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TOM TAT

Bai bado phat trién viéc sir dung cdc rang bugc hinh hoc trong ban vé dwoc tao boi phzfn mém
AutoCAD. Trong bai bdo, mét rang budc hai hwéng dwge hiéu la rang bude giita cdc bién ma khi
mét bién bat ky trong 56 do thay doi thi cdc bién con lai sé tw dong duoc AutoCAD diéu chinh dé
duy tri rang budc do.

Pé tao ra rang budc hai huéng dang dang thire hodc bat ddng thire gitta cdc d dai doan
thang, trong [2] da xdy dwng phwong phdp tao cdc block co s¢. Méi block co sé chiva mét hinh
phdng ma thuwe hién dwoc mot rang budc nhat dinh giita cac do dai cia mét sé doan thang. C6 thé
lap cdc lénh b sung cho AutoCAD cho phép nhap hé thurc luong phure tap, tu dongphan tich dé tir
dé cheén cdc block co sé can thiét, phdn rd két qud va gan cdc rang budc bé sung dé dam bao duy
tri duoc hé thuc lwong nhap vao nhw mot rang buéc hai huong cua cac doan thang.

Bai bado trinh bay viéc cai tién cau truc cua block co so, phadn tich dac diem cac rang bugc
bén trong mot so block co so va bo sung thém cdc block co so moi dé viéc tao rang buoc phirc tap
dwoc chinh xac, nhanh gon, thuan tién hon.

Tw khéa: AutoCAD; Rang bugc hinh hoc; Rang budc kich thudc; Rang budc hai huong;
Rang bugc don hudng, Hinh co so; Rang budc co so.

ABSTRACT

This paper further develops the use of geometric constraints in drawings created with
AutoCAD. In this paper, a bidirectional constraint is defined as a constraint among variables such
that when any one of these variables changes, the remaining variables are automatically adjusted
by AutoCAD so as to maintain the constraint.

To establish bidirectional equality or inequality constraints among line segment lengths,
a method for constructing basic blocks was developed in [2]. Each basic block contains a planar
figure capable of enforcing a specific constraint among the lengths of several line segments.
Additional commands can be created for AutoCAD to allow users to input complex length relations,
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automatically analyze them, insert the required basic blocks, decompose the obtained result, and
assign supplementary constraints so that the entered relations are maintained as bidirectional

constraints among the line segments.

This paper presents improvements to the structure of the basic blocks, analyzes the
characteristics of the internal constraints in several basic blocks, and introduces new basic blocks
so that the creation of complex constraints becomes more accurate, faster, and more efficient.

Keywords: AutoCAD; Geometric constraints; Dimensional constraints, Bidirectional
constraints, Unidirectional constraints; Basic figures, Basic constraints.

1. GIOI THIEU

AutoCAD 1a phan mém CAD ndi tiéng
va duoc su dung rong rai trong nhiéu linh vue.
AutoCAD duogc tich hop céc tinh nang tham
s6 & muc d6 nhat dinh, c6 kha nang tao va
quan 1y cac rang budc mot cach truc tiép trong
khong gian hai chiéu (xem [1]). AutoCAD cho
phép gan mot s6 kiéu rang budc hinh hoc nhu
“Equal”, “Coincident”, “Parallel”,... va mot
sO rang budc kich thudc (thuat ngir ding trong
AutoCAD). Khi da dung chirc nang rang budc
kich thudc dé ap dat do dai d, ciia mot doan
thang phai nhan gia tri 1a mgt ham s6 c6 biéu
thire xéc’dinh cua cac d(:) dai khac la d,, d,, d,
(thuc chat 1a gan mot biéu thirc chira cac tham
s6) thi néi chung khong thé tu chon gia tri méi
cl}o d, va budc AutoCAQ hi¢u chinh d,, d,, d,
dé duy tri quan hé ham s6 da dat ra. Trong bai
béo nay, rang budc kich thudc kiéu nhu vy
duoc xép vao loai rang budc don hudng. Trong
[2] da xay dung phuong phép tao rang budc hai
hudng ma quy dinh hé thuc lugng khong chi co
dang dang thirc ma co thé 1a bat dang thirc giira
cac do dai doan thang. Rang budc hai hudng,
& day duoc hiéu 13 rang budc giita cac bién ma
khi mot bién bat ky trong s d6 thay doi thi cac
bién con lai tham gia rang budc s& ty dong dugc
AutoCAD xéc dinh lai dé duy tri rang budc d6
(néu tim dugc nghiém).

2. NOI DUNG CHIiNH CUA PHUONG
PHAP TAO RANG BUQC

Muc nay s€ tom tat mot s6 khai niém va
két qua da duoc noi dén trong [2]. Trong ban
vé& ctia AutoCAD, néu tao ra dugc hinh phing
@ thich hop, s€é dugc goi 1a hinh co s¢, ma cac
tinh chit ctia ® ludn dam bao mdt mdi quan h¢
Q nao d6 c6 dang dang thirc hodc bat dang thirc
ciia mot s6 do dai doan théng thi sau do c6 thé
gan thém cac rang budc hinh hoc loai “Equal”
giita cac doan thing thudc @ (chi dung cac ddi
tugng Line) va cac doan thang khac (ciing chi
ding cac dbi tuong Line) trong ban vé& thi s&
dam bao duoc quan hé O giira cac do dai doan
thang khong thudc hinh ® ma & c¢6 cung dang
v6i Q. Khi hiéu chinh cac d6i tugng ctia ban vé
thi AutoCAD ty dong tim mot nghiém hinh dé
thoa man quan h¢ Q3 néu c6 tdn tai nghiém va
nang lyc ciia bg giai rang budc trong AutoCAD
¢6 thé tim dugc nghiém d6. Nhu vay, {3 1a mot
rang budc hai hudng, dugce goi la rang bude co
s0. Nho nhitng rang budc nhu vay ma c6 thé cb
dinh mot s6 yéu cau khi thiét ké hinh hoc ma
van diéu chinh duoc cac hinh phéc nham tao
nhiéu phuong an thiét ké dé danh gia va lya
chon. Céc hinh co s& duoge vé tir trude, roi tao
thanh cac block, duoc goi 1a cac block co s0,
dugc luu trong cac tép riéng bi¢t dat trong mat
thu muc mac dinh.
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Trong [2], tac gia d& xuét viéc 1ap cac
ham co s& thuc hién viéc chén mot block co s&
vao ban v& thanh block reference, sau d6 phan
rd block reference do dé tao ra hinh co s @
tuong u’ng, tiép theo s& gan rang budc bd sung
cho cac ddi twong cia hinh co s& ® voi cac dbi
tugng khac da dugc chon dé tao ra rang budc
hai huéng 2. Ham co s& ¢6 thé tra vé handle
ctia mot dbi tuong.

Co thé 1ap 1énh bo sung cho AutoCAD,
cho phép nguoi dung nhap chudi mo ta rang
budc phirc tap 14 mot hé gém cac dang thuc
hodc bat déng thire cua cac do dai doan théng
va nhép cac d6i tuong Line tuong Gmg cd cac
do dai do. Chuong trinh s& phan tich va tao ra
101 goi ham 106ng nhau ciia cac ham co so ma
két qua tra vé ctia ham nay co thé 1a ddi s6 cua
ham khac, ttr d6 sé thuc hién dugc nhiing rang
budc phuc tap hon nira tir nhitng rang budc co
s0.

Chudi mé ta cua rang budc dugc viét
theo quy tac dau ngoac, tuong tuy nhu bicu thuc
trong ngdn ngtr AutoLisp:

“(<Tén_rang_budc co s¢é> <Poisd 1> <boi
sO0 2> ...)”

Trong trudng hop phirc tap thi mot ddi
s6 dugc thay bang mot chudi mo ta khac, nghia
la cac c@p dau ngoac co the long nhau.

Tat nhién, viéc tim nghiém con phu
thudc nang luc ctia bo giai. Néu d, la mot trong
cac bién tham gia quan hé € thi noi chung, khi
hi¢u chinh d,, cac bién con lai s& dugc ty dong
hi¢u chinh theo dé nghiém dung €3. Nhu vay 1a
da tao dugc mdt rang bude hai hudng.

C6 2 trudng hop dic biét: Khi co ddi sb
khong dugc dung dén thi n6 dugc thay bang nil
(xem ¢ mdt vi du bén dudi), cd doi s6 co the

dugc ghi thay bang hing s6 (néu mudn). Ngoai
hai truong hop d6 thi cac déi s6 con lai duoc
ghilap, Py Py - theo thr tu tir trdi sang phai
trong chuoi mo ta cua rang budc, tuong tng véi
cac dbi tuong p Dy Dy p3 . 1a cac d6i tuong Line
can dugc nhap vao ma c6 cac do dai trong tng
lap,p,p; -

Cac vi du:

« Chudi “(+ pl p2 p3)” tuong ung voi
rang budc p, = p,+ p,;

* Chudi “(<=pl (+ nil p2 p3))” tuong
g voi rang budc p, <p, + p,.

O day, c6 mot ddi sd duoc thay bﬁmg
nil vi ngu:c‘)’i dung khong can nhép dbi tuong
Line nio dé budc n6 c6 do dai bang p,+p, ma
chuong trinh s& lay mot ddi tuong trong hinh
co sd cua rang budc “+” ma c6 do dai bang nhu
véy dé tham gia vao rang budc “<=".

Mot vai rang budc co s¢ da dugc dé
xuat trong [2] (bang 1):

Bang 1. Mot so rang budc co so

Tén rang bugc Quan h¢ cua cac do dai
co s¢ doan thang
‘G<:79 a S b
‘C>:” a Z b
CL_I_” a — b + C
(I3 a — b _ C
b.c
‘L*/” a - -
d
“gm” a — Ilb . C
a=2>\
“=c” (A 1a hang s0 khong am
duoc ghi trong chuoi mo td)
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Co thé lap cac 1énh ) sung cho
AutoCAD dé thyc hién cac nhiém vu quan 1y
cac rang budc vé hé thirc lugng ma da dugc tao
ra trén ban v€, vi du nhu: Tim cac rang budc
ma mot d6i tuong tham gia, 1am hién thi ndi bat
lan luot cac d6i twong tham gia mot rang budc,
hién thi chudi mo ta cua mot rang budc, xda
mot rang bude.

3.ViDU VE HE RANG BUQC BPUQC GAN
CHO MOQT HINH PHANG

Xét hinh chiéu dung ciia mot khoi ran
tron xoay c¢6 khoang tréng 16m xudng & bén
trong dung dé chtra dung (hinh 1). Cac kich
thude cta phac thao nay bi khong ché bai cac
diéu kién vé mién gid tri, diéu kién thé tich da
xac dinh ciia khoang tréng d6 va dic diém vé
bé day cua vat thé. Hé rang budc dugc dat ra la:

40=a<60
40<b =75
2<c<h
d=b+c

a’.b = 125000

Sau khi gan cac rang budc nay, co thé
co gidn hinh bang lénh STRETCH va c6 thé
gan céc kich thude cu thé dé dugc cac phuong
an khac nhau nhu & hinh 1, phan a va phan b.

Ga

r————1

|
1
i I
(a) (b)
Hinh 1. Hai phwong én khéc nhau cia hinh chiéu

e

ding cua mot khoi ran tron xoay

4. CAU TRUC CUA BLOCK CO SO
4.1. Tén cua block co s&

Tén dugc dat thich hop dé goi nhé dén
rang budc ma block do tao ra.

4.2. Cac loai d6i twgng trong block co s&

Tt muyc ndy sé dung thuat ngir “dbi
tuong giao tiép” dé chi nhitng d6i tuong Line
ma sau khi duoc dua vao ban v& bang cach chén
block co s va phan rd két qua tao ra thi ban
than nhitng d6i trong Line d6 hodc cac dau mit
ctia chung s& duoc gan rang budc truc tiép véi
cac d6i twong & bén ngoai block hodc dugc gan
thém kich thudc da nhap vao. Cac rang budce bo
sung d6 dugc goi 1a cac rang budc ngoai. Cac
d6i tugng con lai (néu co) cua block duoc goi
1a cac doi tuong ndi bg. Cac rang budc duoc
ap dat sin giita cac dbi tuong trong mot block
duoc goi 1a cac rang budc trong. Can chon rang
budc trong sao cho chiing van dugc duy tri sau
khi phan rd dbi tuong block reference (xem
thém & [2]) va sau sy phan ra d6 thi hinh co s¢
tao ra s€ thuc hién dugc rang budc co s mong
mudn.

biém chuan chén cua block dugc chon
la diém dau cua doi tugng Line dau tién trong
s0 cac doi tugng giao ti€p.

4.3. Cac ky hiéu quy wéc

* Tén cua cac doi tugng cia ban vé ban
dau, khi chua gan cac rang budc: @, b, c, d,.
« Tén cua cac ddi tuong giao tiép: T, u,

u,u, ...;

* Tén céc dbi tuong nodi bo: tl, t2> t3, s

« Chiéu dai cua cac d01 tuonga, u, t. lan
luotlaa, u, t (déu 1a cac s6 khong am);

. Handle ctia ddi tugng a la h;

« Handle cua di tuong U u la h
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4.4. Nhan biét loai ddi twong bang tén ciia layer

« Cac dbi tuong giao tiép duoc dat trén
cac layer co tén bt ddu bang “ex_”, cu thé la
U, U, U, ... theo thir tw dugc dat trén cac layer
“ex 17, “ex 27, “ex 37, .... Nho do, chuong
trinh d& dang tim ra cac d6i twong va sb thi tu
ctia ching dé gan b6 sung céc rang budc ngoai.

« Céc dbi tuong nodi bo cua block co s
da duoc gan sin cac rang budc trong (néu can)
va sau nay khong can gan thém rang budc truc
tiép nao nita. Toan by chiing s€ dugc dat trén
cung mot layer co6 tén “in_”, hodc dat trén mot
vai layer néu mudn phan loai ty my hon trong
qua trinh dung hinh co so, dung xong rdi thi
c6 thé chuyén hét vé mot layer, chir khong bat
budc dit mdi ddi twong trén mot layer riéng.

5. CU THE HOA CAC RANG BUQC
NGOAI VA RANG BUQC TRONG

5.1. Céc rang budc ngoai

Sau khi chuong trinh da chen block co
s& 1roi phan ra ddi tuong block reference dugc
tao ra thi d6i tugng giao tiép s& duoc gan rang
budc ngoai thuoc mot trong hai dang: u = a
(dung rang budc “Equal” cua AutoCAD) va u
= A (dung rang budc kich thudc “Aligned” cua
AutoCAD) v6i A 12 hang s6 dugc ghi trén chudi
md ta rang budc thay cho tén bién).

Vi du: Chudi mé ta “(+ pl p2 15.5)”
tuong tng véi rang budc pl =p2+ 15.5.

5.2. Cac rang budc trong

Khi mo6 ta so bd mot block co sé thi ¢o
thé liét ké cac rang budc trong quan trong nhat
¢ dang cac quan h¢ hinh hoc kha chung, nhung
sau d6 dé 1ap trinh dugc thi can cu thé hoa bang
cac rang budc san c6 ciia AutoCAD. Cé nhiing

hinh co s6 chi cho phép bién nhan gia tri dwong
thuc su, khi d6 c6 thé cai tién hodc thay thé
hinh dé chip nhan kha ning tim nghiém véi gia
tri suy bién bang 0 ctia cac bién. C6 hai trudong
hop cu thé kha dic biét duge mo ta & cac muc
5.2.1 va 5.2.2 duéi day.

* Ghi chi: Trong cac hinh v€ tir muc nay
vé sau, ngodi cac déi twong chinh (bang nét dam)
con ¢6 cac ky hidu dé giai thich bo sung nhur 1a:
Diau vudng goc (bang nét manh hon), kich thudc
chiéu dai mdi doan thang, s6 do cua cac goc.

5.2.1. Quan hé thir tw ciia cdc diém trén mot
duong thang

Quan hé nay can dung dén trong nhiéu
truong hop. Cau hinh hinh hoc sau day tuy don
gian nhung s& tham gia vao cac hinh co s¢ méi
cla cac muc 5.2.2, 6.2 va 6.3 ¢ sau, dem lai
nhiing uu diém méi.

Pé budc diém H thudc doan thang BC
(c6 thé trung véi du mut ctia doan thang nhung
khong nam trén phan kéo dai cua doan thing
d6) thi dung hinh sau day (hinh 2) v6i cac rang
budc nhu sau:

ot, Lt

. 13)1‘mg2, cac rang budc “Coincident” dé
quy dinh tam O cua duong tron t,va dau mat H
cua t, phai nam trén duong thang BC, quy dinh
cac diem A, B, C thudc duong tr(‘)nﬁ, quy dinh sy
chung dau mut cua céac cdp doan thang thich hop.

Hinh 2. Quy dinh diém H thudc doan thang BC
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C6 nhiing qghiém hinh m? cac bién t,
hodc t, hodc t, c6 thé nhan gigi tri bang 0‘. Co ‘Ehé
dung lap lai hinh nay khi can xét nhiéu diém
trén mot dudng thang (xem muc 6.2).

5.2.2. Quan h¢é song song cua hai dwong
thang lan luwot chira hai doi twong Line

Khi tao hinh co s&, dé co quan h¢ song
song cua hai dudng thang 1an luot chira hai doi
tuong Line, néu dung rang budc “Parallel” thi
can cht y rang trong AutoCAD (cu thé 12 & phién
ban AutoCAD 2025), rang budc “Parallel” cho
phép trudng hop hai dbi tuong Line nam trén
cung mot duong théng, vi vy, co lac can thém
rang budc dé ngin can kha ning d6 xay ra. Vi

du hinh co s¢ cho rang bude a = be duoc chi
tiét hoa hon nira nhu sau (hinh 3, phan a). Quan
hé song song ciia hai duong thang lan luot chia
t, va t, duoc thyc hjén bang cach dung rang
budc “Parallel”, c6 bo sung thém rang budc goc
gitra U, va U, bang 60° va rang budc goc giira
t, va t, bang 60° (dung rang budc kich thude
“Angular” cua AutoCAD). Hinh nay c6 han
ché 1a khong chip nhan gia tri b = 0. Pé khic
phuc thi c6 thé ding hinh co so khac (hinh 3
phén b), voi cac rang budc dugec mo ta chi tiét
nhu sau:

(a) (b)
Hinh 3. Xdy dung cdc hinh co so cua rang bugc
p.c
a= —
d

* Tén rang budc: “*/”

+ Chudi mé ta ctia rang budc: “(*/ pl p2 p3 p4)”
« Cac dbi twong can nhap vao: a, b, ¢, d (theo
thir tu trong g voi cac dbi s6 trong chudi mo
ta).

« Két qua tra vé (ctia ham co so): h,

* Rang bugc ngoai:a=u,b=u,c=u,d=u,
* Rang budc trong:

* Cac rang budc “Coincident” quy dinh céc
diém A, B, C, D ndm trén dudng tron t, va quy
dinh sy chung dau mat cua nhiing cap doan
thang thich hop.

= Cac rang budc “Collinear” ap dung cho céc
cap doan thér}g thich hop, d6 1a cap u, u, va
cép U,, U, nham muc dich ép budc cac doan
thang trong mot cdp phai nam trén cung mat
duong thang.

= Rang budc goc bang 60° nhu trén hinh vé dé
bu(f)‘c u, 7 0.

= Can ghép thém céc hinh tuong ty nhu & muc
5.2.1, v6i céac rang bugc thich hop (loai bd rang
budc nao gay tac dong trung 1dp voi cac rang
budc da dit tir trude) dé quy dinh diém K thude
céc doan thang AD va BC, chir khong nam trén
phan kéo dai cua cac doan thang do.

6. BO SUNG CAC RANG BUQC CO SO

Nhiéu rang budc c6 hé thire lugng phirc
tap duoc thuc hién béng cach goi cac ham co
s¢ 16ng nhau, dan dén viéc chén va phan ri cac
block co &, gan cac rang budc bo sung giita cac
d6i tuong giao tiép cua cac block co sé d6. Do
céc hé thire lugng sin c6 trong hinh hoc phang
rat phong phu cho nén c6 thé tao sin hinh co s¢
cho nhiéu rang budc phirc tap hay gip, do do
giam cdc rang bugc trung gian, gidm thoi gian
tinh toan va su tiéu tén bo nhé.

6.1. Rang budc bat ding thicc kép b <a <c
(voi a, b, ¢ khong 4m)
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Hinh 4. Hinh co so ciia rang bugc b <a <c

* Tén rang budc: “<<”

* Hinh co so: Hinh 4

+ Chudi mo ta ctia rang budc: “(<< pl p2 p3)”
« Cac d6i tuong can nhap vao: a, b, € (theo thi
tu tuong tng vai cac ddi s6 trong chudi mé ta).
« Két qua tra vé (cta ham co s0): h,

* Rang bu¢c ngoai:a=u,b=u, c=u,

* Rang budc trong:

ULt u Ly

= Mét s6 rang budc “Coincident” quy dinh su
chung ddu mut cua nhimg cip doan thing thich
hop.

6.2. Rang bugca=b +c+d +e (voia, b, c,
d, e khong am)

u; (= a)

Hinh 5. Hinh co so cua rang buoca=b+c+d+e

* Ghi chti: Néu trong s cac chidu dai b,
¢, d, e ma co chiéu dai dugc thay bing hing sb
thi ghi s6 d6 thay cho ddi sé twong tng trong
chudi mé td va danh s6 lai cac ddi s6 con lai

can nhép vao theo thir tu tir trai sang phai trong
chuoi mo ta cua rang budc.

* Tén rang budc: “+++”

* Hinh co sé: Hinh 5

+ Chudi md ta ctia rang budc: “(+++ pl p2 p3
p4 p35)” ‘ -

* Cac doi tugng can nhap vao: a, b, ¢, d, € (theo
thir ty trong tmg véi cac déi s6 trong chudi mo
ta).

« Két qua tra vé (ctia ham co so): h

* Rang bugc ngoai:a=u,b=u,c=u,d=u,
e=u,

* Rang budc trong:

. ’D(‘)i’ v6i mdi duong tron t, t,, t, cung voi mot
s0 doi tuong ¢ bén trong moi duong tron do,
can thiét 1ap cac rang budc tuong tu nhu & muc
5.2.1. Thém cac rang budc “Coincident” quy
dinh cac diém trung nhau khi ghép ba hinh. Két
qua la cac diém A, B, C, D, E thfmg hang va
diém B thudc doan théng AC, diém C thudc
doan thang BD, diém D thudc doan thang CE.
Duong tron t, c6 duong kinh AC, t, ¢6 duong
kinh BD, t, c6 duong kinh CE.

* Tao thém u, va thém cac ‘réng buoc
“Coincident” quy dinh sy chung dau mut cua
n6 véi cac ddi twong thich hop.

U la d6i twong Line c6 hai ddu mut tring véi
AvaE.

6.3. Rang bugc a, = b.c.d.e (véi a, b, ¢, d, e
khong am)

Us (= )] »

B D

Hinh 6. Hinh co so ciua rang buéc a* = b.c.d.e
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NGHIEN CU’U - TRAO DBOI

* Tén rang budc: “***”

* Hinh co s6: Hinh 6

« Chudi m6 ta cua rang budc: “(*** pl p2 p3
p4 p5)” ‘ -

* Cac doi tugng can nhap vao: a, b, ¢, d, € (theo
thir ty trong ng véi cac d6i s6 trong chudi mo
ta).

« Két qua tra vé (cua ham co s0): h

* Rang bugc ngoai:a=u,b=u,c=u,d=u,
e=u,

* Rang budc trong:

= Dbi v6i mdi du:(‘mg}r(‘)n t, L, t,va mé‘g $6 df}i
tugng ¢ bén trong moi dudng tron do, can thict
1ap céac rang budc tuong ty nhu & muc 5.2.1.
Két qua la diém E thudc doan thfmg AB, diém
G thudc doan thing CD, diém H thudc doan
thang EG. Duong tron T, c6 dudng kinh AB, T,
c6 duong kinh CD, t; c6 dudng kinh EG.

* Tao thém cic doi twong Line t,, U, T, va thém
cac rang bugc “Coincident” quy dinh sy chung
dau mut ctia chung véi cac ddi twong thich hop.
"t la d6i tuong Line c6 hai dau mut tring véi
E va G,T4 c6 hai dau mut trung véi A va B, t co
hai dau mut trung véi C va D.

7. THAO LUAN VA KET LUAN

Phuong phap tao cac hinh co s& dé mo
phdéng nhiing h¢ thire lugng co ban va xay dung
chudi mé ta duge phién dich thanh 15i, goi cac
ham co s& léng nhau dé thuc hién rang budc
phure tap hon s€ lam tang tinh m6 dun, tinh linh
hoat cia m6 hinh trong AutoCAD.

Bing cach tan dung kho tang cac ding
thirc, bat dang thure trong hinh hoc phang, c6
the lam phong phu thém cho thu vién cac block
CO SO. %
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