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Efficiency of a Parallel
Computer with 3-Dimensional Skew Matrices

Koichi HARADA and Toshiyuki IWAMIYA

ABSTRACT

To examine the efficiency and applicability of a parallel computer system, a software program
was designed and developed which simulates a massive parallel computer system with 128 x 128
processing elements. The software simulates the computer’s operation at the clock level, whereas
the assembly language describes its execution procedures. Setting the boundary condition in a
fluid dynamics program in a parallel computer often causes the processing elements to freeze
because the boundary-grid-point procedures differ from the inner-grid point procedures.

First, the operation was evaluated by comparing the resultant parallel processing time using
the test program to the corresponding sequential processing time obtained with a sequential
processing element. Next, skew matrices technique was used to avoid freezing of the operation.
In addition, efficiency was further evaluated by comparing the paraliel processing time using
skew matrices to the sequential processing time, and the relation between the data structure and
the improved efficiency is described. :

Finally, the formulation for maximum efficiency of the massive parallel computer, is
presented.

Key Words: Parallel computer, Parallel processing, Numerical simulator
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~°|111I|Illllllllllllllllll!lllllllll\llllllilltl\ttilllll)!lllllIlllllIllllllllll1tliilllt!!lIlllll111!(llllll!ll‘itlll!!ll10000

.llllllltllllllllllllll!ll!lllllllllilllllllll!lllllIllllllllllllll!|lllllIllll!llt\lltllll\l‘liIliIllllllllti!‘ll'lllll11110000
GI!IIIllillllll]lllllllllllllllllillll1|lllll))ltll\!lil\llllllllltllllllllli\l\)ll\illllllll\lll\l!llll!llfl\IlIlllllllllll0.00
.l\illl!llllllllllIll!lll‘]llllllllllll!Iil\lllllll\lllllllllIlllllllll\lllll\tlllltl\!llIllllllllllllI!llillllllI}lllli!l!l"oﬁ
Oilllllllll‘llltllll|1illl\llllllllil‘llllll\llllllllil!Illlllllllll!!lIlillll!!!!Illllli\l!l‘?lll‘llIllllIf\lllllltlllllll\.‘..

Oiltllllll!lltll!l!l!!lIllllllltlllllli\\itl\lllIl!l\lll\||1!\IIIIlllllllll‘lli!ll‘!lll\l!lll‘l‘\tl\llll!lllll!ll\iiltl\t|ll°0@°
LS R R Ry R R R R R R R R R R SRR R R R SR SRR 20 R ) il!ll!lllllll‘l‘llilllllliIll!Iltlllll\llt!lllillo’oo
o\lllll!ll!!lll!llIllllll|llll!lliltllll\lllllllII\IIIll!\llll\llltii!ll|$ MO L I LTI E 1118 189801151130000
01lllllllilllIl!i!lllllll‘lllllll\\llli!tilllll!lll!llIlll‘lllllllllllIlll‘lll!lllllllll‘lzl]!llillll!l!!llllllll!llllllllllOUOO
OlIllllillllll'llIllllllllllllllllllt\t)illll|IIlt\!lII\lel\)llll‘llill“llill!lllllilll! TR0 1188883131310111110000
OlllllllIi!l\llllIIlllll|ll!llt!l!l\llllllll!llll!lllllll!lllllllllllillillllll!lllllllll!‘lll‘\llllli‘llllilll!lilillllliilOOOU

Ol\lllllIillllllll|llllll1l\l{ili\ll‘lllllIl!lllllliIll\llll\‘lll\lllllllllll!llll!!l(!li‘llll\ii|!l\lII‘ltllllll\‘lllli!llloooc
OIll!lltlillllllllIllllll!l\llllltlltilllll‘lllllllllll)lllllIllllllllllllliillllill!lil!llllllllllitllllll!llll\‘llllllllll.ﬁcﬂ
Olll!lltlliillitllIlllll!lllllllllllillllllllll(li)lll)!lllltllllllIll\!llll\llill!llllllll!l!‘illl\|lll|l\tlllll‘llllll\lllOOOO
bllll!lll\lll!IIII||l|lll\l\lllll\lllilltillllllllll!illIlllllltlllll\lllllllllllillill‘l!l!llf!llI\llll"l!lllltlllllllllll.ﬂb‘
OlllIllll\ll\lll!l\!l!l!lllllllllllllillltl\llll!lllllllllllllllllllllli!lll\tI!!l\llil\l!lI!ll"!llllli'!llllllli!lIt!l!ll!bﬂob
OIlllllllltlllllllllllli!IIllllill11!!llllllltillllllllllll‘llllllllllllllllllllillll‘llllll!ll'\li‘lllilllllll!lllllllllllt'@o'

Olllllllllllllllllltllll1illlllllllllllllllllltl\ll‘lllIlllllllllll\!lllllllIlllliIlllIlIl\llllllllll|\llll|tlllllll|llllllllooﬁ
OIIIIllllIlllllllll\lillilll\llllllllllll1!llll'ltlllIlllllllllillllllllllllllllllllilII\l|\\!|llll!lllll|ltllllllliil‘\ll\l."O
01I‘11|!lllllllll\llIl\\lllllillilllllllllll|lllll\\l!lllllilllllll|lllilllllllllllllllIIll\llIl‘llll!lllllllllll‘lillflll‘lﬂOOO
OililllllilIlilli\lllllilllllillllll3llllllllillll\llillllllllll!llllll‘ll!lllllllllllIlllll‘ll‘ll!&llllltilllll|lillll||lll.060
llllllll\lIllllll\llll\illl\ll‘ltl!lllllIIllllllllllll\llllllllllllllllllllllllllll‘lllllllllllli\illlil!illlllllllllll!illl'GOO
Olllll!llllllli\lltllllllllll!illllllllllllllill\ll‘llllllllllllllllllllli‘ll\llll\llllll\llllllll}l!lllllll1l||llllll|‘|]ll'¢°0
llllllllllIllllllltlllilllllltlllllllllllllllllllllllllliilllllllillllll!lll\illll!llllllllll|lll|!\|!'!ll|lllllilllltllllll.ﬂoﬂ
Olilllll|1llllIllilllllllll|l£l!‘llllltllllllllllllllltIIlIIl|lll!l|\l‘llllllllllll!l!ll\l\llll!l!lllllIIIIIIII\‘III‘l!lII!10000
Olllllllll\lll\Xlllllllll\lllllllllllllltlllllllllllllll!illllIlllllllllllllillll\llllIllllIllll|lll|!lllllli|ll|llllllllllIﬂ°°0
BlillllIlllllIlll\l’l!lll\lltlll\tllllllllllIIllllll\li!llSllilllllllllllllllll\lllllllllIlIlllllll!l‘|llllllll!ll!lli\lllllﬂloﬁ
OllllllIIlllll!llllllllI!lllllll\llllf!lllllll|lllllllll\\‘I\lxl\ttil\ll!tlllllll!lllli\llll‘ll\‘llllll‘illl%lllli\\ll||l!l|°°°0
blillll!illllillIlll!!llIllllll\\ll!lllllllllIlll1llll1\tllll\gllll1!\\lllllllllltllllllllllllilll‘lllIlliilllilllltlllllllloﬂbﬂ
.lllllllllll)lllllllllllllllll\l!lllllillllllll|llllllltlllli\ll\liKII\lllll|llllllIlllliIIllllllllllltllllllll!llllllllllll°0°°
OlI]Illllllll|llillll!ll!Illllllltlllt!llllllllltlllllllllllllll\il‘l\lllllllllllllIIlil\l!llll!!lllllll!l‘ll!tllIlllllllillﬂOOG
DllllllllllIIl\lllll\llllilllllllllllllilll!Illll\llIltll\lllt\lllllIll‘llll||IllilIIII||llll\lllllilllll!!!!llllll|||l1|li\¢0°°
ollllIll!lllllIlilll\llll\llllllllllltlllll\Illlllllllllllill\ll\\tXlIlllll\llllll!ll|‘!‘llll‘|llt!1lIll\lllll\!!Illl!llll!loo‘ﬁ
ﬂllllllli\l}lll\lll\l\lllillll\lllllllllIlllllli!ll!lll1lll!ll!lllllll\lllliltlllllllllIlllllIlIllii!ll{lllllllllll\lllllllloooo
0!]lllillllllllllll\illllllllllllillllllll!!llllllll11lllli\iiillllKlll‘llllllll!llllllll|Illll!l\llll‘lililllll!!llllllllllOOOO
‘Illl!Illlllllll|Illllllllll1lll'llll(llllllll\illllllllllillll\llll\lIIlllllltlll{l\ll\lIllllllillllliillllll|\lllll|ll|lIIOOOO
ﬂll||lllllllllllllllllllllll!lllllllllllllllltl\ll\lIllllll\llllllllllll||I\lllllllllllIIlllllllllll\llll\lll|ll‘|l!lll|!1IIODOD
elillllliIIllllllllllllllllllllllllll\lt|llllllll\llllllllltlllllllllllll\ltllll\l\‘illl!ll‘lll\1ll[iIllIlll]lillll!i!llllIIODOO
oltll|lllIIlllll||lll!|lll\ll\lllllllllll\llllll\lll\!llll\\lll\llI\llll\lilll\llIlllllI‘ll‘lllj!!Illllllllll!l\i!)lllllllllbbob
OlllllllllllllllllllllllllllIlllllllllllllt!llllIllxlll\i!l\llllllllllllll!!llliij\i\llIlIllllIlillll|1Illlilll\!!llll‘||lll.l°v
OlllI1|III\1lllilll\Illllilllllllllllll\l!lll\llllllIIlll\lllll\lll\lil\llxll\\!ll\ll!II\illtl\lllIlll!lllllillll!ll]lllll\lﬂooo
Ol\l|ll|llllll\Illl\\llllllllll\llll\llllI\tlllllllllll‘ll\\\llllll\l\\\l\llll\!llli\llIl|llllillllllllllllilltlllilllll!!llbboo
lllllllll\llIl\lll\1lll|ll\Illllllllllllll\llllllllllllKlll\\ll\lli\\l\tl\llll\!llllllllIilllIlI‘lIl\|llllllllltllIlllll|l|lbboo
°||lIlllllIIlIllllll\lIIXIl\lllllllllllll}!illllllIIi!lllllllXlllllllgtkltllll\lllll\!Illllllllllllll!)l'!ll)llllllll)lll!lIOOOO
ﬂllIlllllllIIlIl11!!IilllllllllllI\llll\l\ll\)llIIIl1ltilllllItl\lI\lllllll!ltllll\lIllll!lll\lllllllllIllll!l!llll|l|lllll\900°
01IIl|!llI|!llll!!llllillllll\llllll(llll!llthlllilllltlllilllllllll\llllll‘\lill\lll‘!lilllI1|IlIlllllllllllllIII\III!llIlODﬂO
OllllllllllllllllIllIlllIlllxllllllllllll\tlllll\llll!lil\ll\l\i\ll\llllllllI\\lllillllll|llllllllIllllllllllI\lllllll!l!ll|°b°9
ollllllllll‘tllllillllltlllillilllllltllilillttlII‘IIIll'l\\llll\l\llllIl\ll\\‘tll\llll|llIllllllll\‘lllllllllllllllllllllllbooc
Oll|l|lilllllllllllllxllll1lIllllllll1|llllllltlllllllllll\llllilll\[\ll\il\|\liltiiltllllllI|1lll|l|lllll!lIll!!lllllllllllvOOO
vlllllllllllllllllIll!llllllllII|lllllllllll‘llltll\lllllllllllllllllllll&!lX\tllltllllllllllll!lllllllll\llllllllllllllllllboﬂo
Olllllllll!llIlIlllllllllllllllIItllllllllll‘llll|1\lll|ll1llIlllll\\l||\lll\Ltllilllil1IlIItl‘!lllllIll\llltlllllllll!!!llloboﬂ
Olllllllllllllllllllllilllllll!I|\llllllllllllllI\IIlllllilllllllll\lll\llllllt!111llllillllIItllltllll\l\l!IIillllllllll\l\ODOO
Olllll!lllllllllllllllllllltllllllllllllllllllllllllllIllllllllllIlllllilI1l\\t!llllllt\lllllllll!llll\llllllllllll\lll!lll|b°00
OlllIlllll|l\llllllll\lill\llll\lllllll\llllt\lll\lllllllllll\l\lIl\lll\lll\l\ltllllll}lllIIlIIl!ll‘!l\l|ll|ll||llll!|llll||°00°
6!Illl!lIllllllllllllll!llll:lllll)llllllIlllllllItl!llllllllllllltlllli(lll“lIlll!l\\llll‘llllllllllllllIllillllll!lllll\loboﬂ
OllllllllIl\lllllllllilll|lll!lllllllll\llllllll!lllII)lIllIlllllll\lll\\l\l1\litlllllllllll!lllllillllllllllllllll\il\lllllbvov
Ollllllllllllllllllllillllllll\llll\\tltll\llllllllIIIlilllll1lll\ll\llt\\l\\lilll\ll\\lllll\llllllllllll!!‘l\l!lll\ll|ll|ll°°6°
Ollllilli111!11lllll!\\lllllllllilllllllll\l\lllllllIl\lllll\2lll!lIll\l\\ll\\llilllillllll\lllllllllllllllllllllll\tlll!!!lDDOO
[ARRRERRRSE] lllllllIIl\lllitill‘l\ll\llllllllllll!llllllllllllllllltll\!llllll\llt\itt\llIllIlllllllllllllill!||lll\|l|li||10000
Oilllllll|lllllllllll\llllillllllltt\\!\lII%\lll11ilIlllll\tlliXlllXlll!\l\l\¥lll\l1lllllllllli!l‘lllll\\l!illl\lllll‘!lllllvOOO
ol!lllllllllllllllllli\lll\l\llllllllll\lllll\llllIl!ll\lI\tIliill\tlll\\\llll\l\llii\ll|IIIIlllllllllllllllll|llll\tl|lil|1000°
Oll|ll|Il!lllllll\lIlllll!l\\lll!\llllllllll1llllllllllllllllllllillll\‘ll1ll!l|illi‘\1l|llllll‘lll]lll1illll‘l!!lll!l!llll|°0¢°
Olllll!llIllllll\llltilll|1lllll\!llllll\llll\ll|1l!lll\\llllllll\\llll\l\Il\\ill\l‘lll||lllIllllllltli|ll|llllllll\)lll\illOboo
OlIllll!lIlll\lll\lll\tlllll\t\ll\lll\\l\ll\\llll!llllI|!\l\lll\\\ll\lll\\li\tl\\tilill||llllll!l\llllllillllllllllllll]lll10009
Ollllllllllllllll\lllllllll\lllllllll\l!\ll\l)Sllll)lllllll)lllll!llllltll)lllllllllilllllllrlllllillllIlllllllill(li!lIIIIlDOOO
ﬂlllIlllllllllllllll\\ll‘ll\lll\\lll\!lllll]l\l!lll\ll\llll\lllllllllttlLl\l!ltllllllllll\\lilIlllllllllll!ll\lllllllllll\llOOOO
°||llllllllIilIIl!IIlllll)11(1!\1llllllIlllll)llilllll}llll\lllll\l\lllx\l\l\‘lll\!\l\llllLl\l!llllllIlilllllll!!l\illl!l\llbboo
Ollll)ll1l\llll1l\llllllllll\lll\!lllllllllli\ll|Illl‘l\llll\\lllllllllell!l\ilxlllll\llllIllllll!lIII‘!Illlll!ll\lllllltllOooG
°||1llllll\\tlllllllll\ll\\llll|lllllllllllllllIlllllll\llll)l\ltllill\t\llll\!\t\ll\ll|llIlIl!\l\lllll\||\llililll\lllll]\looﬁﬂ
Olllllilll\Xlll!)\lll\\llll\i\lllltlllll\lllll\Illllllllllll\\Itl\\llll%illilillllll\1lllll|\lI\Illllll\||¢ltl!lll||lll|l\!|°o°0
Olllllllllllllll\\\ll\llll\lllllll\ll\lllllIlI|ll!|\ll\Illll\lli\\lhll\lll\l¥ll‘\llllllllllllllllll\II|llllllll\tl!ll!lll‘llbOﬂﬂ
OlllIlllllllllltll&llll\lll\lllllll!lIlllIIllllillllllltlllll\lllllll\!l\il\lllIll!ll\lI!llI\llil\lillllllll\llllll!lllllillbooﬂ
l!lllllIllllllllll\\lll\llll\llll!\lll'lllllll!l!llllI|t\\lll1lillllll1!lllil|l\lllllllllIIlllllll|lll!l|lllllllll\llllllliiooob
Olllllllllllllllllllllllll\lll\l\!llllllllll\lll|lllllll\xll\ll\l\xlllI|Ill!||ll\|lllllilIl\llllllll\ll\!!lll‘llll\lllll\lilbooo
Olllll\llll1‘\11l\lllll)llll‘l\lllllillllllllilllll\\l\\l)ill\ll\lll!‘\l\l\l1\l‘-\lllllillllIlllII|11lll‘lllll‘llllllllll'il10000
(H|ll“llll‘lH\illU\‘ll!lllll‘\‘liIII!H|i\|lllllll\1lH.l\l!tlX\lll\!ll‘Illll‘\llllllllll\l\ll"Illllllill\lllllli!llllll110000
ll|\‘ll!llllll\lillllllllillll“\\lllllllI\llllllllll\l\\\l\l\\\llllll\lill\l\ll‘lll\‘llllll'lll\\ll-lll||llilll|llilillll|l|l°00°
OlIll\llHli\lllllllll‘ll\‘\lllll\llllillll‘llllll\lllil\lllllll\l!\ll\lll\l|llllllllll|lllll“\l‘lll‘l|1l1ll|||l|i\|llll|1‘10000
Ollllllllll\ll\l)lIH\lllilllll!llll\llllllHlllllll‘\iXlll\\\KIHXII\i\\lI[‘lIlI|Ill|l\llIlll‘lllllll‘llllll‘lllllllllliIIIOOOO
DllIllll|1l\lllll\lllllll\llllll\lll!‘llllllll1\\1\ll\l\llll\\\\)llHl\llllllll‘l\ll||l\l|l‘\lllll\l|l||ll\llllllllllllll|l\l00°0
Ollllllllllllllti!llllilll\!lllllllil!lllllllIlllt\ilil1\t\l\\1lllllIll!\llllIl\llll!llllllIlllll|lll!ll!llll!l‘il!!llllIl!loooo
01l1|l\\lll\l\lli\llllll\l\lll\!llll\|lllllllllltlltlllllllll\\li\\l\l)tllll|ll1|l\l\lIIllll‘l!llllIlilillllltlllllllllIllllﬂouo
OlIllllllll\llllllll!lllllllllll|lll|lllllllllliltlllll!\ll\xlillllll\llll\lll|l|ll\l|llllllllI!illlll\il)lll\llllllllllll!lbooo
OlllllillllllIlllllllltlllillll||I!l|llllll!llll\ltill\llil\lilll!lll\\!\lllllltll\lIil\Illilllll|llllllllllllllll‘!llllll’|°°0°
ollll\lll|X\lllll\l\llllllllllllllll|lxtllll\llIlilxllll}illlll\\\\\llll!llllllllllllllIIllltl!llillllIll!lIlllllllll|lll|ll°00°
01ll!llllllllllllllllllllllllllllllltlllllllllltlltllltllllllllltillll!ill\lllllltlll!l‘lllIIItllll!lllllllllll\\lll|llIlll|0000
Ollllllllllllllllll\lllllllll\ltl\l\lllllllllllll\ll\l\ll\\l\\\ll\il|\|llllilllllllllll\lllIliIllllllllilllllllill!lllllllltoooo
OI1llllll\lll11\!lIt\lll\lllllll\lll\llltlllllll\llll\)lll\ll\tl\)llllllll|lllllllljlllllIJllllll!llil|ltll|!!ll|llll||l|l|!bﬂ°ﬂ
OIIXIII||ll!ll111lllllltilllll!lll\l\lllllllllllllLIll%lll\lltl)llll\lllll\l!l1l)xll!IIlll|l\llIllillllll!lllllltll!lllllllloooo
ﬂlll|ll\111llllltlllllllllllllll\lllllllllllllltllllli\ll\lllllll\llllil\lllll\!lllllllIIll|llllllllll\lilllll!\l\\lllltl11!0000
olllllllltlll1lllll\lllll‘lll\!\tll)ti\llllillx\lllllllilI\lll\ll\lll\tllllllllll\ltllIlIlI1li|1l||llllll|ll||li!1llllllllllocoo
DlllllllillllllllllllllllllllllllllzllllIlilllI\llt\l\lll\\l\l\l\tll\!\lIIIIIlllllllllIlllItlllllil!llllllllll!)lllllllIll\\DOOO
OllIll!i\llllXl1ll‘liillllll\llllllllllllllllllxllll\\lllIll\l\l\tllllinlllll)llllllll|llIlllIlilll!i!ill\l\llllllllli\l\lloOOﬂ
Olllllllttllll|1lllllllill\llllllllilllllllllll\lllI\ll\l\lil\\ll\l\li\lll|llll||Illiiilllll|llllllilllllllllllllllil!itl)l10000
OIIIXII\XIIII||111lllllllllllll!llllllll!lllll!tl)\\l\lllllIllx‘\i!l\II\lllll{illll\\llllIll\l|l\l\\llllllllll!lll'lllltltlloﬂob
OIIIXIl|1\\llillllllllllll\llIlllll!llll\llllllllllllll%lllllllII)llIll)Ill)lll!l!lllll)llllli!lill!ll1111lllillllll!llllllloooﬂ
OIIlII\llllIIlllllllll\llill\!ltlllllllllll\lll\llllltllllli\lllilllllllll!l)lIlllllll|lllllli\lIlllltlll!llllllllllllll\llibﬂoﬂ
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OIOOOIIlllIIIliIIlttlIIllllllllllllll\lllllillIlllllil\!llilt\lllll!li\lillliililillllljlllililil!ll\lllllllll!llllillllllll\lll
OOIOOOIllllllllllllllllll!lilillllIl!\\lllllllllllllillllllllll\l11l111llllllll\il‘l!lll\llllillllllllillllIllllll!!lillllllllll
0000006\![!]!111!!!lllllllllltlllillillllllillllllll!lllIltllll!li!llllI|llIll!lll‘llllIllllllllllllll!llllllllllll!lltlllllllll
000000.01lllIi\llIlllllllllllllll!ll!llllllllllllilllllllIlllllll!llllllllilllll!!llIllllllllllll!llillllllllllllllll‘llll!lllll
DIQOQQGOOllIIllllIIlllllll!ll\itllll!lllIll!!lllIlllllill!lllllllll111\]11!llIl11111lllllllltllllllllll|llllillllllllt]l‘lllllll
0&0{00.‘0’\!1!!1!llllllllllli&lllllililllilllllllll!lll\l!ll)lllil!liilllllll)ll!lllllll!lll!IIllliillllll‘1\l|l!lllllllllllllll
QOOCOI‘OOOOIIIlllilllllllllllll!lllllllIll%ltliIlIlltll‘lllilllllllilllliIIlllliillllllllllllllllllllll!llillltlllllllill!llllll
.‘000110.00‘1!]lllllllllllllllllll|!||\lilIIll\lllllllllllll!lllllllill!llllIll!llllllll!llltll\llllllllllilll1|llll)lllllllllll
000001]IblOOOllllllttllllllllllllllllI\lll!ll\lllllllll!llIllllllllllll!!ll‘llIlillllllllllllllll%ll\llilll!llIlllll‘tlillllllll
.l!..llll.‘oﬂﬁllllll!ll'lllllllilllilll!lll!1liilllllllllll\lltlli\llIlllllllllllilllll!llllllllllltlllllllllilllIrlll!llllllll!
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2EEMET LA TV VARROBRERS TIIERM

BB L ~IABFAL TR Tid 206594510, 3 7-B5%1% At 25

BTRAT7Y v HERAOBERSZ 10887 5L LT

LtDT &S Skew 7 b ) 7 XOBREETHO,

MEEER AT Y v ARXORERSTH LTS, Bl%

At TTHEWATH 1.4 %120 L 5,
HREDERI(L

LT, BTFROEEn®, WERBOKEn® & LT
HBEBOMUMEAERLTECEERB B,

SITMETRUIHL T ZMBORELSUIHL T
LI HEREBEMICKEL, TL5—VDFERNC L 2%

BED fAF) BBEE|BETX 3, X30XRT Y VHERD

JCESSSEABISIITLZAETASIEISSENSSEFAETSISS23s83 8308420838 ( %K-ﬁ-% Z t {,7']"—\. L 'Cb\ Z)o
;C
; DO 2100 K = 3 , 125
; DO 2100 J = 3 , 125
; PT(2,4,K) = PT(3,J,K) - B(2,4.,K)
; PT(126,J,K) = PT(125,J,K) + B{126,4,K)
;2100 CONTINUE
iC
;Ct.!lt“tttt“!t:"t.tlt'lt“tl‘.tll“‘tit“tttlt‘lliltc
3¢ 21802451275 » T
A2101 LA 3,0,ECNO,MONO,EMPT,0,C000,C000, INDEXI ﬁ% < T 25°
SA 3,0,ECNO,MONO,EMPT,0,C000,C000,K00002
;
;A2100
;
NI
LA 0,0,ECNO,MKST,MINS,0,C000,{000,MASK3
FLA 0,3,ECNO,MOND,EMPT,0,C001,C000,PT
FSA 0,3,ECNU,MOND,EMPT,0.,L000,£000.B
FTA 0,3,ECOF,MONO,EMPT.,0,C000,C000.,PT
;C
LA 3,0,ECNO,MONO,EMPT,0,C000,C000, INDEXI
AA 3,0,ECNO,MONO,EMPT,0,C000,€000,K00002
;
M1
LA 0,0,ECNO,MKST,MINS,0,C000,C000,MASKL
;
FLA 0,3,ECNO,MONO,EMPT,0,M001,C000,PT
FAA 0,3,ECNO,MONO,EMPT,0,L000,C000.B
FTA 0,3,ECOF,MONO,EMPT,0,C000,C000.,PT
;C
; HP
iC

;c'l‘."‘l“"‘."C'l.“'ltIlt""3."3!3.""'.“”".ic

29 Skew 7 bV v 7 A{ERABOLELEEDEIEE

JCEXXXBXXEBATXATEEAXAEBAEE IR ARE AL TR EXSXEXERERERE S

;C
;C POISSON SOLVER
;
c

HERBOTEIUETE R ODIIIDE87 2 v 2 B LU0
~PA TN —TAERET H13670y 7, 11370527, 134

; DO 900 K = 3 , 125
: DO 900 J = 3 , 125
3 DO 900 I = 3 , 125
; DELTACI,J K> = CONST * C((PT(I+2,J,K) + PT(I-2,J.,K) ]
: 1 + PTCL J42,K) + PTCI,4-2,K) + PTCI,J,K+2)
; 2 + PTCI,J,K=2)) / 6.0 - PTCI,J.K)
; 3 - ACI,d,K> x 2.0 = H ®x H 7 3.0)
; 900 CONTINUE
ic
;c‘ttlt"33‘!l#"“lSt"““"ﬁ*‘tilt'llttll“"ltl*lttlc
’
A901 L 0,0,K0S5001 J@*}JM%&E
T 0,0,4
LA 3,0,ECNO,MOND,EMPT.0,C000,C000,K00002 {EEONBBE
LA 0,0,ECND,MOND, EMPT,0,C000,C000,MASK3D 5
TA 0,0,ECNO,MONO,EMPT,0,C000,C000,MASKWK 727 OYIBBE
;
A00 —> L 0.,0.4
Ic 0,EMPT JDIE
T 0,0,J
M1 A .
LA 0,0,ECNDO,MKST,MINS,0,M001,M001,MASKWK w27 DB ERE
TA 0,0,ECND,MOND,EMPT,0,C000,C000,MASKWK
1CA 3,ECND,MOND,EMPT EBOHE
L 1,0,K08125
SR 0,1,MINS JOBE
J 0,A911
ra
FLA 0,3,ECNO,MONO,EMPT,0.,C002,C000,PT A
FAA 0,3,ECNO,MONO, EMPT,0,M002,C000,PT
FAA 0,3,ECNO,MONO,EMPT,0,C002,C002,PT+2
FAA 0.3,ECND,MOND,EMPT,0,M002,M002,PT-2
FAA 0.3,ECNO,MONO,EMPT,0,C000,C002,PT
FAA 0,3,ECNO,MOND,EMPT,0,C000,MO02,PT _ i
FDA 0,0,ECNO,MOND,EMPT,0,C000,C000,KFO006 THENOHE - BE
FSA 0,3,ECNO,MONO,EMPT,0,C000,C000,PT
FLA 1,3,ECNO,MONO,EMPT,0.,C000,C000,A
FMA 1,0,ECNO,MONO,EMPT,0.,C000,C000,KF0002
FMA 1,0,ECND,MONO,EMPT,0,C000,C000,H
FMA 1,0,ECNO,MONO,EMPT,0,C000,C000,H
FDA 1,0,ECNO,MONO,EMPT,0,C000,C000,KFO003
FSRA 0,1,ECNO,MONO, EMPT .
FMA 0.0,ECNO,MONO, EMPT,0,C000,C000,CONST
FTA 0,0,ECOF,MONO,EMPT,0,€000,C000,DELTA ¢

’

0,A900

{moEL

JCEEXIXXXXEXTIXXXILXAXXIXFLLATIEERXAEA R RIEIRXERXISRREREIRRXIRRERSE X

X30 Skew =+ w7 R{EABO 0T S LH)
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44 MEFHERTRARE 1215

7oy 7D&E4517 a v 7 TZORRIEFULE L 124
TH#0.41% THH, BTEMSENTELLOHERES
AT 2710 TROEBIREGRT 2R TERT
5
CCTARIBTS - BREOKFEAL@EERICE 5 LR
OBTEBIE (n-4)°ThH b, 1, HAEOHRREL B4
BT 83 6 (n—-4)?, BRADOKTEHLEIL 6(n—
42 TH B,
BUULMETIIRBD & 5 13 3 Eav— 7O B R L
((a (n—4)+b) (n—4)+c) (n—4)+d
THRTLEMTES, TLTa, b,c, didB4X 1BFAD
HE - IV-TDRE - JN—TDHE + KN—THED
MBHETH VT EROBR EFhzick- TR BT
BTHB, BlE LTERIOFRMBICEHF B (T)V* DAL
B R
((2985 (n—4) +199) (n—4)+199) (n—4)+109
THREIN, LTI
n-4=123
DOEETH b, F1-M320 2 T — 7 DIERRREIL
(e(n=4)+f) (n—4)+g
TERTIENTE, BRLEIDFRMBITE T 59D
ALTREE
(473 (n—4)+210) (n—4)+167
THETIENTES, nB100L8L LD & XT3 2THIT 2
Kh&w o EpoBE 1 RS GIREBT A Litd 5L 3E
— TR
a (n—4)*
2 EIL— 7O MBEEERNIL
e (n—4)?
THEUTE 5,

CLTERRABTLEAE OB FADORELEER4q,

BT O F R ORENERE% 6, L TR EOBTA
DIFEBAEEM Ly, EEOAMIBFESOEED 2 0%
5, MEHONMUBTEDZENE:,, L TEOABIETFS
DENEE, AFTBTEOZEONEy, L9 5 & %D N
i
a; (n=4) 48 (n—4)2 +7, (n—4)%+6, (n—4)*
+e1 (n—4)*+(, (n—=4)> +7, (n—4)°

THPUTE 5, REWKEFEDT M} v 7 RICEBTF— 5%

ETHIHBILEB G5 ZN0EF N5 ay, B2, 12, 02, €2, (2,

n: T AELEGRIEBEE ZOAMBFSETRr-4B80HEE
B, FLETERB - 2OA B TABLUREBFS
20T (n—4)* BOEEBICL 5 & LT % DN
3
(az (n=8)2+ B, (n—4)2 +6, (n—4)% +e, (n—4)?)
/(n=4)+(r2(n—4)* +¢2 (n—4)2 47, (n—4)%)
/(n=4)?=(dy +F,+8,+e 2 +72) (n—4) + 12+

DO 1000 K=3, n—2
DO 1000 J=3,n-2
DO 1000 [=3,n-2
Pl J, K)=

1000 CONTINUE

X331 3EN—TOH

DO 2000 K=3,n-2
DO 2000 I=3,n-2
P(L1,K)=
P(I n K)=

2000 CONTINUE

32 2&L—TOH

Th b5,

F— k&% Skew 7 F ) v 7 RITT B EBEBRAEEZFD
AR TR (n—-4)* BEBES (n—4) @R IET 53, T
CTday, Ba, 13, 03, €3, {3, 73 %2 U CEHEROBREF
MEICEDEIBBEMETHE, 20NN

(@3 (n—4)"+8;5(n—4)2 +75(n—4)? +0;5 (n—4)*
+e3(n—4)2+(; (n—4)%)/(n—4)*
+73(n—4)/(n—4) =az;+ 8, +r; +0:+e,
+{3+73(n—4)

L1385,

LITHESZ 1E6h1:00%%R%E

BRALERERRR/ (AEFIMERESRT - TRESE)

LT D, COMEN1EBA L LHERERULOKIETS
HLEART, MERBERETH, EEDO<+Y
JAERNIIBETIE

(z (n“4)2+/91 (n_4)2 +7n (’l_4)2 +4, (n~4)2
+e1 (n—4)%+(, (n_4)2+771 (n—4)%)

/(a2 +B2+0,+e,+72) (n—4) +72+(2) -n?)
/(@B +0z tea +72) (n—>00)
&80, Skew = b w72 AEHOIBETH

(0 (n=4)2+B)(n—4)*+7, (n—4)* +3, (n—4)*
+e, (n—4)° +¢, (n—4)* +7, (n—4)°)
/((2s+B3+rs+0;+e3+{3+75(n—4))-n?)
—=71/73 (n—>)

L1iB, BEIRBE I KRB TRABBTEATOHE
BICLOBEEDREINBIEARL TS, Z2BLU
3DF—=Ihoa;, Bi, ri, 0,64, (i, 7i (1=1~3) &3k
bHBHIcHE4BLU S AERT 5,

LR T7 Y VHBRKORETEED 7 Y v 72T
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) IR . A 40 R R
HE BB AT AN IR
DR (Skew = + 1)y 7R )
4 3,332,347 26,435 184
EAMOEFR =220.2x 1232 = 224.9%123 C.a; =184
Coty =220.2 S, =214.9
{9 3,332,347 107 138
LITEOBFA = 220.2x123% S=107 J.rs=138
S =220.2
(e 3,332,347 26,435 184
FIEEmDET A = 220.2x 123% =214.9% 123 S Ba=184
S B1=220.2 L. B2=214.9
n 2,407,142 22,253 150
prxatialar, il =159.1x123? =180.9x 123 S.05=150
DA C.8,=159.1 ..6,=180.9
it 2,407,142 69 108
TN EOASA =159.1x128% S =69 S5 =108
DTS C.=159.1
9 2,407,142 22,253 105
AR O A 5 =159.1x123° =180.9% 123 C.e5=105
DA C.=159.1 ..6,=180.9
0 1,668,606,365 55,978 62,658
ATEEFS Q) 245,341,321 15,119 19,854
02 345,465,013 25,595 26,702
312,259,412,699 it 96,692 it 109,214
=1214.1x123° =786.1x123 =887.9x 123
S, =1214.1 C.72=1786.1 C.773=887.9
DHRZIEI4EHNT -
8. & H Y IC

71 /(AP +0pteg+75)
=1214.1/(214.9x2+180.9x2+786.1)
=0.7695

E730, Skew 7 M) v 7 A TORRI
71/73=1214.1/887.9=1.3673
135,
SOOI A 4t EDAHETEED< L) v JZATO
PDHERIRSEHOT

M/ (A +fa+0ste,+n3)
=5454.5/(559.8x 2+180.9%x2+3465.1)
=1.1026

&80, Skew = b ) w7 ATOHRE
7,/13=5454.5/3182.6 =1.4419
THYO Skew = 1) v 7 2DOBAWDHEL LS,

EREBOEBEIEFLL, TOHLOERBEMICHEEL
HEBBRLDH BT THD, —EDETERIC K 20BN
M EEBEOTERICE B TN DI ITIF BB A B
TEIZATRGAMPVBVIEETH 5,

IGR7T e 5 6a208L, YIabv—9E2ROTERS
T WA RINERIC & A B & AEPREIC & A HERE
25T, FNoARET A LTk, HFEEEOMEE
ZEBRMICRT T EMAREE T - 1o CORRIBMEER L
EARNTABOERF— 7 & L THBRHTIHRRTH 5, it
FIFHBERIC L 2 ZIRTBRNIBOBIT T Skew 7= b 1) » o R
DOHRBBEEFTHO, HERBCRESOHEELIERTE
LLEEA B

A, AHPDUBR OO TRESIKEL DT 7T LD
BHAPHKETHO, £ BFEEROBK, EES, &4
B, ODRBLVHBEFORBELILLD, Ko—Bo#
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REFHBRRRRARE 12115

x5 %z 4a#EHBHE
i ALERF BE I 5| AL EREE R
E B R AERRF A 51 JAFRERS )
DEH (Skew = MY v 27 Z)
(9) 7,182,014 42,425 314
14 3,332,347 26,435 184
EAEO®FE | & 10,514,361 it 68,860 it 498
=694.9% 123° = 559.8% 123
LS. =694.9 S =559.8 o, =498
10 7,182,014 225 297
19 3,332,347 107 138
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=694.9%123% Sore=332 Sory =435
S =694.9
a 7,182,014 42,425 314
a6 3,332,347 26,435 184
BgEOKTA | 10,514,361 it 68,860 3t 498
= 694.9x 123 = 559.8x123 S B3=498
SoB=694.9 ..8,=559.8
an 2,407,142 22,253 150
ELROAMYD = 159.1%123° = 180.9%123
BFAa S8, =159.1 ..0,=180.9 ..85=150
8 2,407,142 69 108
FramoAfo = 159.1x123? S.(2=69 S0, =108
BT S0 =159
a9 2,407,142 22,253 150
g mm oMU DO = 159.1x123* = 180.9% 123
B C.6,=159.1 C.6,=180.9 C.e5=150
) 5,557,723,252 223,135 233,505
(8) 629,890,243 34,553 40,272
00 1,668,606,365 55,978 62,658
NEETE 2 245,341,321 15,119 19,854
¢2 345,465,013 25,595 26,702
€3 1,322,389,960 53,395 59,102
2 380,776,129 18,440 23,176
it 10,150,192,283 it 426,215 it 465,269
=5,454.5%123° =3,465.1x 123 =3,782.6x 123
.7, =5,454.5 ..2=3,465.1 C.73=8,782.6
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