
Bkihevah\Zgb_ ihjlZeh\ ^ey kha^Zgby Z]j_]Zlguo kp_g
;hj_kdh\ :1<1
F=M <FbD

Fhkd\Z/ Jhkkby

:gghlZpby
< klZlv_ jZkkfZljb\Z_lky kha^Zgb_ Z]j_]Zlguo

kp_g ijb ihfhsb ihjlZeh\1 Ijb wlhf dZ`^Zy lZdZy
Z]j_]ZlgZy kp_gZ y\ey_lky h[t_dlhf kh k\h_c
\gmlj_gg_c kljmdlmjhc b k\hbf f_lh^hf j_g^_jbg]Z1
Dexq_\u_ keh\Z= Z]j_]ZlgZy kp_gZ/ ihjlZe

11<\_^_gb_
< f_lh^_ ljZkkbjh\db emq_c kms_kl\m_l ihgylb_

Z]j_]Zlgh]h h[t_dlZ 0 h[t_dlZ/ khklhys_]h ba
fgh`_kl\Z ^jm]bo h[t_dlh\/ b agZxs_]h dZd gZoh^blv
i_j_k_q_gb_ aZ^Zggh]h emqZ k h[t_dlZfb \gmljb k_[y/
l1_1 bf_xs_]h k\hc \bjlmZevguc f_lh^ ^ey
gZoh`^_gby i_j_k_q_gby emqZ k kh^_j`Zsbfbky \gmljb
g_]h h[t_dlZfb1 H[uqgh Z]j_]Zlguc h[t_dl
bgdZikmebjm_l/ l1_1 kh^_j`bl \gmljb k_[y/ kdju\Zy
\gmlj_ggb_ ^_lZeb b kljmdlmjm/ h^bg ba klZg^Zjlguo
f_lh^h\ hilbfbaZpbb 0 b_jZjobb h]jZgbqb\Zxsbo l_e
(BVH)/ \hkvf_jbqgu_ beb BSP0^_j_\vy b l1i1 Ijb wlhf
hg fh`_l kh^_j`Zlv \gmljb k_[y ^jm]b_ Z]j_]Zlgu_
h[t_dlu/ lZd qlh \hagbdZ_l b_jZjoby h[t_dlh\1
Ij_bfms_kl\h ih^oh^Z/ ijb dhlhjhf \ky kp_gZ
ij_^klZ\ey_lky dZd h^bg [hevrhc Z]j_]Zlguc h[t_dl/
khklhbl \ lhf/ qlh ihy\ey_lky \hafh`ghklv
]jmiibjh\Zlv ijhklu_ h[t_dlu \ Z]j_]Zlgu_
kljmdlmju/ \u[bjZy ^ey dZ`^hc k\hc kihkh[
hilbfbaZpbb b k\hx \gmlj_ggxx kljmdlmjm [1]1

< ^Zgghc jZ[hl_ ^_eZ_lky ihiuldZ bkihevah\Zlv
ZgZeh]bqguc ih^oh^ ^ey j_g^_jbg]Z keh`guo kp_g
f_lh^Zfb/ hlebqgufb hl f_lh^Z ljZkkbjh\db emq_c1

< gZklhys__ \j_fy ^ey j_g^_jbg]Z lj_of_jguo
kp_g h[uqgh bkihevamxlky f_lh^u z0[mn_jZ/ f_lh^
BSP0^_j_\v_\ b f_lh^ ihjlZeh\1

GZb[he__ ijhkluf ba i_j_qbke_gguo y\ey_lky
f_lh^ z-[mn_jZ +[mn_jZ ]em[bgu,1 Hg aZdexqZ_lky \
kha^Zgbb lZd gZau\Z_fh]h [mn_jZ ]em[bgu/ ]^_ ^ey
dZ`^h]h \u\_^_ggh]h ibdk_eZ ojZgblky jZkklhygb_ hl
_]h ijhh[jZaZ \ ijhkljZgkl\_ ^h dZjlbgghc iehkdhklb1
Ijb wlhf \u\h^ hq_j_^gh]h ibdk_eZ khklhbl \
kjZ\g_gbb _]h ]em[bgu kh agZq_gb_f ]em[bgu/ m`_
aZibkZgghf \ [mn_j1 ?keb ]em[bgZ \u\h^bfh]h ibdk_eZ
f_gvr_ ]em[bgu/ ojZgys_cky \ z0[mn_j_/ lh ibdk_e
\u\h^blky/ Z _]h ]em[bgZ aZihfbgZ_lky \ z0[mn_j_1

Hkgh\guf g_^hklZldhf wlh]h f_lh^Z y\ey_lky _]h
kbevgZy ba[ulhqghklv ijb \u\h^_ ]jZg_c 0 h[yaZl_evgh
\u\h^ylky \k_ ebp_\u_ ]jZgb b lhevdh \ dhgp_
hij_^_ey_lky/ dZdb_ ba gbo \b^gu/ Z dZdb_ 0 g_l1 >ey
^hklZlhqgh keh`guo kp_g k l_dklmjbjh\Zgb_f b
hk\_s_gb_f ]jZg_c lZdhc ih^oh^ klZgh\blky
g_ijb_fe_fuf 0 kebrdhf fgh]h mkbebc ih
l_dklmjbjh\Zgbx b jZkq_lm hk\_s_gghklb ljZlblky
\imklmx1 Ba\_klguc \ub]jur kihkh[gh ^Zlv

bkihevah\Zgb_ fgh`_kl\ ihl_gpbZevgh0\b^bfuo
]jZg_c +PVS)/ dh]^Z \u\h^ylky g_ \k_ ]jZgb/ Z ebrv
kh^_j`Zsb_ky \ kibkd_ ]jZg_c/ dhlhju_ fh`gh
m\b^_lv/ gZoh^ykv \ ^Zgghf f_kl_ +dhfgZl_/
fgh]h]jZggbd_,1 Ijb wlhf \k_ ijhkljZgkl\h
jZa[b\Z_lky gZ fgh]h]jZggbdb b ^ey dZ`^h]h ba gbo
kljhblky kibkhd \b^bfuo ba g_]h ]jZg_c1 Wlh
agZqbl_evgh mkdhjy_l j_g^_jbg]/ gh ihkljh_gb_
fgh`_kl\ ihl_gpbZevgh0\b^bfuo ]jZg_c ^h\hevgh
keh`gh b ljm^h_fdh b d lhfm `_ g_ ]h^blky ^ey kp_g k
baf_gy_fhc ]_hf_ljb_c1

>ey g_ hq_gv [hevrbo kp_g fh`gh k [hevrhc
wnn_dlb\ghklvx bkihevah\Zlv f_lh^ BSP0^_j_\v_\ ^ey
mihjy^hqb\Zgby ]jZg_c b \u\h^Z bo \ ihjy^d_
m^Ze_gby hl gZ[ex^Zl_ey1 ?keb wlhl f_lh^ kh\f_klblv
k dZdbf0eb[h f_lh^hf ^ey hlke_`b\Zgby m`_
\u\_^_gguo ibdk_eh\/ gZijbf_j/ k f_lh^hf s0[mn_jZ/
lh ihemqZ_lky ^h\hevgh wnn_dlb\guc f_lh^/
kihkh[guc [ukljh kljhblv bah[jZ`_gb_ kp_gu ba
ijhba\hevguo lhq_d h[ahjZ1 H^gZdh dhebq_kl\h
h[jZ[Zlu\Z_fuo ]jZg_c hdZau\Z_lky ^h\hevgh
[hevrbf/ Z ]eZ\gh_ 0 ijb ihkljh_gbb ^_j_\Z
ijhbkoh^bl jZa[b_gb_ ]jZg_c/ l_f [hevr__/ q_f
[hevr_ h[s__ dhebq_kl\h ]jZg_c \ kp_g_1 Ihwlhfm
ijb]h^ghklv wlh]h f_lh^Z ^ey h[jZ[hldb ^_ckl\bl_evgh
keh`guo kp_g \uau\Z_l [hevrb_ khfg_gby1 Djhf_
lh]h/ wlhl f_lh^ g_ ]h^blky ^ey kp_g k baf_gy_fhc
]_hf_ljb_c1

< wlhf dhgl_dkl_ [he__ ijb\e_dZl_evguf
\u]ey^bl f_lh^ ihjlZeh\ [2]1 Hg aZdexqZ_lky \
jZa[b_gbb \k_c kp_gu gZ fgh`_kl\h \uimdeuo
fgh]h]jZggbdh\ +dhfgZl,/ kh_^bg_gguo f_`^m kh[hc
ihjlZeZfb +k\h_]h jh^Z ^ujdZfb,/ q_j_a dhlhju_ ba
h^gh]h fgh]h]jZggbdZ fh`gh m\b^_lv kh^_j`bfh_
^jm]h]h +jbk1 4,1 J_g^_jbg] gZqbgZ_lky k
fgh]h]jZggbdZ/ \ dhlhjhf gZoh^blky gZ[ex^Zl_ev/
aZl_f ^ey dZ`^h]h ihjlZeZ wlh]h fgh]h]jZggbdZ
ijhba\h^blky j_g^_jbg] khk_^g_]h fgh]h]jZggbdZ/ ijb
wlhf kZf ihjlZe/ kh_^bgyxsbc wlb fgh]jZggbdb/
\uklmiZ_l \ dZq_kl\_ h[eZklb hlk_q_gby 0 \k_/ qlh g_
ihiZ^Z_l \ ihjlZe +g_ \b^gh kd\hav g_]h,
Z\lhfZlbq_kdb hlk_dZ_lky1 >Ze__ hkms_kl\ey_lky
j_g^_jbg] fgh]h]jZggbdh\/ kh_^bg_gguo ihjlZeZfb k
fgh]h]jZggbdZfb/ khk_^gbfb ^ey gZqZevgh]h/ b l1^1
Ijb j_g^_jbg]_ hq_j_^gh]h fgh]h]jZggbdZ \ dZq_kl\_
h[eZklb hlk_q_gby \uklmiZ_l i_j_k_q_gb_ \k_o
ihjlZeh\/ \_^msbo hl bkoh^gh]h fgh]h]jZggbdZ d
l_dms_fm1 J_g^_jbg] kZfh]h fgh]h]jZggbdZ
aZdexqZ_lky ijhklh \ \u\h^_ \k_o _]h ebp_\uo ]jZg_c
+gZihfgbf/ qlh fgh]h]jZggbd \uimdeuc,1

JZ[hlm f_lh^Z ihjlZeh\ fh`gh ij_^klZ\blv
ke_^mxsbf njZ]f_glhf ik_\^hdh^Z1
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void renderScene ( Polygon clippingPoly, Cell
                   activeCell )
{
    for each facet of activeCell
        if ( facet intersects viewingFrustrum
)
             drawFacet ( clipFacet ( facet,
                  clippingPoly ) );

    for each portal of activeCell
         if ( portal intersects
               viewingFrustrum )
         {
              Polygon clippedPortal =
clipPortal ( portal, clippingPoly );

              renderScene ( clippedPortal,
adjacentCell ( activeCell, portal ) );
         }
}

jbk1 4

H^gZdh kZfh jZa[b_gb_ kp_gu gZ fgh`_kl\h
\uimdeuo fgh]h]jZggbdh\ ^h\hevgh keh`gh/ ^ey
[hevrbo kp_g \hagbdZ_l h]jhfgh_ dhebq_kl\h
ihjlZeh\/ qlh aZf_lgh kgb`Z_l h[s__ [ukljh^_ckl\b_
Ze]hjblfZ1

51 Ihgylb_ Z]j_]Zlghc kp_gu1
Ihijh[m_f bkihevah\Zlv f_lh^ ihjlZeh\ ^ey

kha^Zgby Z]j_]Zlguo kp_g 0 njZ]f_glh\ kp_g/ mf_xsbo
k_[y \bamZebabjh\Zlv/ l1_1 kh^_j`Zsbo \gmljb k_[y
f_lh^u +ijh]jZffu, ^ey k\h_c \bamZebaZpbb1 Ykgh/ qlh
f_lh^ \bamZebaZpbb Z]j_]Zlghc kp_gu aZ\bkbl hl __
kljmdlmju b ^ey jZaguo njZ]f_glh\ kp_gu fh`_l [ulv
jZaebqguf1

JZah[v_f \kx kp_gm gZ g_kdhevdh njZ]f_glh\ +g_
h[yaZl_evgh \uimdeuo, ijb ihfhsb ihjlZeh\ +jbk 51, b
k dZ`^uf njZ]f_glh\ k\y`_f gZb[he__ ih^oh^ysbc
^ey g_]h f_lh^ j_g^_jbg]Z1 J_g^_jbg] \k_c kp_gu
ijhba\h^blky ijbf_jgh lZd `_/ dZd b ^ey qbklh]h
f_lh^Z ihjlZeh\ 0 gZqbgZy k njZ]f_glZ/ kh^_j`Zs_]h
gZ[ex^Zl_ey/ ^Ze__/ bkihevamy ihjlZeu/ dZd h[eZklb
hlk_q_gby/ ijh\h^blky j_g^_jbg] khk_^gbo njZ]f_glh\
b l1^1

H^bg ba kZfuo ijhkluo b \ lh `_ \j_fy
^hklZlhqgh wnn_dlb\guo ih^oh^h\ aZdexqZ_lky \
ijbf_g_gbb \h \k_o ihemqb\rboky njZ]f_glZo f_lh^Z
BSP0^_j_\v_\1 Kbevgh]h jZa[b_gby ]jZg_c ijb wlhf g_
\hagbdZ_l/ Z \f_klh h^gh]h [hevrh]h ^_j_\Z
ihemqZ_lky gZ[hj kjZ\gbl_evgh g_[hevrbo ^_j_\v_\/
ijbq_f ^ey j_g^_jbg]Z \k_c kp_gu g_ h[yaZl_evgh
h[oh^blv bo \k_1 ?keb `_ h^bg beb g_kdhevdh

njZ]f_glh\ ghkyl ^bgZfbq_kdbc oZjZdl_j/ lh ^ey bo
j_g^_jbg]Z \iheg_ fh`gh \hkihevah\Zlvky eb[h
f_lh^hf z0[mn_jZ / eb[h f_lh^hf khjlbjh\db ]jZg_c1

jbk 51

< kemqZ_ bkihevah\Zgby f_lh^Z z0[mn_jZ ^ey
h[_ki_q_gby hlk_q_gby ih ihjlZem ^hklZlhqgh
khhl\_lkl\mxsbf h[jZahf ijhbgbpbZebabjh\Zlv z0
[mn_j i_j_^ \u\h^hf \ g_]h ]jZg_c l_dms_]h
njZ]f_glZ1

>ey j_g^_jbg]Z njZ]f_glh\ hldjulh]h
ijhkljZgkl\Z fh`gh k mki_ohf bkihevah\Zlv f_lh^
khjlbjh\db ]jZg_c beb f_lh^ ieZ\Zxs_]h ]hjbahglZ/
dhlhju_ \ ^Zgghf kemqZ_ jZ[hlZxl djZcg_ wnn_dlb\gh
b h[_ki_qb\Zxl [ukljh_ hlk_q_gb_ g_\b^bfuo ]jZg_c1

>h\hevgh bgl_j_kguf ij_^klZ\ey_lky
bkihevah\Zgb_ f_lh^Z s0[mn_jZ ^ey j_g^_jbg]Z
hl^_evguo njZ]f_glh\1 Wlhl f_lh^ \ ihke_^g__ \j_fy
ihemqbe ^hklZlhqgh rbjhdh_ jZkijhkljZg_gb_/ h^gZdh
hg bkihevam_lky \ [hevrbgkl\_ kemqZ_\ lhevdh ^ey
hlke_`b\Zgby m`_ aZiheg_gguo njZ]f_glh\ dZjlbgghc
iehkdhklb1 A^_kv `_ fh`gh ijbf_gblv _]h ^ey
m^Ze_gby g_\b^bfuo ih\_joghkl_c/ iheghklvx
bkihevamy _]h ijhklhlm b [ukljh^_ckl\b_1

Ijb dwrbjh\Zgbb j_amevlZlh\ kjZ\g_gby
hq_j_^ghc ]jZgb k ]jZgyfb/ m`_ ihf_s_ggufb \
[mn_j/ g_h[oh^bfh kjZ\gb\Zlv \u\h^bfmx ]jZgv ebrv
k l_fb ]jZgyfb ba ^Zggh]h njZ]f_glZ/ qvb ijh_dpbb gZ
dZjlbggmx iehkdhklv i_j_dju\Zxlky/ qlh g_ lj_[m_l
hkh[_ggh [hevrbo aZljZl \ kbem ehdZevghklb
njZ]f_glZ1

Bkihevah\Zgb_ dh]_j_glghklb f_`^m hlj_adZfb s0
[mn_jZ b dh]_j_glghklb f_`^m khk_^gbfb ebp_\ufb
]jZgyfb iha\hey_l _s_ [hevr_ kgbablv h[s__
dhebq_kl\h ijh\_jhd1

< j_amevlZl_ ihemqZ_lky djZcg_ ijhklhc b
wnn_dlb\guc Ze]hjblf/ iha\heyxsbc iheghklvx
ba[_`Zlv \u\h^Z g_\b^bfuo ibdk_eh\ +l1_1 jZkq_lZ bo
hk\_s_gghklb b l_dklmjbjh\Zgby,/ jZks_ie_gby ]jZg_c
b h]jZgbqblvky ijb wlhf kjZ\gbl_evgh g_[hevrbf
dhebq_kl\hf ijh\_jhd1

Kp_gm/ ij_^klZ\e_ggmx \ \b^_ hl^_evguo
njZ]f_glh\/ dZ`^uc ba dhlhjuo ^ey m^Ze_gby
g_\b^bfuo ih\_joghkl_c bkihevam_l f_lh^ s0[mn_jZ/
[m^_l hlebqZlv ijhklhlZ ihkljh_gby/ \ukhdZy ]b[dhklv
+\hafh`ghklv gZ oh^m baf_gylv ]_hf_ljbx hl^_evguo
njZ]f_glh\, b \ukhdZyq kdhjhklv j_g^_jbg]Z1

< j_amevlZl_ ih^h[gh]h ih^oh^Z \kx kp_gm fh`gh
ij_^klZ\blv dZd _^bguc Z]j_]Zlguc h[t_dl/ khklhysbc
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ba hl^_evguo njZ]f_glh\/ kh_^bg_gguo ijb ihfhsb
ihjlZeh\1 DZ`^uc ba wlbo njZ]f_glh\ bf__l k\hx
\gmlj_ggxx hj]ZgbaZpbx/ gZb[he__ _kl_kl\_ggh _fm
khhl\_lkl\mxsmx/ b k\hc f_lh^ j_g^_jbg]Z1 <
qZklghklb/ hl^_evgu_ njZ]f_glu lZd`_ fh]ml y\eylvky
Z]j_]Zlgufb kp_gZfb/ jZa[blufb ihjlZeZfb gZ
hl^_evgu_ ih^njZ]f_glu1 < j_amevlZl_ \ky kp_gZ
hibku\Z_lky ijb ihfhsb g_dhc b_jZjobq_kdhc
kljmdlmju +^_j_\Z,/ aZ^Zxs_c jZa[b_gb_ kp_gu gZ
i_j\bqgu_ njZ]f_glu1 >ey dZ`^h]h Z]j_]Zlgh]h
h[t_dlZ wlh]h ^_j_\Z aZ^Z_lky g_gZijZ\e_gguc ]jZn/
g_kmsbc \ k_[_ bgnhjfZpbx h lhf/ dZdhc njZ]f_gl k
dZdbf kh_^bg_g b ijb ihfhsb dZdh]h ihjlZeZ1

Ijbf_g_gb_ ih^h[gh]h ih^oh^Z iha\hey_l
kjZ\gbl_evgh e_]dh kljhblv keh`gu_ kp_gu/ khklhysb_
ba jZaghjh^guo njZ]f_glh\1 <u[bjZy ^ey dZ`^h]h ba
njZ]f_glh\ gZb[he__ ih^oh^ysmx \gmlj_ggxx
hj]ZgbaZpbx b f_lh^ j_g^_jbg]Z/ fu kh\f_sZ_f l_f
kZfuf e_]dhklv ihkljh_gby kp_gu k \ukhdhc
kdhjhklvx b ]b[dhklvx j_g^_jbg]Z1

Hkgh\guf/ qlh ^he`_g mf_lv ^_eZlv dZ`^uc
njZ]f_gl/ y\ey_lky ihkljh_gb_ k\h_]h bah[jZ`_gby \
aZ^Zgghf fgh]hm]hevgbd_ dZjlbgghc iehkdhklb1 LZdbf
h[jZahf ij_^klZ\e_gguc njZ]f_gl y\ey_lky ihlhfdhf
ke_^mxs_]h qbklh \bjlmZevgh]h deZkkZ=

class SubScene
{
public:

SubScene () {}
virtual ~SubScene () {}

virtual void render ( Polygon& ) = 0;
}

KZfZ `_ Z]j_]ZlgZy kp_gZ ij_^klZ\ey_l kh[hc
dhee_dpbx njZ]f_glh\ b ihjlZeh\/ Z lZd`_
k\yau\Zxsbc bo f_`^m kh[hc ]jZn1

class AgregateScene : public SubScene
{
public:

Collection <SubScene> phragmentCol;
Collection <Polygon>  portalCol;
int * connectionGraf;

AgregateScene ();
~AgregateScene ()
{

delete phragmentCol;
delete portalCol;
delete connectionGraf;

}

int isConnected ( int i, int j )
{

return connectionGraf
[i*phragmentCol->itemCount + j];

}

virtual void render ( Polygon& );
}

61 AZdexq_gb_
Ih^h[guc h[t_dlgh0hjb_glbjh\Zgguc ih^oh^/

dh]^Z dZ`^uc njZ]f_gl y\ey_lky h[t_dlhf/
bgdZikmebjmxsbf \ k_[_ gZb[he__ ih^oh^ysbc _fm
f_lh^ j_g^_jbg]Z/ h[_ki_qb\Z_l \ukhdmx kl_i_gv
]b[dhklb ijbf_g_gby/ \hafh`ghklv Zdlb\gh]h
bkihevah\Zgby kp_g k baf_gy_fhc ]_hf_ljb_c
+ihkdhevdm ihy\ey_lky \hafh`ghklv bahebjh\Zlv
njZ]f_glu k baf_gy_fhc ]_hf_ljb_c ijb ihfhsb
ihjlZeh\ b ijbf_gblv gZb[he__ wnn_dlb\gu_ f_lh^u
^ey bo j_g^_jbg]Z/ g_ aZljZ]b\Zy ijb wlhf h[jZ[hldm
\k_o hklZevguo njZ]f_glh\, b jZaghjh^ghc
kljmdlmjhc1

Ijb wlhf ^hklb]Z_lky e_]dhklv b m^h[kl\h
ihkljh_gby dhfihablguo kp_g/ dh]^Z kp_gZ kljhblky ba
]hlh\uo h[t_dlh\/ dZ`^uc jZa \u[bjZy gZb[he__
ih^oh^ysbc h[t_dl/ b / kgb`Zy l_f kZfuf/ h[smx
keh`ghklv kp_gu1

H^gh\j_f_ggh ijb wlhf ^hklb]Z_lky b \ukhdZy
kdhjhklv j_g^_jbg]Z \ke_^kl\b_ ehdZebaZpbb
ihl_gpbZevgh0\b^bfuo njZ]f_glh\ b kgb`_gby aZljZl
gZ j_g^_jbg] hl^_evguo njZ]f_glh\1

Ebl_jZlmjZ
[1]. Andrew Glassner. An introduction to ray tracing. -

Academic Press, 1989.
  [2]. Seth Teller. Visibilty computations in Densely
Occluded Polyhedral Environments. Dissertation., 19921

:\lhj
;hj_kdh\ :e_dk_c/ feZ^rbc gZmqguc khljm^gbd
nZdmevl_lZ <uqbkebl_evghc fZl_fZlbdb b
db[_jg_lbdb Fhkdh\kdh]h =hkm^Zjkl\_ggh]h
Mgb\_jkbl_lZ bf1F1<1 Ehfhghkh\Z1
:^j_k=Fhkd\Z/ 436397/ ;hevrhc DZa_gguc i_j1/ ^hf :/
d\. 47
L_e_nhg= +3<8,<4:06;63
E-mail: alex@garant.ru

Summary
Boreskoff Alex.
Creating aggregate scenes using portals.
In the article the author considers splitting of entire scene
into subscenes using portals. Each subscene is considered
as an object with it’s own internal structure and it’s own
method to render it. So a complex scene can be rendered as
a sequence of subscenes, each subscene representing it’s
own method of rendering.
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