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ABSTRACT

This paper presents a new algorithm based on Novel Extension Rule for reasoning problems in Wumpus World. 
This algorithm describes these problems by propositional logic terms and solves them with Novel Extension Rule. 
In Wumpus World, the algorithm ascertains possible positions with pits or the wumpus in order to find a safe way 
to the gold. Experimental results prove its soundness and completeness. 

1 Introduction 

Epidemiological studies suggest that with the industrialization process and the continuous improvement of people's living standards, influenced by diet, 
smoking, drinking and other lifestyle and environmental factors, the incidence of pancreatic disease increased year by year [1]. Pancreas are secluded in 
the retroperitoneal, well-known far less than its neighbors stomach, duodenum, liver and gallbladder. In recent years, there is a growing number of reports 
about pancreatic diseases, such as acute and chronic pancreatitis, idiopathic pancreatitis, autoimmune pancreatitis, pancreatic cancer and others, and 
pancreatic disease gradually attracted attention. 

Pancreatic endocrine tumor is a rare type of tumor, divided into functional and nonfunctioning tumor, and the main feature is the secretion of too much 
hormones, including insulinoma, gastrinoma, glucagon tumor, somatostatin, Vasoactive intestinal peptide and pancreatic polypeptide. A group of scientist 
found the expression of ghrelin and its receptors (GHSR-1a, GHSR-1b) in many pancreatic endocrine tumor tissues and did not necessarily correlate with 
the hormone species secreted by the tumor itself [2,3].  

Pancreas are rich in innervation, componented by the inner nerve and foreign nerve together, and constitute a complex neural network, controlling the 
external and internal secretion of the pancreas. developmental defects of Pancreatic nerve can lead to abnormal pancreatic function, and some pancreatic 
diseases will change the structure and distribution of pancreatic nerves, thus affecting the disease process [4]. 

Stathmin 1 protein is a microtubule-labile phosphoprotein that plays an important role in the regulation of microtubule motility in the cell cycle. Studies 
have shown that Stathmin 1 protein in many types of human malignancies were high levels of expression, such as oral cancer, esophageal cancer, gastric 
cancer [5]. But reports about its expression in the fetal pancreas are rare at home and abroad. Huang et al. Used immunohistochemistry and in situ 
hybridization to observe the expression of Stathmin 1 in fetal normal pancreas, and to provide morphological basis for the physiological function of Stathmin 
1 [6]. 

In order to explore the formation and biology of the neuroendocrine system role, some researcher examined the expression of chromatin A (CgA) and 
neuron-specific enolase (NSE) during human pancreatic development in order to explore the formation and biology of the neuroendocrine system Role [7]. 

Another major research direction is children with idiopathic pancreatitis, because the cause of pancreatitis in children and adults is different. Ujjal and so 
on from the case group and control group of patients with peripheral blood extracted genomic DNA. The results of PCR-RFLP showed that the susceptibility 
gene was the main cause of chronic idiopathic and acute recurrent pancreatitis in children. The results showed that the susceptibility genes were the main 
genes in children with chronic idiopathic and acute recurrent pancreatitis. the reason. Acute recurrent pancreatitis is a precursor to chronic pancreatitis 
(CP). 1/4 of children with idiopathic acute pancreatitis (AP), especially severe, susceptible genes, should be closely followed by early detection of CP and 
its complications [8].  

With the progress of diagnostic means, diagnosis rate of children with pancreatic disease is increasing. Congenital anatomical abnormalities, such as 
pancreatic dysplasia, biliary pancreatic duct confluence, ring pancreas is the main cause of chronic pancreatitis in children. Acute biliary pancreatitis is also 
increasing. This study through the surgical treatment of the past, this study by fitting the relationship between pancreatic parameters and fetal development 
time, the fetal pancreas growth curve can be used to clinically test whether the normal development of fetal pancreas [9]. 

2. DATASET OF PANCREATIC PARAMETERS IN FETUS 

Our dataset contains 44 fetuses and four measurements of their pancreas, they are total length, top width, body width, tail width of pancreas, time is 
described by pregnant duration(days). As shown by scatter plots in Figure 1, measurements and their variance seem to have increasing trend with time. 
So, we use monotone splines regression to figure out their growth curve. 
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Figure 1: The relationship between pancreatic parameters in fetus and the pregnant days (a) the total length (b) the top width (c) the body width (d) 

the tail width of pancreas respectively 
 

Briefly, we assume a measurement follows normal distribution with variable  and  and then use monotone splines to represent the parameters. 

To estimate them, we use MLE, and use AIC as the criterion of model selection. Additionally, we study bivariate joint distribution of pairs of these four 
measurements.  
 
3. MONOTONIC SPLINES 
 
A very basic kinds of splines is M-splines. In Ramsay, the m order basis of M-splines is represented as following formula:  
 

.                                                                     (1) 
 

.                         (2) 
 

where  is the  knot. 

 
The m order basis of I-splines is represented by:  
 

.                                                             (3) 
 

Since  is nonnegative,  is monotone increasing. So that for any monotone increasing piecewise polynomial or splines, it could be represented 

as a linear combination of I-spline basis 
 

.                                                                   (4) 
 
where ,  is I-spline basis with m order, k is the degree of freedom; the spline will be smoother when k is increasing. 

 
It's hard to generate these bases by our hands, but we have computer fortunately. Thanks for Wenjie Wang and his R package, we can easily generate these 
bases of I-splines.  
 
4. MAXIMUM LIKELIHOOD ESTIMATE (MLE) 
 
Maximal Likelihood Estimation (MLE) is a method that is still widely used. It is a statistical method based on the principle of maximum likelihood and it is 
in the case of the general distribution type is known. A method of estimating parameters was first proposed by German mathematician CF Gauss in 1821. 
The intuitive idea of the maximum likelihood principle is that there is a number of possible results in a randomized experiment. A, B, C ... If A appears in a 
test, it is generally assumed that the test condition is favorable to A, ie the probability of occurrence of A is very big. Therefore, the method is to construct 
the log-likelihood function by using the known probability density function form, and then maximize the likelihood function to obtain the parameter 
estimation contained in the probability density function. Moreover, compared with other point estimates, such as least squares estimation and moment 
estimation, the maximum likelihood estimation fully applies the information provided by each observation value, so its estimation accuracy is extremely 
high, and also has an estimated consistency, asymptotic normality and asymptotic validity of many excellent statistical properties. So it is a very good 
parameter estimation method. 
 
5. APPROXIMATION 
 
We first assume that: 

The measurement  is normal distributed with  and ,  are independent. 

 

, ,                                           (5) 
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where ,  and ,  are degree of freedom. Additionally,  is intercept. 

 
We will verify normality assumption later. And under these assumptions, the log likelihood function can be represented as 
 

.        (6) 
 

We use MLE with constrains to estimate parameters  and  and then draw estimated growth curve. For different  and , we will get different models. 

Do for model selection, we choose the one with smallest AIC. The result is shown as figure 2.   
 

 
 

Figure 2: The estimated growth curve of different pancreatic parameters in fetus (a) the total length (b) the top width (c) the body width (d) the tail 
width of pancreas respectively 

 
Two red lines represent the upper bonds and lower bonds of 95% prediction interval, two blue lines represent the upper bonds and lower bonds of 90% 
prediction interval. If we have observations that exceed these bonds, it may indicate some abnormity. 
 
6. VERIFY ASSUMPTION 

We first standardize our sample to , these  should follow a standard normal distribution if the normality assumption is reasonable. The normal 

Q-Q plots are shown in figure 3. 

 
 

Figure 3: The result of normality assumption (a) the total length (b) the top width (c) the body width (d) the tail width of pancreas respectively 
From these four normal Q-Q plots, we can verify that our normality assumption is reasonable. 
 

7. BIVARIATE DEPENDENCE 

We transfer our standard observations into pseudo-observations. We first test for independence base on  with . We test each pair of these 

measurements, only between body width and tail width we can reject the null hypothesis with p-value less than 0.001. The result of test for exchangeability 

shows that  and p-value = 0.657, and the result of test for extreme-value dependence is  and p-value = 0.351. Common 
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copulas that have these properties are t extreme value copula and Gumble copula. In practice, t-ev copula could be replaced by Gumble copula with a suitable 
parameter. 

If we use parametric bootstrap goodness-of-fit test, we can verify if Gumble copula fit well and estimate the parameter. The p-value of the test is 0.538 

so that Gumble copula fits well and the estimated fixed parameter of Gumble copula . However, if we focus on the data under the condition that 

, the estimated parameter is . Under , the estimated parameter is . Under  and fit it to Gumble copula, the 

estimated parameter is . The parameter seems not fixed as we assumed. If we assume that the parameter is not fixed but depended on t, that is 

. Like we did MLE previously, we can approximate a curve of  vs. , which is shown in figure 4. 

Figure 4: The approximate curve of  with 

8. CONCLUSION

The dysplasia of pancreas of fetus and pancreatic hypertrophy are both disease. Particularly, dysplasia of pancreas of fetus has a very high fatality rate, so 
establishing a pancreas growth model has a significant sense for clinical diagnosis of such disease of pancreas. This study uses monotone splines and MLE 
to approximate the growth curve of measurements of fetuses' pancreas, and also give the prediction interval. The growth curve may make sense in clinical 
diagnosis. Additionally, we do some study about bivariate correlation and use Gumble copula to fit the copula of tail width and body width. 
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