7W ;; E7 J8 3X I I Bh 11 2s %G !< %? 9= B$ $H %" %k %4 %j %: %‘ (2) KR Ln =_ 0l O: 2002 G/ 1 7n 21 F| 1 %N !< %I $N J* M} %G !< %? NO $r <B :] $K 7W ;; $9 $k $^ $( $N :G 8e $N =‘ Hw $H $7 $F !" 3F %N !< %I $K $D $$ $F $= $N $J $+ $N N3 ;R $N =E ?4 $H Am <A NL $r =P $7 $? $$ !# $3 $l $O 0J 2< $N $h $& $K $J $k !# void bhnode::set_cm_quantities() { if (nparticle > 1){ int i; pos = 0.0; mass = 0.0; for(i=0;i<8;i++){ if (child[i] != NULL){ child[i]->set_cm_quantities(); real mchild = child[i]->mass; pos += mchild*child[i]->pos; mass += mchild; } } pos /= mass; } } N3 ;R $N ?t $, 1 $G $" $l $P !" 4{ $K N3 ;R %G !< %? $, %3 %T !< $5 $l $F $$ $k $N $G JL $K $J $K $b $7 $J $/ $F $$ $$ !# 1 $h $j Bg $- $1 $l $P !" <B :] $K $" $k ;R %N !< %I A4 It $r 8+ $F !" %b !< %a %s %H !" <A NL $r =P $7 !" %b !< %a %s %H $r <A NL $G 3d $l $P =E ?4 $, $G $k !# $3 $3 $G $b :F 5" $r ;H $C $F $$ $k !# $D $^ $j !" <B :] $K child[i]->mass Ey $r ;H $& A0 $K !" child[i] $K $D $$ $F <A NL !" =E ?4 $r 7W ;; $5 $; $F $$ $k $N $G $" $k !# :F 5" $r ;H $& $3 $H $G !" $A $g $C $H 9M $( $k $H Bg JQ $= $& $J =h M} $, Hs >o $K 4J C1 $K <B 8= $5 $l $F $$ $k !# 2 NO $N 7W ;; $5 $F !" $3 $N $h $& $K LZ 9= B$ $, $G $- $F $7 $^ $& $H !" <B :] $N NO $N 7W ;; $O Hs >o $K 4J C1 $K $J $k !# 0J 2< $, NO $r 7W ;; $9 $k 4X ?t $G $" $k !# 1 void bhnode::accumulate_force_from_tree(vector & ipos, real eps2, real theta2, vector & acc, real & phi) { vector dx = pos - ipos; real r2 = dx*dx; if ((r2*theta2 > l*l) || (nparticle == 1)){ accumulate_force_from_point(dx, r2, eps2, acc, phi, mass); }else{ for(int i=0;i<8;i++){ if (child[i] != NULL){ child[i]->accumulate_force_from_tree(ipos,eps2,theta2, acc, phi); } } } } $3 $l $O %a %s %P 4X ?t $K $J $C $F $$ $F !" $" $k %N !< %I $+ $i 0z ?t $G EO $C $F $/ $k >l =j $X $N NO !J 2C B. EY !K $H %] %F %s %7 %c %k $r 7W ;; $9 $k !J EO $C $F $- $? JQ ?t $K B- $7 9~ $‘ !K !# 5w N% $N 2 >h $r 7W ;; $7 !" $= $l $, r 2 � 2 > l 2 $r K~ $? $7 $F $$ $l $P <B :] $K 2C B. EY $r 7W ;; $9 $k !# 2 >h $N $^ $^ $G Hf $Y $k $N $O !" C1 $K J? J} :, 7W ;; $r $7 $J $$ $G $9 $^ $; $k $? $a $G $" $k !# $^ $? !" N3 ;R ?t $, 1 $G $" $l $P $d $O $j F1 MM $K 2C B. EY $r 7W ;; $9 $k !# $= $& $G $J $1 $l $P !" ;R %N !< %I $r =g HV $K $_ $F =E NO $r 7W ;; $9 $k !# $3 $3 $G $b :F 5" $r $D $+ $& !# <A E@ $+ $i $N NO !" %] %F %s %7 %c %k $N 7W ;; $O 0J 2< $N $h $& $K $J $k !# void accumulate_force_from_point(vector dx, real r2, real eps2, vector & acc, real & phi, real jmass) { double r2inv = 1/(r2+eps2); double rinv = sqrt(r2inv); double r3inv = r2inv*rinv; phi -= jmass*rinv; acc += jmass*r3inv*dx; } 3 3F 4X ?t $N %F %9 %H $H $$ $& $o $1 $G !" 0l 1~ LZ 9= B$ $r $D $/ $C $F =E NO 7W ;; $r $9 $k $? $a $N %G !< %? 9= B$ !" %" %k %4 %j %: %‘ $H $= $N <B 8= $r $- $o $a $F 4J C1 $K >R 2p $7 $? !# $3 $l $r <B :] $K B? BN Ld Bj $N ?t CM 2r $r 5a $a $k %W %m %0 %i %‘ $K $9 $k $? $a $K $O !" ;~ 4V @Q J, !" =i 4| >r 7o $N @8 @. !? FI $_ 9~ $_ !" 7k 2L $N I= <( !? 2r @O Ey $$ $m $s $J $3 $H $r $9 $k %W %m %0 %i %‘ $r :n $k I, MW $, $" $k !# $= $l $i $K F~ $k A0 $K !" $H $j $" $( $: :# $^ $G =P Mh $? $H $3 $m $r F0 $+ $7 $F $_ $k $3 $H $K $9 $k !# 3d 9g $$ $m $s $J 4X ?t $r :n $C $F $$ $m $s $J $3 $H $r $d $i $; $k $N $G !" A4 BN $r F0 $+ $7 $F ;~ $K $A $c $s $H F0 $$ $F $$ $k $+ $I $& $+ $r $I $& $d $C $F H= CG $7 !" $5 $i $K F0 $$ $F $$ $J $$ ;~ $K $I $3 $, $* $+ $7 $$ $+ $r 8+ $D $1 =P $9 $N $O $= $s $J $K 4J C1 $G $O $J $/ $J $k !# $" $k Dx EY Bg $- $J !" Bt ;3 $N 4X ?t $+ $i $G $- $? %W %m %0 %i %‘ $r %F %9 %H !& %G %P %C %0 $9 $k $? $a $N 4p K\ E* $J 9M $( J} $O 0J 2< $N 2 $D $G $" $k !# 2

1. $= $l $> $l $N 4X ?t $r C1 BN $G %F %9 %H $9 $k !# 2. AH $_ 9g $o $; $? %W %m %0 %i %‘ $r %F %9 %H $9 $k $, !" F0 :n $, @5 $7 $$ $+ $I $& $+ $r 4X ?t $4 $H $K %A %’ %C %/ $9 $k !# $b $A $m $s !" %W %m %0 %i %‘ $r %G %P %C %0 $9 $k ;~ $N Bg $- $J Ld Bj $O !" � %W %m %0 %i %‘ $O =q $$ $? ?M $N 0U ?^ $7 $? DL $j $K $G $O $J $/ !" =q $$ $? DL $j $K F0 $/ � %W %m %0 %i %‘ $r =q $$ $? ?M $N 0U ?^ $, @5 $7 $$ $H $O 8B $i $J $$ $H $$ $& $3 $H $G $" $k !# FC $K 8e <T $, %G %P %C %0 $r Fq $7 $$ $b $N $K $9 $k !# $H $$ $& $o $1 $G !" $^ $: !" %D %j !< 9= B$ $r :n $j !" $= $l $, @5 $7 $$ $+ $I $& $+ D4 $Y $k !# $= $l $+ $i <B :] $K =E NO $r 7W ;; $7 !" $= $l $b %D %j !< 9= B$ $r ;H $o $J $$ $G Am Ev $j $G 7W ;; $7 $? $b $N $H $/ $i $Y $F $_ $h $& !# %a %$ %s %W %m %0 %i %‘ $O 0J 2< $N $h $& $J 46 $8 $K $J $k !# #ifdef TEST int main() { particle * pp; int n; cerr << "Enter n:"; cin >> n ; pp = new particle[n]; double rsize = 1.0; create_uniform_sphere(pp, n, 0 , rsize); for(int i =0;i <n;i++){ PRC(i); PRL(pp[i].pos); } bhnode * bn = NULL; int nnodes = n*2; bn = new bhnode[nnodes]; bn->assign_root(vector(0.0), rsize*2, pp, n); int heap_remainder = nnodes-1; bhnode * btmp = bn + 1; bn->create_tree_recursive(btmp, heap_remainder); PRL(bn->sanity_check()); bn->set_cm_quantities(); bn->dump(); double eps2 = 0.01; calculate_uncorrected_gravity_direct(pp, n, eps2); cerr << "Direct force \n"; particle * p = pp; for(int i = 0; i<n; i++){ PR(i); PR(p->pos);PR(p->phi); PRL(p->acc); p++; } cerr << "Tree force \n"; clear_acc_and_phi(pp, n); p = pp; for(int i = 0; i<n; i++){ calculate_gravity_using_tree(p, bn, eps2, 0.5); PR(i); PR(p->pos);PR(p->phi); PRL(p->acc); p++; } return 0; } #endif 3

%W %m %0 %i %‘ A4 BN $O http://grape.astron.s.u-tokyo.ac.jp/%7Emakino/kougi/keisan tenmongakuII/programs/simpletree/BHtree.C $K $" $k $N $G :Y $+ $$ 4X ?t $K $D $$ $F $O >J N, $9 $k $, !" 4X ?t sanity check $O $A $g $C $H Cf $r 8+ $F $* $3 $& !# int bhnode::sanity_check() { int i; int iret = 0; if (nparticle == 1 ){ // this is the lowest level node. Things to check: // particle is in the cell particle * p = pfirst; if(inbox(pos,p->pos,l)){ cerr << "Error, particle out of box ... \n"; dump(); return 1; } }else{ // This is the non-leaf node. Check the position and side // length of the child cells and then check recursively.. for(i=0;i<8;i++){ if (child[i] != NULL){ int err = 0; err = child[i]->sanity_check(); if (l*0.5 != child[i]->l) err += 2; vector relpos = cpos-child[i]->cpos; for (int k = 0 ; k<ndim;k++){ if (fabs(relpos[k]) !=l*0.25)err += 4; } if (err){ cerr << "Child " << i << " Error type = " << err << endl; dump(); } iret += err; } } } return iret; } $3 $3 $G $O !" 0J 2< $N $h $& $J %A %’ %C %/ $r 9T $J $C $F $$ $k !# 1. %N !< %I $K N3 ;R $, 1 $D $@ $1 $J $i !" $= $l $, $A $c $s $H Cf $K $" $k $+ $I $& $+ !# 2. $= $& $G $J $1 $l $P !" <+ J, $N ;R 6! $O @5 $7 $$ 0L CV !" Bg $- $5 $r ;} $D $+ $I $& $+ !# $G !" $5 $i $K :F 5" E* $K ;R 6! $K $D $$ $F $b F1 $8 %A %’ %C %/ $r $9 $k !# inbox $O $3 $s $J $b $N $G $" $k !# 4 int inbox(vector & cpos, // center of the box vector & pos, // position of the particle real l) // length of one side of the box { for(int i = 0; i< ndim; i++){ if (fabs(pos[i]-cpos[i]) > l*0.5) return 1; } return 0; } $3 $3 $G $O %Y %/ %H %k $N 3F MW AG $K $D $$ $F $= $l $> $l D4 $Y $k I, MW $, $" $k !# $5 $F !" $3 $N 4X ?t $, !V %( %i !< !W $r JV $7 $F Mh $? $H $7 $F $b !" >/ $J $/ $H $b 0J 2< $N 4 DL $j $N 2D G= @- $, $" $k !# � %D %j !< $r :n $k 4X ?t $, 4V 0c $C $F $$ $k !# � sanity check $, 4V 0c $C $F $$ $k !# � %D %j !< $r :n $k 0J A0 $K 4{ $K $J $K $+ 4V 0c $C $F $$ $k !# � >e $N 3 $D $N G$ 0U $N AH $_ 9g $o $; !# $H $$ $& $o $1 $G !" :G =i $O N3 ;R 1 $D $H $+ 2 $D $G 2? $, $G $- $k $+ $_ $k $H $$ $C $? $H $3 $m $+ $i ;O $a $J $$ $H 8e $, Bg JQ $G $O $" $k !# 5U $K ?t $, >/ $J $1 $l $P $$ $m $$ $m =q $- =P $7 $F ?M 4V $, %A %’ %C %/ $9 $k $N $b IT 2D G= $G $O $J $$ !# 0J 2< $N 4X ?t $O %D %j !< 9= B$ $= $N $b $N $r :F 5" E* $K %W %j %s %H %" %& %H $9 $k !# spc $O C1 $K 0z ?t $N ?t $@ $1 6u Gr J8 ;z $r 0u :~ $9 $k 4X ?t $G $" $k !# void bhnode::dump(int indent) { int i; spc(indent); cerr << "node center pos " << cpos ; cerr << endl; spc(indent); cerr << "node cm " << pos << " m " << mass ; if (nparticle == 1){ cerr << " IS LEAF" ;PRL(nparticle); particle * p = pfirst; for(i = 0; i < nparticle; i++){ for(int j=0;j<indent+2;j++)cerr << " "; PRL(p->pos); p= p->next; } }else{ cerr << " IS _not_ LEAF ";PRL(nparticle); for(i=0;i<8;i++){ if (child[i] != NULL){ child[i]->dump(indent + 2); } } } } 0J 2< $O N = 2 $G $N <B 9T 7k 2L $G $" $k 5

BHtree Enter n:2 nbody = 2, power_index = 0 i = 0, pp[i].pos = -0.20707 0.680971 -0.293328 i = 1, pp[i].pos = -0.106833 -0.362614 0.772857 bn->sanity_check() = 0 node center pos 0 0 0 node cm -0.156952 0.159178 0.239765 m 1 IS _not_ LEAF nparticle = 2 node center pos -0.5 -0.5 0.5 node cm -0.106833 -0.362614 0.772857 m 0.5 IS LEAFnparticle = 1 p->pos = -0.106833 -0.362614 0.772857 node center pos -0.5 0.5 -0.5 node cm -0.20707 0.680971 -0.293328 m 0.5 IS LEAFnparticle = 1 p->pos = -0.20707 0.680971 -0.293328 Direct force i = 0 p->pos = -0.20707 0.680971 -0.293328 p->phi = -0.33364 p->acc = 0.014891 -0.155032 0.158389 i = 1 p->pos = -0.106833 -0.362614 0.772857 p->phi = -0.33364 p->acc = -0.014891 0.155032 -0.158389 Tree force i = 0 p->pos = -0.20707 0.680971 -0.293328 p->phi = -0.33364 p->acc = 0.014891 -0.155032 0.158389 i = 1 p->pos = -0.106833 -0.362614 0.772857 p->phi = -0.33364 p->acc = -0.014891 0.155032 -0.158389 $= $l $i $7 $$ %D %j !< 9= B$ $, $G $- $F $$ $k $3 $H !" NO $N 7W ;; 7k 2L $, Am Ev $j $H %D %j !< $r ;H $C $? $b $N $G 0l CW $7 $F $$ $k $3 $H $, $o $+ $k !# $b $A $m $s !" N3 ;R $, 2 8D $N ;~ $K $O %D %j !< $r ;H $C $F $b Aj <j $O 1 8D $J $N $G !" 7k 2L $O 40 A4 $K 0l CW $7 $J $1 $l $P $* $+ $7 $$ !# $^ $" !" 3N $+ $K 0l CW $7 $F $$ $k $H $$ $& $o $1 $G $" $k !# 2 N3 ;R $G $= $l $i $7 $/ F0 $$ $? $+ $i $H $$ $C $F @5 $7 $$ $H $$ $& $3 $H $K $O $J $i $J $$ !# $b $C $H Bg $- $J N3 ;R ?t $G $$ $m $$ $m D4 $Y !" $5 $i $K op ening angle $b JQ $( $F D4 $Y $k I, MW $, $" $k $, $3 $l $O 2] Bj $H $$ $& $3 $H $K $9 $k !# 4 ;~ 4V @Q J, ;~ 4V @Q J, $K $O A0 $K $d $C $? %j !< %W %U %m %C %0 8x <0 $r ;H $& $3 $H $K $9 $k !# $I $s $J $U $& $K =q $$ $F $b $$ $$ $, !" :# 2s $O !" J, $+ $j $d $9 $$ $H ;W $o $l $k x i +1 = x i + � tv i + � t 2 a ( x i ) = 2 (1) v i +1 = v i + � t [ a ( x i ) + a ( x i +1 )] = 2 (2) $N 7A $r ;H $& $3 $H $K $7 $h $& !# 0J 2< $N 4X ?t $r particle %/ %i %9 $K F~ $l $k !# void predict(real dt){ real dt2 = dt*dt*0.5; pos += dt*vel + dt2*acc; vel += (dt*0.5)*acc; } void correct(real dt){ vel += (dt*0.5)*acc; } ;~ 4V @Q J, $O 0J 2< $N $h $& $K !" $^ $: M= B, ;R $r 7W ;; !" $= $l $+ $i 2C B. EY $r 7W ;; $7 !" :G 8e $K B. EY $N =$ @5 ;R $r 7W ;; $9 $k !# void integrate(bhnode * bn, int nnodes, particle * pp, int n, real eps2, 6 real theta, real dt) { for(int i = 0;i<n;i++) pp[i].predict(dt); calculate_gravity(bn,nnodes,pp,n,eps2,theta); for(int i = 0;i<n;i++) pp[i].correct(dt); } =E NO $r 7W ;; $9 $k 4X ?t $O $3 $s $J 46 $8 $K $J $k !# void calculate_gravity(bhnode* bn, int nnodes, particle * pp, int n, real eps2, real theta) { real rsize = calculate_size(pp,n); bn->assign_root(vector(0.0), rsize*2, pp, n); int heap_remainder = nnodes-1; bhnode * btmp = bn + 1; bn->create_tree_recursive(btmp, heap_remainder); // bn->dump(); // PRL(bn->sanity_check()); bn->set_cm_quantities(); clear_acc_and_phi(pp, n); particle * p = pp; for(int i = 0; i<n; i++){ calculate_gravity_using_tree(p, bn, eps2, theta); // PR(i); PR(p->pos);PR(p->phi); PRL(p->acc); p++; } } $3 $l $O 4p K\ E* $K $O A0 $N %F %9 %H MQ $N %a %$ %s %W %m %0 %i %‘ $+ $i =E NO 7W ;; $N $H $3 $m $r @Z $j =P $7 $F $^ $H $a $? $@ $1 $G $" $k !# 5 %W %m %0 %i %‘ A4 BN $N 9= B$ $5 $F !" $3 $l $^ $G CG JR E* $K $$ $m $$ $m $J 4X ?t $r @b L@ $7 $F $- $? $, !" %W %m %0 %i %‘ A4 BN $H $7 $F $O $I $s $J 9= B$ $K $9 $l $P $$ $$ $@ $m $& $+ !) $d $i $J $$ $H $$ $1 $J $$ $3 $H $O 0J 2< $N $h $& $J $b $N $G $" $k !# 1. %= %U %H %K %s %0 !" ;~ 4V 9o $_ $J $I $N %Q %i %a !< %? $r FI $_ 9~ $‘ !# 2. =i 4| >r 7o $r :n $k $J $j !" %U %! %$ %k $+ $i FI $_ 9~ $‘ $J $j $9 $k !# 3. =E NO $r 7W ;; $9 $k !# 4. 0J 2< $N %k !< %W $r %7 %_ %e %l !< %7 %g %s ;~ 9o $N =* $o $j $^ $G 7+ $j JV $9 !# 5. M= B, ;R $r 7W ;; !# 6. =E NO $r 7W ;; !# 7. =$ @5 ;R $r 7W ;; !# 8. =P NO $, I, MW $G $" $l $P $J $s $+ =q $/ !# int main() { particle * pp; 7 int n; cerr << "Enter n:"; cin >> n ; pp = new particle[n]; double rsize = 1.0; create_uniform_sphere(pp, n, 0 , rsize); bhnode * bn = NULL; int nnodes = n*2+100; bn = new bhnode[nnodes]; real eps2; real theta; real dt; real tend; int iout; cerr << "Enter eps2, theta, dt, tend, iout:"; cin >> eps2 >>theta >>dt >>tend >> iout; cerr << "eps2=" << eps2 << " theta=" <<theta <<" dt=" << dt << " tend=" << tend << " iout=" << iout <<endl; calculate_gravity(bn,nnodes,pp,n,eps2, theta); cerr << "Initial data"<<endl; print_energies(pp,n,0); int istep = 0; for(real t=0;t<tend; t+=dt){ integrate(bn, nnodes, pp, n, eps2, theta, dt); istep++; if (istep % iout == 0){ cerr << "Time=" << t+dt <<endl; print_cm(pp, n); print_energies(pp,n,1); } } return 0; } @b L@ $7 $F $J $$ 4X ?t $, Bt ;3 $" $k $, !" @b L@ $O Mh =5 $K 2s $7 $F $A $g $C $H F0 $+ $7 $F $_ $h $& !# 6 N} =, 1. ;2 9M %W %m %0 %i %‘ http://grape.astron.s.u-tokyo.ac.jp/~makino/ kougi/keisan_tenmongakuII/programs/index.html $K $" $k BHtree.C $r F0 $+ $7 $F $_ $F !" Am Ev $? $j $G 7W ;; $9 $k $N $H LZ 9= B$ $G 7W ;; $9 $k $N $H $G 7W ;; $7 $? 2C B. EY !" %] %F %s %7 %c %k $N CM $r Hf $Y !" � $r >. $5 $/ $7 $? $H $- $K :9 $, $I $N $h $& $K >. $5 $/ $J $k $+ !" $^ $? >. $5 $/ $J $j $+ $? $O N3 ;R ?t $K $h $C $F $I $N $h $& $K JQ $o $k $+ D4 $Y $F $_ $h !# 2. >e $N 8m :9 $, M} O@ E* $K $O $I $& $J $k $Y $- $+ 9M ;! $; $h !# 3. 7W ;; ;~ 4V $O $I $& $J $k $+ !" N3 ;R ?t 100 Dx EY $+ $i 10,000 Dx EY $^ $G $G D4 $Y $F $_ $h !# 8