1. cdERESRI (7] 5 X4 BR 2 R AT 27 )

==l gl ;R
SPM—4cd(current_dir, new_dir)E#, REIFKLKE, HF:

e cd(/foo/bar, baz) — /foo/bar/baz
e cd(/foo/../, ./baz)— /baz
e cd(/, foo/bar/../../baz) — /baz

e cd(/, ..)—Null

HEEKR:

e /N_Ltsymbolic link (5 8#%) X #,

o HEEEMapEKELE, LARAEKMTHE,

. ﬁ%ﬁﬁﬁéﬁ%ﬁ%(thﬂ%?ﬁﬁ& BXiEMA), FEM L ZERN (R LLADFSHK N &
H—HEK:

o X#H~(FAFhomeBF ) 5,

o BREALEIFEEFHapplyREEHEMST,

o RAREFT—TERERE.

o ZFEEZEFRHCcorner cases,

Rt 5% K13 (Python) :

python
CopyEdit
class Solution:
def simplifyPath(self, path: str) -> str:
nodes = path.split("/")



nodes = [node for node in nodes if node '= "" and node '!'= "."]
results = []
for node in nodes:
if node == "..":
if results:
results.pop()
elif node == "~":
results.clear()
else:
results.append(node)
return "/" + "/".join(results)

def cd(self, pwd, input, dictionary=None) -> str:
path = pwd + '/' + input
nodes = path.split("/")
nodes = [node for node in nodes if node !=
results = []
for node in nodes:

and node '= "."]

if node ==
if results:
results.pop()
elif node == "~":
results.clear()
else:
results.append(node)

result = "/" + "/".join(results)

if dictionary:
if self.is_cyclic(dictionary):
raise Exception("Softlink cycle detected")
keys = sorted(dictionary.keys(), key=lambda k: -len(k))
while True:
found = False
for key in keys:
if key in result:
result = result.replace(key, dictionary[key])
found = True
break



if not found:
break
return result

def is_cyclic(self, d):

visited = {k: False for k in d}

stack = {k: False for k in d}

for key in d:

if not visited[key] and self.is_cyclic_inner(d, key,
visited, stack):
return True
return False

def is_cyclic_inner(self, d, key, visited, stack):
if not visited[key]:
stack[key] = True
visited[key] = True
if d[key] in d:
if not visited[d[key]] and self.is_cyclic_inner(d,
d[key], visited, stack):
return True
if stack[d[key]]:
return True
stack[key] = False
return False
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s = Solution()

assert s.cd("/123/", "..") == "/"

assert s.cd("/123/456", ".") == "/123/456"

assert s.cd("/123/456", "123/~") == "/"

assert s.cd("/123/456", "123/~/67") == "/67"

assert s.cd("/123/", "456", {"123": "abc", "123/456": "cde"}) ==

"/cde"




English Version:

Implementa cd(current_dir, new_dir) function that returns the final path. Examples:

e cd(/foo/bar, baz) — /foo/bar/baz
e cd(/foo/../, ./baz)— /baz
e cd(/, foo/bar/../../baz) — /baz

e cd(/, ..)—Null

Further requirements:

e Add symbolic link support, given a dictionary mapping.

e Prioritize longer matches for symbolic links.

e Detect cycles (e.g., A— B — A) using DFS and throw exceptions.
e Add ~ home directory symbol support.

e After each change, reapply the symbolic link map.

e The final path does not have to be the shortest one.

Reference Code (Python):
(Same as above.)

Test Cases:
(Same as above.)

2. Resumable Iterator (A% £ 21X 28)
Hh 32 AR
EK:



BE— /MR EQIteratorInterface

XHlget_state()Flset_state(state), AFIREER
TfiFRhasNext () ; FEREIERGERENERMAER

ENREE, MNidE— 1 RFHstate 2B EHAIR &

HEAXLR:

1.
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E X FListhlterator
B % 304 (%4 lterator) BRI K £ Iterator

fn £ Coroutine (asyncik £ 25)

%% X% (Python)
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class IteratorInterface:

def __init__(self):
pass
def __iter__(self):
pass
def __next__(self):
pass
def get_state(self):
pass
def set_state(self, state):
pass

class ListIterator:

class State:
def __init__(self, ind):
self.ind = ind

def __init__(self, input_list):



self.input_list = input_list
self.state = self.State(0)

def __iter__(self):
return self

def __next__(self):
if self.state.ind < len(self.input_list):
self.state.ind += 1
return self.input_list[self.state.ind - 1]
raise StopIteration

def get_state(self):
return self.state

def set_state(self, state):
self.state = state
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1=1[4,3,2,1]

it = ListIterator(1l)
assert next(it) ==
state = it.get_state()
assert next(it) ==
it.set_state(state)
assert next(it) ==

English Version:
Requirements:

e Implement an abstract IteratorInterface

e Implement get_state() and set_state(state) for restoring iteration



e No hasNext () is allowed; caller should handle Stoplteration

o Write tests that verify resuming works correctly

Steps:

1. Define the interface
2. Implement a List-based resumable iterator
3. Implement a multiple file resumable iterator
4. Upgrade to async (Coroutine) iterator
Reference Code (Python):
(Same as above.)

Test Cases:
(Same as above.)

3. Time Based Key-Value Store (753 &% 500Miti )
HR 3B -
SEH— A 2 RIZ AR ARKVEi# (3Kl LeetCode 981/ ) » E3K:

o set(key, value): RFLRTNEBMBREN

e get(key, timestamp):iR[a] <= timestamp K&z Fivalue

Follow-ups:

1. SLXEBHREE, NEILGE?
— FReadWriteLockiREBIHLFl, & keyl L B,

2. BIEEAXKOOMEL?
— BERABIEE, AERIREFERIETRNEREE (0 LRUKEEZSSTable 5 )

SERD:
ERRA (8 )
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import time
from collections import defaultdict
from threading import Lock

class TimeMap:

def

def

def

__init__(self):
self.values = defaultdict(list)
self.lock = Lock()

set(self, key: str, value: str) -> None:

with self.lock:
timestamp = time.time()
self.values[key].append([value, timestamp])

get(self, key: str, timestamp: int) -> str:
current = time.time()
if timestamp > current:
time.sleep(timestamp - current)
with self.lock:
if key not in self.values:
return ""
vs = self.values[key]
1, r =0, len(vs) - 1
while 1 <= r:
mid = (L + r) // 2
if vs[mid][1] > timestamp:
r=mid - 1
else:
1l =mid + 1
return vs[r][@] if r >= 0 else

RAERR A (4 shard) :
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class ReadWritelock:

def

__init__(self):



self.read_ready = threading.Condition(threading.Lock())
self.readers = 0

def acquire_read(self):
with self.read_ready:
self.readers += 1

def release_read(self):
with self.read_ready:
self.readers -= 1
if self.readers ==
self.read_ready.notify_all()

def acquire_write(self):
self.read_ready.acquire()
while self.readers > 0:
self.read_ready.wait()

def release_write(self):
self.read_ready.release()

class TimeMapShard:
def __init__(self):
self.values = defaultdict(1list)
self.lock = ReadWritelLock()

def set(self, key, value):
self.lock.acquire_write()
try:
timestamp = time.time()
self.values[key].append([value, timestamp])
finally:
self.lock.release_write()

def get(self, key, timestamp):
current = time.time()
if timestamp > current:
time.sleep(timestamp - current)



self.lock.acquire_read()
try:
if key not in self.values:
return ""
vs = self.values[key]
1, r =0, len(vs) - 1
while 1 <= r:
mid = (L + r) // 2
if vs[mid][1] > timestamp:
r=mid - 1
else:
1l =mid + 1
return vs[r][0] if r >= 0@ else ""
finally:
self.lock.release_read()

class TimeMap:
def __init__(self):
16
[ TimeMapShard() for

self.size
self.maps

_ in range(self.size)]

def get_shard(self, key):
return self.maps[hash(key) % self.size]

def set(self, key, val):
self.get_shard(key).set(key, val)

def get(self, key, timestamp):
return self.get_shard(key).get(key, timestamp)

English Version:
Implement a time-based KV store (similar to LeetCode 981).
Requirements:

e set(key, value): Save a value with the current timestamp.



e get(key, timestamp): Return the most recent value at or before the given
timestamp.

Follow-ups:

1. How to handle multithreaded access?
— Use ReadWritelLock per key.

2. What to do if the dataset becomes too large (OOM)?
— Keep only the most recently accessed data in memory; move older versions to disk.

Reference Code:
(Same as above.)

4. In-Memory Database (#Where+OrderBy)
B 35 B -
Bit— A SRR SR, B3R

e insert(table, row)

e query(table, columns, where_conditions=[], order_by=[])
X FFIThEE:
o HJZlwhere

e %J5IAND where

e order by—73l

e order by% 3l

o XBEXFNFEHCG, <)

o XLFHESQLAEMT, B EXAPI



o FRHEHIERELHRZEString

2% {1 (Python) :
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from collections import defaultdict

class DataBase:
def __init__(self, cols):
self.rows = []
self.col_map = {v: i for i, v in enumerate(cols)}

def insert_row(self, row):
self.rows.append(row)

def where(self, conds):
res = []
for r in self.rows:
if all(r[self.col_map[k]] == v for k, v in conds.items()):
res.append(r)
return res

def order_by(self, cols):
inds = [self.col_map[col] for col in cols]
return sorted(self.rows, key=lambda r: [r[i] for i in inds])

def greater_than(self, conds):
res = []
for r in self.rows:
if all(r[self.col_map[k]] > v for k, v in conds.items()):
res.append(r)
return res

=R
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db = DataBase(["name", "birthday"])



db.insert_row(["Ada", "1815-12-10"])
db.insert_row(["Charles", "1791-12-26"])
db.insert_row(["Ben", "1715-12-11"])

assert db.where({"name": "Ada"}) == [["Ada", "1815-12-10"]]
assert db.order_by(["birthday"]) == [["Ben", "1715-12-11"],
["Charles", "1791-12-26"], ["Ada", "1815-12-10"]]

English Version:

Design a simple in-memory database.

Requirements:

insert(table, row)

query(table, columns, where_conditions=[], order_by=[])

Supported features:

Where by single or multiple columns
AND condition

ORDER BY one or more columns
Greater-than and less-than conditions
No SQL parsing; define your own APIs

All fields are treated as String

Reference Code:
(Same as above.)

5. Spreadsheet API(i% 1t AJ{&# £ LK I RIE1TE)

th 3CiH ER



BRI -IPRIBRE, BEXBAILUE:
o EEMHE

o FAHAMHETHAM (LAIC = A + B)

DIREE K

e setCell(key, cell)

e getCellValue(key)

LEIE
o BRsetCellFEEHIKBX R
o MMRFMEIN5IA (AKEB, BRIKBA), TEMFE
o FEXRFSMEM, FMcacheRFITESER

o (BB TRET, Bahinvalidatefd 5 (& B 3 TS

%% 113 (Pythonhiz)
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from typing import Dict, Set, Optional

cell_dict: Dict[str, 'Cell'] = {}
class Cell:

def __init__(self, value=None, child1=None, child2=None):
self.value = value

self.child1l = child1
self.child2 = child2
self.parents: Set['Cell'] = set()

def get_value(self) -> int:
if self.value is not None:



return self.value
if self.child1 not in cell_dict or self.child2 not in
cell_dict:
raise ValueError(f"Cannot find children {self.child1} or
{self.child2}")
self.value = cell_dict[self.child1].get_value() +
cell_dict[self.child2].get_value()
return self.value

def set_parent(self, parent: 'Cell', visited: Optional[Set] =
None) :

if visited is None:
visited = set()

if parent in visited:
raise ValueError("Circular dependency detected")

visited.add(parent)

self.parents.add(parent)

if self.child1:
cell_dict[self.child1].set_parent(self, visited)

if self.child2:
cell_dict[self.child2].set_parent(self, visited)

def invalidate(self):
self.value = None
for parent in self.parents:
parent.invalidate()

class SpreadSheet:
def get_cell_value(self, key: str):
return cell_dict[key].get_value()

def set_cell(self, key: str, cell: Cell):
if key in cell_dict:
cell_dict[key].invalidate()
cell_dict[key] = cell
if cell.child1:
cell_dict[cell.child1].set_parent(cell)
if cell.child2:



cell_dict[cell.child2].set_parent(cell)

izt TR 451 -
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spreadsheet = SpreadSheet()
spreadsheet.set_cell("A", Cell(6))
spreadsheet.set_cell("B", Cell(7))
spreadsheet.set_cell("C", Cell(None, "A", "B"))

assert spreadsheet.get_cell_value("C") == 13
spreadsheet.set_cell("A", Cell(5))

assert spreadsheet.get_cell_value("C") == 12
TR AT i -
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spreadsheet.set_cell("D", Cell(10))
spreadsheet.set_cell("E", Cell(15))
spreadsheet.set_cell("F", Cell(None, "D", "E"))

E
IIF
try:

spreadsheet.set_cell("D", Cell(None, "F", "E"))

except ValueError as e:
assert str(e) == "Circular dependency detected"

English Version:
Design a spreadsheet system where each cell can:

e Hold a direct integer value

e Be the sum of two other cells

Features:



e setCell(key, cell)

e getCellValue(key)

Additional Requirements:

e Updating a cell must update dependency relationships.
e Detect cycles (e.g., A— B — A) and throw an exception.
e Use caching to improve read performance.

e |Invalidate dependent caches when a cell changes.

Reference Code (Python):
(Same as above.)

Test Cases:
(Same as above.)

6. LRU Cachetihi (i Priority#JHeap)
L]
BRI — LB ARM LR EE RS

o AddKey(key)

e GetCountForKey(key)

o 4 —INHEKH, LERRcountKHkeyHBE7E B E

o MEHFRIXRHMEIT, BEFDAEHeap,

o RWHFRHABRFERT, RifkeyHEF,



2% {18 (Python)
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import sys

class Item:
def __init__(self, key, count):
self.key = key
self.count = count

def __gt__(self, other):
if self.count == other.count:
return self.key > other.key
return self.count > other.count

def add(self):
self.count += 1

class MaxHeap:
def __init__(self):
self.h = [Item("fake", sys.maxsize)]
self.pos = {}

def par(self, pos):
return pos // 2

def swap(self, p1, p2):
self.pos[self.h[p1].key], self.pos[self.h[p2].key] = p2, p1
self.h[p1], self.h[p2] = self.h[p2], self.h[p1]

def heapify(self, pos):
while pos > 1 and self.h[pos] > self.h[self.par(pos)]:
self.swap(pos, self.par(pos))
pos = self.par(pos)

def insert(self, item):
self.h.append(item)
self.pos[item.key] = len(self.h) - 1



def

self.heapify(len(self.h) - 1)

get(self, key):
return self.h[self.pos[key]]

class Cache:

def

def

def

def
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__init__(self):
self.heap = MaxHeap()

AddKey (self, key):

if key not in self.heap.pos:
self.heap.insert(Item(key, 1))

else:
item = self.heap.get(key)
item.add()
self.heap.heapify(self.heap.pos[key])

GetCountForKey(self, key):
return self.heap.get(key).count

GetMaxItem(self):
if len(self.heap.h) > 1:
return self.heap.h[1].key

return

= Cache()
.AddKey (1)
.AddKey (2)
.AddKey (2)
.AddKey (3)
.AddKey (3)
.AddKey (3)

assert c.GetMaxItem() == 3
assert c.GetCountForKey(1) == 1



English Version:

Design a cache that supports priority based on access count:

e AddKey(key)

e GetCountForKey(key)

e Maintain a Max Heap to track most accessed keys.

Requirements:

e Update heap whenever counts change.

e Tie-break using key ordering when counts are equal.

Reference Code (Python):
(Same as above.)

Test Cases:
(Same as above.)

7. Web Crawler% 42k
HR UL EA -
LI —1FH RhREIWebJEH :

o iEIFE—TURL

o EXFT A RlhosthI k1%

o FEALLMEMEIE

%% £ (Python ThreadPoolExecutorf)
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from concurrent.futures import ThreadPoolExecutor, as_completed

class Solution:
def crawl(self, startUrl: str, htmlParser: 'HtmlParser') ->
list[str]:
seen = set()
parts = startUrl.split("/")
host = parts[@] + "//" + parts[2]

def dfs(url):

urls = htmlParser.getUrls(url)

result = []

for new_url in urls:

if new_url.startswith(host) and new_url not in seen:

seen.add(new_url)
result.append(new_url)

return result

with ThreadPoolExecutor(max_workers=16) as executor:

seen.add(startUrl)

queue = [startUrl]

while queue:
futures = [executor.submit(dfs, url) for url in queue]
queue = []
for f in as_completed(futures):

queue.extend(f.result())

return list(seen)

English Version:
Implement a concurrent web crawler:

e Start from a URL
e Crawl all URLs under the same host

e Use multi-threading to accelerate crawling



Reference Code (Python):
(Same as above.)

8. X R LiDebugmE iz & (FF £ E )
Fr 3 EA -
BE—ANRKARDTXRE, BT LT RE:

o T REMH (Node failure)

o MKIER, E8 (Latency, Packet Loss)

o HEIIE (Overload)

o HIEAR—H (Inconsistency)

o 8 (Deadlock)

o Fi{X 3 (Retry Storm)

Debug 7 i 24451 :
o I5$F Metrics (1NQPS, Latency)
o Trace2 %A E
o MMADBKIEHH
o ZEIKEIAR—EMERN
o REJABTERCircuit Breaker
e J#37Slow RequestBEKE RS

o HHAESEBREBRI

English Version:



Given a large-scale distributed system, typical issues include:

e Node failures

e Network latency, packet loss
e Overload and throttling

e Data inconsistency

e Deadlocks

e Retry storms

Debugging Approaches:

e Monitor Metrics (QPS, Latency)

e Use Distributed Tracing (end-to-end traces)
e Heartbeat checks

e Consistency checks among replicas

e Circuit breakers for overload control

e Slow request logging

e Careful design of distributed transactions and retry strategies
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