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end i
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end i
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if inst = Insert {x) then

i empty {q) or g has one record then
imsert x into node g
else {q has two records}

if Balance (g} <& then
if x » Largeltem {q) then
SEND (RC {q}, Insert {x))
¢lse
SEND {RC {q), Insert {Largeltem (2)}}
i x > Smallitem {q) then
SEND {(LC {g}, RotateRighi {x))
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if xising then
SEND (p, scarch-success}
else
SEND (p, search-fails)
ead if
else
if empty {¢) or x < Smaililtem {g) or x > Largeliem (q) then
SEND {p, search-fails)
else
i Smaiiltem {g) < x < Largeltem (q) then
SEND (1.C {g), Search {p, x}}
else
SEND (p, search-success)
end if
end if -
end if
end if
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£f inst = Min {p) then
SEND (p, min-found (Smatiltem (root))
end if

sV e staosiilo (st SShee onl 3 ,Klae a3 )55 et Slos
oniild s £ dy gl b Rlas ol gl egod Sl Soglinie S0 glameaijle
e AT
Sai o Daaw by L NERE (P, X) Rl Al Yo j e eaijlo g 8 -ciudt
.»\:‘5": fﬁ! 1) i o Aadad ] C.situé
if inst = Next (p, x) then
i ¢ has one record then
SEND {p, lastKey)
else
if q has no childs then
i x = Smallltem {q} then
SEND {p, NextKey (Largeltem (q))}
else
SEND {p, lastKey)
end ¥
else
i x = Smallltem {q) thea
SEND {L.C {q}, SendSmall {p})
eise
if x < Largeltem (g) then
SEND (LC {g), Next {p, x)}
¢lse
if x = LargeHem (g) then
if RC {q) = nudl then
SEND (RC {q}, SendSmali {p})
else
SEND {p, last-record)
end if
else
SEND (RC (g), Next (p, x)}
end if
end i
end if
end if
ead if
end i
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if x = Smallitem {g) then
SEND (1.C (q}, RotateLeft (Largeltem {q}))
end if
end i
end if
dec {RightCount (g)}
else { Balance (p) 56}
if x = Largeltem (g} then
SEND (LC {g), Popuplarge)
if x > Largeltem {g) then
SEND {RC {q), Update (x, Largeltem (q)}}
end if
else
if x > Smaliltern then
SEND (LC (g}, Delete (x3)
else
SEND (LC (g}, PopupSmall)
end if
end if
dee (LeftCount (g3}
~ endif
end if
end if
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H inst = Delete {x) then
if leaf (g} or 1.C {q) = null then
delete x
else
if x = Largeitem {q} then
SEND (LC (g), Popuplarge)
else
if x = Smailitem (p) thea
SEND (1.C {p), PopupSmali}
eise
SEND (LC {p), Delete (x3}
end if
end if
end if
end if
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#f inst = Search (p, x) then
if empty (g} or X < Smailitem {q} then
SEND {p, search-fails)
cise
if x> Largeliem (g} then
SEND (RC {q}, Search {p, x})
else
if x > Smallltem {g) then
SEND (LC (g}, Search {p, x})
else
SEND (p, search-success}
end if
end if
end if
end if
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if inst = Search {p. x} then
if leaf {y) then
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if inst = PopupSmall thea
SEND (LP (g), SetLarge (Smailliter (@)
H1C (@) = nuil then
delete Smalltltemn {¢}
else
if Balance {q) £ 0 null then
SEND {L.C {q}, PopupSmali}
dee (LeftConnt {g))
else
SEND {RC {1}, PopupSmaii}
SEND (LC (q), RotateLeft {Largeltem {)))
dec (RightCount (q)} '
end if
end i
end if
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§f inst = PopupSmali then
if leaf {q) then
find the smaliest value y in q and delete it
SEND (RP (g), SetSmall (v))
eise
SEND (RP (4), SetSmall (Smallitem (q)))
if L.C {q) =null then
delete Smaliltem
else
SEND (LC (g), PopupSmall)
end i
end if
end if
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if inst = PopupLarge then
if lcaf {q) then
find the largest value y in g and delete it
SEND (RP (q), SetLarge (v}
else :
SEND {RP (q), SetLarge (Largeltem (q)))
M 1.C (q) = nail then
delete Largeltem {q)
¢lse
SEND (LC (g), Popuplargel)

i inst = Next {p, x} then
if leaf{q) then
§f x is largest record of node ¢ thea
SEND (RP (q), SendLarge {p))
else
SEND {p, NextKey (next record of x})
ead if
else
if x = Largeltem {g) then
SEND {R? {q), SendLarge (p} }
else { x =Smallltem {q} }

# g has one record then
SEND (RP (g}, SendLarge {p))
else
SEND {p, NexiKey (Largeltem (q3})
end if
else
SEND {L.C {q), SendSmall (g}
entd if
end if
end i
end if
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if inst = Max {p} then
i empty {RC {q}) then
SEND (p, min-found (Largeitem (q))
else
SEND (RC (g), Max (ph
end if
end if
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if inst = XMin {p) then
i LC (root) = aull or RC (root} = null then
if Balance {p) 2 0 then
SEND {RC {root}, PopupSmall}
SEND (L.C {root}, RotateLef (Largeitem (root))}
dec (RightCount {root})
else
SEND (1.C {root), PopupSmali}
dec {LeftCount {root})
end if
end if
SEND (p, min-deleted {Smallltem {roof))}
end if
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if ingt = Update {x, y} then
i Smallitem () < x < Largeltem {q)then
SEND (L.C {g), Update {x, Smallitems (9}))
eise
if x = Largeltem {q) then
SEND {LC (g}, RotateRight {Smallitem {q}))
if x » Largeltem () then
SEND (RC (g), Update (x, Largeltem {q)))
end i
end if
end if
Smaliltem {q) =y
end if
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if inst = Update (%, y) then
if leaf (q) or LC (g) = null then
- delete x from q and insert y into node q
else
ifx = Largeltem {g) then
SEND (.C (g), RotateRight (Smallltem {q}})
else
i % > Smaliltermn {g) then
SEND (LC (g), Update {x, Smallltem {q})}
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end if
end if
end if
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£ mst = PushDown (x) then
if empty {93 or x < Smaliltem (g} then
SEND {L? (q}, Setlarge {x}}
else
SEND {LP (1}, SetLarge (Smaliltem {g)))
#HLC (g) = null then
inseri x into g
else
if x > Largehiem (q) then
SEND (LC (), RotateLeft {Largeltem {q))
SEND {RC {q), PushDown (x}}
else
SEND {1.C {g), RotateLeft ()
end if
end if
end if
end if
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if inst = Rotateleft {x) then
i leaf () or LC {g) = nul then
insert x into node g
find the largest value y and delete it from node g
SEND (RT {q)}, SetSmall (v)}
eise
Hx < Smaiiltern (g) then
SENID (RP (g), SetSmall (x))
else
SEND {RP (q), SetSmail (Smallltem {q)})
if x > Largeltem {g) then
SEND (1.C (g), RotateLeft (Largeliem: (@)}
Largeltem {q} = x
eise
SEND {1.C {q}, RotateLefl {x})
end if
end if
end if
end if

dan drsgT wioaal yu jo 45 SendSmall SetLarge SetSmalgle  Shes

gl 0 !J.?f tmouihs
H inst = SetSmal {x) then
Smaiiltem = x
end if

if inst = SetLarge {(x} then
fargeltem = x
end i

i inst = SendSmall (p) then
SEND {p, NextKey (Smailitem {¢))
end if

if inst = Sendlarge (p) then
SEND (p, NextKey (Largeltem (@)
end if
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end if
end if
Smaliltem {gq) = ¥
end if
end if
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if inst = RotateRight (x) then
if feaf {q} or LC () = null then
insert x into node g
find the largest value y and delete it from node g
SEND {RP (g}, SetLarge (v}
else
if x > Largeltem {g) then
SEND {RP {41}, SetLarge {x)}
else
SENII (RP {q), SetLarge {Largeltern (g)}}
if x < Smailitem () then
SEND (L.C (g), RotateRight (Smaliltem (q}})
Smaliltem {g) = x
else
SEND {LC {q}, RotateRight {x))
end if
end if
end if
end if

QErb g jom e odijlon o baid Slas il ez & G5 Slas
e § 9035 7S il Bk 1K 2,95, B agdige v g 3pd o ol
Ahooyd Juo oty G i 4w 3 B 4 saiph s Smallitem 5,55,
Fms ol 3358 g S ok enifopn Ko bg oF g enith W50 g el
boogdign Sl snly Gamns gy dg 0333 5 002 95655 (0 2850 K 098, 0
8 e 3L ey Ve L S0 X 058 e am g

2,55yt Smallltem 5,55, 1 58 s X 0,58, by B g euijhay, Sy
gl o Jho )l ey G ap %

g <33 Smialiltem 5,58, sl Lasgeltem 5,55, 1 28 5 X 0,58, 317
G 2538 a e &y i ol Largeliem 5,55 3 couly S i 4
Largeitemn o Smallltem glas 38, 3 glo e 3 0igd go Sl
gl oo Prev (Largeltem) 3 X glod 55, Jaussi oyt 2



Ya VAT g el ¥ ojlad 4 aloma s ah fancdlS pandl 2my%s cale & 05 1Sl i 3 pule

M1 Gop b LS (9050 Syt (5557 S el Setums ()35 pod 51 ¥
(6387 iantly Camas (5107 o 3 (3t oy s 1 T s (gL 5 45)
Sl ol g ses Slpdan glo o 8 gl Gar by Yl ($9390 Syt
a5 i 5 ek 95, SIS in0g9 Sy 655 plge ko
B O s A BYTI R St TP L U
i 3 gy 085, Sy GRS g Ss3 39 e Cumms iy 3 T 1 poRles Vo
il gn g 523 I a1 &5 09 250 Gy sinaen 1585

249 wieardy Cotnr (€397 o 50 b ¢ X 298 wdualy x > Largeltem 31 A-F
Syd

Gt (£ 387 o Srber o Largeltem 5,05, wnddy % < Smaliltem .t v-F
3355 ot § D3 2 wn Cnarws (6385 s 5o Satiltem 5, 5, 5 2
¢ Smallltem glasjof ) S glr woszy Prev{largeitem) 5 % gla
435 4 1, Largekem

Sl Largeltem o X glas,sS ) woth Smajlitem<x<LargeRem , $17v-¥
B85 5 s 3 Mg 7 Dl s g ity Comas gLB (£ 08 por S 53 i
S 1, LargeRem Mo gla Prev (Largeltem)

S (5597 nny § iy Cnot (50 595 med WSl BalaBCE=0 L5
0 Syl 7,3 sty v (6595 ey ekt M 905 5 g ks IS pog
) ot e ) ol a5 S

e G (4555 ot g0 Largeltem 2,98, b walb x> Largeltem 81 -4
93855 (M ghoir gt § 9008 1D assly Gt (595 e SB35 8
2, Next (Largeltem) .95, Jawy Largeltem

iy a1 397 gt > Strallitem 598, sl el X< Smallftem 5% Y
08 K085 s dawegh o JB Sl g 5 550

Coswr (§385 oo 0 als X 358wl SmaliBem < x < Largeltem $1-¢
B35 Ty

Bads 1, 10,5, 5090 e Swiea 3 2%y )0 (3l a8 duy; A 4 aryT b
ady; o b S (Jedsd (seate 5507 el gpd pShes (il plis 20 e
Ses g e s 5l 5,57 oid 53 50 4 prbed S AL Sl S i
St ) L T g aim §; LalS 5000 £emim 8597 Lol Caned
Jehor 335 oa dai lys fulphis Sy pe sl Bgh g Babe Conly St
sy 385 8 g St 0 Sanily Uk gt Cntrant (£ 390 ot 33 A
33 B gt W 5p0 Lo 08 3 Wil 55907 dpm JAbT g i i oLty
st 7} 538 Pl gt (3 g 45 el L Gl OIS ol s
Lo asd b U o8 16300 o gy 55550 10 il gr Jadin T, (Lo oS )
23 Sl h S0 D ppaiat b 0 08 LB At b adle X 0,05, WAL S
il ey

G e (8397 e o Largeltem 5,48, b sl x> Largeftem 81 -3
335 3 X 3595, Jaays Gl o sl e 5 20

e Cams (§,95 s oo Simallitem 0,,5, ok adh x< Smaliftem 8t .Y
D3 5 X 358, daap OV (> gl e 9 258

dansgt G} (M o g 3 10 o Sty S35 et s STBIHEM 355
B35 X 35,

Cor (£ 395 g 0 db o X 8,57, il Smialiltem < x < Largeliem 517
Woogd 253

S o fakir 1 Si9000 Gy 5ypf (el oBie Shae A dndd

ad sl 1OF 50 3ob anad LS

B b 5 dalS 39385 et 5,88 Sy e Samt (6595 paed ST
JolS (9995 (Semtanir (6357 ey i (5598 ol (e g gt o] e
i L sy Gt 5 e S 5585 ot 33 (Pl 00 S0y & AT S b
ot ) Ol 52 il 2,55, '-5:’3 31 ogtry Zusd) Ceons Ggt a3 1 R 0)F
ot S @ ey oo 97 b U 08 8 008 e Doy s 5908
hr 3 Sa % 008, ok & a2 b o0y bty BalS 33000 5 gz
lor Lt gt e

730 Sy Saens 557 o 0wl X 295 andls % > Largeltem 51 340
Dy

Vol Svan (6397 s b o Largeltem o585, bl % < Smallitem 81 Yy
9 X ST, e s 390 0 e e 585 e o Saliltems 508,
1, Largeitem o Smallltem glss o, Ao gl oS 2 Previlargeltem)
S

sy Largelten g% glas 38, o Smaliltemax<bargeltem 3$17-3
33855 et § Wph 750 aeely Cmas g Cament Sl 555 @S 50 a2
i g by Largeitem J& ola Prev (Largeltem)

b o Sl (35350 (5920 (6595 Wt s a5 508 ppd oS-
S350 (Semiant 1§35 vl ot ($585 pi 3 2t Aeni ] e Gl oS
il vt § 2 Cnmt (£ 595 3 93 LA o8 53y 4 Ayl Lyl JolS
o 0 ol 0,07, 4K 5 0 Sy sl s 15588 ot S 08 K g
S Sl S (658 e B 2T S (005 70 Sl e (6585 0 1)
S X 25 ke ar args boa S a5 S igogs st 550
elge g 1) Sl A

Es® Sy Cama (5505 ed g ik X 25955 wdly x > Largeltem .51 v
R

Wity G 5507 po b o Largeltem 3,58, ot x< Smallitem 31 vy
3 X gW2,85; gt g 39 )3 o3 S $59F pod o Smmallitem 58,
1, Largeltem 5 Smallltem glas 55, i pl> o3, Prev(Largeltem)
S

b Largeltem 3 X ghaaoof, Wl Smaliliem<x<Largeltem ,.81v-Y
D595 5 e § HgD £ el y s g i Tt (LB (2535 el b somnd S
S e §y Largeltem Jb gl Prev (Largeltem}

3] Ger b Lol 09358 (ener (5355 WK o S (5097 el ST =Y
$T02 Fok b g Hal T 03940 (G320 (5595 el umis (633 v
WS Byo90 o i85 oly> b (gl oty A e sl o8
o 3% g o0 5y 2 4P LS 250 o Seew G5 et 0 ik 3,95
S i Dot iy SR L Shoe Ve lo o f Sl g amg L 555
F e &8 355 g0 Tk oy (555 et 53 ik 295, Sy 2T e Sl
il go oy gy ol

D4 24D ol Doe (585 ot 0 Ml X 308 a3l x> Largeltem #1v-v
Saotly s (8585w Sl Largeltem o8 il X< Smaliitem F1 Y-¥
3 R toasTy s 99l 23 G e (5,85 o > Sralillem o5
Largeltern  Smaliltem sl 5,55, J& gle w2y Prev{Largeltem}
S

b Largeltem 3% glaa o8 250 Smallitem < x < Largeltem Siv.v
By555 L 3395 20 Gy Cns 9 o Gt S (698 e 5O v
28 g Largeltem M gl Prev (Largeltem}



A sad g0 4l b (g3lpe (5W T gnaelS (gl (ilpe 03l Hlatd s K ol (29093 (S99 SRt o K

ol 3oty S gl T sl amy 93 L sl amy 3,55 Shae ey Shos ¥
Largeltem 2,55, 315 (slae X IS 512l oo o3 Sl & Jogspr s
Ot SIS (Slonn b OF K5 45 g 1) o 5m o gem ooy Sy
3,555 0 ey 8,98, 0 AL O S aa i L3 oIy eaish WS 0408
WSy 4y i Bdo aege g3yl U eaishy ) Gl Cuanns i Largeltem
7B Sq a5 3,0 aoly ezl gta Slas &S o e g 0 Bl
il o el 390 adLal

s 5l 2lS 1R800 g 0elS (0 RS gt (glo Shes it ol -0
sloRhes oal o sl asly oSy 51 (s i JLaE BLE g b Jae
iy, gt i (g HSlase

st Q1) 4t o §1 JolS 3045 Sy 15395 lebos g IF apdd

P Aty g WS n Sl gy ar Tt gl LayRlas paled aSif Jday 1l
St il (glebas g7 adl (omi et S e gt oy 0 018 ey 0
e O (1) g ,niS0

T g

S B8 Geoes Semier 658 plir Gilee o0h et Ky alde o
gajei aladbr U giftee gl analf 0 (gilu ool jakiia (6 RS0 Sredle S
13 Sho Khat s la) adle pladsber (] 30 Cand ol Slgaitig saul
Sz sS she Shes gty lag 3 O (1) 4550 im0l g NS 0 2555
S Shae 005 1 gt iy pe O() A0 3l 00 25055 B 3 ol
Ear st B wrly 99 e Sl dnr 9,55)5 5 el 8508 Bl i
39S 035 )52 10l o 38 yT gl Ko a0 nblyge Gy St
il b dely S 4 S g

Cetha YOUNE 5 YOUD fpoils des Ly JoboS (30000 caminn (£ 30.5
ol 233 8 antia Santoro ¢ Dehne .04 4 Schroder 4 Schimeck
€38 plaul damloo g Jgoor oob s dmgd b il § Jgdr 0 ol i oS
A3 Sedta der ) age allde Gl 33 @oldey Deedle 5 008 ur aBuba
1) 5 g Jos

Sl (§ 595 Gty ey s Dgdi JolS | S9390 (G9aRmr (5598 Gy laj
Wik g2l fus g

g aduy ot U5y e Sy lay Shas (A afnd aSimt 4ty tg T
Oetle sla,Shes i e bt JUIST S9090. ggminr 5588 S0 sl o F
&5 widlges U Mo groa 5 080T (g Lo )8 0ty Hate jpear (6 )5
sl ol g s 00531030 18t dp Glajad g LBliSia pries 93 5 5 Sles WS
Stmeoly BB Foluw Jolf 3090 gminar (6458 o 8,k L 00, 5 oo

ks

3% Gl 5 Bl (P393 st 5585 0 Ly Jlo 5 b Shee 0 -
Ehpu.ﬂ D40 g g J_L.st; e 11,5 cala S .},_..‘J‘ra pl_'gdl %:'_?u )._'__é S
23,8,

(agy S o eaSia il 3 5000 tor B LS 85003 (germinr (5595 T
O dimrzi 45 lol B canfs )o“#&,aa,md)gcab Sl st
alost ot 5 58 sazm site @Ol allde !

3 inkp 595 3 e JelS (Beod (Semienr (609750 97 ge DY LaH Shhai -0
rlai ca 55 0ok [T VESE (g3l saly o oty o abs 20

sk sadt 18 o oad oolailid x Jawgd a5 ule luns

St (5395 loB delS 0238 yS 1 2,955 B S Ries e agdd
J"SLF‘ Lado E‘, L,’.’t}.bs.)

S99 Sy G595 0 2prae 2l [ 2SS Kaig 45 05 o il
gy e ol (gl eals sale 48 alkded g pond g du duz g Ly il felS
a Jog e a8 Giir Shai S S g e e i Sl ol 0 G
Plos ol Y auisd 4 dz i b g aiSpe ool audly e Delete (Kpin) il
S o Bhon 1y ol (Fe395 \Stenr (55 Yl gua

O 2lS 52555 5 3,95, g om 3,55, slaSlas Gy le; M andd

-w1

3 Wpdige LSAT wlyz e g grianr alo e 93 1 308 gl Sles O]
oy booo 8 a8 alo e 5ol el loj gpame Sl el s
4 i ooy audes a5 Jud g e O0) gotienr Rlas fudy Loy & 4l
oy amis 53 Sosl O(1) oy w98 gl o3 e oot 510 et} oSy
et Of0} o Blas !l ks

53555 b g S 00 S8 g gl 055 sla Khas Fely Loy Y dpundd
Ml O (1) 2,05) 55555 b

b B ety exiila e o Sulf S eS ghds ayef alul 4 ar g bl
el O (1) ok o Fhas 30 ol sy oo

$itee ool lekales 50 (o, 50w -0

et § D3l o i ad Silee gl sobs Sledabon o 8 Sl L aabol s
8, el S oy 3y9e Sl semied 087 0 5,

- LN PP PARPRPC SN PR . S - i1 SIS NP LR P L S
95 oyRlas 5l ni 5 o g3lgn Sl damgT 0ol selyF dmen ST iy e
ohalles (595 v 5 5T HgRa gt dagt 0ad dulgt do b eals lazdls
Al GhaSs eals

wtSe Al (545 153, JAS (90 (S9 S50 S Frmodbimy Y A3
RPN L 1

g (8398 D)y e i gty Shat o 5 703 Fhes 335 28 bt
3 oas g b gt Shes anii 99k (595 33 AF T et g0 Rl F
oaty et (5 05 ol 4z s a5 .k gl 053, g 250 Fhan plued!
REANELEY

28 Sk oly 3k LTl Lo 00 R s (5T gy iy 4elod
Dy rg; ol 90,5 o et S AL 458 89 S a0 59
P 3 Mades o0l (5008 aly) Ll gl 0 A0S0 (gla Shes llige )
Fhoe 53318 ogMle aty; sniilan i e 5 he S 0 ) saiil
Mot 1l 5 tmdkina §; s Shos £9,5 (sl i 20 5038 who slail o
S Sl 3 o jgeie Sy Sk gyl 9590 5B a8 Bde v o

2 9 o glaShes 51 S Next (p. X)) Sloe jan ;Ko 455,50 50
235 Ll o b G sl (oo Shae ul 2iygand 3 b

255 ol 1y S0 09 5 g3 b el 0 Sl Sk Shoe oY
oF & e Rlee ool gige 1o 0 lge pdiay 2 & Gandh iy et ool
a5l g et

et 3355 G pSasS ShI 098, B g b sl Shes S ae Shes WY
S ol (G2 Jas ol 13U ol ey Sy 0ph A sedy 0 U
ol ot g Ales plat adge 10 9)l5a ol 5o



Yy WYAY Jlar i ¥ o)l o alime el gl cpoml Lhtahs pale a0 85 gl cassigr 5 pole

{12] F. I>ehne and N, Santoro, “Optimal VLSI Dictionary Machines
on Meshes”, Proc. of Int. Conf. on Parallel Processing, pp.
832-840, August 1987,

[13] €. 8. Ellis, "Concurrent Search and Insertion in 2-3 Trees”,
Acta Informatice, Vol. 14, pp. 63-86, 1980,

{141 C. 8. Ellis, “Concurrent Search and Insertion in AVL Trees ¥,
TEEE Trons. on Computers, Vol. 19, No. 9, pp. 811-817,
1980.

[157 A. L. Figher, "Dictionary Machine With Smalf Number of
Processors”, Proc, of Int. Symp. on Computer Architecture,
University of Michigan, Asn arbor, Michigan, pp. 151-186,
1984

[16] J. Ghosh, 8. K. Das, and A. John, “Concurrent Processing of
Lineary Ordered Data Structures on  Hypercube
Multicomputers™, JEEE Trans. on Parallel and Distributed
Systems, Vol. 5, No. 5, pp. 898.911, 1594,

[171 H. T. Kung and P. 1. Lehman, "Concurrent Manipulation of
Binary Search Trees”, 4CM Trans. on Database Systems, Vol
5, No. 3, pp. 354.382, 1980.

[18] 8. K. Lee and H. Choi, "Embedding of Complete Binary Trees
into Meshs with Row-Column Routing”, IEEE Trans. on
Parallel and Disiributed Systems, Vol, 7, No. §, pp. 493-4%7,
1996.

{19] F. L. Lehman and §. B. Yao, "Efficient Locking for Concurrent
Operations on B-Trees”, ACM Trans. on Database System,
Voi. 6, No. 4, pp. 650-670, 1981,

{20] H. O. Li and D. K. Probst, "Optimal VLSI Dictionary
Machines Without Compress Instructions”, IEEE Trans. on
Computers, Vol. 39, Ne. 5, pp. 676-, 1990,

{211 M. R. Meybodi, "Enplementating Priority Quene on Hypercube
Machine", Proc. of Fowth Paralfel Processing Symp,
University of Callifornia, Irvine, pp. 85-111, April 1990,

{221 M. R. Meybodi, "New Designs for Priority Queue Machine®,
Proc. of PARABASE-90, Miami, Florida, pp. 123-121, May!
1900, '

[237 M. R. Meybodi, "Concutrent Data Structures for Hypercube
Machine”, Lecture Notes in Computer Science: Parailel
Architecture and Languages, Springer Veriage, pp. 559-577,
1992

[24F M. R, Meybodi, "Binary Search Mesh: A Concurrent Data
Structure  for Hypercube Computer”, Proc. of ICEE-93,
Amirkabir University, Tehran, iran, pp. 601-607, May 1993,

[257 M. R, Meybodi, "Tree Structured BPictionary Machines for
VLSE, Proc. of 23th Annsal Modeling and Simudation Conf.,
Schoo! of Eng., University of Pitsburg, Piftsburg,
Pennsyivania, pp. 703724, May 1992

{26] M. R. Meybodi, "Banyan Heap Maching”, Proc. of IEEE 6th
Int. Parallel Processing Sympos., Los Almitos, CA, pp. 224~
231, 1992, '

{27] A. R. Omondi and 1. D. Brock, "Impiementing a Dictionary on
Hypercube Machine”, Proc. of Int. Conf. on Parallel
Processing, pp. T07-709, 1987, :

See Insert |Max IXMin|Next! Min [DeleteiScarchi

S e g s | (D [ODOUFOMDIOM)] O Oy
Young ; Youn .o O | x = 1001 O | O
5 Schmeck aide My | = » w OO (1 O

" Schroder -
Santoro , Dehne oot | O} | x | « | = |O()] O(1} | O

3 B s Spaie (095 ;3 Nes g3 £5,0 alold oy anglia - Jpaa
A sleetle
s Search | Max | XMin | Next Min
S s apmier 50y | Om) (Ol O(1) | Gln} | O
Young s Youn o.ale | Ofn) x x « Geh
Schroder , Schmeck ool | O{n) « x . Gy
Santoro , Debne .0l | Ofn) P % * Gy

3.5 (Be3se e )8 o b Blas sy (leg L alBe - Jga
S gle peite

&y

f1] A. V. Aho, I E. Hoperaft, and §, D. Ullman, The Design and
Analysis of Computer digorithm, Addison Wesley, 1974,

2] M. J. Ataliah, F. Dehne, R. Millers, and A. Rau-Chaplin,
“Multiscarch Technigues: Parallel Data Structures on Mesh-
Connected Computers”, Journal of Parallel und Distributed
Computing, Vol. 20, pp. 1-13, 1994,

{3] M. 1 Atallzh and 8. R, Kosaraju, "A Generalized Dictionary
Machine for VLSI", JEEE Trans. on Computers, Vol. 34, No,
2, pp. 151-155, 1985,

{4] H. Beigy and M. R. Meybodi, "Notes on Binary Search Mesh:
A Concurrent Data Structure for Hypercube Computer”,
Technical Report 3CE98, Cormputer Eng. Dept., Amirkabir
University, Tehran, Iran, 1998,

{5] H. Beigy and M. R. Meybodi, "Complete Binary Search Mesh:
A Concurrent Bata Structure for Distributed Memory Parallel
Computer”, Technical Report 4CESS, Computer Eng. Dept.,
Amirkabir University; Tehran, Iran, 1998.

[611. L. Bentley and H. T, Kung, "A Tree Machine for Searching
Problems”, Proc. of int. Conf, on Paralle! Processing, August
1974,

[73 ). Biswas and J. C. Browne, "Simultaneous Update of Priority

Structures”, Proc. of Int. Conf. on Parallel Processing, pp.
124-131, 1987,

[8] 1. E. Brandenburg and D 8 Scott, "Embedding of
Comunication Tree and Grid into Hypercube”, IPSC
Technical Reports, 1986,

[8] . P. Breteskas and . N. Tsitsiklis, Paradflel and Distributed
Computation, Printice-Hall, 1989,

f101 W. 1 Dally, 4 FLII Adrchitecture for Concurrent Duata
Structures, Kluwer Acadernic Publishers, 1987,

{11] F, Dehne and N. Santoro, "An Improved New Embedding for
VLSI Dictionary Machines on Meshes”, Proc. of fnf. Sympos.
Computer Applications in Design, Simulation, and Analysis,
pp. 113-116, 1989.



YA o0d gy 395 dadl b g ilye (5o Spendl® (gl (gilpe eals laiple S LS gges st 587 i S

3 gt golia o [ 293 aMand (ot duon
Sl 53wt iy gl puntigen Wyl i 8
g 8y sl € s oAzl HVPYE 4 ATV
M Jigegald  pmiigee (5135 ghas 3 GpSlen
e R
s e slonte Sl 23 ke o) a3e 9,90 Jlaadod
08yl (8 FompalS (51245 g F (610015 g p 5 Shoswlowa (g3lge 30
d9b steeny 0 Mol sla il A 5 COlne o lie 80§
3 o e AT (i I Sy oy i 035 itk
beigy(@ce.aky.ac.if

ablis o, 005 CMlowani Gohtmnt buid y duoins
B2 TY PRSI SR WS R 5 P Y- | g F5- . 3
pblia o g 0t apg oSl VAP 4 VYAY
2 eigm FppelS pgde 5553 g 2l e did 1T
gy 50t glalodS 5l S8 20y S VTPY 4 1T0Y il
i 20K Sl 55T b il ol
b itiesey 5 soel ASbe e el siake RIS gl
Ao ot AYFE I ATEY il o, imal ate oS4
2 sdegl ol Luails VYV S AVEY il oy o Bl
it aB¥e dype Edsd glediey el sdg Kopel samis QYU

$030 g o Slewboe gl Sl wsiae wslapis,s®t st 45 ke
00 bl (Saig i Cuamg i 0T 305 i 3 06 mgal (LRSS o]
meybodi@ee.akuaci el pj )8 @

{281 T, A, Ottman, A. L. Rosenberge, and L. I. Stockmeyer, “A
Dictionary Machine {for VLSIY", IEEE Trans. on Computers,
Vol. 31, No. 9, pp. 892-897, 1982,

[25} V, N. Rao and V. Kumar, "Concurrent Access fo Priority
Queue 7 IEEE Trans. on Computers, Vol 37, No. 12, pp.
$657-1665, 1988,

{301 Y. Saad and M. Schuliz, "Tepological Propertics of
Hypercubes 7 JEEE Trans. on Computers, Vol, 37, No. 7, pp.
867-872, 1988,

[311 H. Schemeck and H. Schroder, "Dictionary Machines for
Different Models of VLSIY, JEEE Trans. on Comprters, Vol
34, No. 5, pp. 472-475, 1985.

[32] A. K. Somani and V. K. Agerwal, “An Unsorted VLSI
Dictionary Machine”, Proc. of 1983 Canadian VLS Conf.,
University of Waterloo, Waterloo, 1983,

[33] A. K. Somani and V. K. Agarwal, "An Efficient VLSI
Dictionary Machine”, Proc. of 11th Annual It Symp. on
Computer Architecture, University of Mishigan, Ann arber,
Mishigan, pp. 142-150.

{34) H. Y. Youn and J. Y. Lee, "An Efficient Dictionary Machine
Using Hexagonal Processor Arrays”, IEEE Trans. on Parallel
and Distributed Systems, Vol. 7, Ne. 3, pp. 226.273, 1996,

{35] W. Zhang and R. E. Korf, “Paralie]l Heap Operations on EREW
PRAM", Journal of Parallel and Distributed Computing, Vol.
28, pp. 248-253, 1994,

{36] D E, Knuth, The Art of Computer Programming, Volume 3,
Addigon Wesley, 1975,

! tnsert

? Pelete

¥ fixtract minimum

* Bxiract maximum

* Redundant

¢ Modify operators

* Query operations

* Balance cube

* Sorted chain

¥ Banyan heap

¥ mitigtion interval

* Response time

Y Throughput

¥ WMesh

¥ Broadcast net

% Snak net

IO processer

B | jnear net

¥ Spanning net

® Rinary search mesh (BSM)
¥ Balanced binaty scarch mesh (BBSM)
2 Complete binary search mesh (CBSM)



