

alrems„{                © Association list ¸ with names ¾ removed.
·   (›~(ŒIOœ¸)¹¾)/¨¸    © ALL names and corresponding values removed.
}

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎalval

alval„{                 © Value of name ¾ in association list ¸.
·   names vals„¸        © name vector and corresponding values.
·   (names¼›¾)œvals     © value corresponding to leftmost name.
}

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎalvals

alvals„{            © Values of names ¾ in association list ¸.
·   names vals„¸    © name vector and corresponding values.
·   vals[names¼¾]   © leftmost value for each name.
}

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎambiv

ambiv„{ŒIO ŒML„1                        © Ambivalize traditional functions.
·   ¸„(ŒNS'').##                        © default current space for,
·   ¸{                                  © external operations:
·   ·   ¸­'src':¸¸.ŒCR ¾                © source.
·   ·   ¸­'syx':2†œ¸¸.ŒAT ¾             © syntax.
·   ·   ¸­'fix':¸¸.ŒFX ¾                © refix.
·   }{
·   ·   hd„œ‡cr„'src'¸¸ ¾               © function source.
·   ·   2>½½cr:shy„''                   © derived or primitive: quit.
·   ·   0=œ½cr:shy„''                   © locked or external:   quit.
·   ·   rslt vnce„'syx'¸¸ ¾             © result and function valence.
·   ·   2¬vnce:shy„''                   © not dyadic:           quit.
·   ·   fix„'fix'°¸¸°{(›¾),1‡‡cr}       © refix modified function.
·   ·   split„{(1,1‡<\¾¹¸)›¾}           © split before first ¾¹¸.
·   ·
·   ·   rslt:fix{                       © rslt„larg ...
·   ·   ·   rslt tl„'„'split ¾          © rslt„ / larg ...
·   ·   ·   larg rest„' ('split 1‡tl    © larg / ...
·   ·   ·   rslt,'„{',larg,'}',rest     © rslt„{larg} ...
·   ·   }hd
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                                                                ··ambiv-assign··

·   ·   sp„+/^\hd=' '                   © leading spaces
·   ·   larg tail„' ('split sp‡hd       © larg ...
·   ·   fix(sp½' '),'{',larg,'}',tail   © {larg} ...
·   ·
·   }¨‡ŒFMT†¾                           © attributes.
}

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎascan

ascan„{ŒML„0        © Associative scan.
·   2>0ƒ½¾:¾        © few items: done.
·   ²†¸¸{
·   ·   (›(œ¾)¸¸ ¸),¾
·   }/²(›°œ¨‡¾),†1‡¨‡¾
}

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎascana

ascana„{ŒML„0                   © Higher rank asscociative scan.
·   ¸„«½²¼½½¾                   © default last axis.
·   †[¸-0.1](¸¸ ascan)¨‡[¸]¾
}

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎassign

assign„{ŒML„0                               © Hungarian method cost assignment.
·
·   step0„{step1(²—\²½¾)†¾}                 © 0: at least as many rows as cols.
·
·   step1„{step2†(‡¾)-˜/¾}                  © 1: reduce rows by minimum value.
·
·   step2„{                                 © 2: mark independent zeros.
·   ·   stars„{                             © independent zeros.
·   ·   ·   ~1¹¾:¸                          © no more zeros: done.
·   ·   ·   next„<\<™¾                      © more independent zeros.
·   ·   ·   mask„(rows next)Ÿcols next      © mask of dependent rows and cols.
·   ·   ·   (¸Ÿnext)’ ¾>mask                © ¸-accumulated star matrix.
·   ·   }                                   ©
·   ·   zeros„{¾+0 stars ¾}¾=0              © 1=>zero, 2=>independent zero.
·   ·   step3 ¾ zeros                       © next step: 3.
·   }
·
·   step3„{costs zeros„¾                    © 3: cover cols with starred zeros.
·   ·   stars„zeros=2                       © starred zeros.
·   ·   covers„2×cols stars                 © covered cols.
·   ·   ~0¹covers:stars                     © all cols covered: solution.
·   ·   step4 costs zeros covers            © next step: 4.
·   }
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··assign-attrib··

·   step4„{costs zeros covers„¾             © 4: adjust covering lines.
·   ·   mask„covers=0                       © mask of uncovered elements.
·   ·   open„1=mask×zeros                   © uncovered zeros.
·   ·   ~1¹open:(˜/(,mask)/,costs)step6 ¾   © no uncovered zeros, next step :6.
·   ·   prime„first open                    © choose first uncovered zero.
·   ·   prow„rows prime                     © row containing prime.
·   ·   star„2=zeros×prow                   © star in row containing prime.
·   ·   ~1¹star:prime step5{                © no star in row, next step :5,
·   ·   ·   costs ¾ prime                   © adjusted zeros matrix,
·   ·   }zeros+2×prime                      © new primed zero (3).
·   ·   cnext„covers+prow-2×cols star       © adjusted covers.
·   ·   znext„zeros—3×prime                 © primed zero.
·   ·   ’ costs znext cnext                 © adjusted zeros and covers
·   }
·
·   step5„{costs zeros prime„¾              © 5: exchange starred zeros.
·   ·   star„(cols prime)^zeros=2           © next star.
·   ·   ~1¹star:step3 ¸{                    © no stars: next step :3.
·   ·   ·   {costs ¾}{¾-2×¾=3}¾-¸^¾>1       © unstarred stars; starred primes.
·   ·   }zeros                              © adjusted zero markers.
·   ·   pnext„(rows star)^zeros=3           © next prime.
·   ·   (¸ŸpnextŸstar)’ costs zeros pnext   © ¸-accumulated prime-star-··· path.
·   }
·
·   step6„{costs zeros covers„¾             © 6: adjust cost matrix.
·   ·   cnext„costs+¸×¯1 1+.×0 3°.=covers   © add and subtract minimum value.
·   ·   znext„zeros+(×costs)-×cnext         © amended zeros marker.
·   ·   step4 cnext znext covers            © next step: 4.
·   }
·
·   rows„{(½¾)½(œ²½¾)/Ÿ/¾}                  © row propagation.
·   cols„{(½¾)½Ÿš¾}                         © column propagation.
·   first„{(½¾)½<\,¾}                       © first 1 in bool matrix.
·
·   (½¾)†step0 ¾                            © start with step 0.
}

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎattrib

attrib„{ŒIO ŒML„0 1                         © Function/operator attributes.
·                                           © left arg: n d t i r c s ’ © “ •.
·   ¸„'“d•t  n  ©'                          © date-time-sorted: date name commen
·                                           © late binding => no name clashes.
·   names lines sntx time ids sizes„{       © function attributes.
·   ·   (›‡¾){¸,¾                           ©   names,
·   ·   }(›ŒNR¨‡¾){¸,¾                      ©   lines,
·   ·   }(1 1 0 1/‡³†,‡ŒAT ¾){¸,¾           ©   syntax, time, user-ids,
·   ·   }›ŒSIZE ¾                           ©   sizes.
·   }ŒFMT†¾                                 © matrix of names.
·
·   sxfmt„{                                 © syntax formatter.
·   ·   ¹'½¸’¾'{                            © rslt larg func rarg,
·   ·   ·   '½'=¸:(1 ¯1¼¾)œ'½„' '{½„}' ''   © rslt explicit, shy, none,
·   ·   ·   '¸'=¸:(2 ¯2¼¾)œ'¸' '{¸}' ''     © larg required or optional,
·   ·   ·   '’'=¸:¾œ'’' '(¸¸’’)' '(¸¸’’¾¾)' © function or operator,
·   ·   ·   '¾'=¸:(¾¬0)/'¾'                 © rarg or niladic.
·   ·   }¨0 1 2 1œ¨›¾                       © syntax of function.
·   }
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                                                                  ··attrib-avl··

·   comment„{                               © first comment.
·   ·   0=½¾:''                             © no comments: give up.
·   ·   1¬­œ¾:''                            © derived function: give up.
·   ·   mask„~¬\''''=œ¾                     © mask of unquoted chars.
·   ·   line„mask\mask/œ¾                   © first line with strings blanked.
·   ·   ~'©'¹line:’ 1‡¾                     © no comment: try following lines.
·   ·   (Ÿ\line='©')/œ¾                     © comment from line.
·   }
·
·   cols„{                                  © format columns:
·   ·   join„{†¸{¸,¸¸,¾}/¾}                 © ¾'s interspersed with ¸.
·   ·   nfmt„{(-2—½¾)†'0',¾}°•¨             © number formatter.
·   ·   'n'=¾:names                         © name of function or oper,
·   ·   'd'=¾:{'-'join nfmt 3†¾}¨time       © date of fix yyyy-mm-dd,
·   ·   't'=¾:{':'join nfmt 3†3‡¾}¨time     © time of fix   hh:mm:ss,
·   ·   'i'=¾:ids                           © id of fixer,
·   ·   'r'=¾:•,[0.5]{0œ½¾}¨lines           © number of rows,
·   ·   'c'=¾:•,[0.5]{1œ½†¾}¨lines          © number of cols,
·   ·   's'=¾:•,[0.5]sizes                  © workspace footprint.
·   ·   '’'=¾:sxfmt¨sntx                    © function syntax,
·   ·   '©'=¾:comment¨lines                 © first line comment,
·   ·   ¾                                   © decoration character.
·   }
·
·   sort„{                                  © sorted accumulated rows:
·   ·   collect„{0 ¯1‡†,/¾,›,[0.5]sizes}    © collect cols.
·   ·   smask„¸¹'“•^'                       © mask of sort ctrl chars.
·   ·   ~1¹smask:collect ¾                  © no sort chars: finished.
·   ·   xcols„(~smask)\¾                    © ctrl-expanded cols
·   ·   scols„(¯1²smask)/xcols              © sort column(s).
·   ·   vcols„(~smaskŸ¯1²¸¹'•^')/xcols      © visible column(s).
·   ·   (collect vcols)[“†,/scols;]         © sorted char matrix.
·   }
·
·   ¸ sort†°cols¨¸~'“•^'                    © concatenate and sort columns.
}

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎavl

avl„{ŒIO ŒML„0                          © Adelson-Velskii, Landis trees.
·
·   get„{                               © value for key ¾ from AVL tree ¸.
·   ·   ¸­0:                            © key not in tree: no value.
·   ·   (k v)_ subs„¸                   © next key, value and subtrees.
·   ·   k­¾:v                           © match: value from tree.
·   ·   dir„-/“†¾ k                     © natch: search direction.
·   ·   sub sib„dir wise subs           © subtree to search and its sibling.
·   ·   sub ’ ¾                         © value from subtree.
·   }                                   © :: v „ t ’ k
·
·   put„{                               © tree ¸ with key=value ¾.
·   ·   ¸­0:(¾ 0(0 0))1                 © null tree: new leaf, height incr.
·   ·   (kv obal subs)(key val)„¸ ¾     © next node and key=val pair.
·   ·   key­œkv:(¾ obal subs)0          © match: just replace value.
·   ·   dir obv„1 ¯1×-/“†key(œkv)       © natch: search direction and obverse.
·   ·   sub sib„dir wise subs           © subtree to search and its sibling.
·   ·   nsub inc„sub ’ ¾                © new subtree and height increment.
·   ·   new„obv proj kv obal(nsub sib)  © tree with new node.
·   ·   inc=0:new 0                     © no height increment: done.
·   ·   (dir balance new)(obal=0)       © height increment if OLD balance is 0.
·   }                                   © :: t i „ t ’ k v
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··avl··

·   rem„{                               © tree ¸ without key ¾.
·   ·   ¸­0:0 0                         © key not in tree: done.
·   ·   ¾­œœ¸:rmnode ¸                  © match: remove node.
·   ·   dir obv„1 ¯1×-/“†¾(œœ¸)         © natch: search direction and obverse.
·   ·   kv obal(sub sib)„obv proj ¸     © subtree to search and its sibling.
·   ·   nsub inc„sub ’ ¾                © new subtree and height increment.
·   ·   new„obv proj kv obal(nsub sib)  © tree with node removed.
·   ·   inc=0:new 0                     © no height decrement: done.
·   ·   nkv nbal nsubs„obv balance new  © balanced tree.
·   ·   (nkv nbal nsubs)(-nbal=0)       © height decrement if NEW balance is 0.
·   }                                   © :: t i „ t ’ k
·
·   rmnode„{                            © node ¾ removed.
·   ·   kv obal subs„¾                  © subnodes.
·   ·   0¹subs:((subs¼0)œ²subs)¯1       © either sub null: the other.
·   ·   lft rgt„subs                    © left and right non-null subtrees.
·   ·   (sk sv)_ _„rgt limt ¯1          © successor key=val.
·   ·   rem inc„rgt rem sk              © right subtree with successor removed.
·   ·   new„(sk sv)obal(lft rem)        © target node replaced with successor.
·   ·   inc=0:new 0                     © no height decrement: done.
·   ·   nkv nbal nsubs„¯1 balance new   © new balanced node.
·   ·   (nkv nbal nsubs)(-nbal=0)       © height decrement if NEW balance is 0.
·   }                                   © :: t i „ ’ t
·
·   limt„{                              © ¾-most node of (sub)tree ¸.
·   ·   sub„œ¾ wiseœ²¸                  © ¾-sub.
·   ·   sub­0:¸                         © null: this.
·   ·   sub ’ ¾                         © else: ¾-most of sub.
·   }                                   © :: t „ t ’ d
·
·   balance„{                           © tree ¾ with balancing moment ¸.
·   ·   kv obal subs„¾                  © original tree.
·   ·   new„¸+obal                      © new balance.
·   ·   0¹obal new:kv new subs          © balance bits absorb moment: done.
·   ·   (_ Bbal _)_„obal wise subs      © otherwise:
·   ·   Bbal¬-obal:(-obal)rot1 ¾        ©   single or
·   ·              (-obal)rot2 ¾        ©     double rotation.
·   }                                   © :: t „ m ’ t
·
·   rot1„{                              © single ¸-rotation of tree ¾.
·   ·   Akv Abal(B r)„¸ proj ¾          ©    <<A         yB>
·   ·   Bkv Bbal(p q)„¸ proj B          ©     / \        / \      where x y z
·   ·   AAbal„-¸×Bbal=0                 ©   <Bx  r  =>  p  <Az    are such that:
·   ·   BBbal„+¸×Bbal=0                 ©   / \            / \    <B> …  B> <A
·   ·   AA„¸ proj Akv AAbal(q r)        ©  p   q          q   r   <B  … <B> <A>
·   ·   ¸ proj Bkv BBbal(p AA)          ©
·   }                                   © :: t „ d ’ t
·
·   rot2„{                              © double ¸-rotation of tree ¾.
·   ·   Akv Abal(B s)„¸ proj ¾          ©    <<A         <<A          <C>
·   ·   Bkv Bbal(p C)„¸ proj B          ©     / \         š \         / \
·   ·   Ckv Cbal(q r)„¸ proj C          ©    B>  s  =>  <C.  s  =>  <By xA>
·   ·   AAbal„¸×Cbal=-¸                 ©   / ™         / \         / \ / \
·   ·   BBbal„-¸×Cbal=¸                 ©  p  xCy     <B.  r       p  q r  s
·   ·   BB„¸ proj Bkv BBbal(p q)        ©     / \     / \
·   ·   AA„¸ proj Akv AAbal(r s)        ©    q   r   p   q
·   ·   ¸ proj Ckv 0(BB AA)             ©                   where:
·   }                                   © :: t „ d ’ t      x y¹'<>' '< ' ' >'
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                                                                    ··avl-baby··

·   vec„{                               © enlist of tree ¾.
·   ·   0­¾:«                           © null tree: null vector.
·   ·   key_val bal(lft rgt)„¾          © node info and subtrees.
·   ·   (’ lft),(›key_val),’ rgt        © left_vec, key=val, right_vec.
·   }                                   © :: (k v)[] „ ’ t
·
·   chk„{                               © tree stats / integrity check.
·   ·   0=­¾:(¾­0)0 0 0 «               © null: ok maxbal=0 height=0 key-range.
·   ·   (key _)bal subs„¾               © key, balance and subtrees.
·   ·   stats„(¸+1)’¨subs               © subtrees stats.
·   ·   oks szs dps hts krs„‡³†stats    © oks sizes depths heights key-ranges.
·   ·   keys„†key{¸,(›¸¸),¾}/krs        © subtree key ranges.
·   ·   okkey„{¾­¼½¾}“†keys             © left keys << key >> right keys.
·   ·   okhgt„bal=--/hts                © balance is height difference.
·   ·   okbal„bal¹¯1 0 1                © balance is in range.
·   ·   ok„okkey^okbal^okhgt^^/oks      © subtree is good.
·   ·   sz„1++/szs                      © subtree size.
·   ·   dp„¸++/dps                      © total node depth.
·   ·   ht„1+—/hts                      © subtree height.
·   ·   kr„²2½¯1²keys                   © key range for subtree.
·   ·   ¸>0:ok sz dp ht kr              © subtree: ok size tot_dep height range.
·   ·   ok sz(˜0.5+dp÷sz)ht             © root: ok size mean_depth height.
·   }                                   © :: y s d h {r} „ ’ t
·
·   fmt„{                               © formatted tree ¾.
·   ·   null„0 0½''                     © format of null tree.
·   ·   ¾­0:null                        © null tree: null format.
·   ·   (key val)bal subs„¾             © node info.
·   ·   key_val„†,/•¨(¸/'>')key'='val   © formatted >>key=value
·   ·   fmts„{´¾}\'ÚÀ'{                 © hang subtrees by ÚÎ ÎÌ branches.
·   ·   ·   0 0­½¾:¾                    © null: done.
·   ·   ·   mask„^\' '=œ‡²³¾            © mask of leading blanks.
·   ·   ·   ³²†(›²¸,mask/'Û'),‡²³¾      © subtree suspended by branch.
·   ·   }¨{´¾}\(0—¯1 1×bal)’¨subs       © formatted subtrees.
·   ·   case„~null null­¨fmts           © non-null subtree cases.
·   ·   join„(2ƒcase)œ'°ÌÙÝ'            © subtree joining char.
·   ·   join­'°':†,‡key_val             © leaf: done.
·   ·   dent„{' '}¨key_val              © subtree padding.
·   ·   pads„{‡†,/dent,›¾}¨fmts         © left-padded subtrees.
·   ·   ††{¸,(‡key_val,join),¾}/pads    © formatted tree.
·   }                                   © :: -[;] „ ’ t
·
·   proj„{(¸=0 0 ¯1)²¨¾}                © ¸-projection of node ¾.
·   wise„{(¸=1)²¾}                      © subtrees ¾ in -¸, +¸ order.
·
·   'put'­¸¸:œ¸ put ¾                   © tree ¸ with key=value pair ¾.
·   'get'­¸¸:¸ get ¾                    © value for key ¸ in tree ¾.
·   'rem'­¸¸:œ¸ rem ¾                   © tree ¸ without key ¾.
·   'fmt'­¸¸:0 fmt ¾                    © formatted tree ¾.
·   'vec'­¸¸:vec ¾                      © vector of key=value pairs for tree ¾.
·   'chk'­¸¸:0 chk ¾                    © stats for tree ¾: ok size dpth height.
}

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎbaby

baby„{ŒML ŒIO„0             © The Manchester Small Scale Experimental Machine.
·
·   fetch„{,(yshift ¾)š¸}                   © line ¾ from store ¸.
·
·   store„{¸(¾ set)msk ¸¸}                  © store-matrix ¸ with ¾ in line ¸¸.
·   msk„(1Ÿ¾)°{¸^[0]yshift ¾}               © mask for line ¾ of store.
·   set„{(¸^~¾)Ÿ¾^[1]¸¸}                    © merge of ¸ with val ¸¸ in line ¾.
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··baby-big··

·   decode„¹°(+\0 5 8 3)°¼°½{(¸¸ ¾)›¾}      © instruction decode S:0-4 PI:13-15
·
·   yshift„(0=¼œ½¾)°{                       © Y-shift: mask from ssem-binary.
·   ·   ~1¹¾:¸                              © 0: done.
·   ·   (¯1²¸)’ dec ¾                       © mask shift.
·   }
·
·   addsub„{                                © parallel binary adder/subtractor.
·   ·   c„¸ ¸¸ ¾                            © carry bits.
·   ·   ~1¹c:¸ ¾¾ ¾                         © no carry bits: done.
·   ·   (¸¬¾)’ 0,¯1‡c                       © shift & add/sub carry bits.
·   }
·
·   add„^addsubŸ                            © parallel binary adder.
·   sub„<addsub>                            © parallel binary subtractor.
·   inc„{(¾^~^\¾)Ÿ<\~¾}                     © binary successor.
·   dec„{(¾^~<\¾)Ÿ^\~¾}                     © binary predecessor.
·   neg„{(¾<Ÿ\¾)Ÿ<\¾}                       © 2s complement negation.
·
·   ¸„0^2†‡¾                                © A and CI initially 0 by default.
·
·   0{                                      © CI increment.
·   ·   A CI_ M„¾                           © Acc Ctrl-Instr Store-Matrix.
·   ·   CI„¸ add inc CI_                    © address of next instruction.
·   ·   S _ PI _„decode M fetch CI          © decode of next instruction.
·   ·
·   ·   0 0 0­PI:0 ’ A(M fetch S)M          © jmp: CI „STORE[S]
·   ·   1 0 0­PI:(M fetch S)’ A CI M        © jrp: CI+„STORE[S]
·   ·   0 1 0­PI:0 ’(neg M fetch S)CI M     © ldn: A „-STORE[S]
·   ·   1 1 0­PI:0 ’ A CI(M(S store)A)      © sto: STORE[S]„A
·   ·   0 0 1­PI:0 ’(A sub M fetch S)CI M   © sub: A-„STORE[S]
·   ·   1 0 1­PI:0 ’(A sub M fetch S)CI M   © sub:   ..  ..
·   ·   0 1 1­PI:({0}\²A)’ A CI M           © cmp: CI+„A<0
·   ·   1 1 1­PI:M                          © hlt: final memory state.
·   ·
·   }¸,›¾                                   © initial machine state.
}

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎbig

big„{ŒIO ŒML„1 0                    © Arithmetic on large integers.
·  ·
·  ·fn„¸¸{aa„¸¸ ª «½ŒCR'aa'}¾       © character rep of operand fn.
·  ·digits„1
·  ·factor„10
·  ·
·  ·dyadic„{                        © dyadic functions.
·  ··   '+'­fn:¸ add ¾
·  ··   '-'­fn:¸ sub ¾
·  ··   '×'­fn:¸ mult ¾
·  ··   '÷'­fn:¸ div ¾
·  ··   '|'­fn:¸ mod ¾
·  ··   '<ˆ=‰>¬'¹þfn:¸ ¸¸ compare ¾ © Note: dyadic & compare are ops
·  ··   'Eh?'ŒSIGNAL 16
·  ·}
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                                                                         ··big··

·  ·monadic„{                       © monadic functions.
·  ·    t„¸¸   © makes it an op; might need it later
·  ·    '+'­fn:ident ¾
·  ·    '-'­fn:neg ¾
·  ·    '×'­fn:signum ¾
·  ·    '|'­fn:abs ¾
·  ·    '÷'­fn:ŒSIGNAL 11
·  ·    'Eh?'ŒSIGNAL 16
·  }
·
·  © ----------------------------  Arithmetic functions
·
·   add„{
·   ·   sign„signum¨¸ ¾
·   ·   a w„abs¨¸ ¾
·   ·   evalAsIs„^/sign‰0
·   ·   negSumOfAbs„^/sign=¯1
·   ·   useSignAlpha„a>big w
·   ·   useSignOmega„1
·   ·
·   ·   evalAsIs:¸+add_or_sub ¾
·   ·   negSumOfAbs:-big a+add_or_sub w
·   ·   useSignAlpha:sign[1]showsign a sub w
·   ·   useSignOmega:sign[2]showsign w sub a
·   }
·   sub„{
·   ·   sign„signum¨¸ ¾
·   ·   mustCommute„¸<compare ¾
·   ·   evalAsIs„^/sign‰0
·   ·   addOpposite„1
·   ·
·   ·   mustCommute:neg ¾ sub ¸
·   ·   evalAsIs:¸-add_or_sub ¾
·   ·   addOpposite:¸ add neg ¾
·   }
·   mult„{
·   ·   sign„×/signum¨¸ ¾
·   ·   a„¯1+ŒD¼(•¸)~'¯'
·   ·   w„¯1+ŒD¼(•¾)~'¯'
·   ·   t„+š(¯1+¼½w)²((2½½w)½0),´w°.×a
·   ·   sign showsign format check/t
·   }
·   div„{
·   ·
·   ·   divi„{   © quotient „ dividend div divisor
·   ·       © called recursively, each call gets one digit of quotient,
·   ·       © starting from the left; recursive calls look like:
·   ·       © quotient-so-far remainder-so-far remaining-dividend’divisor
·   ·       a„•¾
·   ·       Q R d„¸{
·   ·           (1<|­¸):¸       © recursive call
·   ·
·   ·       © first call; start with divisor digits from dividend
·   ·       ·   r„¯1+(½t„•¸)˜½¾
·   ·       ·   «(r†t)(r‡t)
·   ·       }a
·   ·       R„R,1œd ª d„1‡d  © bring down next digit from dividend
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·   ·   © find next digit in the quotient
·   ·       Q,„•a{¸ ¾{
·   ·       ·   ·   (¾ mult 1œ¸)ˆcompare 2œ¸:¾    © is guess too big?
·   ·       ·   ·   ¸ ’ ¾-1
·   ·       ·   }˜(–(digits+1)†¾)÷–digits†¸  © guess next digit
·   ·       }R
·   ·       R(-big)„a multœ²Q                 © multiply & subtract
·   ·
·   ·   © Finish or find remaining digits in the quotient
·   ·   ·   0¹½d:trim Q
·   ·   ·   Q R d ’ a
·   ·   }
·   ·   (×/signum¨¸ ¾)showsign(abs ¸)divi abs ¾
·   }
·   mod„{
·   ·   ¸=compare 0:¾   © 0|¾ … ¾
·   ·   ¸=compare ¾:0   © ¾|¾ … 0
·   ·   ¾­compare 0:0   © ¸|0 … 0
·   ·   d„¾ div ¸
·   ·   t„¾ sub d mult ¸
·   ·   =/signum¨¸ t:t
·   ·   ¸ add t
·   }
·   compare„{
·   ·   compareParts„{
·   ·   ·   a w„partition ¾
·   ·   ·   i„((exec¨a)¬exec¨w)¼1
·   ·   ·   ¸¸/exec¨iœ¨a w
·   ·   }
·   ·
·   ·   sign„signum¨¸ ¾
·   ·   a w„abs¨¸ ¾
·   ·   (­/'0 '°trim¨¸ ¾):1 ¸¸ 1           © identical; compare small some small
·   ·   ^/sign=1:¸¸ compareParts a w       © both positive; compare partitions
·   ·   ¬/sign:œ¸¸/sign                    © different signs; compare signs only
·   ·       © Both are negative; compare absolute values and then determine
·   ·       © if the result should be flipped.  We don't have to worry about
·   ·       © anomalies with ˆ‰ because if the numbers are equal, we won't get
·   ·       © this far.
·   ·   t„¸¸ compareParts a w               © work on abs value
·   ·   (1 ¸¸ 2)=¯1 ¸¸ ¯2:t                 © this compare fcn doesn't flip for
·   ·   ~t                                  © this compare fcn does flip for neg
·   }
·   ident„{
·   ·   trim ¾
·   }
·
·   neg„{
·   ·   (-signum ¾)showsign abs ¾
·   }
·
·   signum„{
·   ·   w„trim ¾
·   ·   '¯'=1œw:¯1×’ 1‡w  © recursive call accounts for ¯0
·   ·   w­,'0':0
·   ·   1
·   }
·   abs„{
·   ·   (trim ¾)~'¯'
·   }
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                                                                     ··big-box··

·  © ----------------------------  Local utility functions.
·   showsign„{
·   ·   ((1œ,¸<0)/'¯'),¾
·   }
·   exec„{0::¾
·   ·   ^/' '=¾:0
·   ·   –¾
·   }
·   trim„{
·       ¸„'0 '
·       w„•¾
·       t„(Ÿ\~w¹¸)/w
·       t„(1-(' '=t)ƒ1)‡t
·       0¹½t:,'0'
·       t}
·   check„{
·   ·   new„¸{
·   ·   ·   ((¾<factor)^(¾>0)):¸ ¾
·   ·   ·   (¾<0):(¸-1),¾+factor
·   ·   ·   f„˜¾÷factor
·   ·   ·   (¸+f),¾-factor×f
·   ·   }(,¾)[1]
·   ·   new,1‡¾
·   }
·   partition„{
·   ·   ¸„digits
·   ·   w„,¨•¨,¾            © change to chars
·   ·   w„(-—/½¨w)†¨w  © pad left
·   ·   (1,1‡²(½œw)½(-¸)†1)°›¨w
·   }
·   format„{
·   ·   w„•¨,œ¾
·   ·   1=½w:trim w
·   ·   trim(1œw),œ,/(-digits)†¨(digits½'0')°,¨1‡w
·   }
·
·   add_or_sub„{
·   ·   a w„¯1+ŒD°¼¨(•¨¸ ¾)
·   ·   a w„(-(½a)—½w)†¨a w
·   ·   r„a ¸¸ w
·   ·   format check/r
·   }
·  ©-----------------------------
·
·   0=ŒNC'¸':¸¸ monadic ¾ ª ¸ ¸¸ dyadic ¾
}

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎbox

box„{                           © Box the simple text array ¾.
·
·   (ŒIO ŒML)„1 3 ª ¸„« « 0 ª ar„{¾,(½¾)‡« « 0}{2>­¾:,›,¾ ª ¾}¸  © controls
·
·   ch„{¾:'++++++++-|+' ª 'ÚÌÀÙÂÝÃÁÎÛÏ'}1=3œar             © char set
·   z„,[¼½½¾],[0.1]¾ ª rh„½z                               © matricise
·                                                          © simple boxing? ‡
·   0¹½¹2†ar:{q„ch[9]®(ch[10],¾,10œch)®9œch ª q[1,†½q;1,2œ½q]„2 2½ch ª q}z
·
·   (r c)„rh{ž¸{(¾¹0,¼¸)/¾}¾,(~¯1¹¾)/0,¸}¨2†ar             © rows and columns
·   (rw cl)„rh{{¾[“¾]}¾ž0,¸}¨r c
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