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Household Activity Pattern Problem (Recker, 1995)
M S B OMEATOT VT4 ET 4 ETIL

Recker, W. W.: The Household Activity Pattern Problem: General Formulation and Solution,
Transportation Research Part B, Vol. 29(1), pp. 61-77, 1995.
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Bellman, R.E.(1953)
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Rust, J.(1988) Statistical Models of Discrete Choice Processes, Transportation Research Part B, Vol. 22(2), pp. 125-158.
NESTED FIXED POINT MAXIMUM LIKELIHOOD ALGORITHM
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NFXP3E © Fixed-Point Solution

(7)2X E FRMED TR IC & Y, Fixed-Point equation 3R & 72 %
EV(x,d) = f log Z exp[v(x’,d’; 6,,RC)+ BEV(X', d’ )]} (12)
= d'c(0,1)
X pi3(dx'|x,d, 65).
SHIDIRRExE KD E], REFDIRREX &I E L T, FREC.

. ) Pr{x’ = x444165}, ifd=0
P30 xe d 02 =1 pr — 3163, ifd=1 13
(11)=0 IZFSA . |
V(xi,d) = Zlog Z exp[v(x’,d’; 6,, RC)+ BEV(X/, d’)]}
j=0 L d’'€{0,1) (14)

X p3(X'| Xy, d, 65).
X ZORNEESN TV EV=[EV(%,,0),...,EV(ix,0),EV(%,, 1), ..., EV(ig, )]
T\ & R

EV=T(EV,0) (15
19
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BEIED T T, TENH EVy =Ty(EVy)(15) Z K& 5
(15)IFIFEBIRTH Y, RHKILT 5.

[ To(W) —To(V)|| < B[|W =V|| (16)
ZDOUEBEL S, EVi,ERTEHT 3,
EViy1 = To(EVy) (17)

DFY, TaesLiub,
|To (EVi+1) — To(EVi)| < BlEVi4q1 — EVi|

S |EViiy — EVigq| < BlEViy1 — EVy|

BDRE TEVyIZiED <,

20180915Urata

(18)

72720, EVeafTEa7o®HIlIE, k=eeHhnZBTH Y, REJRIEFE TITUIEAEL 25,

RNE) R T, R %Z AL % (Newton-Kantorovichi%).

0= (I —Tp)EViy1 ~ (I = Tp)EVi + (I — Ty)(EViy1 — EVy)  (19)

EVii1 =EVi— (I -Tg) '(I — Te)EVi

(20)
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Stepl: EV,& 7 V' X LICHE R 5

Step2: EV, Z Q)N DHELITHRA L, TERKELT H/37 X —X%0, KD %

xplv(x, d; 6;, RC EV(x,d
P(dlx; ) = —P OGO FPEVE D],
Z explv(x,d’; 6;,RC)+ BEV(x,d')]

d'{0,1)

Step3: EV, &0, AWLT, (14):X &L YEv,, Z KD S

J
EV(x,,d) = E log E exp[v(x’,d’; 6,, RC)+ BEV(x', d')]
— , (14)
j=0 d'€{0,1)

X [7‘3(-\-’|-i\'k1 d, H% ).

INSRHITE: |EV,,,- EV, | & 18,4~ 6, | D T/ S IF ALILUNER
NG L TWARTNIE, step2l E%

HRE DY IRLETEICL > TARERZEF2 T EATE, NFXPEENIZEM
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NPL(#EL ER T
Aguirregabiria and Mira(2002)

TABLE 1
MONTE CARLO EXPERIMENT

Experiment design

Model: Bus engine replacement model (Rust)
Parameters: 6, =10.47; 8, = 0.58; B =0.9999
State space: 201 cells
Number observations: 1000

1000

Number replications:

Initial probabilities: Kernel estimates

Monte Carlo distribution of MLE
(In parenthesis, percentages over the true value of the parameter)

b

2.08 (19.9%)
1.56 (14.9%)
2.24 (21.4%)

6

0.17 (29.0%)
0.13 (22.7%)
0.16 (26.9%)

Mean Absolute Error:
Median Absolute Error:
Std. dev. estimator:
Policy iterations (avg.):
Monte Carlo distribution of PI estimators (relative to MLE)
(All entries are 100* (K-PI statistic-MLE statistic)/MLE statistic)

6.2

Estimators
Parameter Statistics 1-PI 2-Pl 3-Pl
6, Mean AE 4.7% 1.6% 0.3%
Median AE 14.2% 0.2% -0.3%
Std. dev. 6.8% 1.2% 0.3%
0, Mean AE 18.7% 1.5% 0.2%
Median AE 25.1% 0.7% 0.6%
Std. dev. 11.0% 1.3% 0.2%

WAN

) & NFXP D LE 8%

INT A —=BZHPADDEE L,
SHEEE [INPLIZOfEE L

Nested Pseudo Likelihood Algorithm (NPL):

Let #; be an estimate of 6. Start with an initial guess for the conditional
choice probabilities, P” € [0, 1], At iteration K > 1, apply the following steps:

Step 1: Obtain a new pseudo-likelihood estimate of a, aX, as

(11) aX =argr£1$(zln Wi (P ) alx,)
i=1

where ¥,(P)(a|x) is the element (a, x) of ¥(P).
Step 2: Update P using the ‘arg max’ from step 2, i.e.
(12) PX =W 5, (PX).

Iterate in K until convergence in P (and a) is reached.

22
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MPEC (Mathematical Programming with Equilibrium Constraints) % F3 U 7= 3K #2

(11)=%, (15)=\ = FMAaEHRAT T RBELHEE & E L.
(EMThHd & DIRITTFEELILY)

|
max —L(6, EV) (11)

(6,EV)

subjectto EV=T(EV, 6) (15)

NFXPOITEN S OB 7O X AFRIENTWBDIITLEXRT,

BellmanDZE(15) % —EFEMI NIF L LW T, sTEERIZ/NI W,
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B

D EL#

B Implementation  True values:

Parameters

RC

011 30 631 037 33

11.726

2457 0.0937 0.4475 0.4459 0.0127 MSE

0.975 MPEC/AMPL  Mean
Std. dev.

MPEC/MATLAB  Mean
Std. dev.

NFXP/MATLAB  Mean
Std. dev.

0.980 MPEC/AMPL  Mean
Std. dev.

MPEC/MATLAB  Mean
Std. dev.

NFEXP/MATLAB  Mean
Std. dev.

0.985 MPEC/AMPL Mean
Std. dev.

MPEC/MATLAB  Mean
Std. dev.

NFXP/MATLAB  Mean
Std. dev.

0.990 MPEC/AMPL Mean
Std. dev.

MPEC/MATLAB  Mean
Std. dev.

NFXP/MATLAB  Mean
Std. dev.

0.995 MPEC/AMPL Mean
Std. dev.

MPEC/MATLAB  Mean
Std. dev.

NFXP/MATLAB  Mean
Std. dev.

12.212
(1.613)
12.212
(1.613)
12.213
(1.617)

12.134
(1.570)
12.134
(1.570)
12.139
(1.571)

12.013
(1.371)
12.013
(1.371)
12.021
(1.368)

11.830
(1.305)
11.830
(1.303)
11.830
(1.303)

11.819
(1.308)
11.819
(1.308)
11.819
(1.308)

2607 00943 04473 04454 0.0127 3.111
(0.500) (0.0036) (0.0057) (0.0060) (0.0015) -
2607 00943 04473 04454 0.0127 3.111
(0.500) (0.0036) (0.0057) (0.0060) (0.0015) -
2606 00943 04473 04445 0.0127 3.123
(0.500) (0.0036) (0.0057) (0.0060) (0.0015) -

2578 0.0943 04473 04455 0.0127 2857
(0.458) (0.0037) (0.0057) (0.0060) (0.0015) -
2578 0.0943 04473 04455 0.0127 2857
(0.458) (0.0037) (0.0057) (0.0060) (0.0015) —
2579 0.0943 04473 04455 0.0127 2.866
(0.459) (0.0037) (0.0057) (0.0060) (0.0015) -

2541 0.0943 04473 04455 0.0127 2.140
(0.413) (0.0037) (0.0057) (0.0060) (0.0015) -
2541 0.0943 04473 04455 0.0127 2.140
(0.413) (0.0037) (0.0057) (0.0060) (0.0015) -
2544 0.0943 04473 04455 0.0127 2.136
(0.411) (0.0037) (0.0057) (0.0060) (0.0015) -

2486 0.0943 04473 04455 0.0127 1.880
(0.407) (0.0036) (0.0057) (0.0060) (0.0015) -
2486 0.0943 04473 04455 0.0127 1.880
(0.407) (0.0036) (0.0057) (0.0060) (0.0015) -
2486 0.0943 04473 04455 0.0127 1.880
(0.407) (0.0036) (0.0057) (0.0060) (0.0015) -

2492 0.0942 04473 04455 0.0127 1.892
(0.414) (0.0036) (0.0057) (0.0060) (0.0015) -
2492 0.0942 04473 04455 0.0127 1.892
(0.414) (0.0036) (0.0057) (0.0060) (0.0015) -
2492 00942 04473 04455 0.0127 1.892
(0.414) (0.0036) (0.0057) (0.0060) (0.0015) -

4For each B, there are 250 replications. Standard deviations are reported in parentheses. MSE is calculated by

summing over all structural parameters.

20180915Urata
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Runs Converged ~ CPUTime  #of Major  # of Func.  # of Contraction

B Implementation (out of 1250 runs) (in sec.) Iter. Eval. Mapping Iter.
0.975 MPEC/AMPL 1240 0.13 12.8 17.6 -
MPEC/MATLAB 1247 7.90 60
QK 9, e MPEC-AMPL
NFXP 998 24.60 S peee A
0.980 MPEC/AMPL 1236 0.15 50}
MPEC/MATLAB 1241 8.10
NFXP 1000 2790 ol
0.985 MPEC/AMPL 1235 013 #
MPEC/MATLAB 1250 750 8§ ol
NEXP 052 43.20 E’
0.990 MPEC/AMPL 1161 0.19 E ool °
MPEC/MATLAB 1248 750 S ——
NFXP 935 70.10 B I e .
_ _ 101 '$;;'d n:.o &
0.995 MPEC/AMPL 965 0.14 S @asf, 0
NEFXP 950 111.60 i

4For each B, we use five starting points for each of the 250 rep
number of function evaluations and number of contraction mapping
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