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: | ' f,x
Level 2 o 4 ,/'/./‘ '

Level 3

U 3L3buboogbooboboboun

| H ]
D
N » e —z-link
o —Vy-link
N o —Xx-link
BM
N

S= y
Q_X

U32.3puuububguodgn 200004
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3.2.2 UO0o0ogoogoo

goutdsubgogubobgunobgoooboobobuogsgbooogn
guobodboguouoobobobuboboouoobooobouoboouob oo
U0 zOOyUOUxOOOOODOOOO3ODOOLOOOOoOoOoooobooobooobooaoao
gbdbooogbdgbogbgboboudsboboooononoobbobn
odoobdogbdbdoiuild sp18p-2...515000 00O U0UOML dp1dp .. .d1dg
guobobuogoobbobuboogunbbogbooobooon

Routing Algorithm for Level-L 3D-htorus Network[]

Routing();
source node addressl] s, 1,8, 2,...,80 destination node addresslld, 1,d, o,...,do
tagd tn 1,tn_2,- -, 10
for i=n-1:3;
if ((t;0 0 and 2 > ¢;) or (¢; O 0 and ¢, = —3)),movedir=positive;endif;
if ((¢;,0 0 and ¢; = 3) or (¢; 0 0 and t; = —1)),movedir=negative;endif;
if (movedir=positive and ¢;0 0),distance=t;;endif;
if (movedir=positive and ¢;[J 0),distance=4+t;;endif;
if movedir=negative,distance=1;endif;
j=1 mod 3;
while(t; # 0 or distance # 0)do
if j=2,gate node=z-axis gate node of Level-[i/3] ; endif;
if j=1,gate node=y-axis gate node of Level-[i/3] ; endif;
if j=0,gate_node=x-axis gate_node of Level- i/3+1; endif;
send packet to next BM;destance=distance—1;
endwhile;
endfor;
BM _tag{ts, 1, %o }=receiveing node address—destinaton(ds, dy, dp)
while(ty # 0) do
if t5 U 0, move packet to +z node;ty = t; — 1;endif;
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if t5 O 0, move packet to —z node;ts = 5 + 1;endif;

endwhile;

while(t; # 0) do

if t; O 0, move packet to +y node;t; = t; — 1;endif;

if t; O 0, move packet to —y node;t; = t; + 1;endif;

endwhile;

while(ty # 0) do

if to 0 0, move packet to +x node;ty =ty — 1;endif;

if to U 0, move packet to —z node;ty =ty + 1;endif;

endwhile;

end;

000 PagsyenD D PasyyD000000000000000000000000
002020000000 PEODO (1230000 00000000 z000000000
000000000(323000)000000y0000000000000000000 2
0yODDODODOO PEODOD (3231000 00000 0(333100) 00000000000
0000000000000000000000000000003000000000
0000 LO0000000000000000

D = Dt;]\;-gate-L + (L o 1)(D3D‘t07"u5 + D%mﬂi;-move)

+(L o Q)DlBe};;l-move + Dt;ﬂ;"gate-Z (35)

U 3L30b00boobobobobobogn

Dl zroatel 000000000000 L0z2000000 PEODODOOO
DsD-torus 4x4x403D000000O0
Dgis=move 000 L0 000000 PEDO LOxODOOOOOPEOODOO

Dlgﬁl-move

oot L,0x000000 PEOD L,—10z000000 PpEODOOOO

to z-gate-2
DBM

co | Ot N | O | ©

goggodoboobdo 20 xu0dbooo pE00db0on
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032 3000000000dog

gobdL 2 3 4 3
0 PEO N | 4096 | 262144 | 16777216 | 10°
at b 25 38 51 64

3.2.3 UO0OOOOOOOOO

bbb buoobuoboobobbobonbooboooo
gubbogubobbdd pEdUd 4000000 onbooboouonooooabg
googoogbogbd 2300bogbogboobd

1 Uobd rL,pudodgbsgbudgsugnbgoboonognog sbuud
O0O00000o0oooooboboooooog ey booooboooobooon

2 L3gbuguuuobgoogbbuboboobooboooobobobgon
guobdbobobobooooboobon

3 OubLOoogoddgbolilgboodao

sogbouoobooboootobboboboobbbonoobobbobbbdobo
goguubdruoggdbobobobobob obobobobonuoooogo
gogbogoodgouubood ,ugi1googo1oooboogogogoogoogo
gobgbbobgbusbgbgougbbobbobobobobooboouboon
g3abggbbodubgubobbobooboouooobboo sMbounogoon
gboogbdobodbobodgbobougsboboboobooboobonoobbibn
goodgoudpeEdibogodboonbgbogbnbognoonboobogbbood
bbb oooobooobboooooooo
gobgobobgubgboooouogsboboubobbuoboo3subood
goobogbobdbboodbosgbgbobodobobobbboboboong 3
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gobboboggogoggbobonoboobosgoguoubooooooooon
O0000000000000000000D00000 Li(L;# Land L #2or L =2)
googbbotgobgbooboobobboobogbon

CLi = = Chae(3Dtorus, 64, sy, )64% 2
26477 s =1,
= { 40(64%7%) sp, = 4, (3.6)
32(64%7?) sp, =16

00000 (L >3and L#2)00000000000DOODODODOODOOOOOO
g

CLi = Chae(3Dmesh, 64, sp )64 2
21(64%72) sp, =1,
= 20(64%72) sp, = 4, (3.7)
16(64%7%) s, =16

00000 L(L>3and L#2)00000000000000OCODCOODOOOOODOO

gobobbdob L,0bodoodb10bobdoboabbolb s, DO000an sy,

gobdbl s, =10000
L=20300b00duugoguboanbgunoubooboooogon

Crmaz = Cmaz(3Dtorus, 64, s) (3.8)

L>303000000000000000000000000000000
L—-1
Cmaz = Cmaz(3Dmesh,64,5)64% 2+ Y~ Cynu(3Dtorus, 64,1)64% 2
L;=Lg+1

+Crmaz(3Dmesh, 64, 1)6452
L—1
= Cmae(3Dmesh, 64,5)64%72 + 57 42(64%72) + 21(64" ) (3.9)

L;=Lg+1
3.24 0O0OOOOOO

OO0dooO0dooooodooDoOoooOo00ooo00 (o)bopooooooo
gboogbodgbabotgbbbdgbdobigbogobogbobboooogbbob
guooopoogoogd

50



subobbooboooboboboobdboaodibnt,, 010000000000
obodododdaolioooboodbooduudoaanooogono e, =t, =4
gbooo4dbogogbdgboobboogooboboobobgb 2b0000o0d
bhdooobbooobdouboodgodd t,=¢t,=4+2=60000000 300
gubogtoogbobooguuguoboodn 2000bbouuooooooooda
OoOoOOO0o00O0O0o0oobooobooo10o0ooo0oboobO0O0 (b)yooooobobo

oooooooo0ooooo0ooo0t,,,0000000000
L. = [logg,m] (3.10)

L
te=t, = 442 472 (3.11)
i=Le

got L d20ddbooooouogoboguooboobognbnon

3.3 30000 obooooong

3.3.1 JUuugooogad

30000000ooo0ooooobo 3puooo)oo2pbb0d0OOOCOOOOn
OD0DoOoOO00OO0o0o0oooOoooo(b s3)oTESHOOOOOoODOoOoOooDOoooo
gbi1gbogbobuboogbogoouooubrbbouoonbd

gogogon
gooobbgobb 331000000 4x4x40 300000000 00O0OOO0OO
googoug4bgoogbogbooboan

A = (a,)(ay)(az) (as,ay,a, =0,1,2,3) (3.12)

0000000 (a:)(a,)(e,) 0 PED PE(a,a,,a,) 0000000000000000
D0000000000300000000000100xy 000000 PED 1000
0000000000 PEOOOOOe, =00000000 PEOOOD 20a, =100
00000 PEODOO 30e,=20000000 PEOOOO 40, =3000000
0 PEOOOOS00000000000000 PEOD 3320000 N,S,W,EQ 40
0004000000000

G = {005, 015, 025, 035, OOW, 101/[/7 20W7 301/[/7 30]\[, 31N7 32]\[, 33N7 03E7 13E7 23E7 33E}
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gogbogoooNDogb sogbboboobobdyobobooooooow oy E
gobbboodubxgdbogbouboogbobobbbobobg2bbbog
googooo

oo 20500
oo udoobgubd4x4d 2p g booooob noooon
o pEOODOOOOOOODO

N = 64(16"71) (3.13)

suogooboboobdabdo ,booubodboboboobogod4tooon
googboguoon

Al = (ag)(ag) (ay a5 =0,1,2,3) (3.14)

00D 20000000000004x40 20 000000000000000000000

0 {00, 015, 025,035} 0 {30y, 31y, 32w, 335 } {00, 10y, 201, 30w } O {035, 135, 235, 335}
0000000000000 30000000200004x402D000000000
0000000000000000300000000000000000200000
0000000000000000000000000000000000000003
D000000000O0TESHO 300000000000000000000000
0000000000000 000000000000000000 300000200
000000000000 160020 0000000000000000000000
0030000000000000000000000000000000 20000
oooooo
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Level 2-Gate PE

Level 3-Gate PE

Level 4-Gate PE
Level 5-Gate PE

g 33 3bubouououbgbgooun

e Level 2-gate PE
— Leve 2-link

N
W«%S»E BM

U 34:3p0oogoonodb 20000
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3.3.2 UO0Oogogoo

gubbosbugubouuboguuggoboboobbooguasougon
ggbodboobobbooobogubboooubboooboobboobb 200n
guobbddbybUOxgboboboobboouoboooooboooobbu z00y00
xogoogooobb3sboobobbooooboobobob400000ba0anDn
OO000OO0000O00O0DD 3.32000000 {00s,30w,33y,035},{01s, 20w, 32y, 135},
{025, 10w, 31y,23g},
{035,001,30y,33,} 00000 400000000000 000OOO0OODOODOOO
gogobdbobobooono pE0d00OOLO sh0000000og4b0oggnf
gogbbobodbobobubbobobbbbouobooobsooobobonon
godugbogogbabogodgbabogbgbouogboboosgbanba
oboogbgbubbooboououb oo bdn sp-18a-2...s1500000
Uo0d dp1da—...didoU OO 0OO0OOOOO0OO0OOOOOOO0OOOOOOOOO

Routing Algorithm for Level-L 3D-hmesh Network[]

Routing();
source node address(] s,,_1, Sp—2,...,80 destination node addressl] d,_{,d,_o,...,dq
tag ty_1,tna, .- - to
for i=n-1:2;
while(t; # 0) do
if (i is even and ¢; 00 0),gate_node=North gate node of Level-i/2;endif;
if (i is even and ¢; O 0),gate_ node=South gate node of Level-i/2;endif;
if (iis odd and t; O 0),gate_node=East gate node of Level- [i/2];endif;
if (iis odd and ¢; O 0),gate_node=West gate_node of Level- [i/2];endif;
send packet to next BM;t; = ¢, — 1;
endwhile;
endfor;
BM _tag{ts, t1,to}=receiveing node address -destinaton(ds, di, do)
for 1i=2:0;
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if (t;0 0 and 2 >t;) or (¢; O 0 and t; = —3),movedir=positive;endif;
if (¢;0 0 and ¢; = 3) or (¢t; 0 0 and ¢; = —1),movedir=negative;endif;
if (movedir=positive and ¢;[J 0),distance=t;;endif;
if (movedir=positive and ¢;[J 0),distance=4+t;;endif;
if movedir=negative,distance=1;endif;
endfor;
while(t, # Oordistances # 0) do
if movedir=positive,move packet to +z node;distance; = distance; — 1;endif;
if movedir=negative,move packet to —z node;distances = distance; + 1;endif;
endwhile;
while(ty # Oordistance; # 0) do
if movedir=positive,move packet to +y node;distance; = distance; — 1;endif;
if movedir=negative,move packet to —y node;distance; = distance; + 1;endif;
endwhile;
while(ty # Oordistancey # 0) do
if movedir=positive,move packet to +x node;distancey = distancey — 1;endif;
if movedir=negative,move packet to —z node;distancey = distancey + 1;endif;
endwhile;

end;

000 PusyayD 0 Payuny00000000000000000000000000
020NO0000D0PEOOOD (13031) 00000000 y000000000000
0000000 D0(33001) 000000x0000000000000000000 20
WODOOOO PEDOD (33020)000000(30023) 00000000000000
0000000000000000000000000
0030000000000000LO0000000000000000

D = Dtl;]\g_gate_L + (L - 1)D2D-mesh
+(2L — 3)Dzmove 4 (I — 2) Dighelmove

+ DY aroate? (3.16)
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U033 30000dbugbugoagoany

to z-gate-L
DBM

bbb L ybgodbo pEODOOOO

D2D-mesh

4x402D 0000000

azris-move
DBM

reydoooobob PEOOOO

Dlevel—move

BM

oo L,U0xtdodgboob pPEOODOOD L,UxO0OOOOO PEOOOOO

to z-gate-2
DBM

Sy | Ot W | O | Oy

gbogooobodgbo2bxuddbdgd pE00dOOd

U034 3000000000000

goo L 2 3 4 5
U PED N | 1024 | 16384 | 262144 | 4194304
EREND) 28 47 66 85

O35 300000000000 0000OD0O0O0O0OOO0O0ODO

yuuouooood PE | xUOOOOOOO PE

00 00 00 00
33y 005 30w 03
32y 01s 20w 135
31y 025 10w 235
30 035 00w 33p
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30w 3 32n 33~

A A A A
30w +—(30—(a)——(2—39— .
{70 (1) (9 (5
20y +—)—2D—2—— =
10, +—10—0—B—@— 1
() A1) (A9 (A2
00w +—(00)——(0)——(0——(0g— o0
v A 4 v \ 4
00s 01s 02s 03s

OOS 01‘3 025 035

g 36 3bbuoboooobouobgobbon pEODO

57



3.3.3 UUugoooogn

sgbbogbuoboboguoobboooobboobobbuoonbuobobo
oo PpPEODO 400D 0O0LUOLOOO0OOODODODOOLDO0OLOOO
goguoouogbgobd 230000u0bodabogbooon

1 00U bbb sgbgbsguonouoooboooooob 2pgggy
gubdboboboboooobuoboobobobo

2 [OoubLOoogoodgbolgboaoao

soguodoobabspubunoonobnooboobbbooobobooon
gobudbbobogooubogbogoudb coboboooboouobooboo L
gobdgbguduubobdgdboboubogsuoobooooboooooon
godbdboodgbdod2bpgugobgbobnooooboobobgoobon L,d
googbougoouooubogooboooboand

C?f’blam — Cma,a:(QDmeSh,7 ]_6, sLi)16Li72
5(16%72) sp, =1,
- (3.17)
6(16% ) s, =4

goouod n,botdooudg1igbbogbooodgnoub s, bggoobogd 30
gougougoogbooubouooboobboooogon

L
Crmaz = Cmaz(2Dmesh,16,5)16%72 + >~ Cyppu(2Dmesh, 16,1)16% 2

L;=Lg+1

L
= Cmae(2Dmesh,16,5)16%72 + >~ 5(16%7?) (3.18)
L;=Ls+1

3.3.4 OUOOOOOO

OOO000000o0obO0oooooooboobboooo()ooobooboood
gobgbguboboogbobooigbuobbobobobobooobobbod
gooobogbood

suubouuuoobooobooobbobbobobgo2bbggoogo 1o4ad
gogodbguogbouooudbodrigbgboubobooboogooog
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Ob00004x4x403D0O0OO0O0O100000000000000000 ¢, =1%,=38
oodoggoz2odauuoodaodd ¢, =¢,00iooood ¢, =t,=80000
gogdsgbgbooabbogbobobbobubobgo2b0bbbobgbbbod
OooOoOo0ooo0oooooobooooobooboobo1bbboobbooDooo (0Hobo
goobbodobbbooboobobbdoobdd ¢, 000ubouaganog

m
L. = 1+ [logyg— 3.19
+ [logyg 64] ( )
8 L. <2,
ty =t, = L (3.20)
8+4) 472 L0 2

i=L,

god Ld20bgbuggbbouoobobobgogoooood

3.4 UUOO0oUooooond

gobogob3gubobuoogdu 20b00obogobboobobobobad
godgbdobooogbdbonbtbboobooboobobooboboooogn
godgoudbogogbotooogbbouboboooubbonoboobod
gubbodoguboubouoobogbnooboaobon

gbdboboosbuouddoouougoobobuogobbouooobo
goobodgbbbodggobaobbagonbbobooonbboonbooobn
gougodgugbogbouogboubouboobogbb2pbbonogad
gobdoododbobodbgoouobobobuo pELQDODOLODUOOOODO
gbogdubugubboobdgdn N=4096 U0DOOLODOOOOOLD 2DOOO
OO TESHO 6003000 00doguboooonouooboooag3sbogogoog
gogoooobbooob4b0bdbobobubbooobobob TESHOODOO
gboogbodgboggdbobogubgoobodbobdo PED 2DODODOODOODLDO
goodbsbbbodbudggbooub pEOUOOUOODDODDOON=4096 00U
guobbbdgbbogo2bbbodb TESHO 8O O3000nodgooenbgunooon
googbobostgboubogobouoobbobobodg2bgboanoo 3apogod
gootodbobbpEdDObOObDbLO0O0ODLDO0ObLDb0bOo0boobbobonn
oo sgubauouodbuonbuoguboggbouda TeSHunooagod
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gobougogbod4bstdutdn TESHUOODOoooooooooooboaooooo
gobgbboubbostgbobuubouboboooboobobobobbouboon
googooobooobodgbd
gubobobougboguoogubognboay 2000oouooaggog
gouggubobogoobabospubgnoubugbobgbognogodn TESH
gbobgudsbudbuogguouoogbouobobubuobuoobbouobba
gogobubobobgbdbuuguboogbobobogoboboboon

3.5 0O0OO

gogodgobodbbobouubobobob oo onouoboaoon 3gn
gobgbooobooubobgosubgbobobooobboooguoboboon
oo s3stbogbboobootboobbooboobooobnbooboo o
godbgugboogogbouodbabouosuguoubobnbbuoobod
gobgbogbuobobodgboboboboubooboon

goou3guobbogbobsuuboogogboooubobooobbooog
gogodoobbobogoobogbsugbogobbgboboobonooogn
g2bjgoobboogoobobobotdboanbogbbboooobobbgn
gogbdoobobouogbgbgbobobboboboboboboubooooan
googoooboogoon

gobooboddsbgubgbobuuugoubgoboobooobogaobon
gooog
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Diameter(D)

256
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o
.[;
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-
- -
-
-

4096

8192 16384 32768 65536 131072 262144

The number of PES(N)

0 3.7: 00 (D)
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16384

8192

4096

)
o
=~
(0]

256

The maximum number of links
between wafers(Cmax)

128

64

¥

32

4096

8192 16384 32768 65536 131072 262144
The number of PES(N)

038 0000000000 (Chas)
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L] 4[]

oo dotbotooi

4.1 0OO0O0OO

0000 3000000000000000000000000000000000
0000000000000000000000000000000300000000
0D000000000000000000000000000000000000000
0000000000000000000000000000000 Divide&Conquer
Scheme(0OD000)00000000000000000000000000 [5[8][9]0
0000000000000000000000000000000000000000
0D0000000000000000000000000000000000FFTO00
0000000000000000000000030000000000000000
0000000000000000000000

e UUUOOOLOO
o I'I'T

e LD OMO
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4.2 Divide&Conger Scheme

4.2.1 Divide& Conquer

Divide& Conger Scheme 0 J0 0000000000000 00000000000
0000000000000 000000000000000000000000NCO
2000 (N=2-)000000000000 m(m=0,1,...,N-1)00 00000 djm] 0O
OODIVERGEO OO 020,24,...,2+2 2100 000000000000000 CON-
VERGEO OO 021,262 .. 2! 20 000000000000 00CONVERGE OO
0 DIVERGEOODOOOOOOO

CONVERGE();
for j=k-1:-1:0
for 0 < m < N-1 do in parallel
if a; = 0,0PERATION (m,m+27);endif;
endfor;
endfor;

end;

DIVERGE();
for j=0:k-1
for 0 < m < N-1 do in parallel
if a; = 0,0PERATION (m,m+27);endif;
endfor;
endfor;

end;

0000, 00000000000000000D0 jO0000000UOPERATION(m,m+27)
0dm|0dm+2/]00000000000 4210 4x40 20000000 CONVERGE
goodgoooog

U0 CONVERGEU 3000000000000 bonoboobobobooonoonDo
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googooood

CONVERGE_BM();

for each element m in z-axis(a!=0,1) do in parallel
OPERATION(z[m,i] z[m,i+2]);

endfor;

for each element m in z-axis(al=0,2) do in parallel
OPERATION(z[m,i],z[m,i+1]);

endfor;

for each element m in y-axis(a;=0,1) do in parallel
OPERATION(y[m,i],y[m,i+2]);

endfor;

for each element m in y—axis(a,;zo,?) do in parallel
OPERATION(y|[m,i],y[m,i-+1]);

endfor;

for each element m in x-axis(al=0,1) do in parallel
OPERATION(x[m,i],x[m,i+2]);

endfor;

for each element m in x-axis(al=0,2) do in parallel
OPERATION(x[m,i],x[m,i+1]);

endfor;

DIVERGEU UOUUOUUOUOUOUgubooooouoobooogboobobooooooao
gubotod DIVERGEDUUOUOUOUOOugoodbooood L,000 DIVERGE U
CONVERGEU UOOOUOOOooooo3nouooobooosgbgbogbooogo
googbbbooobobboooooogobooboobod

b obobo3puuoudbgdduCONVERGED 3000
godgugootbbougboouooboobon

CONVERGE_3Dhtorus-L;();

L, __
=

for each element m in z-axis(a;*=0,1) do in parallel
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OPERATION(z[m,i],z[m,i+2]);
endfor;

for each element m in z-axis(a’*=0,2) do in parallel

OPERATION(z[m,i],z[m,i+1]);

endfor;

for each element m in y—axis(a,,fizo,l) do in parallel
OPERATION(y[m,i],y[m,i+2]);

endfor;

for each element m in y—axis(a,fi:O,Q) do in parallel
OPERATION (y[m,i],y[m,i+1]);

endfor;

for each element m in x-axis(aZi=0,1) do in parallel
OPERATION (x[m,i],x[m,i+2]);

endfor;

for each element m in x-axis(a%=0,2) do in parallel

OPERATION (x[m,i],x[m,i+1]);

endfor;

000000 20000 zaxis,y-axisx-aixs U OO0 OO0 00000O00O0OO0000O00O0
gob2000b0000bboobuogubuoouboubo 3sgubnboun 20040
googooog

bbb ooguboboooubb2b bbb ooousood
oottt zO0dououboooboogouoooboouogn CONVERGE O 30
Joooooooodbouobooobooooonod

CONVERGE_3Dhmesh-L;();

for each element m in y—axis(a,ﬁi:O,l) do in parallel
OPERATION (y[m,i],y[m,i+2));

endfor;

for each element m in y-axis(a):=0,2) do in parallel

OPERATION(y[m,i],y[m,i+1]);
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endfor;

for each element m in x-axis(al:=0,1) do in parallel
OPERATION(x[m,i],x[m,i+2]);

endfor;

for each element m in x-axis(a2=0,2) do in parallel
OPERATION (x[m,i] x[m,i+1]);

endfor;

U0 0040 DIVERGE U CONVERGEU U UOUOUOOOUOoougooooooooon

ol1]2]3 22<:o 1|23

2{al5|6]7 45|67
—

8|9 |10|11 (8 9 |10|12

1213|1415 121131415

0|1(2]3 0|1|2]3

4 5|16 |7 415|167
—

819 (10|11 8191|1011

12113 |14 |15 1211314 |15

S \20/\/

2

U 4.1: J000good CONVERGE OO U
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4.2.2 OUgogoogd

godbobgdboobdbododn OPERATIONUDLOUOOOOUOLODOOON
goodbooboogboogbouoad
0d

(1) ey < ax < ... < a5 2 ajq1 > ... > agy

(2) 00000000 (1)000000000000000000000 (1)0000
0oo

gobogboboboobd DIVERGEODOUOODUOODUOOOoOoooD 2000000000
guboguoogbboboggonoagbodroggooooooouboaouoo
bbb obobobooobbobobobobouoonooo
Oobodbdb OPERATIONDUOUDUODODOOOU

OPERATION (m,m+2){
move Ry(m + 27) to Ry(m);
if a;j11=0,
[R1(m), Ra(m)]=[min{ Ri(m), Ro(m)},max{ R (m), Ra(m)}];
else
(Ry(m), Ro(m)|=lmax{Ry(m), Ry(m) }min{ By(m), Ry(m)}]
endif;
move Ry(m) to Ry(m + 27);

4.2.3 UOUO0O0OOOOOO

dodboodouodoboobounodouoddod OPERATIONO OO OO O
000000000000 00000000d

N
ap,az,...,a, 0000000000001 <49 <nO000 d = min{a;,Gisn}, e =
max{a;, a4, 000
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(1) {d;},{;}0000000000000000
(2) maz{d;} < min{e;}

(H)ODODODDOOO CONVERGEODOODO OO OO OODOODODODOOODOoOooonooo
OO0000@R)Diooo0o0ooboo0oo0oooooooooooooooogooDo
guodobbodbd OPERATIONODOODOOO

OPERATION(m,m—l—Qj){
move Ry(m + 27) to Ry(m);
[Rl(m)7 Rz(m)]:[mm{Rl(m), Rz(m)};maX{Rl(m)7 R2(m)}]7
move Ry(m) to Ry(m + 27);

4.2.4 0O0ODO0OOOODO (FFT)
0000 a=[ag,a1,...,ay—,| 0000000000 OO0C0OCOOOCDOOO
N-1 N-1 N-1 N-1
Fla)=[> a® Y a® .00 Y aw®™ o> aw® YA
k=0 k=0 k=0 k=0

DDDw:e:cp(*f”)DDDDFFTDDDDDDDDDDDDDDDDDDDDDDDD
gag

am [p] = am—l[p] + am—l[p + 2k7m]
o+ 2 = (amalp] — amrlp 4 2]

k=logNOUm:OJOOOOOOOOOO
O0000mOO000000002x"000000000000000000O0O CON-
VERGEDUUOUOUOOODUOOOOooouodd OPERATIONUODUOOOOOOO

OPERATION (m,m+2'){
move Ry(m +27) to Ry(m);
Temp(m) = Ri(m) + Ra(m);
Ry(m) = (Ra(m) — Ra(m)) * W',
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Ri(m) = Temp(m);
move Ry(m) to Ry(m + 27);

4.2,5 UHUOOOO

UOododd CONVERGEUDUOUUOOOOOouooooooooooooooon
godbduodboduoougboobooboboboobobonbbooobooboon
goubgbbbd pEddboboobobobobobobgbboobouboon
Uo0oobobodgudCONVERGEODDOUODOOOOOODO

CONVERGE();
for j=k-1:-1:0
for 0 <m < %kﬂ;l — 1 do in parallel
if a; = 0,0PERATION (m,m+27);endif;
endfor;
endfor;

end;
d0o00oooodd OPERATIONOOUOOOOOOOO

OPERATION(m,m+27){
move Ry(m + 27) to Ry(m);
Ry(m) = maz{Ry(m), Ra(m)};

goodgbbobobd TESHO s0b000oouoboguon pEODOOODOO
gobbbbbogouboooobbbbO CONVERGEODOUODODODOOOODOOoooOO
gogooobodboooboonooboobbooouobonobonoooon
U0 DIVERGEUOUOUDUOUOUOooooboooobobooooooobooooooan
guobggbobbobibobobbobboobopELDUODOOLDOODLOODODO
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rpEfdUubgbbgo3guubogoboobnuoubuooouoobouon

Maximum,;
CONVERGE_BM();
for j=2:L
if(ai = = 0 and a7 =0 and a7 = 0),OPERATION (m,m+27);endif;
CONVERGE network-j();
endif;

endfor;

4.3 UOUOOUOOOOOOOOOO

gbgtobodogoodoboboboboubonoooooobsgbouoan
goubgd2bp-uudbogspgggboanoooooon

DIVERGE OO CONVERGE DU U0 U000 legNODOUOUOODLDODOOOOOO
googbogbotbboboooobgobon

Jdodoggdoooooon
T = aTpove +10g N Topgr

U000 0ubgbgboboubububooon
Theee HUO OO PEODOODOODON
Toppr U0 OPERATION OO O OO

godgouobgbduguobobooboubobobobooboobobobooon

gobgbbbboboboouboobouboobobobobb pELDOODODD

godbobogbooboobgb pEOUOLDODbDODOOOOOOLObDOnLO

rpEO0OLUOLOOUOOOOOLDOOLOODLOODLDOOLLObLOObLOOOUbLDn
20 0ogn

Sbitonic = 4



= 4VN-1) (4.1)
Smaz = 2(VN —1) (4.2)
300000
N¥_1 N%
Sbitonic = 6 .
=0 7
= (N3 —1) (4.3)
Smaz = (N3 —1) (4.4)

godbogbgbobuotuououououubobooboobbonooooboon
gogoboubobgboboggbougboboooguboboboogsboooooo
goubdobodbbdgdoubauobbogd

pugoaooogo

Sbitonic = (L - 1)3(4 + 2)64 + 18
= 1152(L — 1)+ 18 (4.5)
Smez = 18L (4.6)
3g00ooooooond
Stitonic = (L —1)2(4 +2)64/4 + 12
= 192(L—1)+18 (4.7)
Smae = 12(L —1)+ 18 (4.8)

O00000000000O0(legN) 0000000 OO0DOODOOOODOODODO
oo obuogugoabobobd pEbO0o0booooogn
oo oboboobonooooo
gogodgbdooodgbdood 4200 4300 000boboggoooobooon
gogboboboubobgbgobobobobogbobobobobonoooon
godbdbobauooobgbotoobogsbubobubnbouoonog 2bod
godb3apbobugodoobnouogbosbgoonboguobnobobnoooan
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U 4.1 00000000

goooooood ogoood
oodoodon (o000 | goo0oooo joood
20000 4(vVN -1) O(V'N) 2(V'N - 1) O(V'N)
30000 6(Ns — 1) O(vV'N) 3(Ns —1) O(VN)
3000000000 | 1152(L —1)+18 | O(log N) 18L O(log N)
3000000000 12(L-1)+18 O(log N) 12(L-1)+18 O(log N)

goodbtbe43pggboboodbooubooboobboonboounooun
0000000000030 00bobo0oobobo0ooooooooDD PEO (64)00ODODO
gobguoubggbouiggboobbuobooouboobbobbboooon
gobogbbootubboogubbogubb pebbOodbbooboobbodgozb
gdbbggogboagoouobobodb pEO00LDO0OLDO0Oouboogooaa
Oo0ooOOoO0OD30oOobo0ODbOoooDboboDbODOObOObO PEO (64)0ODODOODOODOO
gbogodbobuo40b0bgboobuoboobobobosgbobooogod
googodpEDOODOODOLDOODOODLOLDOODOOPEDRDO3DOOODOO
gutbuooouogbogogbggobogboboobobgbbbgbouooaua
gogbdodboodbnbbduooooobobonobonoooouboooon
ggogoooboogbooonod
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