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KHAI THAC MAY CHU TINH TOAN HIEU NANG CAO (HPC)
VAQ THIET KE TOI WU HIEU QUA NANG LUONG TOA NHA

BUILDING DESIGN OPTIMISATION FOR ENERGY EFFICIENCY

ON HIGH PERFORMANCE COMPUTING (HPC) SYSTEM

TOMTAT

Hién nay, dé dap tng nhu cau md hinh hod hiéu néng cdng trinh xay dung,
cac cong cu md phong da va dang dugc phat trién cho phép thuc hién tinh toan
chi tiét tiéu thu nang lrgng toa nha theo thiét ké thy dong, chd dong, lich van
hanh va cac diéu kién vi khi hau bén ngoai cng trinh. Tuy nhién, md hinh nang
Irgng trong toa nha Ia tong thé cla céc bai todn & cac inh vire vat I khac nhau
do dd dé giai duoc, ddc biét la cac bai toan t6i vu, doi hdi cdu hinh may tinh
manh va thoi gian tinh toan dai tuy thuc vao mic d chi tiét clia md hinh md
phdng. Trong bai bao nay, ndi dung nghién ctu s& mo ta khai thac gidi thuat di
truyén thong qua phan mém jEPIus+EA dé t6i vu hoa thiét ké mot cong trinh
van phong cho phép tiéu thu nang lrong danh cho lam mat va sdi trong c nam
[a nhé nhat. Bai toan tdi tu dugc thuc hién trén may chd tinh toan hiéu nang cao
thudc phong Lab mé phéng va tinh toan hiéu néng cao, Vién Cong nghé HaUl.

Tir khda: Md phdng néng Itong; hiéu qua nang leong; tai wu hod; tinh toan hiéu
nang cao.

ABSTRACT

Nowadays, to adapt necessities of building performance modelling, simulation
tools have been developed to calculate building energy consumption following
modification of passive designs, occupancy, operating schedules and weather
conditions. However, building energy models are multi-physical problems
therefore they, especially optimal problems, require high performance computation
and long calculation duration. This paper describes the research of Genetic
Algorithms using through JEPIus+EA software to optimize the design of an office
building for minimizing cooling and heating demand. The optimal problem was
performed on a high-performance computing system in High Performance
Simulation and Calculation Laboratory, HaUl Institute of Technology.

Keywords: Building energy modelling; building energy efficiency; optimisation;
high performance computing.
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PBS Portable Batch System
CPU Central Processing Unit
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SSH Secure shell

1.GIOI THIEU

Hién nay, dé dap (ng nhu cau mé hinh hoa hiéu nang
céng trinh xay dung, cac cong cu md phdéng da va dang
dugc phat trién cho phép thuc hién tinh toan chi tiét tiéu
thu nang lvgng toa nha theo thiét ké thu dong, chii dong,
lich van hanh va céc diéu kién vi khi hau bén ngoai cong
trinh. O giai doan thiét ké cong trinh, théng qua phan tich
tham s6 (parametric analysis) va t6i wu hoa thiét ké (design
optimization) m6 hinh mé phdng dac biét hiéu qua trong
viéc phan tich va dwa ra quyét dinh lya chon phuong an
thiét ké dap (ing céc tiéu chi vé nang lvgng, cdng nang
hoat dong va chi phi xady dung [1]. Trong d6, phéan tich
tham s6 la phwong phép thwong duoc st dung khi phan
tich cac phwong an véi s6 lugng tham sd gi¢i han théng
qua viéc thuc hién so sanh két qua mé phéng clia tat ca cac
t6 hop tham s6 can danh gia. Con t6i wu hoa thiét ké
thuong droc str dung trong treeng hop lvgng tham s6 can
phéan tich Ién, can ap dung cac thuat toan t6i vu két hop
v0i thuat toan xac suét ve lira chon to hop céc tham s6, cho
phép két qua mo phéng hdi tu vé phuwong an t6i vu theo
cac didu kién rang budc dinh s&n ma khéng can phai chay
tat ca cac truong hop md phdng. Tuy nhién, mé hinh nang
lwvgng trong toa nha la tdng thé clia cac bai toan & céc linh
vuie vat ly khac nhau nhu truyén nhiét, théng gio, chiéu
sang, co dién, bién d6i nang luvong... do dé dé giai duoc,
dac biét la cac bai toan t6i wu, doi hoi cdu hinh may tinh
manh va thoi gian tinh toan dai tuy thudc vao murc dé chi
ti€t ctia mo6 hinh md phéng [2]. Trong mot s6 tredng hop,
dé gidm khoi lvgng tinh toan va tang kha nang hoi tu vé
nghiém t6i wu, viéc phan tich dé nhay can dwoc thuyc hién
dé xac dinh cac tham sd c6 tac dong nhiéu nhat téi qua
trinh t6i wu hoa [3]. Ngoai ra, t6i wu hoa cling duoc st dung
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nguoc tré lai nhu mot cdng cu hiéu chinh mé hinh moé
phéng, gidm sai s6 gilta két qua tinh toan béi md hinh moé
phéng va két qua do lvong thuc nghiém [4].

Trong nhiéu cac phwong phap téi vu hoa khac nhau c6
thé ap dung cho linh vic md phéng nédng lveng toa nha,
gidi thuat di truyén (GA) duoc khai thac st dung nhiéu nhat
bdi nhigu cong cu t6i wu hod ndi tiéng nhu: Opt-E-Plus,
GENE_ARCH, BEopt™, TRNOPT, Multiopt2, jEPIUS+EA... [5].
No6i dung nghién ctru trong bai bdo nay sé khai thac giai
thuat di truyén thong qua phan mém JEPlus+EA dé toi uu
hoa thiét ké mét cong trinh van phong [6], thwc hién trén
may cha tinh toan hiéu nang cao thuéc phong Lab mo
phéng va tinh toan hiéu nang cao, Vién Céng nghé HaUl.
Cac kich ban duwoc thuat toan toi wu lwa chon tir 14 loai
tham so khac nhau tlr thiét ké kién tric tdi co dién duoc
day vao tat ca cac nhan tinh toan trong bd vi x& ly clia hé
thong may chi dé tim duoc thiét ké t6i wu cho phép tiéu
thu nang lvgng danh cho lam mat va sudi trong cd nam la
nhd nhat. Tap nghiém téi vu duoc thé hién bdi duong cong
Pareto v&i cac nghiém thod man hai tiéu chi ndm gan cac
truc ctia do thi nhat.

2. PHUONG PHAP NGHIEN CU'U
2.1. Giai thuat di truyén va phan mém jEPIus+EA

Giai thuat di truyén (GA) trong tdi vu hoa dugc hinh
thanh tr hoc thuyét tién hod clia Darwin véi lvu do thuat
toan duoc thé hién trong hinh 1. Bat dau tir viéc lra chon
ngau nhién tham s6 dé tao ra mot quan thé nghiém ban
dau (thé hé thir nhat), trong d6 mdi nghiém sé twong ¢ng
vGi mot tap hop cac tham sb (Genes). Cac nghiém t6t nhat
sé duoc lya chon dé lam cén ctr tao mot quan thé nghiém
moi (thé hé tiép theo) thong qua viéc thay d6i tham s6
chéo (lai chéo), hoac 1a thay ddi ngau nhién cac tham sé
nay (dot bién). Qua trinh t6i wvu sé dwoc lap lai cho téi khi
tim duoc di nghiém thod man tiéu chi hodc sé vong lap
dat t&i gidi han.

START 4{

CREATE VARIANTS
crossover
mutation

ENCODE GENERATE
solutions random sample

NEW POPULATION

EVALUATE
individual
solutions

v
RANK
solutions
within population

v
NO [ 9= YES
l CRITERIA J

Hinh 1. Luu d0 thuat toan clia giai thuat di truyén [4]

Phan mém jEPlus+EA 1a moét trong cac céng cu mo
phéng thdng dung hién nay chay md phong v&i nhan tinh
toan tin cay EnergyPlus ctia B6 Nang lvgng My va str dung
thuat toan t6i wu NSGA2 (Deb and Srinivas's Nondominated
Sorting Genetic Algorithm) vé&i nguyén ly hoat dong dugc
thé hién trong hinh 2. D& thuc hién t6i vu hod véi phan
mém nay, can thiét phai xay dung truéc déi twong mo
phéng (m6 hinh nang lvgng) dang EnergyPlus, cac cau

SELECT
solutions
for reproductions
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hinh tham s, rang budc va ham muc tiéu dwéi dang file dw
an cua jEPlus+EA. Sau d6 phan mém sé tv dong thuc hién
viéc t6i wu hoa theo giai thuat di truyén. Diém manh cua
phan mém nay dé la kha nang phéan tinh toan quan thé
thanh tlrng md phong don 1é theo cac tap tham sb cu thé
dé day cac mo phdng nay (céc jobs) cho cac nhan tinh toan
cla vi xi¢ ly may tinh. May tinh cang nhiéu nhan thi tinh
toan quan thé cang nhanh va sé lvgng nghiém trong quan
thé cling c6 diéu kién duwoc tang Ién. Diéu nay cho phép
phan mém khai thac hiéu qua hiéu nang phan cling, dac
biét la hé thng may cha tinh toan hiéu nang cao (HPC).

EA >

I ant

o =

s ||

T o Newpopu
Veshorbes 1 )

T RVIAVI fle

Create Vanants.

Hinh 2. Nguyén Iy hoat ddng ctia phan mém jEPlus+EA (jeplus.org)
2.2. Bai toan tdi wu thiét ké cong trinh

Doi twrgng nghién ciru la mot cong trinh van phong dién
hinh tai Anh véi 4 dang cong trinh va 13 tham s6 thiét ké:
hinh dang céng trinh, huwéng cong trinh, ty 1é twong kinh,
I6p pha kinh, che néng (6 vang), diéu khién chiéu sang
theo sang ty nhién, mirc do hoan thién (ro lot), nhiét dé dat
swdi va lam mat, thdng gio, mat dé cong sudt chiéu sang,
mat do cong sudt thiét bi s dung dién va mat do nguoi
trong cong trinh (hinh 3). Muc tiéu cla bai toan la lya chon
thiét ké t6i vu dé dam bao tiéu thu ning lugng phuc vu
swdi vao mua dong va lam mat vao mua he la nhé nhat
theo cac tham s6 dwgc mo ta & trén. Bai toan sé duoc dua
vao phan mém jEPlus+EA va thuc hién tinh toan thiét ké toi
wu trén hé théng may ch tinh toan hiéu nang cao (HPC) tai
Phong tinh toan va mé phéng hiéu nang cao, Vién Cong
nghé Haul.

oD

Weather file: London Gatwick Heating
Setpoint / 20/12°C 21/12°C
Building Type 1 Type2:  Type3:  Typed Setback
Type oD cs OA 0o Temp.

Cbo

22/12°c 23/12°C

Cooling -
Setpoint / 23/28°C 24/28°C 25/28°C 26/28°C
Setback

Temp.

BF1 BF2 BF3: BF4 BFS
Min. Part L Part L Part L Best
sulation 1990 1995 2002 Practice

Building
Fabrics i

90 135 180 225 270 315 Fresh Air
Rate

Orientation o 45 SUs 101/s 15Vs 201/s
Glazing < 2 =~
Ratio > = ot Lighting

Power
Glazing Yo Density
Coating

16W 20w 24w

Office " 10w 15w 20w 5w

Shading

(Overhang) J hod Power Cetu
Density 5W wow 15W 20w

Daylight N

Control L.d T e om'  12m 15m
Office L

Occupant

Infiltration 0.1ACH 0.3ACH 0.5ACH 0.7ACH 0.9 ACH Density

1nm 14m’ 17 m 20m

Hinh 3. M@ hinh ¢6ng trinh va cac tham s thiét ké [6]
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2.3. Hé thdng may chu tinh toan hiéu nang cao (HPC)

Hé théng may chu tinh toan hiéu nang cao (HPC) duoc
trwdng Bai hoc Codng nghiép Ha Nbéi trang bi cho Phong mo
phéng va tinh toan hiéu nang cao thudc Vién Coéng nghé
HaUl huong téi thyce hién cac nghién ctiru chuyén sau xoay
guanh mé phéng va tinh toan, dong thoi cho phép giang
vién thudc truong tham gia khai thac st dung nham nang
cao chét lwvgng nghién ctu khoa hoc clia nha Trwong. Hé
théng bao gbm 4 may chi tinh toan voi méi may co 28
nhan CPU/56 ludng tinh toan cé téc do xr ly 2,2GHz va
128GB RAM. Trwong hop khai thac hiéu nang ca 4 may
(dieu ph6i qua phan mém PBS Work) cho phép khai thac
dén 224 ludng tinh toan song song c6 toc do xi ly 2,2GHz
vGi b nhé khai thac duoc 1én téi 512GB RAM. Riéng mot
may chu tinh toan duwgc trang bi thém 2 GPU NVIDIA Tesla
P100 (*ng dung vao giai cac bai toan x& ly hinh anh, tinh
toan song song va hoc may.

10Gbps Ethernet
-l
K
QP Switch quan tri

Hinh 4. So d6 hé thdng méy chd tinh toan hiéu nang cao (HPC)
3. KET QUA MO PHONG VA THAO LUAN

Bai toan t6i wu duoc thuc hién trén mdt may chd tinh
toan 28 nhan/56 ludng tinh toan & téc dod xt ly 2,2GHz. Viéc
két néi téi may chi dé chay phan mém jEPIus+EA théng
qua giao thiic SSH, cho phép cdu hinh bai toan tryc ti€p
trén giao dién phan mém (hinh 5) qua mang Internet.

e Trong jEPIus Project; cac tham s6 thiét ké va ham muc
tiéu dwgc cau hinh theo mo t& trong muc 2.2

e Algorithm: giai thuat di truyén dwogc st dung la NGSA2

¢ Population size: kich thudc tap nghiém phu thudc
nhiéu vao s6 lvgng tham so thiét ké va cdu hinh phan ctng.
Thoéng s6 dwgc cdu hinh la 56 twong tng voi s6 ludng tinh
toan cla phan clng va dong thoi cling dap tng tot s
lvgng tham sb thiét ké cla bai toan. So véi cau hinh cla
mot may tinh ca nhan thong thwong st dung chip Intel
Core i7 v6i 8 nhan logic cung xung nhip, thoi gian mo
phéng clia mét may chi tinh toan trong hé théng may chu

(et ot Bt ot ot Bt ot}
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HPC cho phép m6 phéng nhanh hon 7 lan (30 phit so voi 3
tiéng 30 phut). Trwong hop co thé khai thac t6i da 4 may
chu tinh toan cda hé thong may chd HPC thi cho phép thoi
gian md phdng nhanh hon 28 lan (7,5 phit so véi 3 tiéng
30 phat).

¢ Max generations: s6 vong lap tdi da giai bai toan t6i wu.

e Cac thong s6 con lai dugc cdu hinh méac dinh theo
khuyén nghi ctia phan mém.

&) EPlus+EA (version 1.7.7 Beta) for Windows 10 - DAjEPlus+EA v1.7.7_beta\EA Example_02_OfficeModels v88_Constrained\projectjep - 0 X

File Actions Controls Settings Help

¥ Project . Convergence Lines (. Scatter Plot sl Parameter Histogram (] Table View (=] Program Logs
JEPlus Project

Il EA Setngs

Project le: |D:\/EPlus+EA v1.7.7_betalEA Example 02.C ...\ | Openin €& EASetingsfle:  ea.cg

Agorithm: | NSGA2 Evolve Mode:  Generational

Encoding type: | EPus nteger

Population sze: |56 Seeding: |PopSeeds.rec

Eitis... | Pareto solutions v Continue at: 0

Max generatons: 200 Random seed: |0

Operators:

<I

q_densi
wer density (@@equipment_open@@) [4]
sty (@@occupancy_open@@) 4]

Crossover: | Hybrid Integer v/ Rate: |10

Encoded chromosome length: 11

Mutaton: | Hybrid nteger v Rate: 0.2

Use |LocalSimuet.. | Configuraton: jeplusclg i EEE o
ectr: [ Tou v s

Energy+ binary diret... EnergyPlusy8-8-0/ | (P Output control:

Found EnergyPlus version 8.0 Output folder: ea_log/

[ Popuiation snapshote... 1 | ger

[Jsave progress logto: G/

[Jsave operator statsto: | 0p!

[Jsave eftefstto:

Projectloaded. D stat

Hinh 5. Cau hinh bai todn m6 phdng trén giao dién phan mém JEPlus+EA

t2: Cooling [kWh]

o () [

O theating o] 200000 220000 20000 2605

Hinh 6. T&p nghiém tGi wu duoc thé hién trén duong Pareto

Hinh 6 thé hién két qua t6i wu clia bai toan thiét ké dudi
dang dudng Pareto véi moi chdm trén do thi 1a mot két qua
theo tirng cdu hinh tham so thiét ké duoc lya chon. Véi
ham hai muc tiéu la t6i thi€éu hoa nang lvgng swai dm va
lam mat c6 khuynh hwéng nguoc nhau, thiét ké ddm bao
nang lvong st dung swdi la nhé nhét thi dan t¢i nang luong
sl dung dé lam mat tang lén va nguwoc lai. Mai tvong quan
gitta cac tham so dau vao véi két qua téi vu dugc thé hién
trén hinh 7.
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Hinh 7. Phan b nghiém cla cac tham so thiét ké trong qua trinh tdi tu

Do d6 thiét ké t6i wu duoc lva chon s& 14 cac diém nam
gan cac truc trén do thi nhat tuy thudc vao khuynh huéng
duwoc lya chon. Nghiém t6i wu dugc lwa chon trong pham vi
cla bai bao s& can bang hwong téi téng st dung nang
lwvong ca swdi va lam mat [a nhd nhat, tvong ng voi diém &
gan goc toa do nhat, c6 thong so thiét ké va két qua tinh
toan nang lvgng duwogc thé hién trong hinh 8.

Fo: Ligtngpoverdensty (@@ightng densty@) (5]

Job ID:
Model:

Type2 _CS.imf

Building fabrics: BF5
Orientation: 90
Glazing ratio: 25

Glazing coating: Reflective
Shading: Overhang
Infiltration: 0.1

Fresh air rate: 0.005
Lighting power density: 4

Office equipment power density: 10

Office occupant density: 15

vO: Interiorlights:Electricity [kWh] 18534.672000000002
v1: IntertorEquipment:Electricity (kWh] 22667.525999999998
21345.16444743063
10828.20242949638
41202.198000000004
21345.16444743063

10828.20242949638

v2: Heating:DistrictHeating [kWh]
v3: Cooling:DistrictCooling [kWh]
s 1: Electricity [kWh]

t1: Heating [kWh]

t2: Cooling [kWh]

Is Feasible: true

Is Selected: false

Hinh 8. Nghiém t6i tu duoc lva chon
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4. KET LUAN VA KHUYEN NGHI

Bai bao trinh bay nghién ctru vé t6i vu hod sir dung giai
thuat di truyén thong qua phan mém jEPlus+EA dé thuc
hién t6i vu hoa thiét k€ mot cong trinh van phong, thuc
hién trén may cha tinh toan hiéu nang cao HPC. Cac noi
dung nghién ctu nay cho phép lam chi phuvong phap va
phan mém tinh toan t6i wu hiéu qua cho cac bai toan t6i uwu
trong tuong lai phuc vu thuc tién cac nghién ciru tng dung
trong thuc té thiét ké cdng trinh xay dung theo dinh huéng
hiéu qua nang lvgng. Két qua tinh toan tdi vu dugc thé
hién duéi dang duong dac tinh Pareto. Nghiém ti vu dugc
Ira chon la cac thiét ké cho phép can bang gitta tiéu thu
nang lwong swdi va lam mat véi téng tiéu thu nang lvong la
thap nhat. Nghién ctru da chirng minh hiéu qua khai théc
trén mot may cha tinh toan hiéu nang cao va trong twong
lai sé ti€p tuc nghién ctru khai thac sy phoi hop cac may
chti con lai d€ dat hiéu ndng tinh toan toi da.
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