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Domain 1

Domain 3
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L Ao MAAzRe Zo|th o= , AlojAlE e =X
(Effort)(4] 5), 2o U(Absolute work)(’l} 6), 52 Hetehs
HERls A A0erk)(4] 7), 53 AH(Time)(4] 8) 50| T3t
A o] EAF 20|11, oo} Zre 2o 2 THE 4 Qi)

=1 a1

Domain 2

] O ®)

min / hu (1) q(7)ldr (6)

o OTmT) bar @
uu),rqn(is,qu)/;l‘” ®)

h b Eo] TR LAY, 2o Beishy LS4

g pAHOR AR 2Y5] FeAL 12 R

Bl 3, 2t ol ol At 2aio] ZAENF oM Q] 743!

(State variable)Z x = [q,q)"2 2|5t th31} 22 13}
Bpg 4] Fejo) A A 505} 4L 92 4 Qlrh

FH| 1 FHS £Z 07 WolE(Vertically concatenated) &2 - o

2L28]1¢1 3 H(Block Jacobian matrix)©] 1, A& Z} =2l . a

- . x=f(x,u) = . 9

g BE HEASO] A8els FHUS gy R P -6V B

Col tor) A=[\;, Ay, ...] o]t :
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gt L2 olth o] o ] H gl o] H R Y-S S W a Ho| AWk, M o] BHER <A 3|4 % (Analytically or

S BEEAS o} 2T G| A WL (Vertical | Symbolically) u 0] u-$- ¢S th(Intractable). £, 527 4 o

ground reaction force), &2 u}- 2k ¢l (Coulomb friction model) M2 ANSAY q B ] EEE AL s, AL 0.3}

o] o]%t wpzEZ(Friction cone) %
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= =414 (Center of 7} =28 2= 9) 31, q 9] ZF2 3 7HFunction evaluation) 3| oF 3=

A o] 3417 (Hyperextension) BHA], & A2 32317 YA = ¥ (Decision variable) 2 % 2|5}
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x=f(x,u) = [q]
q (10)
M(q)a+ C(q,9)q+ G(q) = Bu+J"A
lIl. Direct collocation
a. 7|, & 7] 315 o} 4] Direct Collocation 'S §-87]

o2 A3ty 93| thTf 7S 42812 17| ¥ (Notation)
& A3 o ot

I 29
t;. time at knot point k&
N number of trajectory (spline)
segments
h, =t duration of spline segment &
x, =x(t;) state at knot point &
u, =ult,) control at knot point &

integrand of objective function at
wy, =w (Xk7uk)

knot point k
f, =f(x,u,) system dynamics at knot point &
. & first and second time-
TR 0= Eq derivative of q

*M}(Transcription). oF Ao Ao} o] 250l =5t &
FYRAT P4 SEEELEEE LEDEE
o 5 AR ek 5= 91} of2e] 4] (1) Lo A 24,
o|F X o] 2|4 Ao| e} A o] YA L 7] YT EAHE 5
%02 AT Aolth.

m1n
/w x(7),u(r))dr

s.t. equahty constraints (11)

\__E'E

inequality constraints

o714 FA Pz
SH(System dynamics)$]

Z(equality constraints)> A] X~ El
x(t) =f(t,x(t),u(t), 4 59
(Impact dynamics)(4] 2), 9142 A (Periodicity) 5|

T2 2 (Inequality constraints) <=2] | HEH], u}

O '"1 =
# 27, GEFUAY 24, gus 24, B30 2%
o] Gtk A&Folst 9 chaket THEAS WEA 7 WA B

5 Fagstr] 95t S thefsiAl &R 3ck(see e).
Z A 91 Direct Collocation X' o] HEZ o] 0] 3}
. & "2 A AN Transcription)o] et T4 L Ea] 4]

NI

E_
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o
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Sl
lo
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%|7I|¢4|—3-|11I|°1|°I|%j.

o] AFsH(Discretization)E 43§ stc}. o] 2st HAILA S A XA
o o] KA A1) v A8 A EH(Nonlinear
programming) ©. 2 ¥ 73 F T}

SRCES L Ha.d%mu—a 1A
RSS2 TAA R AFHIA U4 ()
B gt AUk o 2 A B o] P ek} 9, o 5 o]4
o] ZALSleLY] YA = -4 ‘ﬁ(Quadrature) A
QLT Bk 4] )k 4] (102] A 28] Fofs} w412 o] akakst
7] YA AA| A1 7S N5ESE S 7F JL7H(Time interval)of] T
a4 chet o] akske 4= ik

x= f(x,u)

l

[FEST trt1
f xdt = / f(x,u)dt

ty ty

! (12)
xlt) —xlte) = [ Hxuar

ty

o], Direct collocation

r

e

= DAty E(xu,)dt

i=0

o714 x;, =x(t,),u, =ult;)
= 3 -4 W (Quadrature)ol] t gk ¢, o 4] &] A|5=(Coefficient)

=, (=
£ Collocation point, ' =(Node), T+ 1} 57 (Knot point) 522
BECL R, NE FAH 0% AR A oL, 7 2
ol A o] X AU & A ¥ 4=(Decision variable) 2 FT}.
xS = 28t Y-S BohH Tofol ks 272 W
Aol Alzoltt. ZA1E A7 dh= g 1 A1) oy A(12)001 A

’ t7 = [tk7 t/ﬁ»l} Oli’ A/ (t/\77t/\7+1)

oty A AZE TE Vo33 k:k {0,2,.., V})

0 f(x0,uo) f(xz'us)

£ ?\(xm Uy)
o / (x2,uz)

f(x, u1)
112! 4, Direct collocation 74, | & 0| e Al 2l 2 2} 2+ Collocation point
£, O OIRISHE! 2, 9% v, (M2 1210 NAT St imjalozss
B & U= 1277t MZ 20| LMol | RS £ X5 ZHE
MHsfior &,
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&7 M 2 ™00 B

f (a1, Ugr1)

|
f(xk' u}c)l

ty trt1 t
8| 5. Trapezoidal quadrature 20| JHA L

AereEx(214 WA THE A Aol 32 o 44 ik 517
940 A B0l A xi ug L] 3 7]&7](Gradient) (x,
u) 7} B 5120] ¢t S (Compatible) 2218} 2412 M4 o)
A go|u} ul el el 7k obdl i Al o] B e
A PR ASE AAL] T o] BITHx X, uuy).
uhel, A5 o) el BAEE FERA AL Folsh gy
&@MDN%%@@¢%£§§¥»%@mmmméi&@
ol A= A Ak

8% SRR A S s s

= rlr

c. AHchE]E HMH(Trapezoidal method). 2 A Transcription)
o] A WA WrHL Abche]E W (Trapezoidal method)o|Th.
a9 5NA & 5 ol Al E S T4 4 (13)9] A&
< AR

tk‘\l
Xt ) —x(t,) = f f(x,u)dt
t,
~ EAi(tk:7tk:+1)f(Xi7ui)dt (13)
i=0

= %h(f(xlwuk) +f(Xk+17uk+1 ))

S171K BUA AR SN h =t b=
olck. ATkl E S Aot AlaE Eejst WA, 7]
A, 1813 Aol A5 E AF AZake]l(Linear splines) 0 &2
APBESRE AT e}, o] M-S Akbo] thaka Talo] 418
g ohet A7y Wee] PAYED o 2O HoEE B
o)L, Bro] 2oli= ol 514k, 17l Sol A ekl 4
S1Zol, A2+ FoI5 g4 fxu) 7} T 14 Ao
A Woldas A AR kel Ze] WAL Fo]7t AR
o} o] 3t wAE s Astr] flsto] Atk Ao e &

f (Fr+d Yird)
T e

Ly L.l Lg+1 t

12| 6. Hermite-Simpson quadrature 20| JjHE

oA AHg517] = Sk sk, 217 sel 4] & 4 glel, A
el E RS ALY Hel ol et AR et A
4 9= o] itk o2 s Zsly] A Bt

d. 3Jujo] E-A < v (Hermite-Simpson method). Abcha] &
"l o] 9 2} BA|2 ¢ SFAMA| Z 2= 9l AW Wiy o7
3| ulo] E-4] & 1 H (Hermite-Simpson method)©] 1t} Altt2]
TP o A7E 77k O B ATHS AHESte] A% AZerelo
2 WS DAL YA, SlvtolEA P, AR
(Time interval)®] F EX(Collocation point) ub ofiz}

Collocation point2] %7FX] 7 (Mid point, t 1 2 E3HE A A

< X ZK(Interpolate)sl= T} ‘(Polynomlal) o 7 ALEstch
(™6 =), A2 BAEE4|(Simpson's rule)v% @‘%’5}741%
S22 223 A] B 7KLagrange interpolation) 412 &8
b 4 (14)9} o] A28 TABkaiT.

[e)
2 AT

[
x(t,.,)—x(t,) = f(x,u)dt
o1 k /;k
=~ DA, (ot E(xpu, )t
i=0
1
=5 h(f(xk,uk) +4f( e ,+1)
2 3
+f(xk+17uk+1) (14)
0174 5142 &) A& TSI h =ty — 1= o]
t}. & uto] E-4 & H S ARE-SHE Al 28] 5ok R Al Al
0] A1 & =22} AZ2}2](Quadratic splines) & 2 LAFSFS}EAL, 2]
2 32} 2 Z2}91(Cubic splines) 2. 2 LAMS}S1= A 1k o) 1™
g, 2 (14)0ll A & == 31=ol, 7‘7&7\]73(75 1)°ﬂ o &t 4 2 A

30 " Hof 25 A|AEIBSX|



A A [, tkH] °1]"41°H*1 22 OPOﬂE} It t, ]

>

+§(f(xlwuk) — (%10 0441)) (15)

=]

aHEg, A (142 A (15)F FAlo 4838t S A&
35t ®E Collocation pointo] thajA HH e ARE 13
(140l S dstel & o 9%
& B (Compressed form)2 = | Z 3+ 4888 4= Qi ¢F
w FEfef 2 3 Ei(Separate fOrm)—‘E Te ANE A
Ak} 7—‘44 g UMIHL

o7 Hek. w3k, A (15)% 4
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e © §8% ¢l otk B&Z du}o

S IR LFHFE AL AlrhE|E urH Bl 22 o
= Zolo] i 24 o T ATE

=)
2, sjupol E-4 S WS ARESHE Aol o fE st

In
uz

X )
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iom2] A& ATA =E et e g A9
k=

(Nonlinear programming) 2] 4|

=71 AAsliA AL sfof & AFdEol E 74 ek WA Solver

%|7I|¢4|—3-|11I|°1|°I|%j.

o] AMeo] Fasieh izl BAdE AER Solvere=
IPOPT(7, 8), SNOPT(9), FMINCON(10) So0] 9lc}. gjizio
H A E AR Solver= H2 9kt & 2714 50] Y4
(Consistent)o| o] oF 3t} &, ujjH 34~

3 7H(Function evaluation)o]] T s 4] 7-&

afjoF stth4). A Wshd, =24 0 E7](Logical branches)
7F glojok atar, =gkl thef Al = o] S&s] F=HA |
sfjoF stct. thE A Q1 H] YA (Inconsistent) $H<=5-2 abs(),
min(), max() |t} o] pEE HAFpU FE2 Ao
A ARESHA HW 22 9] S & 3R] & shAU, Yk o]
7h gk o], o] & A

¢ Z(Function calls)™}

22214 AALS 223

¢

1o AnE 9 Bt 4 s
2 AT & Ut Eo] ZATTE A ol abs02] B9

slack ¥ <>(Slack variable)E& = 5}o] €A L& o] 7}55tL,
WA DR oA AL Yo FAL Bl

&= 32 o] 7Hs3lth4, 8).

T,
_I

r}l{nlr; EEA totir )W (x;,1,)

k=0i=
s.t. equality constraints (16)

inequality constraints

B3 &2 oA AR A TS RS A
-, HH ol 54 o8 Hots Fxu gare]go] QLo v
WA Aol E 4 Aok FAFLR 5 Fe dudE
(Root finding algorithms)S Z3}5}= A7t E & Q] o]
th o]¥ A, WRA LR 3sfof st dale]Fo Sl
(Iteration) S LA 3} A L 28] 37| (Step size) S L F O ZH

U 2 o] 7hsstrt. £ H o] &(Look Up Table)o| L T o]
€% Ag3io} sk 4ol tlito] FPpel e 33} A%

ol(Cubic Spline)¥} 2 wWhHo=z HZFgh4(Interpolation
Function)& TH5o] AFES= Zlo] £t} o] H Y3} Z+o 5}
olmelE A2B] Ze e A0) by Bolstd &F
B Aol £3o] Eebd 4= itk ™ 1.3). o] A, B
2z

ml ol A ARgE= WA A Y] FRE AAATIHA, B
A

L

%!

o} qkoF A &AS AbPAof(a priori) & +
Complementarity constraintE €83 Through-contact |43}
o] 7| g8l A o] AL Ao ks, 11).
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@7 = oo B

Sroll A et 2 o] Yast obF o) AFEE A1
2319 Fol A 9] o] Z R A ko] tigk Al B o] AL &
Yol AT, 1 ATHE Abnf w1} st

u?(tk)+4u12( )+U (78 )) (17)
2

b. F+&Z 7. A€ 4= A{(Contact sequence), 7|z 7 (Initial
condition) 5-of] T ]| A] Th-&a} Zro] A5}kl

(1) A 8] A T 1o A ol 41 2 A1881
o, 2175 Algro] ma) o] 2 RE 7} mulelH e b a
A7zre] Mlge weje) Beesietol 7+ W 1179

Collocation pointS A}-& ’3} R, wERE =Rl 3719
Collocation pointE A3} ). 18 2 &2, Z7FX] H(Mid point)
& 5 23 A 3709 = Qlell= 22170 i BV QLA
ulx] g} =] 912 57 9] =& 7} 9l th.u] 2] Collocation point2] 74
s A B0 N AT UG AT 5 Y o}

@ A4S A1) B4 () 4B s 420
2 AF8-51 9T} ALl ¥ (State variable) = 4] (10)3} o] A o3}

&anazﬁ@%aﬁ 4270 27}3hgiet. A4 0] sto)
w42 8l 7) 15 el TRl3o) 4] A o3t ke
S woton), 7)o} B5 2 wheb] B 3hE] of 9= Winter 29

(12)& A&35t9itt. 5938t WA A& Mathematica(v12)Q)
HurTool box(v2.0.5)& A-8-5}¢ Euler-Lagrange & €l o] =41 &
Julia T} 2 A5l AFE-5}9 T 2 2, HurToolbox= *] A}
7} 7 2F6F Mathematica Tool box &2, 7Hhot Al g] A 1 o] 91d
& 58 141 H(Analytic) ZH 5015t 41 BEH 0T AL
3}11, Matlab, Julia, Pythons-2] Q1 E|H| o] AE 75514 3 &t}
Newton-Euler, Euler-Largange, Hamiltonian 18] 1 Kane 2] ¥}
& AlEje 5 e,

()54 o E 5l o]1hE 5k | Q13 =] Q1 Abo] & o] &
37 S18IA1 L o] Ao Ml £ 7} abAbafobt SiTh(rbE 7). w o
Ao A w122 g 0] 7h= =Xk A = Stance Heel o] E o] 4]
ol B, o 2 QA A\;7F0 0] Frh SHAR, o] 2 o A

%2 (Impact)-> LAY 512] oF © B 2, 3 gl (Configuration) 2} 22
Smt 48 8 AR S eo 4 SChE ol &
ZFoll A &= Swing Heel Strike7} @322, o] 2 Q18 4] A, = 0
> 0]} 71 A3} S 52 (Impact) 2 2 21 3f|, ThA] §F
H & g (Configuration)+= A4S G- X 3}X| 7k, T4 5\—57]—%04
&2 0 7 Austl x| Z o] WS 22 5o A &
Aitsl7] 2184l A (25 ARE-RITE | Q1300 A EHﬂOMi =
0] 7}= 42710l A= Swing Toe Strike7} Y SHEL 2 o] 2 Q18] A]
A > 00] ¥t} o] o] 4 2Ash = 5 A(mpact © 2 15 %

>

¢

A;

ot

>

&l (Configuration)= &5 FASHAI T WA E = B AE54]
o7 ity 4 A3 HAEE=S AL HsliA 4 (©2)
£ AHggith T Qldof A =r el
Stance Toe7} B o] A= 70| B2, o] 2 ?léﬂ/\ﬂ A=A, =009]
ek, 325k, o el A %2 (Impact)& HAI}A) 9Fom g,
| (Configuration) T} AL E = AS5-S §-A 3t} 18|11, 0
=7} Stance leg2} Swing leg®] H 7 o] dojut 22, 34z 3
0] Q1 ol et T4 208 7)1 4% ol W= A Al
9] 2] 2}l 7] (Relabeling)2 4=~ 3j 8f| oF 3tct.

(4) @ el (Configuration). FEj & 24 3= FEH2UE2
o) cepset A 14 0.2 44 1801 5 o1

AR Afere) mego] Alzbe 02 15 o)
ol2i sl o] che o] ke A] 177 o]
Apgke] B o] 1k M o] AHS w2 s Ho| 7] = Shek.
Gfot pHiEl o A9 P4 EAES heta) el che T e
o] R NGl HhEA] w 91o] glofof gk o) 2} gl 5o]
ZH A (Convex) ] FE|E 7HA Al 3, W71 E(Toe), &
(Heel), ¥F=-(Ankle), F-5(Knee), & (Hip) 2] 0|7 HIEA] W E
ot 9150 EASHe S FE2E F7Hd B ot ik el 2,
mEo sl}o] HAT 938 7p4slED, HAT 93 29
(Uprighty 5} oF7ke] Wskel): & 10 )i 5] §5HE s 4
2742 Z7Hlok ek, WOF HAT 9 219] 2 Y242 371544
O 7%, HAT 2L F.2135] of el 2 apsted 912]ofu1 4 o] 4
152 elo g g glo|ck wal, 2t pae] BEH OIS Alatstod

o
o
nz -

=
=
=

Do]3gt 2d-S HAT (Head, Arm, Torso) Hdo|g}il FH=Z31
Sagittal FHo|Ae] Hege & Agglct
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L et o 9g Aysted
olof FA7} Qlom e, A gro.w AR} satghe 4o
Zo} oS B 8HA) o l F1S A el o

T A] upzkE(Friction cone) W5

B2 27 BAEI o) HHAoR FEEAL BT
Shoh E5E =l =) 0]401]/\1L Full actuationo] X %}

Hojof stm (1™ 1), ¢ F A (Center of pressure)7} Fh
EA] HFalEH(Base of support T+ Support polygon) U] &-of &
WshE® T4 2L Bakai

© v W el HAskE 2Peks] YA v
(Gradient) 2! Z}54] ¢1(Jacobian) A .7} B @ 5}c}. ol 4 2 0.2
u| & =35k, Gradient 2} JacobianZ: A& 817 AT 4=
T 11, 44| v B £3}9] Gradient®} Jacobiang LAF}5}o]
AF&EE 42 Qlt) o] 7] A= w2 Gradient2Hacobian 412 A%
S}A] 911, A5 1] Automatic differentiation)= AH-8-5Fo] % &
w9} QALY B RS ol %% soc

L E

7127 Julia®) rand() TpE AR5}

¢ s Y ABH oM B, T2 e oji= Julia
(V1.6.7)S AHR3HG L, 23 BAE 7]1457] 3 mdlg
o] 2= JuMP (Julia for Mathematical Programming) S A&
sttt v|AdE 2T Solveri= IPOPT (with lin-ear
solver MUMPS 5.4.1)& AM2-3} %1 tF. Macbook Pro M1 Max 3
S0l A 223k L A B o] 4SSt

Table 1. |3} =84 ZAn}

ES 23}
2|43} A7 593 =
A ok 9.653¢5

22 0.37m
2L 0.29=

°E|'|7||¢.||_g_|11||01|0||%j‘

T T T T T T T
-08 -06 -04 02 0.0 0.2 0.4 0.6 0.8

a3 8. olEEYRE| AN BYo| NS aNNOR B4 9

2 Walking tileS Z& AM(Overlay) 20iZ&.

d A 19 77 19 8L HA3) 9 A B olH AR
WolZrh E 1= K Hsto] A A7k BAR gk WE,
Hejla&r =5 HojFEoh 19 89 Walking tileS 2 H Y u| gl
o] FFARA A Y] Havhs thE A Eeld 4= itk
o 3104 & = o], RSy uj A om =9 A
gheleh 4= ek E3h 2o F3F THA|(Mid stance)of A
2 H(Rollover)7} Yoyt & ] @ Z(Pushoff)7} 4 8]—7]]
LA Gt B3 o) upx|u) T (Late stance)of| A=
xaa(Kneejerm 4o Qelgeh gele desia
ol ABH R Bl B A o) Mol A ALg
‘—1—‘?— ko] Abehe] A A 9 82| (Biomechanical) &
P2 ¢47] wzoltt. olE 5o, 29| Ui(Ankle)>
OS2 AHrEAl 813 0] 7hs sk A, Abgre] W2 of
I 22 2R O]OH‘\E‘ “”—4 A 7E 3] Al

27 4oz Aget
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= %>
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t}. o & Eo] &€& 9] W53 (Dorsiflexion) ZF =& 10%=0] 3}
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2 E9E 7 Atk EA4, et FE Ade A Y &

Table 2, x| M3} =3 ZA 1}

g= 2
2| 2ot Al 3902
=R U 7.6723¢6
=R 0.5m
BdLe 1.13=

£ U= Walking tile

T
0.0 0.2

3210, FE=HE TYe 22| 0| SEHZRO| Nl 2 1t 2| A|H
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= =
=

A7} AelA] WA ol $ AL
o AuEAE AR DHAR) Y2
3

= 74
=

{ M(Overlay) 20{=,
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Sk 223 AL FA ] 3, HE, HEse s Ho
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o 9iek. Z, Eo7t Aol wf 2F A7} By
A2 A AL FA QLA Aol 1) A
g AHGTORA F71H oA G LmEkA] g7
oltt. ©3]¢ Agre] Mol mite] uynct o &

7Fe/gol gt

ey
1o

o8 e 4 Lo

© dr T o do

o

o

X

aEE
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minimum FA| 7} QA S 4= Qi) B

2} FEE YT A £ %

712 1& ALt Ao] A &X

o] B3a} v)gt HaE Ydt= AE/ES o

7457t Wk g} ohe ek Abere] Ha ) ul =gt

8H7} Global mmlmumO] % 497} g ol 1
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f. Direct collocation ©] 2] T}2 W, oFo] A& oA & 4=
=0, Direct collocation-& F=0] 2 & A| A€ o] s &

g Aslohs AAAolst 2310 g Fot

(1) Single shooting. Direct collocationS &% &}=9} L&
A& AArshe g S A%t Single shooting ™= WHE7}A] o}
3t 7}A] Zpo]H L Single shooting®] 7A-$ %7302 HE
Marching W2 E3)] Al B o|HS A $3sHA X Z
o XS Bk oleh A AR 014G Saaof 3}
B2, Forward Euler B o]1} Explicit Runge Kutta B -2 A}
SRR FA). Single shootingS 23 A E#o] 4 8
o2 JREL o & 4 otk FhaAclt Aloi7} e
297} opu a2 2 Ao] 47 ek,

(2) Multiple shooting. Multiple shooting-2- Single shooting @} H]
otk Zpol S 7 WO AlEdoldnt 3Ysh= Single
shootingZH= 2], 7] X172 of 2] ] 77h0 2 Lo}
7h R v A RO A S SRl 7 e E MR oA E
Fo17] 918} 2712 4L B WY T2 WS SR
Multiple shooting-2 Single shooting®]] B3| A & 7+Q1st A&
11, i E2FAJ o] A th(Scalable). Direct collocation©f] H] 3fj 4
A *H 4>(Decision variable) 2] ZA5=7} Z thi= 2 o] QI A ut, H A
of et 74270 ek Aol golsh Eatct.

(3) Orthogonal collocation. Orthogonal collocation< Direct

collocation¥} H|<23}t}, & 2}0] 72 Orthogonal collocation-=

ruz

112}2] Chebyshev polynomial ©]u} Legendre polynomial ¥} 2+
S A}g-3}o] Collocation pointS -
Behe Aotk ARssEE Bt Fiel ety
(Smooth) 2| 232 S 2 4% (Convergence rate)7+ 2|5

Z|(Exponential) & = W= c},

2 Orthogonal polynomial &

‘3—._!'|7||¢-||—3-|11||°1|°||%j.

(4) Differential dynamic programming. Differential dynamic
programming & A Bdo] A ST T NS S
= Ao A shooting ' H I} F-AFstTh Z}o]H-2 24515 =3
3H= o]t Shooting e Uk 91 H] A% A\Z S AHES)
of ZA5tE S,
Dynamic programming®] -4 2| g-510] 2|2 4|o] 5 of iz}
(Backward propagation) &2 2 4] 2|24 o] Bl 745 F-gtrt

Differential dynamic programming-2

V1. Conclusion

)Rl AE ke T4
9] |- A oj e}k A 9] HAS 517] $13] Direct collocation
v g Bl gtk BEAES LT oE) o]A].E_o:}a—]. a1

AL A E BA A2

ﬂ#E@J
A& 50, sto]B 2| = Al 2”9 g3} A] Direct collocation ¥

£5] FH2AL ol EH 3
nAshe). £,
Direct collocation 2]2] t}2 F-A}3H | lﬁ—g of tsfA 7hets)
dotR Yt 2 7| L EE SoA & AlA"E Alofstr] ¢
3 Pl ALE s FolA 2aolunt =&o] 3l

715 whebe},
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