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TOM TAT — Nhiing cong cu mb phéng da tdc tir trén méi trieong théng tin dia ly (Geographical Information System — GIS) nhuw
GAMA (GIS Agent-based Modeling Architecture) thuong cho phép chay mgt mé phong chi trén mgt may chu. Véi nhiing md phong
h¢ thong lon phitc tap véi s6 lieong lon tac tik tham gia (hang tram ngan hay hang triéu) thi cac mdy PC thong thuong sé khong tdi
néi hodgc thoi gian xit ly sé bj kéo dai dén mirc khong chdp nhdn diroc. Nhitng phwong dn song song héa cong cu md phong aé tang
téc d xir Iy trén cac may chi song song hodc da nhdn dem lgi két qud han ché va doi hoi phdai xem lai kién tric va thiét ké cia
cdng cu moO phong, chuong trinh ciing nhw ngon ngir mo phéng di kem.

Chiing t6i dé xudt mgt cach tiép can trie quan déc ldp véi cong cu va ngdn ngiz md phang dua trén ddc thik moi truong thing tin dia
ly ciia bai toan mo phong: chia méi truong dia 1y md phong da cho thanh cac mdanh nho cling véi cac tac tur da dwoc phan phdi ban
dau trén né va si dung nhiéu may chii chay song song cung mot chuong trinh mé phong nhung méi may chi phy trach méi truong
mét manh. Téng hop cac md phéng con nay trong méi quan hé tuong hé ldn nhau sé cho két qua cia bai todn md phéng toan the.
Trong bai bao nay, chling t6i phan tich va liét ké nhang mai lién hé co thé giiza tac tir cac ving lién ké. Tlep do ching 16i dé xuat
phwong an gidi quyét nhing bai toan do nhiing lién hé ndy dat ra. Mét md phéng cu thé ap dung cach tlep cdn nay, thuc hi¢n trén
cdng cu mo phong da tac ur GAMA sé ching minh tinh khd thi cia tiép cdn va chi ra nhiing vdn dé ma tiép cdn cdn gidi quyér dé co
thé 1ing dung trong thuc té.

Tir khéa — M6 phong song song, da tac tir, GIS, GAMA.

1. MO DAU

Trong nhitng nim gan day, mé hinh hoa dua trén tac tir (agent-based modeling) da dugc sir dung ngay cang
rong rai dé nghién ctru cac hé thdng phuc tap. Didu ndy xuat phat tir kha nang cua tac tir cho phép thé hién nhiéu mirc
d6 tuong tac vai nhirng thé hién maéi truong chi tiét va phirc tap. Bé ddi pho voi sy phuc tap gia tang nay, cac cong cu
md hinh héa va mo phong manh mé& da dugc ra doi. Nhitng nam qua da chung kién su phat trién cua nhiéu nén tang
danh riéng cho phat trlen tng dung dya trén mo hinh tac tir. Trong sé cac cong cu ndy, nén tang md hinh héa va mé
phong da tac tir trén nén hé théng thong tin dia Iy GAMA (GIS Agent-based Modeling Architecture)[1] la mot thi du
tiéu biéu. La mot nén tang duoc phat trién tir sy cong tac gitra cac nha khoa hoc Phap va Viét Nam tai phong nghién
cttu Md hinh héa va mo phong tin hoc cac hé théng phirc tap (MSI - Modelisation et Simulation Informatique des
systemes complexes) thudc Vién Tin hoc Phép ngit (nay 1a Vién Quéc té Phap ngir, PHQGHN), GAMA nham muc
dich hd tro thiét ké cic mo hinh lién quan khong gian dia 1y, da mé thirc (multi-paradigms) va da quy mé (multi-
scales). GAMA da dugc tng dung trong nhiéu dy an nghién ciru xung quanh céc vin dé nong nhu du bdo, phong
chdng thién tai, tham hoa, dich bénh, v.v... [2].

Tuy nhién, nhitng céng cu md phong dua trén hé théng thong tin dia ly nhu GAMA thuong cho phép chay mot
mo phong chi trén mot may chua. Véi nhitng md phong hé thong I6n phice tap voi s6 luong I6n tac tu tham gia (hang
tram ngan hay hang tri¢u) thi cac may PC thong thuong, ké ca co cau hinh cao, s& khong tai ndi hoac thoi gian xir Iy s&
bi kéo dai &én mic khdng chap nhan duoc.

Trong bai bao nay, chung téi dé xuat mot cach tiép can truc quan doc lap véi cong cu va ngdn ngit mé phong
dya trén dac thu moi truong thong tin dia ly cua bai todn md phong: chia méi truong dia Iy md phong da cho thanh cac
manh nho cling vai cAc tac tir da dugc phan phdi ban dau trén né va sir dung nhiéu may chi chay song song cing mot
chwong trinh md phong, nhung mdi may chi phu trach méi trudng mot manh. Tong hop cac mé phong con nay trong
mébi quan hé twong hd 1an nhau s& cho két qua cua bai toan mé phong toan thé.

Cau tric ciia bai bao nhu sau: muyc tiép theo phan mo dau nay s& dé cap cac nghién ciru lién quan dén cha dé
nghién ctru. Sau d6 s& 1a huong tiép can cua bai béo chia cit moi truong mo phong va phan tich cac van dé s& nay sinh
qua nhitng méi lién hé c6 thé giira tac tir cac ving |Ien k& khi thyc hién md phong. Tlep d6, phuong an giai quyét
nhiing bai ton nay trén mot bo mod phong cu thé 1a nén taing GAMA sé& duoc d& xuét, bao gdm nhirng cong cu bé sung
mé&i va mot qui trinh &p dung dé " song song héa " mot md phong da co trén GAMA. Nhitng giai phap tdi vu cho viéc
thiét ké va cai dat giai phép ciing s& duoc dé cap nhim xay dung mot prototype dé ching minh tinh kha thi va hiéu qua
cua tiép can va chi ra nhitng vin d& ma tiép can can giai quyét dé co thé ung dung trong thuc té. Cudi cung 1a mot sb
két luan cua bai béo.

I1. NGHIEN CUU LIEN QUAN

Nhitng nghién ctru xung quanh viéc song song hoa cac ung dung mo phong dua trén mo hinh tac tu khdng c6
nhiéu. Theo nhitng tim hiéu cua chiing t6i vé chu dé nay thi c6 vai cach tiép can sau day:
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F. Shimojo et al. [5] da dé xuat mot thuat todn ” chia dé trj " trén cac lugi khdng gian thuc dé song song hda tng
dung md phong dong hoc phan tu dya trén Iy thuyét ham tri mat dé dat dwoc su gia ting tuyén tinh s6 CPU xir ly khi
s6 lugng phan tu gia tang. Thudt toan dé xuét phan 16p theo khong gian va dugc lap trinh trén siéu may tinh song song.
Ung dung rat ddc thu va khong ¢ lién quan dén md phong da tac tir. Cach tiép can cua chung toi ciing theo y tuang
chia nho va cé thé mé rong tuyén tinh khi lwong tac tir ting.

Anne Hakansson [6] d& xuat mot céch tiép can cho phép tu dong tao ra mot phan cp cac tac tir trong mot (ng
dung da tac tir. CAc tac tir tuong tu dwoc nhom trong cing mot cap nham t6i wu hoa tinh dia phuong va cai thién dang
ké hiéu qua cac tac vy, giam chi phi giao tiép. Nho viéc phan 16p, cac nhém téc tir c6 thé phan thanh céc tac vu doc lap
va c6 thé song song hoa. Céch tiép can co thé sir dung cho khai pha di liéu, tim kiém twong tw. Khong c6 khéi niém tac
tir phu thugc vi tri va méi truong dia 1y nhu trong loai md phong da tac tir ma ching t6i huéng dén.

A. Nakano et al. [7] d& xuit mot framework dé mo phong nguyen tu dién rong (hang tricu dén hang ty nguyen
tir) danh cho phan tng hda hoc, ciing theo mé hinh " chia dé tri " chay trén siéu may tinh cap do vai ngan 16i. Ung
dung ciing rat dic thu va khong co lién quan dén md phong da tac tir.

Chinh trong GAMA, chu d& song song hda nén tang md phong dé tang téc do mod phong ciing da duoc dé cap
trong dién dan phat trién cia dy an (https:/github.com/gama-platform/gama/issues/738). Cach tiép can cua céc nha
phét trién d& xuat 1a tan dung sé 18i c6 trong bo vi xir Iy dé khai tao mot sb threads song song nham ting tc do xir 1y.
Nhom da dat dugc mot sé két qua budce dau tich cyc, tuy nhién van con chua di chin dé cong bd. Tiép can yéu cau phai
sira trong 16i cia GAMA va chi c6 thé cai thién toc doc tinh toan nhung khong dap timg dugc nhu cau xir ly bai toan mo
phong vai sb lugng 16n téc tir vi wng dung van chi chay trén mot may PC.

Nhin chung cac tiép can déu huéng t6i viée tang toc d6 xir ly md phong bang cach tan dung sic manh cua céc
b6 (cluster) hozc siéu méy tinh (massivly parallel computer), hoic bang cach tan dung kién triic da 13i trén cac PC phd
dung dé tang cudng xir ly song song. Trén nhitng nén tang md phong da tac tir dua trén moi trudng dia 1y nhu dang
GAMA, chung t6i chwa thiy céch tiép can twong tu ciia minh.

III. PHUONG PHAP CHIA NHO MO PHONG PE XUAT VA CAC VAN PE HE QUA CAN GIAI QUYET

M6 phong da tac tir di dong noi chung déu can thiét mot hé toa do qui chiéu cho phép céc tac tir xac dinh dwoc
vi tri (toa d6) cua minh trong thoi diém hién tai ciing nhu diém né cé thé di chuyén dén trong budc tiép theo. M6 phong
da tac tir trén nén GIS cho phép céc tac tir trong moi thoi diém nhan
biét dugc vi tri ciia minh trong méi trudng (dia ly) theo mot hé toa do
do GIS quy dinh. Téc tir di dong cé thé di chuyén trong khdng gian md
phong va cé kha ning nhan biét bién gigi, chuéng ngai vat ciing nhu
H 16i thodt khoi khdng gian md phong, can cir vao thong tin moi trudng
e~ (do GIS cung cap va hanh vi da dugc lap trinh.

Hinh 1. Chia cit viing khong gian mé phong
thanh 2 viing

_ Viéc chia cit khdng gian m6 phong thanh 2 hay nhiéu viing lién
ké co thé hiéu don gian 1a xac dir]h mot loai duong bién méi, ao, phan
tach gitra 2 vung mo phong lién ké (xem Hinh 1)

Trong Hinh 1, khéng gian m6 phéng da duoc chia lam 2 ving
lien ké. Pay 1a mot vi du hét sic don gian dé thé hién y tuong chia
ving. Trong thuc té, mot md phong trén nén GIS thi bién gigi gitra hai
vaing lién ké ndi chung s& khong phai 1a mot duong thang ma sé 1a tap
hop mét hay nhidu ddi twong ma GIS cho phép nhan biét, dugc chi
dinh 1am bién gigi (vi du 1 con séng, mot chudi duong phd nbi tiép
nhau, v.v...).

b

b
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Y tuong dugc dé xuat & day la sau khi da chia khong gian md
phong thanh céc ving lién ké thi méi vang (cung véi cac tac tor da
dugc trién khai trén nd) s€ duoc phan phédi cho cac may tinh khéc nhau
trong cing mot bo may (cluster) hodc ciing mot mang cuc bo (LAN) toc do cao thyc hién song song. Cac may tinh nay
phai dugc dong b6 hoa theo budc md phong. Két qua md phong cua tat ca cac may trong b6 s& dwoc tap hop v& mot
diém Chung dé hién thi. Véi vi du tai Hinh 1, ving bén trai s&¢ dugc nap cho may M1 va vang bén phai cho may M2.
Mdi may sé& chi thuc hién hanh vi va thay ddi thugc tinh cho cac tac tir trong " 1anh tho " ciia minh, tic 1 tai cho mdi
may s& duoc giam di xap xi mot ntra so Vai tai ban dau.

Yéu cu tong quét 1a két qua md phong phai khong bj phu thudc vao viéc md phong dugc thyc hién trén 1 hay
dugc chia thanh nhiéu may song song. Nai cach khéc, viéc song song hdéa md phong phai trong suot vai ngudi sir dung.

Dé thyc hién dugc ¥ tuong da néu vei yéu cau tong quat nay, ngoal viéc chia cat " vatly " mdi treong mo phong
ban dau thanh cac cac ving lién k& nhu da néu trén, con nhitng vin dé sau day s& can duoc giai quyét :

1. Trao ddi thdng tin gitra hai vang lién ké: tac tir nam trong khu vuc giap ranh cua 2 vang lién k& phai nhan


https://github.com/gama-platform/gama/issues/738

882 XU LY SONG SONG MO PHONG PA TAC TU GIS BANG PHUONG PHAP CHIA MANH

dugc thdng tin tir ving bén canh nhu khi khong c6 duong bién gisi ao phan cach vung. Khu vuc giap ranh
dugc dinh nghia 1a phan 1anh th téi da ké tir duong bién gidi 2 ving lién ké ma mot tac tir nam trong khu vuc
nay cua mot ving cé thé " nhin " dugc thdng tin vé trang théi cua hodc " nghe " dugc thong diép tir mot tac tir
ving bén kia. N6i cach khéc, can xac dinh co ché dé chuong trinh md phong ciia mot ving ¢6 kha ning
" nhin/nghe " duoc nhiing thay doi trong khu vuc giép ranh cua ving lién ké cia no.

2. Di cw ciia t&c tir gitra hai ving lién ké: néu tac tir nam trong khu vuc gip ranh cua mot ving quyét dinh di
chuyén sang mot diém thuoc Ianh thé caa ving lién ké thi can c6 co ché cho phép " di cu tac tir lién mo
phong ", nghia 14 tac tir s& duoc loai khoi md phong goc (nhung khong phéi " chét " hay "sdng s6t" nhu trong
truong hop voi bién gisi that ma chi don thuan 14 tac tir bi " gach tén " khoi md phong nay), dong thoi né
duoc tai tao trong md phong dich tai diém dén dy kién (nhung khong tinh 1a tac o ma&i phat sinh ma danh
sach tac tir cia md phong duge tang thém mot) véi trang thai nhu trong mé phong goc.

3. Pong bd hoa va hién thi két qua: mac du cac may md phong sé chay cing mot chuong trinh va xir Iy nhu
nhau véi tirng loai tac tir, song vi cac viing s& khong thé dong déu vé phan bé tac tir (s6 lugng va ching loai),
cac may mo phong vé nguyén tic 1a khdng thuan nhat (ca vé cu hinh va tai) nén phai co co ché dam bao ddng
bo giira cac md phong bo phan: tat ca cac mé phong déu phai chay ciing mét nhip dya trén buéc md phong.
Ngoai ra, dé viéc song song hda la trong sudt véi ngudi sir dung thi két qua cia cac md phong bo phan déu
phai dugc tap trung sau mdi buéc md phong tai mot diém dé co thé dwoc hién thi ciing nhau. N6i cach khac,
can ¢c6 co ché tach roi tinh toan mé phong véi hién thi.

Trong muc tiép theo, dé xuat mot giai phap cho cac van dé néu trén véi truong hop cu thé 13 nén tang md phong
GAMA sé& duoc trinh bay.

IV. GIAI PHAP TREN NEN TANG MO PHONG GAMA

GAMA (GIS Agent-based Modeling Architecture) [1] 1a mot nén tang mé hinh héa va mé phong da tac tr ngudn
ma (gidy phép GPL v2) trén nén hé thong thong tin dia Iy GIS (Geographical Information System). GAMA h tro thiét
ké cac mo hinh lién quan khong gian dia 1y, da mo thirc (multi-paradigms) va da quy mé (multi-scales). Theo md td
trén trang Wiki cta du an 31, kién tric cia GAMA 1a mét té hop cac projects Eclipse viét bang Java, trong d6 mot s6
projects 1a & cac thanh phan 16i, khdng thé thiéu khi chay cac md phong GAMA. Con lai 1a cac plugins c6 thé tiy bién
va thém/bét theo yéu cau cia md phong. Cac mod phong da tac tir dugc 1ap trinh theo mot ngén ngir rieng GAML [4].

Giai phép song song héa md phong GAMA theo cach tiép can da néu trong muc trudc s& khdng can thiép vao I6i
cuia GAMA ma chi gom mat sé plugins va cdng cu phu tro can dugc phét trién thém dé giai quyét 3 vin dé da néu va mot
quy trinh dé sira d6i hanh vi cua trinh diéu khién md phong va céc téc tir cua ang dung md phong nham phan biét bién
gi6i thong thuong cua khdng gian mé phong véi bién gisi do duoc thiét lap gitra cac ving lién ké. Cu thé nhu sau:

1. Cong cu hd trg chia cat khdng gian md phéng: viéc chia cat khong gian GIS caa md phong phu thudc vao
ddic trung riéng cua mdi bai todn md phong. Khong thé c6 mot cong thirc cd dinh dé tinh xem m&i mo phong

s& dugc chia thanh may ving lien ke hay st dung cdi gi (duong thang hay phan tir GIS) dé lam duong chia
cit. Giai phéap cho viéc chia cit dugc dé xuit gdm 2 cong cu:

e Mot chu tric di ligu kiéu chudi (list) cho phép dac ti duong bién givi 4o giira hai viing lién ke tir diém dau
dén diém cuoi. Cac phan tu caa chudi thyuc chat la c&c phan tir GIS dugc dac ta theo ngdn ngir cua GIS.

e Mot cdng cu cho phép dénh dau duong ranh gisi giira cac viing lién ké theo dic ta dwong bién gisi 4o o trén.
buong ranh giéi nay khac véi duong bién gisi cua khong gian mo phong va phai chira thong tin cho biét so
hiéu cuaa vung lién ké bén kia ranh giéi.

2. Cong cu hd trg " nghe/nhin " khu vuc giap ranh: day sé la mot plugin méi cia GAMA thuc hién cac chic
nang sau:

e ham kiém tra néu tac tir nam trong khu vuc giap ranh.

e thong bao cho md phong lién ké vé moi thay doi trang thai cua tac tir nam trong khu vuc giap ranh hogc thong
diép cua tac tir danh cho tac tir phia vang lién ké.

3. Cong cu hd trg " di cwr tac tir lién md phéng ": day ciing la mot plugin méi cia GAMA thuc hién cac chic
nang sau:

e x0a tac tr quyét dinh di cu khoi md phong gbc

e chuyén toan bo trang théi hién thoi cua tac tr sang cho md phong dich dé tai tao téc tir & do.

4. Cong cu hd tre ddng bd hoa va hién thi két qua: day ciing 13 mot plugin méi caa GAMA thyc hién céc chuc
nang sau:

e chuyén trang thai méi ciia moi tac tir c6 thay ddi cua mbi md phong con vé méy cha hién thi trung tam.

e thdng bao cho méy chii hién thi viéc hoan thanh buéc md phong hién thoi

e thong bao thuc hién budc mé phong tiép theo cho cac md phong con.
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_ D& minh hoa cho giai phap, chiing tdi Iy vi du mot md phong co tén goi " Road Traffic " (Giao thong duong
pho) co trong kho mo phéng gido khoa (tutorials) cua GAMA 1.7
(http://vps226121.ovh.net/tutorials#Road TrafficModel)

Hinh 2 minh hoa ban db méi truong dwoc chia 1am ba vung lién ké véi duong bién gisi viing va cac khu vyc
giép ranh. Trong vi du nay, méi truong (ban db) ciia md phong bo phan M1s& bao gdom ca viing gidp ranh bén phia M2
va M3 dé gilp cho tac tir nim trong lanh thé cia M1 c6 thé " nghe/nhin " nhiing thay ddi xay ra trong céc khu vuc giép
ranh nay. Tuong tu véi M2 va M3.

Hinh 2. Chia md phong GAMA thanh cac mé phong bo

phéan
" ‘ "‘
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e ¢ R
:J - t«'. * 1‘ v
) - e Y
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1‘.'."'~ > /':w‘. \

Bién gidi vang
lxén ke
P LS|

Hinh 3 minh hoa viéc trién khai 3 md phong bo phan chay song song trén ba may M1, M2 va M3. Mot may
Display/Master dong vai tro hién thi va giao tiép véi nguoi sir dung. Cac mé phong bo phan déu duoc thuc hién theo
kiéu khong hién thi két qua (headerless) ma chi théng bdo moi thay doi trong ving cia minh vé cho may chu
Display/Master 14 noi luu giit két qua md phong toan bo. May chii nay chi lam nhiém vu hién thi két qua cho ngudai st
dung trén co sd trang thai cta cac tac ti nhan duoc tir cAc md phong bo phan.

Hinh 3. Giai phap song song héa mo phong trén nén tang
GAMA

Display/Master|
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Dé thuc hién dwoc moé hinh glal phap nay, cac tac tu trong cac tng dung md phong ciing phai dugc thay ddi
trong hanh vi. N6i mot cach khac, ngoai viéc phat trién cac cong cu va plugins bé sung cho nén tang GAMA nhu da dé
cap & trén, chling ta s& con phai " song song hda " cc tac tir cho mdi tng dung md phong c6 nhu cau chay song song.
Vi s6 chung loai téc tir trong mdi md phong thuong cé sé lugng nho nén lap trinh vién mé phong c6 thé dé dang thich
g mot mod phong da dugc 1ap cho mot may thanh phién ban ™ song song ™ trong mot thoi gian tuong ddi ngan.

Quy trinh " song song héa " mot tng dung md phong GAMA sé& quy Vé viéc ap dung thay dbi véi moi tac tir Ai
cua ng dung theo " thuat toan " sau:

S0 « Status (Ail)
S1 — Status (Process (Ai))
If (S1 # S0) then
Inform (Ai, S1, Master)
If (A1 € Border area (Mj)) then
Inform (Ai, S1, Mj)
If ( Ai goto Mj) then
Create (Ai, S1, Mj)
Clear (Ai)

O day Status (A1) duoc hiéu la tap hop cac thudc tinh cua tac tir c6 thé bi thay d6i khi p dung xir Iy hanh vi
cia Ai (Process (Ai)). CAcham Inform(), Create() vaClear ()la cac APl méi do cac plugins dé cap ¢
diém 3 & trén cung cap. Tham sé cua cac API chi mang tinh minh hoa.

Vin dé tach roi thuc hign md phong thuén tly (headerless) véi hién thi két qua md phong da duoc tril tinh trong
GAMA nén viéc chuyén cac md phong thanh phan sang dang headerless s& khong gép kho khan. Céc thuét toan xu ly
hanh vi cua t&c tu trong moi budc mé phong khéng bi thay doi.

Ngoai nhirng thay dbi 4p dung cho cAc tac tir d3 mo ta & trén, chling ta s& con phai 4p dung mét thay ddi nita cho
I6p diéu khién mé phong lién quan dén viéc thuc hién budc tiép theo tai cac md phong thanh phan va may chii Master.
Chuong trinh mé phong thanh phan s& khong dugc chay " hét téc lyc " ma phai cho doi tin hiéu dong b do may chu
Master phét ra. Master s& chi phat tin hiéu budc mé phong tiép theo sau khi da nhan duoc thong béo hoan thanh budc
mo phong hién thoi cua tat ca cac md phong thanh phan.

V. CAI PAT VA PANH GIA
~ V¢i nhitng phan tich tong quat va giai phap dé xuét trong bai béo nay, viéc thiét ké chi tiét va cai dat giai phap
co the bat dau. Hién nay cong viéc nay dang dugc tien hanh trén nén tang GAMA 1.7 tai phong nghién cau MSI cua
Vién quoc te Phap nglt, DGQGHN. Chung ti hy vong dén cuoi 2016 s& hoan thanh phién ban dau cho giai phap song
song hoa va két qua thuc nghiém trén mét vai md phong vi duy, qua d6 cé thé khang dinh tinh kha thi cua tiép can va
danh gia duogc hiéu qua cta giai phap.
That vay, dé thay céch tiép can s& gap mot s6 han ché nhu luong thong tin trao doi lien md phong s& 1a dang ké

va la mét can tro 16n cho hiéu qua caa giai phap. Co che dong bo bat budc ciing s& 1a mot nhan t6 tang thém overhead
cho giai phap. M6 hinh may chii hién thi tap trung tiém dn nguy co " that nat ¢6 chai * khi van hanh thyc té.

Dé khic phuc nhfrng han ché nay, cac giao tiép lién md phong s& can dugc chl y va téi wu hoa ngay tir dau trong
thiét ké va lap trinh céac plugins va APl méi. Mot trong nhiing giai phap t6i wu thiét ké la giam thicu toi da luong thong
diép lién mé phong bang céch gop céc thong tin trang thai vung gidp ranh vao mot thong diép chung dé gui dén mo
phong lién ké sau mdi bugc mo phong. Tuong tu v6i cac thong tin thay d6i trang théi ctia cac md phong. thanh phan gui
dén may chu hién thi két qua. Can tan dung t6i da cac API da c6 dé tiét kiém cong sirc va tranh mau thuan thiét ké.

Nhitng théng s6 Ca;m‘ dugc do luong va danh gid trén prototype s& bao gom overhead cuia giao thirc trao doi
thdng tin va cua giao thire dong bo hda, hién thi tap trung.

VI. KET LUAN VA TRIEN VONG

Trong bai bao niy, ching t6i da trinh bay chi tiét mot phwong phép tiép can mgi nham cai thién nang luc cho
céc hé nén nén tang md hinh héa va md phong da tac tir trén nén hé thong thong tin dia ly, danh cho nhitng mé phong
VGi s6 lugng rat 1on tac tir ma mot may PC cau hinh manh ciing s& khong kham ndi. Sau khi phan tich nhiing dac thu
cua loai hinh md phong nay, ching toi dé xuat mot cach tiép can ciing theo tu tuong " chia dé tri ", nhung viéc chia
dugc dua trén dic thi méi truong GIS ma céc tac tir dugc trién khai dé thuc hién md phong. Mai truong méd phong ban
dau s& dugc chia thanh cac vung lién k& va mdi ving s& dugc nap cho mot may PC chay song song cling mét chuong
trinh md phong nhung véi méi tredng va sé luong tac tir thu nho hon réat nhidu so voi md phong géc. Vai cach tiép can
nay, phan 18i cia hé nén s& khong phai thay ddi va ma ra kha niang mé rong qui mé mo phong mot céch tuyén tinh véi
s6 lugng tac tir va moi truong dia ly.

Mot giai phap cu thé cho nén tang GAMA theo hudng tiép can nay di dwoc mo ta chi tiét, du sin sang cho thiét
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ké va cai dit thir nghiém. Giai phap khdng yéu cau thay doi cau tric va thuat toan cia GAMA. Nhiing cng cu va API
(plugins) bo sung cho GAMA dugc d€ xuat va dac ta chi tict. Mot quy trinh dé hiéu dé "song song héa" mét ung dung
mo phong trén GAMA ciing dugc dac ta day du.

Cong viéc thiét ké va cai dat thir nghiém hién mai duoc bit dau nén chung toi con chua thé dua ra cac danh gia
khach quan cé so liéu minh hea vé tinh kha thi va hiéu qua cua cach tiep can.

VII. LOI CAM ON

Cong trinh nghién ctru nay duoc tai tro boi dé tai nghién cau khoa hoc cép DHQGHN "Phuong phép va cong cu md
phong ung dung trong viéc to chirc caru ho khi ¢ su co chay tai cac dia diem dong nguoi (siéu thi, trung tam mua
sam)", ma s6 QG.15.31.
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PARALLEL PROCESSING GIS-BASED MULTI-AGENTS SIMULATIONS
BY DIVISION IN PIECES

Nguy&n Hong Quang, Hé Twang Vinh, Nguyén Manh Hing

ABSTRACT— The multi-agent simulation tools on geographical information environment (Geographical Information System - GIS)
as GAMA (GIS Agent-based Modeling Architecture) often allow a simulation running on only one server. With the huge simulation
for complex systems with large numbers of agents (hundreds of thousands or millions), the conventional PC will not be able to
process or processing time will be excessive . The parallelization schemes of simulation tools in order to speed up the host processor
on multi-core parallel server give limited results and require review the architecture and design of simulation tools, simulation
programs and accompanying language.

We propose a comprehensible approach independent with tools and language simulation, based on geographic information
environment aspect: splitting simulation geographical environment into small pieces (sub-regions) together with the agents initially
deployed on its, then use multiple servers running in parallel with a same simulation program, but each in charge of one sub-region.
Synthesis of these sub-simulations with their mutual relationship will give the general simulation results. In this paper, we first
analyze and list the possible relationship between agents on adjacent regions. Then we propose solution to address the problems
caused by these relationships on the simulation platform GAMA. A simulation application implementing this approach on GAMA
will prove the feasibility of the proposed approach and point out the problems that need solving for the real application of the
approach.

Keywords — Parallel simulations, multi-agent, GIS, GAMA.
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