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program MAPGEN (input, output);

Cco.nst
MAX_NUM_KEYS = 1024;
NUM_IDENT_CHAR = 16;
MAX_BUCKET_ADDR_BITS = 8
MAX BOOL_DIGIT 13;
NUM_ASCII_CHAR 70;

-e

NUM_FIRST EXOR = 8;
NUM_SECOND EXOR = 4;
NUM_THIRD EXOR = 2;

BUCKET SIZE = 255;

DEBUG_FLAG

B true;
DEBUG_ONLY

true;

type
KEY_ARRAY_TYPE = array (.l..NUM_IDENT_CHAR.) of char;

PRIME_BOOL_TYPE = array (.l..MAX_BOOL_DIGIT.) of boolean;

CHAR_RECORD_TYPE = record
ch : char;
ASCII num : integer;
prime_num integer;
bool prime : PRIME_BOOL_TYPE;
" end;

ASCII_TABLE = array (.l..NUM_IDENT CHAR, 1..NUM_ASCII_CHAR.) of
CHAR_RECORD_TYPE;

BOOL_PRIME_KEY_TYPE = array (.l..NUM_IDENT_CHAR.) of
record
bool_prime : PRIME_BOOL_TYPE;
end;

FIRST _EXOR_ARR_TYPE = array (.l..NUM_FIRST_EXOR.) of boolean;

SECOND_EXOR_ARR_TYPE = array (.l..NUM_SECOND_EXOR.) of boolean;

THIRD_EXOR_ARR_TYPE = array (.l..NUM_THIRD_EXOR.) of boolean;

HASHED KEY_REG_TYPE

array (.l..MAX_ BUCKET_ADDR_BITS.) of boolean;

HASH_ADDR_TYPE = array (.l..MAX_BOOL_DIGIT.) of boolean;

COUNT KEY_ TYPE

array (.0..BUCKET_SIZE.) of integer;

LINK = @KEY_RECORD;
KEY_RECORD = record
Key_Arr : KEY_ARRAY_TYPE;
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next : LINK;
end;

BUCKET_POINTER_ARRAY = array (.0..BUCKET_SIZE.) of LINK;

var
Key_Register : KEY_ARRAY TYPE;

ASCII_Arr : ASCII_TABLE;
Key_No, Char_No, Bit_No : integer;
Key_Char : char;

index : integer;

Bool_Key Arr : BOOL_PRIME KEY TYPE;
EXOR1_Arr : FIRST_EXOR_ARR_TYPE;
EXOR2_Arr : SECOND EXOR ARR _TYPE;
EXOR3_Arr : THIRD_ EXOR ARR TYPE;
Hashed_Addr : HASH_ADDR_TYPE;
Bucket_Arr : BUCKET_POINTER_ARRAY;
Count_Arr : COUNT_KEY TYPE;

ADDR_OFFSET : integer;

procedure Int_To_Bool_Convert (number:integer; var Bool Arr:
PRIME_BOOL_TYPE);

var 1 : integer;

begin
for i := 1 to MAX BOOL DIGIT do
Bool Arr(.i.) := false;
i = 1;
while (number >= 2) and (i <= MAX_BOOL_DIGIT) do

begin

if (number mod 2) =1 then
Bool Arr(.i.) := true
else
Bool_Arr(.i.) := false;

number := number div 2;
i:=1 +1;
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end;

if (number = 1) and (i <= MAX_BOOL_DIGIT) then
Bool _Arr(.i.) := true;

end;

procedure Initialization;

const
char_divisor = 20;
number_divisor = 10;

var i, j, k: integer;
number : integer;
character : char;
begin

readln (ADDR_OFFSET);
for i := 1 to NUM_IDENT_CHAR do

begin
for j := 1 to NUM_ASCII_CHAR do
begin
with ASCII_Arr(.i,j.) do
begin

ch := '?2';

prime_num := 7;
ASCII_num := 777;

for k := 1 to MAX_BOOL DIGIT do
bool prime(.k.) := false;
end:;
end;

end;

for j := 1 to NUM_ASCII_CHAR do
begin
read(character);

for i := 1 to NUM_IDENT_CHAR do
begin
ASCII_Arr(.i,j.).ch := character;
end;

if j mod char_divisor = 0 then
readln;
end;
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readln;

for j :=1 to NUM_ASCII_CHAR do
begin
read(number);
if number > 64 then number := number - 64;

for i := 1 to NUM_IDENT CHAR do
begin
ASCII_ARR(.i,j.).ASCII_ num := number;
end;

if j mod number_divisor = 0 then
readln;

end;
if DEBUG_ONLY then

for i := 1 to NUM_IDENT CHAR do
begin
writeln;
writeln:
write(' THE CONTENTS OF THE RANDOM ACCESS MEMORY FOR CHARACTER ');
writeln('# ',i:l,' OF A KEY');
writeln;
writeln(' <ASCII CHAR> <ORD NO> <PRIME NO> <BINARY PRIME NUMBER>'):

for j := 1 to NUM_ASCII_ CHAR do
begin

with ASCII_Arr(.i, j.) do
begin

read(prime_num);

if j mod number_divisor = 0 then
readln;

Int_To_Bool_Convert(prime_num, bool _prime);

if (ch <> '?') and DEBUG_FLAG then

begin
write("' ',ch,' : ");
write(ASCII_num:4,' ');
write(prime _num:6,’ ");

for k := MAX_BOOL_DIGIT downto 1 do
begin
if bool_prime(.k.) then
write(1:2)
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else
write(0:2);
end;

writeln;
writeln;
end; {if}
end; {with}
end; {for}

readln;
end; {for}
for i := 0 to BUCKET_SIZE do
begin
Bucket_Arr(.i.) := nil;
end;

end;

procedure Init_While_Do_Loop;

var 1i: integer;

;in
Char_No := 1;
for i := 1 to NUM_IDENT_CHAR do
begin
Key Register(.i.) := ' ';

end;
end;

function More_Chars_Left_For_Key : boolean;

begin
if ((Char_No > NUM_IDENT_CHAR) or eoln) or eof then
begin
More_Chars_Left_For_Key := false;
readln;
end
else

More_Chars_Left For_Key := true;
end;
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procedure Read_A_Char;

begin
read(Key_Char);
Key_Register(.Char_No.) := Key_Char;
end;

procedure Look _Up Char_In_Prime_Num_Table(var idx:integer);

var found : boolean;
j : integer;

begin
j o= 1;
found :
repeat
if ASCII_Arr(.Char_No,j.).ch = Key Char then
begin

= false;

end;
until found or (j > NUM_ASCII_CHAR);

if (j > NUM_ASCII_CHAR) and (not found) then
idx := 64;

end;

procedure Save_Binary_Prime_Num(idx: integer);
var 1 : integer;
begin

with Bool Key Arr(.Char_No.) do
begin
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for i := 1 to MAX_BOOL DIGIT do
begin
bool_prime(.i.) := ASCII_Arr(.Char_No,idx.).bool prime(.i.);
end;
end; {with}

end;

procedure Increment_Char_Pointer;
begin

N Char_No := Char_No + 1;
end;

function EX_OR (Bit_X, Bit_Y: boolean): boolean;
begin
if Bit_X and Bit_Y then EX_OR := false
else if Bit_X and (not Bit_Y) then EX OR := true
else if (not Bit_X) and Bit_Y then EX_OR := true
else if (not Bit_X) and (not Bit_Y) then EX OR := false;

end;

procedure First_Level Ex _Oring;

o i, j : integer;
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repeat
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EXOR1_Arr(.j.) := EX_OR(Bool Key Arr(.i.).bool prime(.Bit_No.)

i

2
1

.
r
.
14

,Bool_Key . Arr(.i¥1.).bool _prime(.Bit_No.));
i
3

H +
j =3 ¢+
until (j > NUM_FIRST_EXOR);

end;

procedure Second_Level Ex_Oring;

var i, j : integer;

begin
i :=1;
= 1
repeat
EXOR2 Arr(.j.)
i=1+ 2;
':=J+1°

:= EX_OR(EXOR1_Arr(.i.), EXORl_Arr(.i+l.));

until (j > NUM_SECOND_EXOR);

end;

procedure Third_Level Ex Oring;

var i, j : integer;

begin

e oo
won
—

.

repeat
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EXOR3_Arr(.j.) := EX_OR(EXOR2_Arr(.i.), EXOR2_Arr(.i+l.));

t= 1+ 2;
=3 + 1;
j > NUM_THIRD_EZXOR);

i

]
until (

end;

procedure Last_Ex_Oring_And_Store_An_Addr_Bit;
begin
Hashed_Addr(.Bit_No.) := EX OR(EXOR3_Arr(.l.), EXOR3_Arr(.2.));
end;

procedure Bool_To_Int_Convert (Bool_Arr: HASH_ADDR_TYPE; var Hash_Addr:
integer);

var sum : integer;
i : integer;

begin

sum := 0

-

for i := MAX_BUCKET_ADDR_BITS+ADDR_OFFSET downto 1+ADDR_OFFSET do
begin

if Bool_Arr(.i.) then
sum := 2 * sum + 1
else
sum := 2 * sum;

end;

Hash_Addr := sum;
end;
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procedure Store_Key In_Addressed_Bucket;

var Key_ Pt : LINK;
i : integer;
address : integer;

begin
Bool_To_Int_Convert(Hashed_Addr, address);
new(Key_Pt);

for i := 1 to NUM_IDENT_CHAR do
begin
Key Pt@.Key Arr(.i.) := Key_Register(.i.);
end;

if DEBUG_FLAG then
begin
write(' KEY ATTRIBUTE : ');
for i := 1 to NUM_IDENT_CHAR do

begin
write(Key Register(.i.));
end;
writeln(' BUCKET ADDRESS : ',address:3);
writeln:

end;
Key Pt@.next := Bucket_ Arr(.address.);
Bucket_Arr(.address.) := Key Pt;

end;

procedure Print_Keys_In_Each_Bucket;

var i, j : integer;
pt : LINK;
count : integer;
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beqin
for i := 0 to BUCKET_SIZE do
begin
count := 0;
pt := Bucket_ Arr(.i.);
writeln;
writeln('----- Bucket Number : ', i : 3,'--=-=');
writeln;

while pt <> nil do
begin

write(' ');
for j := 1 to NUM_IDENT_CHAR do
begin
write(pt@.Key_ Arr(.j.));
end;
pt := pt@.next;
writeln;
count := count + 1;
end; {while}
writeln;
Count_Arr(.i.) := count;

end; {for}

end;

procedure Print_Statistics;

var 1 : integer;
max, min, sum, Empty Bucket, Non_Empty_Bucket, total: integer;
Keys_ 11 To_20, Keys_21 To_30, Keys_Over_31 : integer;
One_Key_ Bucket, Two_Keys_Bucket, Three_Keys_Bucket,

Four_Keys_Bucket, Five_Keys_Bucket, Six Keys Bucket,
Seven_Keys_Bucket, Eight_Keys_Bucket, Nine_Keys_Bucket,
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Ten_Keys_Bucket

variance, Var_Sum
mean integer;

begin

Empty_Bucket := 0
Non_Empty_Bucket
One_Key_Bucket :
Two_Keys_Bucket
Three_Keys_Bucke
Four_Keys_Bucket
Five_Keys_Bucket
Six_Keys_Bucket
Seven_keys_Bucke
Eight_Keys_Bucke
Nine_Keys_Bucket
Ten_Keys_Bucket

F (T oo

Keys 11 _To_20
Keys_21 To 30
Keys_| Over 31

variance := 0;
Var_Sum := 0;
mean := MAX NUM_KEYS di

for i := 0 to BUCKET_SI
begin

write('
writeln("
writeln;

if Count Arr( i.)
max Count

if Count_Arr(.i.)
min Count

if Count_Arr(.i.)
Empty Bucket
else
Non_Empty Buc

:= sum + Count

)

sum

if (Count_Arr(.i.
begin

Bucket Number
contains

THE GEORGE WASHINGTON UNIVERSITY COMPUTER CENTER

integer;

real;

14

v (BUCKET_SIZE + 1)

ZE do

: ',1:3);
Count_Arr(.i.):3,

1]
’

' keys.');

> max then
_Arr(.i.);

< min then
_Arr(.i.);

0 then
Empty Bucket + 1

ket := Non_Empty Bucket + 1;
_Arr(.i.);

>= 1) and (Count_Arr(.i.) <= 10) then
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case Count_Arr(.i.) of
1 : One_Key_ Bucket := One_Key_Bucket + 1;
2 : Two_Keys_Bucket := Two_Keys_Bucket + 1;
3 : Three_Keys_Bucket := Three_Keys Bucket + 1;
4 : Four_Keys_Bucket := Four _Keys__ Bucket + 1;
5 : Five_Keys_Bucket := Five_Keys_Bucket + 1;
6 : Six_Keys_ Bucket := Six _Keys_ Bucket + 1;
7 : Seven_Keys_Bucket := Seven_Keys_Bucket + 1;
8 : Eight_Keys_ “Bucket := Eight _Keys_Bucket + 1;
9 : Nine_Keys_Bucket := Nine_Keys_Bucket + 1;
10 : Ten_Keys_Bucket := Ten_Keys_Bucket + 1;
end;
end; {if}

if (Count_Arr(.i.) >= 11) and (Count_Arr(.i.) <= 20) then
Keys_11_ To_20 Keys_11 To_20 + 1;

if (Count_Arr(.i.) >= 21) and (Count_Arr(.i.) <= 30) then
Keys_21_To_30 := Keys_21_To_30 + 1;

L}

if (Count_Arr(.i.) >= 31) then
Keys Over_31 := Keys_Over_31 + 1;

Var_Sum := Var_Sum + sqr(Count_Arr(.i.) - mean)
end; {for}
variance := Var_Sum / (BUCKET_SIZE + 1);

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;
writeln('******************** STATISTICS **********************');
writeln;

write(' CHARACTERS TO PRIME NUMBERS MAPPING HASHING ---'):
write('BIT ',ADDR_OFFSET+1:1,'—');
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writeln(ADDR_OFFSET+MAX BUCKET ADDR BIT:1);

writeln;

writeln(' ALL OF THE 16 RAM CONTENTS ARE IDENTICAL IN THIS CASE.'):

writeln;

writeln;

writeln(' TOTAL NUMBER OF KEYS : ', sum:4):

writeln;

total := Empty Bucket + Non_Empty_Bucket;

writeln(' TOTAL NUMBER OF BUCKETS : ', total:4);

writeln;

writeln(' MAXIMUM NUMBER OF KEYS IN A BUCKET : ', max:4);

writeln;

writeln(' MINIMUM NUMBER OF KEYS IN A BUCKET : ', min:4);

writeln;

writeln(' VARIANCE (MEAN SQUARE DEVIATION) : ',
variance:8:2);

writeln;

writeln(' STANDARD DEVIATION : ',
sqrt(variance):8:2);

writeln;

writeln(' TOTAL NUMBER OF NON-EMPTY BUCKETS : ',

Non_Empty Bucket:3,' ',Non_Empty_ Bucket*100 / total:7:1,' %');

writeln;

writeln(' TOTAL NUMBER OF EMPTY BUCKETS : ',

Empty_Bucket:3,' ',6Empty Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN ONE KEY : ',

One_Key_Bucket:3,' ',One_Key Bucket*100 / total:7:1,' %');

writeln; .

writeln(' NUMBER OF BUCKETS WHICH CONTAIN TWO KEYS : ',

Two_Keys_Bucket:3,' ',Two_Keys Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN THREE KEYS : ',

Three_Keys_Bucket:3,' ', Three_Keys_Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN FOUR KEYS : ',

Four_Keys_Bucket:3,' ', Four_Keys Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN FIVE KEYS : ',

Five_Keys_Bucket:3,' ',Five_Keys_Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN SIX KEYS : ',

Six_Keys_Bucket:3,' ',Six_Keys Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN SEVEN KEYS : ',

Seven_Keys_Bucket:3,' ',Seven_Keys Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN EIGHT KEYS : ',

Eight_Keys_Bucket:3,' ',6Eight_Keys_Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN NINE KEYS : ',

Nine_Keys_Bucket:3,' ',6Nine_Keys Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN TEN KEYS : ',

Ten_Keys_Bucket:3,' ',Ten_Keys Bucket*100 / total:7:1,' %');
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writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN KEYS FROM 11 TO 20 : ',
Keys_ll To_20:3,' ',Keys_ll_To_20*100 / total:7:1,' %');
writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN KEYS FROM 21 TO 30 : ',
Keys_21 To_30:3,' ',Keys_21_To_30*100 / total:7:1,' %');
writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN KEYS OVER 31 : ',
Keys_Over_31:3,' ',6Keys_Over_31*100 / total:7:1,' %');

end:;

{**************** MAIN pROGRAM STARTS HERE *******************}
begin
Initialization;
{Read Keys one by one converting them to hashed addresses}
for Key_No := 1 to MAX NUM_KEYS do
begin
Init_While_Do_Loop;

{Read character by character for a key looking up the
corresponding prime number and convert it to binary number}

while More_Chars_Left_For_Key do

begin
Read_A _Char;
Look_Up_Char_In_Prime Num_Table(index);
Save_Binary Prime Num{index);
Increment_Char_Pointer;

end;

{Get the first digit of the binary prime numbers which
converted from a character, and do the Exclusive-Or operation
to get the first bit for the hashed address. Repeat this
process up to the last digit.}

for Bit_No :=1 to MAX_BOOL DIGIT do

begin

First_Level Ex_Oring;

Second_Level EXx Orlng,

Third_Level Ex Oring;

Last Ex Orlng And_Store_An_Addr_Bit;
end;
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{Using the resulting hashed address, store the input key in
the corresponding bucket.}

Store_Key_In_Addressed_Bucket;
end; {outer for}
{Print out all the keys in every hashed buckets.}
Print_Keys_In_Each_Bucket;
{Print out all the necessary statistics for an analysis.}
Print_Statistics;

end.
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am MAPNU (input, output);

MAX_NUM_KEYS = 1024;
NUM_IDENT CHAR = 16;
MAX_BUCKET ADDR_BITS = 8
MAX_BOOL_DIGIT = 13;
NUM_ASCIT_CHAR = 70;

-e

NUM_FIRST_EXOR = 8§;
NUM_SECOND_EXOR = 4;
NUM_THIRD_EXOR = 2;

BUCKET_SIZE = 255;
DEBUG_FLAG true;
DEBUG_ONLY true;

KEY_ARRAY_TYPE = array (.l..NUM_IDENT CHAR.) of char;
PRIME_BOOL_TYPE = array (.l..MAX_BOOL_DIGIT.) of boclean;

CHAR_RECORD_TYPE = record
ch : char;
ASCII num : integer;
prime_num : integer;
bool_prime : PRIME_BOOL_TYPE;
end;

ASCII_TABLE = array (.l..NUM_IDENT_CHAR, 1..NUM_ASCII_CHAR.) of
CHAR_RECORD_TYPE;

array (.l1..NUM_IDENT_CHAR.) of
record

bool_prime : PRIME_BOOL_TYPE;
end;

BOOL_PRIME_KEY TYPE

FIRST_EXOR_ARR_TYPE = array (.1..NUM_FIRST_EXOR.) of boolean;

SECOND_EXOR_ARR_TYPE = array (.l..NUM_SECOND_EXOR.) of boolean;

THIRD_EXOR_ARR_TYPE

array (.1..NUM_THIRD_EXOR.) of boolean;
HASHED_KEY REG_TYPE = array (.l..MAX BUCKET ADDR_BITS.) of boolean;

HASH_ADDR_TYPE

array (.l..MAX BOOL_DIGIT.) of boolean;

COUNT_KEY_TYPE = array (.0..BUCKET_SIZE.) of integer;
LINK = @KEY_RECORD;
KEY_RECORD = record

Key_Arr : KEY_ARRAY TYPE;
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next : LINK;
end;

BUCKET_POINTER_ARRAY = array (.0..BUCKET SIZE.) of LINK;

var
Key Register : KEY_ARRAY_TYPE;

ASCII_Arr : ASCII_TABLE;

Key No, Char_No, Bit_No : integer;
Key Char : char;

index : integer;

Bool_Key_ Arr : BOOL_PRIME_KEY_ TYPE;

EXOR1_Arr : FIRST_EXOR ARR TYPE;
EXOR2_Arr : SECOND_EXOR_ARR_TYPE;
EXOR3_Arr : THIRD_EXOR_ARR TYPE;

Hashed_Addr : HASH_ADDR_TYPE;
Bucket_Arr : BUCKET POINTER ARRAY;
Count_Arr : COUNT_KEY_TYPE;
Next_Seed : integer;

OFFSET : integer;

procedure Int_To_Bool Convert (number:integer; var Bool Arr:
PRIME_BOOL_TYPE) ;

var 1 : integer;

begin
for i := 1 to MAX_BOOL_DIGIT do
Bool Arr(.i.) := false;

is=1;
while (number >= 2) and (i <= MAX_BOOL_DIGIT) do
begin

if (number mod 2) =1 then
Bool Arr(.i.) := true
else
Bool Arr(.i.) := false;

= number div 2;
H
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end;

if (number = 1) and (i <= MAX_BOOL_DIGIT) then
Bool Arr(.i.) := true;

end;

procedure Initialization;
const
char_divisor = 20;
number_divisor = 10;
var i, j, k: integer;
number : integer;
character : char;
begin
Next_Seed := 5;
readln(OFFSET);

for i := 1 to NUM_IDENT_CHAR do

begin
for j := 1 to NUM_ASCII_CHAR do
begin
with ASCII_Arr(.i,j.) do
begin

ch = '2";

prime_num := 7;
ASCII_num := 777;

for k := 1 to MAX BOOL_DIGIT do
bool_prime(.k.) := false;
end;
end;

end;

for j := 1 to NUM_ASCII_CHAR do
begin
read(character);

for i := 1 to NUM_IDENT CHAR do
begin
ASCII_Arr(.i,j.).ch := character;
end;
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if j mod char_divisor = 0 then
readln;
end;

readln;

for j :=1 to NUM_ASCII_CHAR do
begin
read(number);
if number > 64 then number := number - 64&;

for i := 1 to NUM_IDENT_CHAR do
begin
ASCII_ARR(.i,j.).ASCII_num := number;

end;

if j mod number_divisor = 0 then
readln;

end;

for i := 1 to NUM_IDENT_CHAR do
begin
writeln;

writeln;
write(' THE CONTENTS OF THE RANDOM ACCESS MEMORY FOR CHARACTER ');

writeln('# ',i:1,' OF A KEY');
writeln;
writeln(' <ASCII CHAR> <ORD NO> <PRIME NO> <BINARY PRIME NUMBER>');

for j := 1 to NUM_ASCII_CHAR do
begin

with ASCII Arr(.i, j.) do
begin

read(prime_num);

if j mod number_divisor = 0 then
readln;

Int_To_Bool Convert(prime_num, bool_prime);

if (ch <> '?') and DEBUG_FLAG then

begin
write(' ‘,ch,' : ')
write(ASCII num:4,' ');:
write(prime num:6," ")

for k := MAX BOOL_DIGIT downto 1 do
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begin
if bool prime(.k.) then
write(1l:2)
else
write(0:2);
end;

writeln;
writeln;
end; {if}
end; {with}
end; {for}

readln;
end; {for}
for i := 0 to BUCKET_SIZE do
begin
Bucket_Arr(.i.) := nil;
end;

end;

procedure Generate_Random_Num_Keys;

const
MAX DIGIT = 4;
NUM_RANDOM GEN = 4;

TEN_THOUSAND = 10000;

TEN = 10;
type

NUM_KEY_TYPE = array (.1..NUM_IDENT_CHAR.) of integer;
var

number : integer;

Num_Key Reg : NUM_KEY TYPE;
Start_Addr : integer;
divisor : integer;

digit : integer;

i, j : integer;

function random (var seed : integer) : integer;

Jnst
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MULTIPLIER = 25173;
INCREMENT = 13849;
MODULUS = 65536;

begin
random := (MULTIPLIER * seed + INCREMENT) mod MODULUS;
end;

procedure Store_Chars_In_Key Regq;

var
i : integer;
begin
for i := 1 to NUM_IDENT_CHAR do
begin
case Num_Key Reg(.i.) of
0 : Key_Reglster(.l.) = '0";
1 : Key Register(.i.) := '1';
2 : Key_Register(.i.) := '2';
3 : Key_Register(.i.) := '3';
4 : Key Register(.i.) := '4';
5 : Key_ Register(.i.) := '5';
6 : Key Register(.i.) := '6';
7 : Key_Register(.i.,) := '7';
8 : Key_Register(.i.) := '8';
9 : Key_Register(.i.) := '9';
end;
end;
end;

begin {Generate_Random_Num_Keys}

for i := 1 to NUM_RANDOM_GEN do
begin
divisor := TEN_THOUSAND;
number := random(Next_Seed);
Next_Seed := number;
number := number mod divisor;

for j := MAX DIGIT downto 1 do
begin
divisor := divisor div TEN;
digit := number div divisor;
Start_Addr := (i - 1) * MAX DIGIT°
Num_Key Reg( Start_Addr+j.) := digit;
number := number - (digit * d1v1sor)
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end;
end;

Store_Chars_In_Key Reg;
end;

procedure Init_While_Do_Loop;

var 1i: integer;

he~in
Char_No := 1;
for i := 1 to NUM_IDENT_CHAR do
begin
Key Register(.i.) := ' ';
end;
Generate_Random_Num_Keys;

end;

function More_Chars_Left_For_Key : boolean;

begin
if (Char_No > NUM_IDENT_CHAR) then
begin
More_Chars_Left For_Key := false;
end
else

More_Chars_Left_For_Key := true;
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procedure Read_A Char;

begin
Key_Char := Key_Register(.Char_No.);
end;

procedure Look_Up Char_In_Prime_Num_Table(var idx:integer);

var found : boolean;
j : integer;

begin
j o= 1;
found :
repeat
if ASCII_Arr(.Char_No,j.).ch = Key_Char then
begin

= false;

end;
until found or (j > NUM_ASCII_CHAR);

if (j > NUM_ASCII_CHAR) and (not found) then
idx := 64;

end;

procedure Save_Binary_ Prime_ Num(idx: integer);
var 1 : integer;
begin

with Bool_Key_Arr(.Char_No.) do
begin
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for i := 1 to MAX_BOOL_DIGIT do
begin
bool prime(.i.) := ASCII_Arr(.Char_No,idx.).bool_prime(.i.);
end;
end; {with}

end;

procedure Increment_Char_Pointer;
begin

Char_No := Char_No + 1;
end;

function EX_OR (Bit_X, Bit_¥: boolean): boolean;
begin
if Bit_X and Bit_Y then EX OR := false
else if Bit_X and (not Bit_Y) then EX _OR := true
else if (not Bit_X) and Bit_Y then EX_OR := true
else if (not Bit_X) and (not Bit_Y) then EX OR := false;

end;

procedure First Level Ex_Oring;

o i, j : integer;
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begin

i

1
J 1

o oo
~e we

repeat
EXOR1_Arr(.j.) := EX OR(Bool_Key Arr(.i.).bool_prime(.Bit_No.)

_ Bool Key Arr(.i+l.).bool prime(.Bit No.));
1

o oo
0o
.

+
o

j ;
until (j > NUM_FIRST_EXOR);

end;

procedure Second_Level Ex_Oring;

var i, j : integer;

begin
i:=1;
j o= 1;
repeat
EXOR2_Arr(.j.) := EX_OR(EXOR1l_Arr(.i.), EXORl Arr(.i+l.));

i=T1+ 2;
joi= 3+ 1;
until” (j > NUM_SECOND_EXOR);

end;

procedure Third_Level Ex_Oring;
var i, j : integer;

begin

. .
e oo
—
w-e we

repeat
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EXOR3_Arr(.j.) := EX_OR(EXOR2_Arr(.i.), EXOR2_Arr(.i+l.));

i+ 2;
J =3 * 1
until (j > NUM_THIRD_EXOR);

i

end;

procedure Last_Ex_Oring_And_Store_An_Addr_Bit;-

begin
: Hashed_Addr(.Bit_No.) := EX_OR(EXOR3_Arr(.l.), EXOR3_Arr(.2.));

end;

procedure Bool _To_Int_Convert (Bool_Arr: HASH_ADDR_TYPE; var Hash_Addr:
integer);

var sum : integer;
i : integer;

begin
sum := 0;

for i := MAX BUCKET_ADDR_BITS+OFFSET downto 1+OFFSET do
begin

if Bool_Arr(.i.) then
sum := 2 * sum + 1
else
sum := 2 * sum;

end;

Hash_Addr := sum;
end;



FILE: MAPNU PASCAL A THE GEORGE WASHINGTON UNIVERSITY

procedure Store_Key In_Addressed_Bucket;

var Key Pt : LINK;
i : integer;
address : integer;

begin
Bool To_Int_Convert(Hashed_Addr, address);
new(Key_Pt);
for i := 1 to NUM_IDENT_CHAR do
begin
Key Pt@.Key Arr(.i.) := Key_Register(.i.);
end;

if DEBUG_FLAG then

begin
write(' KEY ATTRIBUTE : ');
for i := 1 to NUM_IDENT_CHAR do
begin
write(Key_ Register(.i.));
end;
writeln(' BUCKET ADDRESS : ',address:3);
writeln;
end;

Key Pt@.next := Bucket_Arr(.address.);
Bucket_Arr(.address.) := Key_Pt;

end;

procedure Print_Keys_In_Each_Bucket;

var i, j : integer;
pt : LINK;
count : integer;

COMPUTER CENTER
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beqgin
for i := 0 to BUCKET_SIZE do
begin
count := 0;
pt := Bucket_Arr(.i.);

writeln;
writeln('----- Bucket Number : ', i ¢ 3,'----");

writeln;

while pt <> nil do
begin

write(' ');
for j := 1 to NUM_IDENT_CHAR do
begin
write(pt@.Key_ Arr(.j.));
end;
pt := pt@.next;
writeln;
count := count + 1;
end; {while}
writeln;
Count_Arr(.i.) := count;
end; {for}

end;

procedure Print_Statistics;

var 1 : integer;
max, min, sum, Empty Bucket, Non_Empty Bucket, total: integer;
Keys_11_To_20, Keys_21 To_30, Keys_Over_31 : integer;
One_Key_Bucket, Two_Keys_Bucket, Three_Keys_Bucket,

Four_Keys_Bucket, Five Keys_Bucket, Six_Keys_Bucket,
Seven_Keys_Bucket, Eight_Keys_Bucket, Nine_Keys_Bucket,
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Ten_Keys_Bucket : integer;

variance, Var_Sum : real;
mean : integer;

begin
min := 99999;
max := 0;
sum := 0;

Empty_Bucket := 0;

Non_Empty_ Bucket := 0;

One_Key_ Bucket := 0;

Two_Keys_Bucket := 0;

Three_Keys_Bucket := 0;

Four_Keys_Bucket := 0;

Five_Keys_Bucket := 0;
= ’

Six_Keys_Bucket := 0
Seven_keys_Bucket :=
Eight_Keys_Bucket :=
Nine_Keys_Bucket :
Ten_Keys_Bucket := 0;

Keys_11 To_20 :
Keys_21 To_30 :
Keys_Over_31 :=

variance := 0;
Var_Sum := 0;
mean := MAX_NUM_KEYS div (BUCKET_SIZE + 1);

for i := 0 to BUCKET_SIZE do
begin

write(' Bucket Number : ',i:3);
writeln(' contains ', Count Arr(.i.):3, ' keys.');
writeln;

if Count_Arr(.i.) > max then
max := Count_Arr(.i.);

if Count_Arr(.i.) < min then
min := Count_Arr(.i.);

if Count_Arr(.i.) = 0 then
Empty Bucket := Empty_Bucket + 1
else
Non_Empty_ Bucket := Non_Empty Bucket + 1;

sum := sum + Count Arr(.i.);

if (Count_Arr(.i.) >= 1) and (Count_Arr(.i.) <= 10) then
begin
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case Count_Arr(.i.) of
1 : One_Key Bucket := One_Key Bucket + 1;
2 : Two_Keys_Bucket := Two_Keys_Bucket + 1;
3 : Three_Keys_Bucket := Three_Keys_Bucket + 1;
4 : Four_Keys_ Bucket := Four_Keys_ Bucket + 1;
5 : Five_Keys_Bucket := Five_Keys_ “Bucket + 1;
6 : Six_Keys_Bucket := Six_Keys_ Bucket + 1;
7 : Seven_Keys_Bucket := Seven_Keys_Bucket + 1;
8 : Eight_Keys_Bucket := Eight_Keys_Bucket + 1;
9 : Nine_Keys_Bucket := Nine_Keys_Bucket + 1;
10 : Ten_Keys_Bucket := Ten_Keys_Bucket + 1;
end;
end; {if}

if (Count_Arr(.i.) >= 11) and (Count_Arr(.i.) <= 20) then
Keys_1ll To_20 := Keys_ll To_20 + 1;

21) and (Count_Arr(.i.) <= 30) then
Keys_21_To_30 + 1;

if (Count_Arr(.i.)
Keys_21 To_30

if (Count_Arr(.i.) >= 31) then
Keys_Over_31 := Keys_Over_31 + 1;

Var_Sum := Var_Sum + sqr(Count_Arr(.i.) - mean)
end; {for}
variance := Var_Sum / (BUCKET_SIZE + 1);

writeln:

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln;

writeln( Thkhkhkkhkkhkhkkhkhkkkhkhkkkkkik STATISTICS khkhkhkhkhkhkkkhkhkkhkhkhkhkhkkkkkk!' ) H
writeln;

write(' CHARACTERS TO PRIME NUMBERS MAPPING HASH---BITS ');
writeln(l+OFFSET:l,'-',MAX_BUCKET_ADDR_BITS+OFFSET:1);
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writeln;

writeln(' ALL OF THE 16 RAM CONTENTS ARE IDENTICAL IN THIS CASE.');

writeln;

writeln;

writeln(' TOTAL NUMBER OF KEYS : ', sum:4);

writeln;

total := Empty_ Bucket + Non_Empty_ Bucket;

writeln(' TOTAL NUMBER OF BUCKETS : ', total:4);

writeln;

writeln(' MAXIMUM NUMBER OF KEYS IN A BUCKET : ', max:4);

writeln;

writeln(' MINIMUM NUMBER OF KEYS IN A BUCKET : ', min:4);

writeln;

writeln(' VARIANCE (MEAN SQUARE DEVIATION) : ',
variance:8:2);

writeln;

writeln(' STANDARD DEVIATION : ',
sqrt(variance):8:2);

writeln;

writeln(' TOTAL NUMBER OF NON-EMPTY BUCKETS : ',

Non_Empty Bucket:3,' ', Non_Empty_ Bucket*100 / total:7:1,' %');

writeln;

writeln(' TOTAL NUMBER OF EMPTY BUCKETS : ',

Empty Bucket:3,' ' ,6Empty Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN ONE KEY : ',

One_Key_ Bucket:3,' ',One_Key Bucket*100 / total:7:1,' %');

writeln:;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN TWO KEYS : ',

Two_Keys_Bucket:3,' ', Two_Keys Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN THREE KEYS : 'y

Three_Keys_Bucket:3,' ',Three_Keys_Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN FOUR KEYS : ',

Four_Keys_Bucket:3,' ', Four_Keys_Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN FIVE KEYS : ',

Five_Keys_Bucket:3,' ', ,6Five_Keys Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN SIX KEYS : 'y

Six_Keys_Bucket:3,' ',Six_Keys_Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN SEVEN KEYS : ',

Seven_Keys_Bucket:3,' ',Seven_Keys_Bucket*100 / total:7:1,' %');

writeln:

writeln(' NUMBER OF BUCKETS WHICH CONTAIN EIGHT KEYS : 'y

Eight_Keys_Bucket:3,' ',Eight_Keys_Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN NINE KEYS : ',

Nine_Keys_Bucket:3,' ',6Nine_Keys_Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN TEN KEYS : ',

Ten_Keys_Bucket:3,' ', Ten_Keys_Bucket*100 / total:7:1,' %');

writeln:
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end;

{****

begin
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writeln(' NUMBER OF BUCKETS WHICH CONTAIN KEYS FROM 11 TO 20

Keys_11_To_20:3,' ' ,Keys_ll_To_20*100 / total:7:1,' %');
writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN KEYS FROM 21 TO 30 : ',
Keys_21 To_30:3,' ',Keys_21 _To_30*100 / total:7:1,' %');
writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN KEYS OVER 31 : ',
Keys_Over_31:3,' ',Keys_Over_31*100 / total:7:1,' %');
kkkkkkkkxk%* MAIN PROGRAM STARTS HERE ****kkkkkkkkkkkhkhk}

Initialization;
{Read Keys one by one converting them to hashed addresses}
for Key No := 1 to MAX NUM KEYS do
begin
Init_While_Do_Loop;

{Read character by character for a key looking up the
corresponding prime number and convert it to binary number}

while More;Chars_Left_For_Key do

begin
Read_A_Char;
Look_Up Char_In_ Prime Num_Table(index);
Save_Binary Prime Num(index);
Increment_Char_Pointer;

end;

{Get the first digit of the binary prime numbers which
converted from a character, and do the Exclusive-Or operation
to get the first bit for the hashed address. Repeat this
process up to the last digit.}

for Bit_No :=1 to MAX BOOL_DIGIT do

begin
First_Level Ex Oring;
Second Level Ex _Oring;
Third_Level Ex_Oring;
Last_Ex_Oring_And_Store_An_Addr_Bit;
end;
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{Using the resulting hashed address, store the input key in
the corresponding bucket.}
Store_Key_In_Addressed_Bucket;
end; {outer for}
{Print out all the keys in every hashed buckets.}
Print_Keys_In_Each_Bucket;
{Print out all the necessary statistics for an analysis.}
Print_Statistics;

end.
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Jime=1
// EXEC PASCG
"SIN DD *
pcugram FAST _HW_HASHING (input, output);

const
MAX_NUM_KEYS = 1024;
NUM_IDENT_CHAR = 16;
MAX_BUCKET ADDR BITS = 8
MAX_BOOL_DIGIT = 13;
NUM_ASCIT_CHAR =

-e

1]
o0}

NUM_FIRST_EXOR ;
NUM SECOND EXOR = 4;
NUM THIRD_ EXOR = 2;

BUCKET_SIZE = 255;

DEBUG_FLAG

_ true;
DEBUG_ONLY

true;

type .
KEY_ARRAY TYPE = array (.l..NUM_IDENT CHAR.) of char;

PRIME_BOOL_TYPE = array (.l..MAX BOOL DIGIT.) of boolean;

CHAR_RECORD_TYPE = record
ch : char;
ASCII_num : integer;
prime_num integer;
bool_prime : PRIME_BOOL_TYPE;
end;

ASCII_TABLE = array (.l..NUM_IDENT_CHAR, 1..NUM_ASCII_CHAR.) of
CHAR_RECORD_TYPE;

array (.l..NUM_IDENT _CHAR.) of
record
bool_prime : PRIME_BOOL_TYPE;

BOOL_PRIME_KEY TYPE

end;

FIRST_EXOR_ARR_TYPE = array (.l1..NUM_FIRST _EXOR.) of boolean;

SECOND_EXOR_ARR_TYPE = array (.l..NUM_SECOND_EXOR.) of boolean;

THIRD_EXOR_ARR_TYPE

array (.l..NUM_THIRD EXOR.) of boolean;

HASHED_KEY_REG_TYPE = array (.l..MAX_BUCKET_ADDR_BITS.) of boolean;

HASH _ADDR_TYPE

array (.1l..MAX_BOOL_DIGIT.) of boolean;

COUNT_KEY_TYPE = array (.0..BUCKET_SIZE.) of integer;
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LINK = @GKEY RECORD;

KEY_RECORD = record
Key Arr : KEY_ARRAY_TYPE;
next : LINK;
end;

BUCKET POINTER_ARRAY = array (.0..BUCKET_SIZE.) of LINK;

var
Key Register : KEY_ARRAY_TYPE;

ASCII_Arr : ASCII_TABLE;

Key No, Char_No, Bit_No : integer;
Key_Char : char;

index : integer;

Bool_Key_ Arr : BOOL_PRIME_KEY_ TYPE;
EXOR1l_Arr : FIRST_EXOR_ARR_TYPE;
EXOR2_Arr : SECOND_EXOR_ARR_TYPE;
EXOR3_Arr : THIRD_EXOR_ARR_TYPE;
Hashed Addr : HASH_ADDR_TYPE;
Bucket_Arr : BUCKET_POINTER_ARRAY;

Count_Arr : COUNT_KEY_TYPE;

procedure Int_To_Bool Convert (number:integer; var Bool_ Arr:
PRIME_BOOL_TYPE);

var 1 : integer;

begin
for i := 1 to MAX BOOL_DIGIT do
Bool Arr(.i.) := false;

i :=1;
while (number >= 2) and (i <= MAX_BOOL_DIGIT) do
begin

if (number mod 2) =1 then
Bool Arr(.i.) := true
else
Bool Arr(.i.) := false;



FILE: MAPRAND PASCAL A THE GEORGE WASHINGTON UNIVERSITY COMPUTER CENTER

number := number div 2;
i =1+ 15
end;

if (number = 1) and (i <= MAX BOOL_DIGIT) then
Bool Arr(.i.) := true;

end;

procedure Initialization;

const
char_divisor = 20;
number_divisor = 10;

var i, j, k: integer;
number : integer;
character : char;

begin

for i := 1 to NUM_IDENT_CHAR do
begin

for j := 1 to NUM_ASCII_CHAR do
begin

with ASCII_Arr(.i,j.) do
begin
ch := '?2';
prime_num := 7;
ASCII_num := 777;

for k := 1 to MAX BOOL_DIGIT do
bool_prime(.k.) := false;
end;
end;

end;

for j := 1 to NUM_ASCII_CHAR do
begin
read(character);

for 1 := 1 to NUM_IDENT_CHAR do
begin
ASCII Arr(.i,j.).ch := character;
end;

if j mod char_divisor = 0 then
readln;
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end;

readln;

for j :=1 to NUM_ASCII_CHAR do
begin
read(number);
if number > 64 then number := number - 64;

for i := 1 to NUM_IDENT_CHAR do
begin
ASCII_ARR(.i,j.).ASCII_num := number;
end;

if j mod number_divisor = 0 then
readln;

end;
if DEBUG_ONLY then

for i := 1 to NUM_IDENT_CHAR do
begin
writeln;

writeln;
write(' THE CONTENTS OF THE RANDOM ACCESS MEMORY FOR CHARACTER ');

writeln('$ ',i:1,' OF A KEY');
writeln;
writeln(' <ASCII CHAR> <ORD NO> <PRIME NO> <BINARY PRIME NUMBER>');

for j := 1 to NUM_ASCII_CHAR do
begin

with ASCII Arr(.i, j.) do
begin

read(prime_num);

if j mod number_divisor = 0 then
readln;

Int_To_Bool Convert(prime_num, bool_prime);

if (ch <> '?') and DEBUG_FLAG then

begin
write(' ',ch,' : ");
write(ASCII_num:4,' ');
write(prime_num:6,’ ");

for k := MAX BOOL_DIGIT downto 1 do
begin
if bool_prime(.k.) then
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write(l:2)
else
write(0:2);
end;

writeln:
writeln;
end; {if}
end; {with}
end; {for}

readln;
end; {for}

for i := 0 to BUCKET_SIZE do
begin
Bucket_Arr(.i.) := nil;
end;

end;

procedure Init_While_Do_Loop;

var 1i: integer;

Char_No := 1;

for i := 1 to NUM_IDENT_CHAR do
begin
Key Register(.i.) := ' ';
end;
end;

function More_Chars_Left For_Key : boolean;

begin
if ((Char_No > NUM_IDENT_CHAR) or eoln) or eof then
begin
More_Chars_Left For_Key := false;
readln;
end
else

More_Chars_Left_ For_Key := true;
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procedure Read_A_Char;

begin
read(Key_Char);
Key_Register(.Char_No.) := Key_Char;
end;

procedure Look_Up_Char_In_Prime_Num_Table(var idx:integer);

var found : boolean;
j ¢ integer;

begin
j = 1;
found := false;
repeat
if ASCII_Arr(.Char_No,j.).ch = Key_Char then
begin
found :=
idx := j;
end
else
begin
o= 3+ 1;
end;
until found or (j > NUM_ASCII_CHAR);

if (j > NUM_ASCII_CHAR) and (not found) then
idx := 64;

end;

procedure Save_Binary Prime Num(idx: integer);
var 1 : integer;
begin

with Bool Key_ Arr(.Char_No.) do
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begin
for i := 1 to MAX BOOL_DIGIT do
begin
bool prime(.i.) := ASCII_Arr(.Char_No,idx.).bool_prime(.i.);
end:;
end; {with}

end;

procedure Increment_Char_Pointer;
begin

Char_No := Char_No + 1;
end;

function EX_OR (Bit_X, Bit_Y: boolean): boolean;
begin
if Bit_X and Bit_Y then EX_OR := false
else if Bit_X and (not Bit_Y) then EX_OR := true
else if (not Bit_X) and Bit_Y then EX_OR := true
else if (not Bit_X) and (not Bit_Y) then EX_OR := false;

end;

procedure First_Level Ex_Oring;

.+ i, j : integer;
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begin

i
j

o oo

-e we

1
1

repeat
EXOR1_Arr(.j.) := EX OR(Bool_Key Arr(.i.).bool prime(.Bit_No.)

§ool_Key Arr(.i¥1.).bool _prime(.Bit_No.));
i 2;
i+ 1;

1 2 +
i +
until (j > NUM FIRST_EXOR);

end;

procedure Second_Level Ex_Oring;

var i, j : integer;

haqin
i = 1;
j = 1;
repeat
EXOR2_Arr(.j.) := EX_OR(EXOR1l Arr(.i.), EXOR1 _Arr(.i+l.));

i

i+ 2;
i+ 1;
unt11 (j > NUM_SECOND_EXOR);

end;

procedure Third_Level Ex_Oring;
var i, j : integer;

begin

[y
e weo

(S Ay
.
nn
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repeat
EXOR3_Arr(.j.) := EX OR(EXOR2_Arr(.i.), EXOR2_Arr(.i+l.));

=i+2;
joi=3+1;
until (j > NUM_THIRD_EXOR);

i

end;

procedure Last_Ex_Oring_And_Store_An_Addr_Bit;

begin
Hashed Addr(.Bit_No.) := EX_OR(EXOR3_Arr(.l.), EXOR3_Arr(.2.));
end;

procedure Bool To_Int_Convert (Bool_ Arr: HASH_ADDR_TYPE; var Hash_Addr:
integer);

var sum : integer;
i ¢ integer;

begin
sum := 0;

for i := MAX_BUCKET_ADDR_BITS+1l downto 1l+1 do
begin

if Bool_Arr(.i.) then
sum := 2 * sum + 1
else
sum := 2 * sum;

end;

Hash_Addr := sum;
end;
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procedure Store_Key In_Addressed_Bucket;
var Key_ Pt : LINK;
i : integer;
address : integer;
begin
Bool_To_Int_Convert(Hashed_Addr, address);
new(Key_Pt);
for i := 1 to NUM_IDENT_CHAR do
begin
Key Pt@.Key Arr(.i.) := Key_Register(.i.);
end;

if DEBUG_FLAG then

begin
write(' KEY ATTRIBUTE : ');
for i := 1 to NUM_IDENT_CHAR do
begin
write(Key Register(.i.));
end;
writeln(' BUCKET ADDRESS : ',address:3);
writeln;
end;

Key Pt@.next := Bucket_Arr(.address.);
Bucket Arr(.address.) := Key_ Pt;

end;

procedure Print_Keys In_Each_Bucket;

var i, j : integer;
pt : LINK;
count : integer;
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for i := 0 to BUCKET_SIZE do
begin
count := 0;
pt := Bucket Arr(.i.);

writeln;
writeln('----- Bucket Number : ', i s 3,'----');

writeln;

while pt <> nil do
begin

write(' ')
for j := 1 to NUM_IDENT_CHAR do
begin
write(pt@.Key Arr(.j.));
end;
pt := pt@.next;
writeln;
count := count + 1;
end; {while}
writeln;
Count_Arr(.i.) := count;

end; f{for}

end;

procedure Print_Statistics;

var i : integer;
max, min, sum, Empty Bucket, Non_Empty_Bucket, total: integer;
Keys 11 To_20, Keys_21_To_30, Keys_Over_31 : integer;

One_Key Bucket, Two_Keys_Bucket, Three_Keys_Bucket,
Four Keys_Bucket, Five_Keys_Bucket, Six_Keys_Bucket,
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Seven_Keys_Bucket, Eight_Keys_Bucket, Nine_Keys_Bucket,
Ten_Keys Bucket : integer;

variance, Var_Sum : real;
mean : integer;

begin
min := 99999;
max := 0;
sum := 0;

Empty_Bucket := 0;
Non_Empty_Bucket :
One_Key Bucket :=
Two_Keys_Bucket :
Three_Keys_Bucket
Four_Keys_Bucket :
Five_Keys_Bucket :
Six_Keys_Bucket :=
Seven_keys_Bucke
Eight_Keys_Bucke
Nine_Keys_Bucket :
Ten_Keys_Bucket := 0

€t T oo

Keys_11 To_20 :=
Keys_21 To_30 :=
Keys_Over_31 :=

variance := 0;
Var_Sum := 0;
mean := MAX_NUM KEYS div (BUCKET_SIZE + 1);

for i := 0 to BUCKET_SIZE do
begin

write(' Bucket Number : ',i:3);
writeln(' contains ', Count Arr(.i.):3, ' keys.');
writeln;

if Count_Arr(.i.) > max then
max := Count_Arr(.i.);

if Count_Arr(.i.) < min then
min := Count_ Arr(.i.);

0 then
= Empty_Bucket + 1

if Count_Arr(.i.)
Empty Bucket
else
Non_Empty Bucket := Non_Empty Bucket + 1;

sum := sum + Count_ Arr(.i.);

if (Count_Arr(.i.) >= 1) and (Count_Arr(.i.) <= 10) then
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begin

case Count_Arr(.i.) of

One_Key Bucket := One_Key_Bucket + 1;
Two_Keys_Bucket := Two_Keys_Bucket + 1;
Three_Keys_Bucket := Three_Keys_Bucket + 1;
Four_Keys_ Bucket := Four_Keys_ Bucket + 1;
Five_Keys_ “Bucket := Five_Keys_Bucket + 1;
Six_Keys_ Bucket := Six_Keys_ Bucket + 1;
Seven_Keys_Bucket := Seven_Keys_Bucket + 1;
Eight_Keys_ “Bucket := Eight_Keys_Bucket + 1;
N1ne_Keys_Bucket := Nine_Keys_ Bucket + 1;
Ten_Keys_Bucket := Ten_Keys_ Bucket + 1;

66 o0 86 00 00 ee o oo e o
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o
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end; {if}
if (Count_Arr(.i.) >= 11) and (Count_Arr(.i.) <= 20) then
Keys_11_To_20 := Keys_ll_To_20 + 1;

21) and (Count_Arr(.i.) <= 30) then
Keys_21 To_30 + 1;

if (Count_Arr(.i.) >
Keys_21_To_30 :

if (Count_ Arr(.i.) >= 31) then
Keys_Over_31 := Keys_Over_31 + 1;

Var_Sum := Var_Sum + sqr(Count_Arr(.i.) - mean)
end; f{for}
variance := Var_Sum / (BUCKET_SIZE + 1);

writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
writeln('******************** STATISTICS **********************');
writeln;
wrlteln(' CHARACTERS TO PRIME NUMBERS MAPPING HASHING (BIT 2-9)');
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writeln;

writeln(' ALL OF THE 16 RAM CONTENTS ARE IDENTICAL IN THIS CASE.');

writeln;

writeln;

writeln(' TOTAL NUMBER OF KEYS : ', sum:4);

writeln;

total := Empty Bucket + Non_Empty_Bucket;

writeln(' TOTAL NUMBER OF BUCKETS : ', total:4);

writeln;

writeln(' MAXIMUM NUMBER OF KEYS IN A BUCKET : ', max:4);

writeln;

writeln(' MINIMUM NUMBER OF KEYS IN A BUCKET : ', min:4);

writeln;

writeln(' VARIANCE (MEAN SQUARE DEVIATION) : ',
variance:8:2);

writeln;

writeln(' STANDARD DEVIATION : ',
sqrt(variance):8:2);

writeln;

writeln(' TOTAL NUMBER OF NON-EMPTY BUCKETS : 'y

Non Empty Bucket:3,' ', Non_Empty_ Bucket*100 / total:7:1,' %');

writeln;

writeln(' TOTAL NUMBER OF EMPTY BUCKETS : ',

Empty Bucket:3,' ',Empty Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN ONE KEY : ',

One_Key Bucket:3,' ',One_Key_Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN TWO KEYS : ',

Two_Keys_Bucket:3,' ', Two_Keys_Bucket*100 / total:7:1,' $');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN THREE KEYS : ',

Three_Keys_Bucket:3,' ',Three_Keys_Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN FOUR KEYS : ',

Four_Keys_Bucket:3,' ', Four_Keys_Bucket*100 / total:7:1,' $');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN FIVE KEYS : ',

Five Keys_Bucket:3,' ',Five_Keys_Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN SIX KEYS : ',

Six_Keys Bucket:3,' ',Six_Keys_Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN SEVEN KEYS : ',

Seven_Keys_Bucket:3,' ',Seven_Keys_Bucket*100 / total:7:1,' %');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN EIGHT KEYS : 'y

Eight Keys_Bucket:3,' ',Eight_Keys_Bucket*100 / total:7:1,' %$');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN NINE KEYS : ',

Nine Keys Bucket:3,' ',6Nine_Keys_Bucket*100 / total:7:1,’ $');

writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN TEN KEYS : ',

Ten_Keys_Bucket:3,' ', Ten_Keys_Bucket*100 / total:7:1,' %');

writeln;
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writeln(' NUMBER OF BUCKETS WHICH CONTAIN KEYS FROM 11 TO 20 : ',

Keys 11 To_20:3,' ',6Keys_ll_To_20*100 / total:7:1,' %');
writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN KEYS FROM 21 TO 30 : ',
Keys_21 _To_30:3,' ',Keys_21_To_30*100 / total:7:1,' %');
writeln;

writeln(' NUMBER OF BUCKETS WHICH CONTAIN KEYS OVER 31 : ',
Keys_Over_31:3,' ',Keys_Over_31*100 / total:7:1,' %');

end;

{**************** MAIN PROGRAM STARTS HERE *******************}
begin
Initialization;
{Read Keys one by one converting them to hashed addresses}
for Key No := 1 to MAX NUM_KEYS do
begin
Init_While_Do_Loop;

{Read character by character for a key looking up the
corresponding prime number and convert it to binary number}

while More_Chars_Left For_Key do

begin
Read_A_Char;
Look_Up_Char_In_Prime_Num_Table(index);
Save Binary_Prime_Num({index);
Increment_Char_Pointer;

end;

{Get the first diqit of the binary prime numbers which
converted from a character, and do the Exclusive-Or operation
to get the first bit for the hashed address. Repeat this
process up to the last digit.}

for Bit No :=1 to MAX_BOOL_DIGIT do

begin
First_Level Ex _Oring;
Second_Level_Ex_Oring;
Third_Level _Ex_Oring;
Last_Ex_Oring_And_Store_An_Addr_Bit;
end;
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{Using the resulting hashed address, store the input key in
the corresponding bucket.}

Store_Key_In_Addressed_Bucket;
end; {outer for}
{Print out all the keys in every hashed buckets.}
Print_Keys_In_Each_Bucket;
{Print out all the necessary statistics for an analysis.}
Print_Statistics;

end.
//GO.SYSIN DD *
ABCDEFGHIJKLMNOPQRST
UVWXYZ201234 abcdefgh
ijklmnopqrstuvwxyz56
789# LI ! ‘_s
65 66 67 68 69 70 71 72 73 74
75 76 77 78 79 80 81 82 83 84
85 86 87 88 89 90 48 49 50 51
52 32 97 98 99 100 101 102 103 104
105 106 107 108 109 110 111 112 113 114
115 116 117 118 119 120 121 122 53 54
KR 56 57 35 46 44 39 45 95 36
9 2063 7927 5087 3583 1307 7687 1523 3643 223
103 523 7129 5669 3229 7789 8527 4969 2549 1721
3469 5189 5563 5981 4021 3187 3167 4409 6827 1109
461 6323 769 4363 4801 1481 6367 7963 1747 2203
5081 3083 6547 3727 7069 2887 2221 8009 1987 2161
2683 4583 4127 7541 6361 967 5627 2309 4787 6581
8287 743 5347 3709 6763 1021 1949 5449 3041 3907
Danny Shin
Danny Shin
Anderson
Anderson
Anderson
Anderson
Anderson
Anderson
Anderson
Anderson
Anderson
Anderson
Anderson
Anderson
Anderson
Hudson Charles S
Minjack Dolores
Sokkappa Balraj G
Vv din Peter
2rnstrom John R Jr,
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3rooks Rose A
Diamonstein Kevin M
1ins Howard H
vavarski Alfred
Merriman Allen R
Ravera Robert
Tate Ada Cecelia
Keebler Gregory
Fuller Harry
Campbell William P
Einhorn Annie Lee
Ludwig August W
Puckly Michael J
Stumbo Richard M
Moran Jearld V
Lewis Jack
Cooper Bruce Michael
Bush Chester k
Nolan Donald
Snider Giovanni
McMillan John C
Haynes Michael
Chrismon Alan C
Horton Adona I
Ruffner Ernest L
Thompson John F
Nelson Kristine K
fealean Susan
nandez Ricardo
Holzman Charlotte
Meruvia Louisa
Peeples Deborah
Shoot Tony
Thornton Elizabeth
Yasuda Akiharu
McGrath Michel V
Irwin Harry E
Roberts Tracey L
Stull Bernard
Williamson David W
McBride Stewart
Fretz Tammy
Carlin Joyce Y
Glaser Ronald
Jameson Geoffrey B
Paolozzi Thomas
Rinkerman Gary
Stuart Alfred D
Lewis Kathleen
Gunn George D
Cummings Jerome J
Askins Paul W
Goodwin Everett C
vV  gum Wade
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Rugbart Dennis
Irvin Wayne M
‘one Jolene Penick
vn.1sman Amanda M
Beard Donaldson E
Loftus Susan
Mitchell Gilbert H
Sarahan Josephine
Tracy Harold
Wolff Raymond H
Northrop Carl W
Borders John M
Dowd Robert
Gomez Raphael
Rodgers Philip
Venable Albert
Hill Brenda
Culver Ralph
Bean Harold G
Cox Janice
Gonet Edw A
Hopkins Frank J
Lazo Andres
Mertens Frank E
Phipps Barbara
Snider Adrienne
McGee Gloria J
Haltzman Scott
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Beane Debra E
Gawsett Christy
Lazarus Allan R
Ragan Thomas Edward
Spencer Helen K
West Clarence L
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Fletcher Herbert
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Ali Mohammad
Dorsey Ann
Flester Toni
Guernsey David
Hatcher Amelia
Cook Benjamin
Cavazos Anthony A
Demory Calvin
Gonsky Robert
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Kanoza Douglas
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Rawson Bruce S
Saenz Adolph B
ler Chris
utasse Mark
Dorsett Charmaine
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Greber Alan
Malmberg Allan F
Puff paul
Nyborg Ellen J
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Allam Anthony
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Dowdle Billy
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Winter Arthur
Anderton Frank
Knater Hershel
McLaughlin Brain M
Rawlins Andrew
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Vvaagel Eric P
* na Christine
Parrado Maria
Hollomon Duncan
Finkenbinder Thomas C
Christen Roy E
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Mertins Gerhard G
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Hudnall Charles W
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Potter Cynthia
Walthall Benj R
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Hiles Andrew
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Balthrop Deborah
r lord Brian
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Linders Michael
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Graham Lee
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Kann Stephen
Lynn Donald H
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Lebowitz Allen
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Glen F
Glenda
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Linda K
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Reba
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Richard K
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Roger
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Russell B
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Scott D
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Shannon M
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_ooper Brooks
Cooper Carleton
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vouper Christine
Murray Claude E
Murray Daniel
Murray Darrell
Murray David F
Murray Dennis C
Murray Donald F
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Murray Douglas G
Murray Gary R
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Slater Glenn C
Slater Graham
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Slater James D
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Julius F
Raren L
Keith E
Kenny
Kirk
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Walter S

Willie Jr

Andrew
Anna Mae
Barry
Brendan
Bruce
Calvin R
Caroll
Clyde
Connie
Declan
Dwight D
Gene
Henry P
Herbert N
Howard
Jacob
Jerome C
Jess T
Judy
Kent
Lester A

Marguerite A

Mary W
Peyton H
Robert Jr
Terry
Tonya
Wilfred C

A

THE GEORGE WASHINGTON UNIVERSITY COMPUTER CENTER



FILE: MAPRAND PASCAL A THE GEORGE WASHINGTON UNIVERSITY COMPUTER CENTER

Gilmore Donald L
Gilmore Edward Sr
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vi.more Hugh R
Gilmore Jessie S
Gilmore Margo
Gilmore Mike
Gilmore Ned D
Gilmore Orris F
Gilmore Ronald F
Gilmore Scott
Herbert Anita J
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Herbert Charrick L
Herbert Clayton W
Herbert Douglas C
Herbert Isabel
Herbert John
Herbert Jos A
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Holland Linda
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irner Walter
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Irwin Chris
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Brunner Raymond
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Brunner Sam
Bittner Stacey E
Bittner Ted
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Walker Furman L
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Sweeney Thomas R
Swanson Dric V
Swann Charles
Stouse Eugene
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Sargent Coutney R
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Pittard C M
Parkinson Clarence F
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Orleans David
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