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ABSTRACT

A heurisitic is given for finding minimal perfect hash functions without
extensive searching. The procedure is to construct a set of graph (or
hypergraph) models for the dictionary, then choose one of the models for use
in constructing the minimal perfect hashing function. The construction of
this function relies on a backtracking algorithm for numbering the vertices
of the graph. Careful selection of the graph model limits the time spent
searching. Good results have been obtained for dictionaries of up to 181
words. Using the same techniques, non-minimal perfect hash functions have
been found for sets of up to 667 words.

Introduction

A hash function is a mapping from a set of keys £ to 2 consecutive integers
(usually [0, 2-1]or [1, 2]). If the mapping is one-to-one, the function is a
perfect hash function. If the mapping is one-to-one and onto (I£ |=n), the
mapping is a minimal perfect hash function. In this paper, we only examine
cases where the keys are words (that is, short sequences of alphabetic
characters), but the techniques can be applied to other kinds of keys as well.

Hash functions are used for fast searching of sets of keys. Hashing
algorithms provide constant time searches on the average, but O£ |)
worst-case behavior. Using a perfect hash function allows constant-time
performance in the worst case. However, perfect hash functions can only be
found when the set of keys is fixed.

Minimal perfect hash functions offer a slight storage savings over arbitrary
perfect hash functions, and make the search more interesting. The
techniques given in this paper can be used to generate both minimal and
non-minimal perfect hash functions.
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Previous results

Ordinary hash functions are cheap to compute, and families of good hash
functions have been described in the literature [CW]. A tempting technique
is to try arbitrary hash functions until a perfect one has been found. This
approach was investigated in [S] for non-minimal perfect hash functions, but
only small sets were considered. If we map 2 keys to 2 integers, there are
o™ hash functions, of which only A/(2-m)! are perfect. The table below
gives the density of perfect hash functions for small values of o and ».
Even for fairly small sets of words, prefect hash functions are rare, and
minimal perfect hash functions are very rare indeed. Finding perfect hash
functions by generating random good hash functions is only feasible for very
small sets, or for moderately small sets and much larger hash ranges.

o- &= 10 20 30 40 50

20 65.5 1073 232 1079 0 0 0

40 293. 103 3051003 195. 109 675 10018 ¢

60 452. 10°3 279 103 142, 106 256 109 284 10713
80 556. 1003 746 1073 1.90 10-3 6.60 1076 1.89 1079
100 628. 103  130. 1073 779 1003 112, 10®  307. 1079
120 680. 103 187. 103 1897103 636 10®  6.14 1076

In [C] a method for finding minimal perfect hash functions was presented.
Only functions of the following form were considered:

h(key) = g(first letter) + g(last letter) + length(key),
where g(letter) is computed by table lookup. The technique consisted of
ordering the words of the dictionary, then doing a backtracking search to
assign appropriate values to the letters. The method works well for small
dictionaries, but fails for larger ones.

In this paper, we will investigate a family of functions which includes the
form used in [C] as a special case. Minimal perfect hash functions can be
found in reasonable amounts of time for much larger sets of words than
previously reported.

Word graphs (and hypergraphs)

The first and last letters of a word are not always a good choice for hashing
functions. In [C], the set of PASCAL pre-defined identifiers was used as an
example only after eliminating ODD, since the pair ODD and ORD could not be
distinguished. For three letter month abbreviations, the second and third
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letter were used, to distinguish JAN and JUN. With a general set of words, it
is not clear # prior/ how to pick a pair of letter positions to use for
generating a perfect hash function. We consider several candidate letter
positions, and choose the smallest £-tuple of positions likely to yield a
perfect hash function. Upper and lower case letters are considered
equivalent, and all other characters (such as apostrophes and hyphens) are
removed from the word before hashing. The hash functions themselves are
of the form:

h(word) = gy (letter) « ... + g, (letter) + length(word)

where each function g; is a table lookup for a different letter position. The

class of hash functions is reduced to the hash functions generated in [C] if £
is two, if the positions chosen are the first and last letters, and if the two
functions g and g, are identical.

In the program implementing the search for perfect hash functions, positions
of letters in a word of length Z are numbered from 0 to Z- 1. The candidate
positions tried by the program are generated by the following functions: 0,
L-1, (L-1) mod 2, (L-1) mod 3, (L-I) mod 4, (L-/) mod 5, /, 2, 3,
£ 5 L-2 L-3 L-4 L-5 Z2modl, 3 mod Ll  mod L 5 mod L 6
mod L, 7 mod L, 8 mod L, L/2 L/3, 2L/3, L/4 and JFL/4, where r
mod y means the remainder when x is divided by y, and all the divisions
truncate non-integers. If the computed position is less than zero, then zero
is used, and if it is Z or larger, Z-/ is used.

When the dictionary has only a few different lengths of words, then several
of the functions for generating candidate positions generate the same
positions. In such a case, only the first of the equivalent functions is used.

Definition: Let £ be a set of words, w be a member of £ and LA be the
letter at position p. The word (hyper-)graph G6/p,, ... p‘,/ over £ is the

Kk -partite hypergraph formed as follows:

The vertex set V is the disjoint union of V.., where Vp = (letters in

pi’
words of £ occurring at position p ).
Each (hyper-)edge is labeled with a word of £, has £ vertices, and

has Wpi as its vertex in Vpi'

The dimension of the word hypergraph is the number of vertices in each
hyperedge. A hypergraph of dimension two is an ordinary graph, and
hypergraphs of degree zero and one are possible.
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A hash function can be defined by labeling each vertex with a number, the
hash value for a word being the sum of the labels on the vertices of the
hyperedge plus the length of the word. The functions gi(letter) are undefined

for letters not in the graph. Arbitrarily assigning them a large value makes
it probable that words not in the dictionary have hash values outside the
image of £

As an example of a word graph, consider £=(JAN, FEB, MAR, APR, MAY, JUN,
JUL, AUG, SEP, OCT, NOV, DEC). Here is the graph &7/,2) (position
numbering starts with 0, so G/7,2/ uses the second and third letters) :

covoT
s% % L"”
-»5 = - —
f%\ g 8
\
0 C

A word graph can have several edges with the same pairs of vertices. For
example, in 6/02/) for the month names there are two edges J-N,
corresponding to the words JAN and JUN. A perfect hash function is only
possible in this scheme if all edges with the same vertices correspond to
words of different lengths.

The steps in finding a minimal perfect hash function are: 1) generate a
collection of word graphs (or hypergraphs), 2) choose one which looks
promising, and 3) assign values to the vertices of the graph in such a ways as
to assign distinct values to each edge.

Edges incident on vertices of degree one can be assigned any desired hash
value, since the vertex can be assigned a value independent of any other
vertex value. Thus the vertex assignment problem can be simplified
somewhat by deleting all edges containing a vertex unique to that edge. The
reduced graph may have new vertices of degree one, allowing more edges to
be deleted. Repeating this process eventually results in a graph with no
vertices of degree one. The edges removed are referred to as Zree edges,
and are assigned hash values in reverse order of their removal, after all the
edges in the reduced graph have been assigned values.

In 671,2) for month name abbreviations, all the edges are tree edges, so a
perfect hash function can be found immediately. The tree edges could be
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removed in the order: OCT, NOV, DEC, SEP, FEB, AUG, JUL, MAY, APR, MAR,
JUN, JAN. Arbitrarily choosing JAN=1, FEB=2, .. , DEC=12, we can assign

vertex values as follows:

Vi V3
A=-2 N=0
U=3
R=2
=1
Y=4
L=1
6=2
E=-1 B=0
p=7
C=10
0=8 V=0
C=7 T=0

JAN=1
JUN=6
MAR=3
APR=4
MAY=5
JuL=7
AUG=8
FEB=2
SEP=9
DEC=12
NOV=11
O0CT=10
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Choosing a word graph

The most important criterion for choosing a word graph is that it must allow
a perfect hash function. A necessary, but not sufficient, condition is that all
edges with the same vertices correspond to words of different lengths. Since
tree edges make finding a minimal perfect hash function much easier, an
obvious second criterion for a good word graph is that it maximize the
number of tree edges.

Vertex value assignments are easier if the effects of an assignment are fairly
local in the graph. The program does not check connectivity of the graph,
but tries to maximize the number of vertices remaining after tree edges
have been removed. By maximizing the number of tree edges and the
number of vertices remaining, the total number of vertices is kept high and
the average degree low.

There is only one possible graph with dimension zero. It can form a perfect
hash function only if all the word lengths are different, and a minimal
perfect hash function only if the lengths are consecutive. It is very rare that
a minimal perfect hash function can be found so easily.

Each candidate position function generates a graph of dimension one. The
program generates all these graphs, counting their vertices and tree-edges.
In the examples tried, only the 22 word random set (r022) had a graph of
dimension one in which all words mapped to distinct edges.

The program could continue generating all graphs of dimension 2, 3, and so
on untili a graph in which all words are distinct edges is found.
Unfortunately, the process of building a graph and counting the tree-edges is
fairly expensive. A heuristic was introduced to generate only graphs that
are likely to have all edges distinct and to have many tree-edges. The best
few (four in the program) position tuples of dimension £-/ are kept, and
all possible extensions of them to £ tuples are tried. The "best” tuple is
defined as the weighted sum of the total number of edges, the number of
tree-edges, and the number of vertices.

Nine experiments were run to try tuning the weights. The program tried to
find hash functions for seventeen sets of words (through r181 in the table
below). In every case a graph which distinguished the words was found, but
the search for a hash function was interrupted if it took too long. Some
larger sets were also tried, and graphs were found, but no minimal perfect
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hash functions. A weighting was considered better for a particular
dictionary if it generated a different graph and took less total time in the
search for a hash function. For successful searches, most of the time was
spent building graphs and counting tree-edges. For unsuccessful searches,
most of the time was spent trying to find a vertex value assignment.

Edge Tree-edge Vertex comparison with default
weight weight weight

2 6 1 (this is the default)

1 3 1 (ibm & r139 worse)

1 3 -1 (r066,r124, & r162 worse)
0 1 0 (r115, r162 better. r124, r181 worse)
0 0 1 (most sets worse)

1 0 0 (most sets worse)

1 3 0 (r066 better, r162 worse)
2 8 1 =

2 4 1 (r124 better. ibm, pasc-all worse)

From these experiments, it seems that the number of tree-edges is the best
predictor of which tuples to expand, and that the total number of edges is
more important than the number of vertices. Below is a more detailed table
of the graphs chosen for the default weighting, including some larger sets
that were not used in the tuning. The table gives: the name of the set, the
number of words in the set, the number of tree edges found in the
hypergraph chosen, the number of vertices left after removing the tree
edges, the excess space allowed for the hash function (and the amount
actually used) expressed as a fraction of the number of words, and the
position functions used to generate the hypergraph.

set words tree other excess position functions

edges vertices space
r022 2 11(508> S 0.00¢(0.00> 20./3
c 28 22(798%) 6 0.00¢0.00) 4 L/4
freq 20 16¢(558) 9 0.00¢0.00) 4 mod L 2A/3
pasc 36 23(64%> 10 0.00(0.00> (L-1>mod 4 L-3
pasc-id 40 28(708) 8 0.00¢0.00) (L-1)mod 2 7 modL
ro66 66 19¢298) 25 0.00¢0.00) 3 S mod L
pase-all 76 20(388%) 31 0.00¢0.00> <{L-1>)mod S L/2 L/4
ibm 86 15¢178%) 33  0.00¢0.00) O L-1 1
r0s9 89 10¢11%) 33 0.00¢0.00) O 3mod L
r092 92 24(268) 40 0.00¢0.00) 3 5 L/4
r10S 105 12¢118) 35 0.00¢0.00) (L-1)mod 2 3
r11S 115 8¢ 7% 38  0.00¢0.00> O 2
ri1? 117 21C188) 44  0.00¢0.00) L-1 SmodlL 4modlL
ri24 124  14C118) S{  0.00¢0.00) O L-2 L-4
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set words tree other excess position functions

edges vertices space
ri139 130 13¢ 9%) S1  0.00¢0.00) 0 L-1 L-3
r162 162 14¢ 9%) S5  0.00¢0.00) (L-1)mod 3 L/4 3L /4
ri81 181 11¢ 68) S8  0.00¢0.00) L-1 (L-1) mod 23
ri92 192 9OC 3% 62 0.00¢ ) d-1>mod 2 3 L4
r192 0.10¢
r192 0.20¢0. 19)
r192 0.30¢0.23)
r192 0.40¢0.396)
r236 236 9C 48) 63 1.50¢0.22) O 2 3L/4
ra?” 373 13 3%) 85 0.720¢ > AL-Dwod3 (L-1)mod 5
r3?3 1.50¢0.79) \ L-2 L-5
r495 495 8( 2% 88 2.00¢0.49> /7 O L-1 1
v\ 2
r667? 667 9C 1%) 117  2.00¢0.94) / O L-1 4 mod L
\ L2 L/3

One larger set (r992) was tried, but no hypergraphs of dimension 5 or less
were found with distinct edges for all the words of the set. Because of some
poor early decisions in implementation, the program would require major
restructuring to handle hypergraphs of dimension six or more.

For small sets, two position functions usually suffice to form graphs with no
duplicate edges. However, note that the set pasc-all, with only 76 words,
needs three position functions to avoid duplication. In fact, the seven words
{CASE, ELSE, PAGE, READ, REAL, TRUE, TYPE) contained in pasc-all require
three position functions by themselves. (Consider all possible pairs of
positions for four-letter words: 0&1, 0&2, 1&2 READ=REAL; 0&3 TRUE=TYPE;
1&3 CASE=PAGE; 2&3 CASE=ELSE.) Some of the larger sets (for which no
minimal perfect hash function has yet been found) apparently require four,
five, or more position functions to avoid duplicate edges.

Assigning vertex values

After the position functions have been chosen and the word hypergraph
built, values have to be assigned to all vertices. The tree-edges can be
removed and the associated vertices assigned values in reverse order after
the rest of the vertices have values. For the main body of the graph, the
vertex assignment proceeds as follows:
1) choose a vertex
2) if there is no legal assignment,
backtrack and change a previous choice
3) otherwise, assign the smallest legal value to the vertex
(or 0, if the vertex value is unconstrained)
4) go back to 1 until all vertices assigned.
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The word hypergraph is stored redundantly, so that the edges incident on a
particular vertex or the vertices in a particular edge can be quickly found. A
number of auxiliary data structures are used to speed up the vertex-value
assignment. For example, keeping the set of unused edge values makes it
easier to determine what the legal values for a vertex are. Also, keeping a
stack of the value assignments makes backtracking easier.

The simplest scheme would be to have a fixed ordering for the vertices, and
to do simple backtracking (undoing the most recent choice) when a conflict is
found. This scheme worked well for the small assignments of [C], but can
take a very long time on larger, more complicated graphs. Various
enhancements were tried to speed up the vertex-assignment search. They
can be divided into two classes: vertex-choice heuristics and backtracking
shortcuts.

The vertex-choice heuristics attempt to speed things up by choosing the
most difficult vertices first. Not only does this reduce backtracking by
making conflicts appear sooner, it also reduces the number of conflicts, since
the difficult vertices are assigned while there are still many unused edge
values. The backtracking shortcuts attempt to speed up the search by
eliminating combinations of assignments that can not work. For example, if
two edges incident on the current vertex have the same edge value, only
changes to one of the other vertices of the edges will break the conflict. A
simple backtracking scheme could waste a long time undoing and retrying
more recent assignments that can't affect the conflict.
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Vertex-choice heuristics

The vertex-choice heuristics used are fairly simple. First, find the set of
edges with the fewest unassigned vertices (not counting edges with all
vertices assigned values). Call this set Enia. Next, choose the best vertex in
one of these edges. "Best” can be defined in one of three ways:
Most) choose the vertex with the most edges in Emin.
Widest) choose the vertex with the widest range of partial sums for
edgesinE_. .
Most & Widest) of the vertices with the most edges in E_,, choose
the vertex with the widest range of partial sums.
Of the three, "Most & Widest” works best. This vertex ordering scheme
works well for hypergraphs of dimension one and two, but not as well for
higher dimensions. A more sophisticated vertex-choice scheme may be
needed to handle dictionaries of more than one or two hundred words

efficiently.
Backtiracking heuristics

The backtracking heuristics are more complicated than the vertex-choice
ones. Successful hash function searches backtrack rarely, and spend more
time building graphs and counting tree edges than doing the vertex
assignment. Failing hash function searches spend almost all their time
attempting vertex-value assignments. More intelligent backtracking
heuristics could increase the size of dictionary that the program could
handle.

It is difficult to report on the exact state of the backtracking heuristics, since
they were written incrementally. After each modification, traces were done
to look for patterns in the backtracking, and changes made to reduce the
most obvious wasted effort. Changes that made matters worse were either
undone or fixed with an additional heuristic. Since the heuristics interact, it
is difficult to assign credit to any particular heuristic.

Currently, the only edges that affect the vertex value are those which have
only the chosen vertex unassigned. We call these the #/most completed
edges. If there are no such edges, the vertex is assigned an arbitrary value
and another vertex is chosen. The program offers the choice of assigning
either zero or the smallest available edge weight divided by the number of
vertices still unassigned in the edge to each such free vertex. Although
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different hash functions are found in each case, the search time is not
affected much by this option.

There are three different conflicts that can cause backtracking:
edge conflict) two different almost completed edges have the same
partial sum.
too big) the range of partial sums for almost completed edges is larger
than the range of unused edge values.
no fit) every vertex assignment will make the almost completed edges
have values that are unused by other edges.
Each type of conflict triggers a different backtracking method.

For edge conflicts, vertex values are unassigned (and popped off the
backtrack stack) until the partial sums of the edges in conflict differ. It is
not enough to pop vertices until a vertex of one of the edges is removed, as
that vertex may be included in both edges, so changing its value would not
remove the conflict. The program proceeds forward again, trying to find a
larger value for the last vertex popped off the stack.

For “too-big" conflicts, vertices are popped until
1) the last vertex popped is
in the almost completed edge with the smallest partial sum,
but not in the one with the highest partial sum,
or 2) a vertex assignment can be made so the partial sums of the almost
completed edges will fit.

In the second case, one extra vertex needs to be popped to prevent the
search from entering an infinite loop. The loop does occur sometimes if this
precaution is not taken. What happens is that two sets of edges are
alternately put into the same space, and undoing one set of assignments
leaves just enough room to do the other set, but not to do both. The extra
vertex popping ensures progress, but is risky, in that a solution to the vertex
assignment problem may be skipped. This is not very dangerous, since
solutions have to be fairly common for the search technique to have any
chance of being efficient.

The vertex that triggered the "too-big" conflict and other popped vertices of
the almost completed edge with the highest partial sum are added to a set of
vertices to try immediately. When there are vertices in that set, the vertex
choice heuristics are disabled and a vertex is taken from the set instead.
This shortcut reduces the backtracking enormously, since extraneous
assignments are not tried until the known conflict has been resolved.
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For "no-fit" conflicts, vertices are popped until some vertex of an almost
completed edge has been popped. A slight change was added to speed the
search. The backtracking is not stopped by vertices of the almost completed
edge with the highest partial sum. Since reassigning them raises the partial
sum of the highest edge, it is unlikely to result in the conflict being resolved.
Before this change was made, several "no-fit" conflicts occurred together,
followed by a “too-big" conflict when the partial sums got far enough apart.
The conflict-triggering vertex and any popped vertices of the highest edge
are added to the set of vertices to try next.

Optionally, the backtracking from a “no-fit" conflict can be stopped when an
assignment is possible for the vertex triggering the conflict. This option was
not turned on for the tests reported here, as preliminary tests showed that it
increased rather than reduced the backtracking.

Here is a summary of the types of conflicts for each set (using the position
functions of the earlier table):

word vertices edge too-big no-fit
icts icts licts

r022 0 0 0 0

c 1 1 0 0

freq 2 1 0 0

pasc 0 0 0 0
pasc-id 0 0 0 0

r066 7 3 0 0
pasc-al | 0 0 0 0

ibm 40 0 16 0

r0689 1 1 0 0

r092 1 1 0 0

r105 29 3 0 11

rild 106 3 1 36

rit? 10 1 1 3

ri24 221 10 20 4

r139 137 20 0 94

r162 93 1 3 21

r161 223 8 2 104

ri92 .0 394 12 4 167 KILLED
r192 .1 751 30 6 313 KILLED
ri92 .2 1680 S 1 107

ri92 .3 o8 4 1 5
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word vertices edge too-big mno-fit
set changed conflicts conflicts conflicts
ri92 .4 1 1 0 0

r236 1.5 44 8 0 0

r3?3 .7 292 1 0 291 KILLED
r3?3 1.5 92 8 0 0

r495 2.0 36 13 0 0

r667 2.0 372 39 0 0

It is interesting that it is much easier to find perfect hash functions for the
sets handled in [C] with the new method. The month names example is all
tree-edges, so can be trivially done by hand. Two sets (pasc and pasc-id)
require no backtracking, and freq only backtracks once, so all three could
have been done by hand. As a matter of record, both freq and pasc were
succesfully done by hand to determine the effectiveness of the tree-edge
removal before the search program was written.

Timing analysis

The vertex-assignment search is potentially an exponential search. It
usually finishes quickly for small sets, and may run for long times without
finishing on slightly larger ones. The worst-case running time is too large to
be practical, and average-case complexity is difficult to determine without a
model of the data. We have to be content with empirical timing results.

The searches that were allowed to run to completion spent most of their time
building word graphs and counting tree-edges in the search for an
acceptable word graph. Building a word graph and counting the tree-edges
should take time roughly proportional to the number of words in the set.
The number of word graphs built depends on the dimension of the final
hypergraph (the number of position functions needed to get a graph with all
edges distinct). The dimension increases with the size of the word set, but
we have not determined the exact relationship.

The search program was written in C and run on a VAX 11/780 under UNIX
4.2bsd. (The machine has a floating point accelerator, but floating point was
not used in the program.) A log-log plot of the CPU time spent finding a
perfect hash function versus the size of the set shows little scatter. Doing
linear regression on the logarithms gives us the following empirical estimate
of performance:

CPU seconds = .059 words!-
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Plot of CPU time vs. size of set
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Future work

Non-minimal perfect hash functions for large word sets are fairly easily
found. It would be interesting to analyze the dependence of the hypergraph
dimension on the size of the word set, and the amount of extra room needed
to find a perfect hash function quickly.

Since the searching algorithm currently used is potentially exponential, it
would be satisfying to know that there is no fast algorithm for finding
minimal perfect hash functions. We conjecture that finding minimal perfect
hash functions for sets of » words is NP-complete, but finding perfect hash
functions with enough extra space can be done in polynomial time.

It might be worthwhile to investigate other classes of functions. As an
example, word length could be just another dimension to the word
hypergraph, and we could look for hash functions of the form

h(word) = gg(length) + g (letter) + ... + gy(letter).
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Appendix: word sets

The sets of words used for hashing are listed here. The sets /reg, pas¢ and
pasc-id are from [C] (except that ODD and ORD are both in pasc-id). The
set pasc-al/is the union of pascand pasc-/d The set ¢ is the keywords
and pre-declared identifiers of the ¢ programming language. The set /ibm
is a subset of the IBM-360 instruction set. Those sets named rcavmber>
were chosen randomly from a large spelling list. No distinction is made
between upper- and lower-case letters. Apostrophes, hyphens, and other
non-alphabetic characters are ignored.

c.words

auto break case char continue default do double else entry extern float for goto if int long register return
short sizeof static struct switch typedsf union unsigned while

freq.words

a and are as at be but by for from had have he her his i in is it not of on or the this was which with you

ibm.words

a sh al alr ar bal balr bc ber bet betr bxh bxle ¢ ch clclecliclr cr cvb cvd d dr ex hio ic 11alcr Thiminr lpr
Ipsw Ir Itr m mh mr mvc mvi mvn mvo mvz n nc ni nr o oc oi or pack s sh sio sl sla sida sidisli sir spm sr
sra srda srdl srl ssm st stc sth stm svc tch tio tm tr trt ts unpk x xc xi xr

pasc-all.words

abs and arctan array begin boolean case char chr const cos dispose div do downto else end eof eoln exp
false file for function get goto if in input integer labelin maxint mod new nil not odd of or ord otherwise
output pack packed page pred procedure program put read readin real record repeat reset rewrite round
set sin sqr sqrt succ text then to true trunc type unpack until var while with write writeln
pasc-id.words

abs arctan boolean char chr cos dispose eof eoln exp false get input integer In maxint new odd ord output
pack page pred put read readin real reset rewrite round sin sqr sqrt succ text true trunc unpack write
writeln

pasc.words

and array begin case const div do downto eise end file for function goto if in label mod nil not of or
otherwise packed procedure program record repeat set then to type until var while with
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r022.words

Brahms chipping deluxe flux Germanic grandchild groom hallucinate ingratitude matinal Myers niece obtain
pallperjury placeablePriam propy! Pullmansnippy versa youth

ro66.words

angstrom Aug beehive Bromfield Caldwell Carlson catchup changeover chi coach coiffure commensurable
communal conquest cuddly cyanic Dominique downpour encomia enforce entitle equatorial franc frowzy
gory gullet huh humpback inelastic inset keno knuckle lew livery London Mindanao pedal pinochle pogo pong
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