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0D0: 0O0O0O0D0 table (00000O000000000O0O0)O
00000000000 key[l: nO
0D0: 0000000000000000000 tabled

local hashedValug[1 : n], entered[1 : n], increment[1 : n]. FOooooooag*

AFOO00OO000ODO0OO0DO 10000000000 #
hashedValu€g[1 : n] := hash(key[1 : n]);
FOODO0O0DO00D0O (000D hash(x) = xmod size(table))O */
wher e table[hashedValue[1 : n]] = unentered do FO100000 %
table[hashedValue[1 : n]] := key[1: n];
000 (unentered) OO O0O0O0O0ODOOD ODOODOODOODOOOOOOOOOOODOODOOx

end whereg;

for iin 1 ..size(table) loop
AOO00000D0DOO00DO00OD0DOO0O0OO0O0ODODOO0OOO0O0OD0DOOO0DOOOoDOag */
AFOD000000000000000000D000O00O0DOODOOooDO0) */

AO0200000000000000000 (OoDOooOoOoo)*
entered[1: n] := (key[1: n] = table[lhashedValue[1: n]]); ~ 0 200000 (00O000)*
nrest := countTrue(not entered[1: n]); FO00000000000 net 0000
hashedValug[1 : nrest] := hashedValug[1 : n] where not entered[1: n];
key[1: nrest] := key[1: n] wherenot entered[1: n];
FOO00000D0D0O0O00O0O000DDO0O00O0O00O0ODO0O0ODOO00O0DoOOoOoDo */

FOoooog ¥
if nrest =0 then exit loop; FOO00DODOOoO*
n:= nrest; Fn0O000000O0*

FOD00D00000D00D0 10000000000 *
increment[1: n] ;= key[1:n] & 31+ 1;
FODOOODO ("&" O bitwiseand. size(table) >3100000)0*/
hashedValug[1 : n] := (hashedValug[1: n] + increment[1: n]) mod size(table);

wher e table[hashedValu€g[1 : n]] = unentered do FO100000 %
table[hashedValug[1 : n]] := key[1: n];
FOODO0OO0OOO0OOO0OO0OO0ODOODOODOO0OOOOOOOOODOODOOoOOO */
end where;
end loop;
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datali] < data]j] = hash(data[i]) < hash(data[ j]); (1<i<n 1<j<n)

0000000000000 0000000D0000000000000000000

00000000000 0000000000000000000000000000
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D000COO0D00D00DO0O0D0O0DDO0O0NDONO0NDONONDoNOoononoonooono

00000000000 0000000000000000000000000000

D00000000datal0 0000000000000 00D000D00000000O0

0000000 5140000000 Fortran 0000000000000 200000
D000000D00000D000000D0000000 uneteredd00 COODDOOO
D000000D000D000Duentered 00CO0DO0O000O0D0D0O0DOO (sentined) O
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input  A[l:n]: array to sort {the element values must be in [0, Vmax)}.
output A[1: n]: sorted array.

local  C[0:3*n—1], x, w, count, hashedValug;

foriin0..size(C) —1 loop
Cl[i] := unentered,;
end loop; [* initialize C.*/

/* Scatter the data into C. */
foriinl..n loop

/* A. Computing a “hashed” value of A[i]. */
hashedValue := int(float(2 * size(C) * Ali]) / Vmax);

/* B. Finding the table entry to insert the new data A[i]. */
while C[hashedValue] < A[i] loop
hashedValue := hashedValue + 1,
end while;

/* C&D. Inserting the new data and shifting the data in C. */
w := C[hashedValu€];
C[hashedValug] := Ali]; /* write the new data. */
whilew # unentered loop
hashedValue := hashedValue + 1,
X := C[hashedVal ue];
C[hashedValug] := w;
W= X
end while;
end for;

/* F. Packing the sorted data into A. */
count := 0,
foriin0..size(C) —1 loop
if C[i] # unentered then
count := count + 1,
Alcount] := CJi];
end if;
end for;

05140000000 bobooobodbo(@uobobuoo)oboobobo

gudobbbogogooobobouooouobobobbuoooobobobbooao
gobobobobosistoonuouggouguonoooouogooouoboooougd
gAtlb0ObObogoooooobnuogoooobbuooooobobbouoo
guoubbbtbgoouobobbuoooubobobb Ao ooobbobouoo
gobbobbbuodggoobbobobbugoogoboobboooooobooo
gobobobobboooooobbobbbodooooobobobbo coobobooboboooa
O0000o00o0b00oooob00oooob0o0b0ooooDbO0oUn unentered O O
gchbbuuoggubobbbbbugoggosisuguggonoboenugd A
UrO00b0bbogoooooobbugoooobbuooooobobbogoo
OO0 E0DD0O0ODOODDOO0OOOOO0ODO0OOO (OsSoLOOoOoDODooobDOoOoo
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0DO00O0o

000000000000 0000000000000 Fortran 900 000 wherel
0000000000 00000000000000000000000000000
0010000 10000000000000000000000000000000
000000000000 (0000000 ELSODO0O0O0O0DO0DODO)DO 515
0000000000 00000000000000000000000000000
0D00000000000000000000000000000000000000
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input  A[1:n]: array to sort {the element values must be in [0, Vmax)}.
output A[1: n]: sorted array.

local  C[0: 3*n—1], uninsertable[1: n], work[1: n], entered[1: n],
toShift[1: n], index[1: n], next[1: n], nonempty[1 : n].

C[0: size(C) — 1] := unentered; /* initialize C (unentered = Vimax) */

/* A. Computing “hashed” values. */
hashedValue[1 : n] := int(float(2 * size(C) * Ali]) / Vmax);

nrest :=n;
repeat
/* B. Finding the table entries to insert the data. */
repeat
uninsertable[1 : nrest] := (C[hashedValug[1 : nrest]] < A[1: nrest]);
/* check the first type of collision with stored data. If hashedValue[i] # unentered, */
/* the right-hand side condition holds, i.e., there is a first type of collision. */
Nuninsertable := countTrue(uninsertable[1 : nrest]);
/* count the number of uninsertable (colliding) data. */

wher e uninsertable[1 : nrest] do
hashedValue[1 : nrest] := hashedValue[l : nrest] + 1;

end where;
until Nuninsertable = 0;
* repeat until there is nofirst type of collision. */

/* C. Inserting the data. */
work[1: nrest] := C[hashedValu€[1 : nrest]];

[* save the original values of C to work. */
Cl[hashedValue[l : nrest]] := 1;

[* store the identifiers to check {1 isarray (1, 2, ..., nrest)}. */

/* An entry of C may be written twice or more (overwritten). */
entered[1 : nrest] := C[hashedValu€[1 : nrest]] = i;

/* check the second type of collision between newly entered data. */

where entered[1: nrest] do
Cl[hashedValue[1 : nrest]] := Al1: nrest];
end where;  /* enter */

/* D. Shifting the work array elements {only for successfully inserted data}. */

toShift[1 : nrest] := entered[1: nrest] and (work[1 : nrest] # unentered);

NtoShift := countTrue(toShift[1 : nrest]);

work[1 : NtoShift] := work[1: nrest] where toShift[1: nrest];

index[1 : Ntoshift] := (hashedValue[1 : nrest] + 1) where toShift[1 : nrest];

while Ntoshift > 0 loop
next[1 : NtoShift] := C[index[1 : NtoShift]];
Clindex[1 : Ntoshift]] := work[1 : NtoShift];
nonempty[1 : NtoShift] := next[1 : NtoShift] < unentered;
count := countTrue(nonempty[1 : NtoShift]);
work[1 : count] := next[1 : NtoShift] wher e nonempty[1 : NtoShift]; I* pack work.*/
index[1 : count] := index[1 : NtoShift] + 1 wherenonempty[1 : NtoShift]; /* pack index.*/
NtoShift := count;

end while;

/* E. Collecting the uninserted data for the next iteration. */
irest := countTrue(not entered);
hashedValug[1 : irest] := hashedValug[1 : nrest] where not entered[1 : nrest];
A[l:irest] := A[1: nrest] where not entered[1 : nrest];
nrest :=irest;
until nrest = O; /* until all the data are inserted. */

/* F. Packing the sorted data into A. */
A[1:n] := C[0: size(C) —1] where (C[0: size(C) — 1] # unentered);
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