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class PrioQue:
def _init_ (self,Ist=[]):
self.elems = sorted(lst)

Q 5ESHAEN AT LR — A IRt R
n FHATRNFERENFICRRIMIERR, #iE EMAHBALE
0 REFABFIMTTRTUUA <= L. THH—BIBBADFEELE:

def enqueue(self, e):
| =len(self.elems) - 1

while i >= 0: O while BI&APRIE T ILEEAM

if self.elems]i] <= e: Rl JCER R IERAFRFIRFY, XA
=1 33 BL AR B AR IE T AT A Sk

else: break 0 while &3B! i B4 -1, A

self.elems.insert(i+1, e) KT e TEN T
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def is_empty(self):
return len(self.elems) ==
def peek(self):
if self.is_empty():
raise PrioQueueError("in top") # &5—RfE B
return self.elems[len(self.elems)-1]

def dequeue(self):
iIf self.is_empty():
raise PrioQueueError("in pop")
return self.elems.pop()

B EFEEX—NFRER (FEHN pass)

class PrioQueueError(ValueError): pass
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class PrioQueue:
def _init__ (self, elist =[]):
self.elems = elist
if elist I=1]:
self.buildheap()

def is_empty(self):
return len(self.elems) ==

def peek(self):
iIf self.is_empty():
raise PrioQueueError("in top")
return self.elemsjO0]

m YRR E A A TCER b, EEEE mIEABUTR R, SET A
RITEOA . TFRIBEITE AT, % BT H P I I HE < 38 B B 1E O
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def enqueue(self, e):
self.elems.append(None) # add a dummy element
self.siftup(e, len(self.elems)-1)

def siftup(self, e, last):
elems, i, | = self.elems, last, (last-1)//2
while i > 0 and e < elems]j]:
elems]i] = elems]j]
L, ] =], (-2
elems[i] = e

ER: XERFAFALR, MEEREZEXRTRENIEBFEAMIE
Q PER R REBEE KA R e ERIRHITR, RENTE
Q PEAREIRIN | SN IZFEATTRINE
Q AT BUGIE e FARJE, TEELBINTHITR
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def dequeue(self):
If self.is_empty():
raise PrioQueueError("in pop")
elems = self.elems
e0 = elems[0]; e = elems.pop()
If len(elems) > O:
self.siftdown(e, 0, len(elems))
return e0

def siftdown(self, e, begin, end):
elems, I, ] = self.elems, begin, begin*2+1
while | < end: # invariant: | == 2*+1
If j+1 <end and elems[j+1] < elems]j]:
j += 1 # elems[j] <=its brother
If e <elems]j]: # eis the smallest of the three

break
elems|i] = elems]j] # elems]j] is the smallest, move it up
L, ] =], 2%+1

elemsJi] = e
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def heap sort(elems):
end = len(elems)
foriin range(end//2, -1, -1):
siftdown(elems, elems]i], i, end) # x& X3RN
for i in range((end-1), O, -1):
e = elems]i]
elemsJi] = elems][0]
PrioQueue.siftdown(elems, e, O, 1)

m BB EEEHNNEI:
Q F—MEREE, MAIE i FFLE, LLend HTEREILA
Q B AEHRENRERDGE, BEERNREFEEERE

EAEIHM n K, BXRFTHRTCE TMTEEEAET log n. B2
BAESHRIRFFER O(n log n)
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foriin range(end//2, -1, -1):
siftdown(elems, elemsJi], i, end)

n TEMONn HRE_XWEEN h, ZH, EXREE

O EER 2 BFWLH nld (n/22) #, FEXEER—IERERE R,
TCERBIEEABT 1

O SEA 3 FMELA n/8 (n/23) R, EXFEM—RRHAT A,
HPTR&BIEEA BT 2, .. ... BBHKE:

Ci(n) < Yig(h—9)2 =30 52" (let j = h — )
= Yr.2-j-277.2h<2nYr /20 (30) /27 <2)
< 4n = 0(n)

2. HHFRIREE 242 O(n log n), ZF[E)&Z O(1)
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class Simulation:
def __init__ (self, duration):
self. eventq = PrioQueue()
self. time =0
self. duration = duration

def run(self): # BEIUAIZITHL 2 OB — M
while not self._eventq.is_empty():
event = self._eventq.dequeue()
self. _time = event.time()
If self._time > self._duration: break

event.run() # —MNEARIEIT T REIEF EHIMA eventq
def add_event(self, event): self. eventg.enqueue(event)

def cur_time(self): return self._time
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s —NRAER, TESUHRRNESG G, BEEX—AaHE
K, EREMEBEARAIERE. XRBBUIRMARGEN —FSLITT%:

class Event:
def _init_ (self, event_time, customs):
self.ctime = event_time
self.customs = customs

def It (self, other_event): # N EFEM4E X < BEFEREF

return self.ctime < other_event.ctime
def time(self): return self.ctime
def run(self, time, event_name): pass # f 2 R4 RE Bk e X
m KA EFENR SR, BEAASEMASRE I Event BIRAER
0 ARIVRAZRRYE B CHIE R, & XEAER run J5i%
0 XTI T BRAE, He A BT K S I S4B 51
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n R ENRSET I FEA:
Q0 RERBHEM, XK Arrive
QO REFEREREHS, BRHAMHE, £ T mERFEE TR
QO RERBETENEFEM, €K Leave
m XA E A Event FIYRAESR, ENITHXT SR BN SE 45
0 BNTRME R e s BRI WE
O BATH run BREHR X M4 & AN NI 2 1E
m Arrive R K HME R 3L

class Arrive(Event):
def _init_ (self, arrive_time, customs):
Event. init_ (self, arrive_time, customs) # {AH EventH...
self.customs.add_event(self)

# IR B S TR ARG IS EA S B 2R 4
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m Arrive 2B run BB

def run(self):
time, customs = self.ctime, self.customs

event_log(time, "car arrive") # @i  HE"EE, FFKEE

# genarate the next Arrive event
Arrive(time + randint(*car_arrive_interval), customs)

car = Car(time) # dealing with current Arrive car
i = customs.find_gate() # H Z N gateiR [Fl 4 5, &M None
if i is not None:
event_log(time, "car check") # #ii“ HE"E B
Leave(time + randint(*car_check_time), i, car, customs)
else:
customs.enqueue(car)

MRBR|EETSRUMBEIERN, EWHEAFB. F&E, Arrive HH4A]
BeAdE l— AN B e i R B IE 5 1) Leave 4
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m Leave EHEXREM, EFELRXELELR:

class Leave(Event):
def _init_ (self, leave_time, gate_num, car, customs):
Event. init_ (self, leave_time, customs)
self.car = car; self.gate_num = gate_num
self.customs.add_event(self)

def run(self):
time, customs = self.ctime, self.customs
event_log(time, "car leave")
customs.free_gate(self.gate_num)
customs.car_count_1()
customs.total _time_acc(time - self.car.arrive_time())
If customs.has_queued_car():
car = customs.next_car()
| = customs.find_gate()
event_log(time, "car check")
customs.wait_time_acc(time - car.arrive_time())
Leave(time + randint(*car_check_time), i, car, customs)
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n REZEBXMIURAR LR, B LFRMERSM
car_arrive interval = (1, 2) # € X MEUH P 2 /Z &
car_check_time =(3,5) # E& 0] DB AT E R EX

class Customs:
def __init__ (self, gate_num, duration):

self.simulation = Simulation(duration)
self.waitline = SQueue() # RZFEZERBAFI
self.duration = duration
self.gates = [0]*gate_num
self.total wait_time =0
self.total used time=0
self.car_ num =0

# TR 4L

m XHEEXT—4 Simulation %% f—4> Squeue %%, MEBEBEH—
A list Rox, &7 —BH TS RERE SLUHIEEE 8o
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m Customs A — L] By vk

def wait_time_acc(self, n): self.total _wait_time +=n

def total _time_acc(self, n): self.total used time +=n

def car_count_1(self): self.car_ nhum +=1

def cur_time(self): return self.simulation.cur_time()

def add_event(self, event): self.simulation.add_event(event)
def enqueue(self, car): self.waitline.enqueue(car)

def has_queued_car(self): return not self.waitline.is_empty()
def next_car(self) : return self.waitline.dequeue()

def find_gate(self):
for i in range(len(self.gates)):
If self.gates][i] ==0:
self.gates[i] = 1; return i # FEJBPMEH 1 ¥~ H
return None
def free_gate(self, i):
if self.gates[i] == 1: self.gates[i] = 0 # i&F&
else: raise ValueError("Clear gate error.")
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m Customs R FERBANFE T B

def simulate(self):
Arrive(0, self) # initially generate one car
self.simulation.run()
self.statistics()

def statistics(self):

print("Simulate " + str(self.duration) + " minutes, for "
+ str(len(self.gates)) + " gates")

print(self.car_num, "cars pass the customs")

print("Avarage waiting time:",
self.total wait_time/self.car_num)

print("Avarage passing time:",
self.total used time/self.car_num)

=0

while not self.waitline.is_empty():

self.waitline.dequeue(); i +=1
print(i, "cars are in waiting line.")
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m 5J5& Car MG HE 5B R

class Car:
def __init__ (self, arrive_time):
self.time = arrive_time

def arrive_time(self):
return self.time

def event_log(time, name). pass
# print("Event: " + name + ", happens at " + str(time))

m B4 T
0 Simulation Z8SZEL T —ANE B3 7 B BB RO HE SR
O JLANEMSRI run J7 T A BGE 44 58 USR0S FE B S Brg il
0 Customs KSEI T R B RGE R SCET BN EIE R4
HAH—NAIEN RN, REFECELIRELEARRERE
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m FIEAHT X —ENAH, EESMEHT X RISH

Rl e — XS AP BE R EZ FRRR
n P E XA 57 Python BLEJSCEL

FE XA X B 45 R — > U 3R

A RETHERTI AR TSR, BETERNTUM None H
m RS X & RHIRRE X

class BiTNode:
def __init_ (self, dat, left, right):
self.data = dat
self.left = left
self.right = right

n WE—REE=EAE AN X, TRt 5EMNIRES S
t = BiTNode(1, BiTNode(2, None, None), BiTNode(3, None, None))
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T BiTNode MEMIER XA EFEIALM, #BIAAEIEE 7.
# Gk R 4 SN
def count_BiTNodes(t):
If tis None:
return O
else:

return 1 + count_BiTNodes(t.left) + count_BiTNode(t.right)

# &5 i T RAF AR BUE ) Z O B ) BT BB KA

def sum_BiTNodes(t):
If tis None:
return O
else:
return t.dat + sum_BiTNodes(t.left) + sum_BiTNodes(t.right)

AL EE XM R RE R G S W AR B SRR O, an e a3 )
RO X RIZEA TR, FHFETXER RN B Z R
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