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Abstract

Thanks to the widespread use of computers, the basic programming ability
is becoming an essential skill for almost all the college students. Although many
current online judge systems provide stable and efficient services in automated pro-
grams testing, it seems that there is limited help to the learners since few study
suggestions is given to them. In this case, learners may feel disoriented during their
studies.

This paper aims to solve this problem by implementing a system based on one
existing platformõ Bailian, which will evaluate the learner’s programming skills by
combining three scores from different perspectives separately, and then recommend
some suitable tasks to them according to the grades of both learners and problems.
The system also includes an automatic problem set generator to generate contests
for self-testing. The quality of these contests is guaranteed since the grades as well
as the categories of problems are considered during generating.

The evaluation of actual effectiveness of the improved system is also provided
in this paper. By collecting and analyzing the feedbacks from learners as well as
the records of learner’s behavior, how much has the system changed in learner’s
programming learning can be seen clearly.

Keywords: online judge system, skill evaluation, study suggestion, user behavior
tracking
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1�Ù �'XÚïÄ

2.1 3�§SµÿXÚnã

1965c�8§§SgÄµdXÚÅìl{ü�gÄµ©XÚ§uÐ���Æ
+nXÚ�(Ü�§S½��¶�Xpé�Eâ�,å§�«/ª�3�§Sµ

ÿXÚA$
)" [1]

��
ó§��3�§SµÿXÚ¬Jø�^r�
K8§
^rI�Øä

/}Á���)û"~��K8Ì�©�üaµ

• öSµvk�m��§^r�±�¿/3þ¡)û¯K§±��U
Ùö?
1§S�OÚ¢y�8�¶

• 'mµ^rI�3k��mS)û¯K§ù�±âõ^r3Øåe?§�U
å"

�^rI�)û��¯K�§¦���@ý�ÖXÚJø�K8£ã§ÀJ��

¦/¨¤U��?§�ó¿UìK8�¦?1§S�O§,�ò�¤�§SJ�
�XÚ"XÚ¬3ááA¦SgÄµÿ§S3�½�êâe´ÄU
�~$1¿

���(��Y§,�òµÿ(J9��"�^r" [2]

ØÓ�3�§SµÿXÚé^rü¶�5KÑkØÓ"õê�é�Æ)�X

ÚÑ�ÌaqIS�Æ)§S�O¿m£ ACM/ICPC¤�¿m5Kµ��=�
^r��)û��¯K��ÿ§¼�T¯K�¤k©ê£T©ê¬�X�m�6

²Åì~�¤§Ó�§zgJ��Ø�§SÑ¬k�A�¨v" [3] ,	k�
X
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SµÿXÚ HDOJ [6]£ã 2.2¤ÚM�Tó��Æ3�§SµÿXÚ HIT [7]£ã

2.3¤�"§�Ì��é®²k�½Uå�ÆSö$�´¿mÀÃ§�,K¥]

´L§�duK¥¥�K8"y©a§ÐÆöJ±þÃ"

��A���d¥Æ)mu!�o� Vijos [8]£ã 2.4¤K´IS�é¥Æ¿
m�3�§SµÿXÚ��L"J��¥©K¡Ú²~�#��MK§�IS�

ÐÆöJø
NõB|§K8�©a±9^rµdÅ��4^r��B/é�g

CI��K8"

�´§duK¥¥�K8±�MK�Ì§K8����(5±9K¡��Ö

5J±���y§¦�K8�þ¿Øn�§K8�JÝü4©zî­¶�,Ú\


^rµdÅ�§�du��d^r5g1µ�§vk��Ú��IO§ë�d
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ã 2.1: úô�Æ3�§SµÿXÚ ZOJÌ�

ã 2.2: É²>f�E�Æ3�§SµÿXÚ HDOJÌ�
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ã 2.3: M�Tó��Æ3�§SµÿXÚ HITÌ�

�¿Øp" [18]2\þ+nöþ�¥Æ)§"y]7!Eâ|±§TXÚ­½5Ø

v§²~Ï««�Ï?u'4G�"

2.3 I	�'XÚ

3I	�3�§SµÿXÚ¥§Ø�ØJ��´{I� USACO [9]£ã 2.5¤"
ù�PkUìJÝ°%ü��K8!�@ùÂ±9�[�)K�w�3�§Sµ

ÿXÚ§s¡��`D�¹�á§�´������¡�§S�OÐÆö�ÆS

²�"

Øv�´§§g��A:��µI�;�<¬s¤�þ��mÚ°å5Sü

K8"Ïd§ USACO�K8êþ���é{ü§
�C7cÑvk2�#L
§
ùéuF#�É�O�ÅÆ�5`§��k
L�
"

,���¶�3�§SµÿXÚ´ ACM-ICPC Live Archive [10]£ã 2.6¤"ù
����±®oIS�Æ)§S�O¿m¤k«�mÚoûmK8�XÚ§Pk

X�#!��!�þ�Ð�K8§ù´Ù¦?Û��XÚ¤Øäk�"Ó�§T

XÚ3O�^rü¶�§¬�âÏL<ê�õ��z�K8©���§±�y^
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ã 2.4: VijosÌ�

ã 2.5: USACOÌ�
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ã 2.6: ACM-ICPC Live ArchiveÌ�

r�]ÔJK§ù´�«'����ü¶�{"

�§.¾´ ACM/ICPC¿mK8�®o§K8JÝ�é��§Ø·ÜÐÆ
ö",	§IS^r�¯I	�Õ�Ý�ú§
�TXÚ��Ø�­½§I�²

~ÊÅ�o§XÚ���"��^rN�E¤
�½�ØûK�"

����J�ü�#,�3�§SµÿXÚ TopCoder [11]£ã 2.7¤Ú Code-
forces [12]£ã 2.8¤"§�þÉ�
§S�OOÐö��2�9,§�Ï´§�ª
��Þ��«?O�'m§^²~�#�K8!È©$�´ø75áÚ]Ôö"

ùü�XÚQ�±-åë�ö�?§9�§Ó�K8JÝk¤y©§��B

ÆSö?1F~Ôö",
ù«�ª¤�'��§I��þ�K8Ú]7|±§


��õê^r�'%CÏ�'m§�c�K8  Ã<¯9§K8vk��¿

©|^",	§du'm5K�E,5§éuvk²��#Ã5`§þÃk�½

(J"

Ù¦��
XÚX SGU [13]! Timus [14]�K�IS��Æ�XÚÄ�aq"
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ã 2.7: TopCoderÌ�

ã 2.8: CodeforcesÌ�
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2.4 �®�Æ3�µÿXÚ

2.4.1 POJ

�®�Æ3�µÿXÚ Peking University Online Judge§{¡ POJ [15]d�®

�Æ<ó�U¢�¿u 2003cmuþ�§�Ð��� http://acm.pku.edu.cn/§
�U� http://poj.org/£ã 2.9¤"TXÚ�Ð�8�´�
���Æ)§S�O
¿mèÔö
mu�§�Åì�IS$�I	�?§OÐöÙ�§y3®uÐ¤

�8�ÆÚ¿mÔö����`D3�ÆSXÚ" [16]

���2013c4�§TXÚ3þ�Ø��c��mp§®²È\
 3055�K
8§Pk�L 50��5þ^r§\O§SJ�þ} 1000�"ù��5�§´I
S	ÓaXÚJ±'p�"

TXÚ�èQ±/ Free Version POJ0�/ªúmJø�73��e1§#
N¦�^ù@�è3gC�ÑÖìþ�ïgC�3�µÿXÚ"

POJ XÚ�¯õIS¡��Æ)�3�µÿXÚaq§�õêK8Àg
ACM/ICPCmK§æ^IO� ACM/ICPC¿m5Ké^r?1ü¶" [17]XÚK

¥]
´L§�ÐÆöØ´þÃ"

2.4.2 zö9 OpenJudge

�®�Æ<ó�U¢�¿3 POJ�Ä:þ§�ï
���é��Æ)��'
§S�§�Æ��#XÚ/zõ0£��¶�/zö0¤" 2010c§q?�Úmu
¿þ�
m��3�§Sµÿ²�— OpenJudge£ã 2.10¤§Ù8�´�
47
3��U
��3�²�þïáhk�3�µÿXÚ§l
k�;�
�c¦^

/ Free Version POJ0��XÚ�����«EâJK§!�ÑÖì¤�" [19]

î8��§ OpenJudgeþ®Mï��|õ� 180�§Ù¥Øy¥Æ!�Æ!
$��
§S
ìN§
�E±²þz±����ÝUYO\X"ùv±wÑ

OpenJudge�K�å��"
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ã 2.9: �®�Æ3�µÿXÚ POJÌ�

OpenJudge�½ � POJké��ØÓ"§�õ��u�éIS±ÆS/�
Æ�8��Æ)Ú��"

2.5 �(

�Ù0�
IS	�a.3�§SµÿXÚ�A:"du�Ü©XÚ��O

Ð©´�
¿mÔö§
Ø´Ä:�§S�OÆS§Ï
Ø�·ÜÐÆögÌÆ

S¶
�ê;�¡�ÆS�XÚ§q"y�#§w�k
L�
"

3;�¡�ÆSÚ�Æù��¡§ OpenJudge®²�
�½�}Á¿�ké
��â»§�ÆSö�ÆS1�E,�õ/�6u��Ù���§�K¥|^Ç

Øp"·��´�éù�¯K§3TXÚþ?1�X��U?§4ÆSöU
g

Ì/?1ÆS§Ó�~����Kú"
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ã 2.10: OpenJudgeÌ�
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§S�O¢yUåµdXÚ�U?ïÄ9^r1��l

1nÙ ÐÚU?

3.1 U?SN£�

3�c���)�ïÔö¥§®²¤õ¢y
éykXÚ��g��ÌÝ�

U?§Ì��U?SNXeµ

1. �O¿Ú\/ã �0§�â�¤K8êþ!ëm¤1±9éXÚ��z�
éÆSö�§S�OÚ¢yUå?1���µ�§±�ë�¶

2. éK¥¥òC�Z�K8�JÝ<óI5¤8a£UJÝl���©� 1�
5?§Ó�;�k�a/Øí�0¤¶

3. l/È\0!/]Ô0!/�z0n�Õá��ÝéÆSö�§S�OÚ¢y
Uå?1�� �µd§4ÆSö�
)gC�ý¢Y²"Ó�ÏL�X�

-y��§�yÆSö���kÃ?�?Ö¶

4. �âc¡���Uåµ�§éz�^r?1�5z�K8í�§���ÆS
ö�ÆSïÆ§±;�ÆSö_8����ÑgCUå���K8!½r�

B��mL¤3��þ®²Ýº�{üK8þ¶

5. U
�â���I¦gÄSüJÝ·¥�ÁK8§3~���Kú�Ó�§
�U
¦�U¿©|^yk�K¥]
"

3.2 �J9Øv

3U?��cõ��mp§TXÚU
�~!­½/�gÆ§S�OÚ¢y
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§S�O¢yUåµdXÚ�U?ïÄ9^r1��l

�ÆSöJø
ûÐ�ÆS�Ú§�2�ÆSö¤�É"

�´§U?��XÚ�,�3���¯K"Ù¥���¯K´vkéK8y

©a."

y�ã§·�==´�âJÝéK8?1©?
®§�3¢SÆSL§¥§

K8�a.�´^r�~'%�á5��"ÆSö  ¬'�ò�,
a.�K

8§
,�
K´¦�f�¶Þ�ù�  ��éÓ�«a.�K8§d�eI

�3·��XÚ¥éÑ�
Ü·�~KI�s¤�½�õÅ¶)¤�K��ÿØ

´üü�ÄK8JÝÒv

�§�A�Ä�	��£:¦�UØ­!Ø¦,,

du�mÚ°å¤�§�c�U?¥�òK8a.y\ïÄ��§��gU

?�­:§Ò´òÙB\XÚ§¿é�c�U?SN?1�½�N�§l
?�

Ú�õ��XÚ§¦Ùu�����^"
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§S�O¢yUåµdXÚ�U?ïÄ9^r1��l

1oÙ #XÚ�OÚ¢y

4.1 8I

·�#XÚ��ª8IÒ´§|^yk�K¥]
§¢y��4§S�OÐ

ÆöU
��gÌ/ÆS�²�§Ó��U
(Ü�,�Æ§±~����K

ú"
·����¤k�Oþ´�7ù�8I5�Ä�"

4.2 �N�O

·��#XÚïá3 OpenJudgeþ���ú��|—/zö0�þ§Ù¥�
�ÏÌ�dXeA:µ

• T�|¥�ÆSö�õ¶
• T�|úm§¤k<þ�±gd\\§N�#XÚ¶
• T�|K¥¥�¤kK8þ�Üúm¶
• T�|K¥¥�K8kJk´§ÃØ´ÐÆö�´pÃþ�±é�·ÜgC
�K8"

#XÚÌ��¹n�fXÚµõ�ÝUåµd!�5z?Öí�ÚK8gÄ

)¤"^r£ÆSöÚ��¤�ù
fXÚ�m��p'XXã 4.1¤«"

äN`²Xeµ
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§S�O¢yUåµdXÚ�U?ïÄ9^r1��l

学习者

教师

多维度
能力评价

个性化
任务推荐

题集
自动生成

评价结果

个人测验

学习指导

生成考题

评价结果

共享数据

共享数据

ã 4.1: #XÚ�N�O

• ÆSö—õ�ÝUåµdµõ�ÝUåµdfXÚÏL©ÛÆSö�c��
¤�K8!'m�(JÚ1�§éÆSö�§S�OUå?1��O(�µ

��§�"�ÆSö¶

• ��—õ�ÝUåµdµ���±ÏLõ�ÝUåµdfXÚ§égCÆ)
�Uåk���� �@£§
Ø==Û�u�Á¥¶

• ÆSö—�5z?Öí�µ�5z?Öí�fXÚ�âÆSö�Uåµ�§
3K¥¥ÀJÜ·�K8§±ÆSïÆ��ªí��ÆSö§¿P¹ÆSö

�¤?Ö��¹§�"�UåµdfXÚ¶

• ÆSö—K8gÄ)¤µK8gÄ)¤fXÚU
gÄÀJÜ·K8|¤Á
K8§ù4��B
ÆSö���//?1�<ÿÁ"
�<ÿÁ�(JÓ

��¬�"£UåµdfXÚ¶

• ��—K8gÄ)¤µK8gÄ)¤fXÚ4�/���çÀÁK!�
�
m§Ó����Jp
K¥¥K8�|^Ç"
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§S�O¢yUåµdXÚ�U?ïÄ9^r1��l

�? Kê `²

1 288 Ä:?§öS

2 368 {ü�´��¯K

3 429 êâ(��Ä:�{

4 418 �{©Û

5 641 §S¿mÔö

Ù¦ 123 Øí�

L 4.1: K8©?(J

4.3 cÏO�

c�s¤�cõ��m§·�òzöK¥¥�O 2267�K8�JÝÚa.�
Ü?1
<óI5§��Y�ó��ej¢�Ä:"

4.3.1 K8UJÝ©?

3�c�U?¥§·�®²òC���K8UJÝ©?�."y3§·��

?�Ú§òJÝy©IO½���äN§¿ò¤kK8�Ü©?"

·�òK8UJÝl����g©� 1� 5?§¿A¿��
/Øí�0a"
©?(J�L 4.1"

�?K8JÝ�äNy©IOXeµ

• 1?µ^u4ÆSöÅìÙG?§�ó±9·��XÚ¶
• 2?µK8g´�é{ü§�´N´��"�±¿©ÔöÆSö�§S�O
UåÚF%§Ó�4¦�²xûÐ�?§S.�­�5—ÄK¦�òØ�Ø
3©ÛJÃ�§S¥é bug¶
• 3?µ�	�
Ä��êâ(�Ú�{§ù
kÏuJp§S�5U¶
• 4?µ�	�
p?��{§¿�I�ÆSö�©Û�mE,ÝÚ�mE,
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§S�O¢yUåµdXÚ�U?ïÄ9^r1��l

�{a. Kê «~

Ä:öS 382 p°Ý\{

©£48 49 Çì©

�%�{ 86 XRmê

Ä�5y 335 ��þ,fS�

|¢�{ 306 �Êêè

L§�[ 237  Ë­.

êâ(� 130 �Ðä

ãØ�{ 236 �á´»

O�AÛ 131 à�

êØ�{ 252 pd��

L 4.2: K8©a(J

Ý§½öI��
êÆí�¶

• 5?µ�F"ë\§S�O¿m�pÃ�O��¶
• Ù¦µØí�§Ì�kXeA«�UµK8£ãØ�ß!ÿÁêâk¯K!
�Ù¦K8­E�"

4.3.2 K8Ua.©a

K8©a´cÏO��,����§Ó��´U
?1�gU?��­��

Ä:"

�â)ûK8I���{a.§·�òK8oÑ©��a [20]§�L 4.2"

·�A¿ò�
JÝ�C��{aO?1Ü¿§±;�,
aOeK8L

�",	§e��K8kõ«){§·�`kòÙUÑKö��¿£½ö�Z�

{¤?18a"
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§S�O¢yUåµdXÚ�U?ïÄ9^r1��l

4.4 õ�Ý§S�O¢yUåµd

4.4.1 ã �

�¶§S
�n�¤��´AT´ù��µlÐÆm©§�¤�½êþ�K

8�§UåJ,�?§2�¤�½êþ�!p���?�K8�§Uå2J,�

?,,��\�Uåq��±)û¤k�¯K
��§ÒØU2üX��K5,

?§
´I�ÏLë\'m—3k�m��!ké|��¸e§5UYJ,gC
�Uå"�\�HUeÃ'Ã��ÿ§\Ò´�¶`D�§S

§�´ù�Ø


§�¶§S
ØU�÷vugC`D§���zgC��°åþ§�Ï���

?Ú§Ó��´âõgCL�Uå��«�ª"

o
ó�§�kÏL�¤K8!ë\'m±9�z�£n�Ú½§\âU¤

��{�§S
§ù�´·��#XÚ�����8�"

�Ï�Xd§·�Ú\/ã �05ïþ�µdÆSö8c¤?��ã—�
âÆSö�c�ÆS1�§����nÜ�ã �?"

ÏLÂ8±�ÓÆ�ÆS²�!¿�ÚïÆ§·�òã y©��?§z�

?O�?Ö!,?^�½�L 4.3"

ã ��µd(JØ==�N
ÆSö8c¤?�ÆS�ã§Ó��U
�

�5z?Öí�Ú�<ÿÁïáIO"

yk�3�§SµÿXÚ�õ�æ^ü��ê�5�N^r�ü¶§ùÒÑ

y
éõ¯Kµ

• {üKÚJK�m����å�UL�£XJæ^�´ ACM/ICPC5K�
{§$�vk?Û«O¤§���Ü©<�
¯�JpgC�ü¶§ÀJ�

�{üK§
JKÃ<¯9"ùØ�L¤
ÆSö��m§�¦�K¥]


�Ø�¿©|^¶

• éu,
pÃ
ó§¦�Ø�u²�3K¥¥�K§%zz3'm¥Á7ö
Õ§�Tü¶�{ØUNyÑ¦��`D¶
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§S�O¢yUåµdXÚ�U?ïÄ9^r1��l

�? Ì�?Ö ,?^�

1 1?K!>�K)!'m �¤�½êþÚa.� 1?K

2 2?K!>�K)!'m �¤�½êþÚa.� 2?K

3 3?K!>�K)!'m �¤�½êþÚa.� 3?K

4 4?K!>�K)!'m �¤�½êþÚa.� 4?K

5 5?K!>�K)!'m �¤�½êþÚa.� 5?K

6 5?K!>�K)!'m 'mÈ©���½�

7 5?K!>�K)!'m!�ù�!ÑK >�K)È©���½�

8 5?K!>�K)!'m!�ù�!ÑK Þ�ù�È©���½�

9 5?K!>�K)!'m!�ù�!ÑK ÑKÈ©���½�

10 5?K!>�K)!'m!�ù�!ÑK N/A

L 4.3: ã ��?Ì�?Ö9,?^�

• 3Tü¶XÚ¥§ÆSö�I'5gCUå�J,§§ØU-y^r�ÌÄ
�Ï¦<"

3#XÚ¥§ã ==´ÆSö���nÜµd"�
U
�� /µ�Æ

Sö�§S�OUå§4Ù�(@£�gC�á�§·��^n���Õá��

IéÙ?1?�Ú�µdµÈ\©!]Ô©Ú�z©"

4.4.2 È\©

3È\©�O�¥§·��,´{ü/òÆSö)û�¤kK8���{ü

�\"ØL§y3���ÒØ´�5@o{ü
—������ûuù�K8�
)ûL�gê§�ó�§�ûuù�K8�J´§Ý"K8�)û�gê��§

=K8�J§���Ò��¶��§��Ò��"

�
�yÆSö�]ÔJK§·�A¿3��–K8�)ûgê�¼ê�O
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§S�O¢yUåµdXÚ�U?ïÄ9^r1��l

ã 4.2: ��¼êã�

þk¿.mJKÚ{üK����å"·��ªæ^���¼ê�¼ê 4.1µ

W (x) = max(100− 10 log2(x), 1) (4.1)

Ù¥ x�TK�ÏL<ê"

l��¼êã�£ã 4.2¤þ5w§�ÆSö´���¶ÏLdK�<�§�
��100¶�30¶�m�ÆSöÏL�§Ò��e50¶100<ÏL�e33¶500<�
e10§�1000<±�§��Ò��e1
"

4.4.3 ]Ô©

]Ô©�8�´�
µ�ÆSö3'm¥�Ly"§Ó���±¦�'m�

ä¿�5§ëmö��±l¥¼��õ�'m²�"

3#XÚ¥§ÆSö�]Ô©ò^Xe�ªO�µ

22
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Calculate-Score(contest)

1 user ← {¤kë\ contest�ÀÃ£U]Ô©lp�$üS¤}
2 N ← length(user)
3 for i← 1 to N

4 do score[i]← user[i]�c�]Ô©
5 � �ÑëmöL��'m

6 if N < 10
7 do exit
8 for i← 1 to N

9 do point[i]← −99i+100N−1
N−1

10 for i← 1 to N

11 do for j ← 1 to i− 1
12 do if score[i] > score[j]
13 do point[i]← point[i]− 1
14 sum← 0
15 for i← 1 to N

16 do sum← sum+ point[i]
17 for i← 1 to N

18 do score[i]← score[i] + 10·N ·point[i]
sum

Ù¥§

• 1 91^rO� point�¼ê�ëmö�ü¶�5�'—)�¼� 100©§
���¶= 1©§¥m�g4~¶
• éuz ëmö§vk� �]Ô©$u¦�ëmö3'm¥�¤1�L
¦§¦� pointÒ¬�A/~ 1"1 101�1 131�Ü©¢y
ù�L
§¶

• 1 181�Ñ
ëmö��ª�©"²L8�z?n�§¤këmö��©
�Úò´ëm<ê���"I�5¿�´§XJëmö�Ly��$uý

Ï§¦ò¬¼�K©"

Ú\ù�µdÅ���§'mò¬É�ëm^r�­À§é|Y²�¬�A
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Jp§'m�d������Ý/�÷Ñ5"

4.4.4 �z©

Ø
5­g·Uå�J,§^r�I�Æ¬�¦<©�gC��£�²�"

�Ñ#Ñ�z�^r§Ø
U
¼��B��z©	§�kÅ¬¼�d POJìè
��Ç��VgÊÙ��øy"

3#XÚ¥§·�Jø
n«�ª4^r�zgC�h²â�µ

1. >�K)

± ÆSö3�K��(J§Ã<¦Ï��§Ò¬s¤�þ�åí3�äþ

|¢O<�L�)K�w§k�æ¤£%/é�
����§�owØÃ§�o

c[ïÄ��uyù���¾,´��"ù�Ø=�Ç$§�é5Ør§
��

�5��Ø��y"

u´·���§Q,ù�XÚ´�
ÆS
�O�§@o��oØU3ÆS

��(J��ÿ��rQº�,k?Ø«�±�p�6%�§�?Ø«ud<!

udSNÑvkÉ�§Ó�k�é5Ør!��5�Ø��y�¯K"

Òù�§·�3XÚ¥m8
��(��K)uÙ±�£ã 4.3¤§¿�¦u
Ùö^¦�U{'��ó£ã)ûù�¯K�'�§¡��/�é{J«0"ù

�±��Ð?kµ

• �±î���ud<£�½´ÏLdK�<¤!udSN£�U´K)¤¶
• udSN�¦¦�Uá§ù�QUâõ
udö�L�Uå§�U;�K)
Lu�[§vk�^r3kv
�Õág��m¶

• �k��J�L�g�^râ#N�wTKK)§±�,
Øgú�^r�
m©Ò=Ø4Üw§��g�Uå�Ø�âõ¶

• k�z©�-y§�±NÄ^r�K)�È45¶
• ^r�±éK)µ©§
ù
ò��K��udö¼���z©¶�
;�
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ã 4.3: J«�¡

x¤åí§udöÒ¬gú/égC�K)KI§l
K)��þ�±��

�y"

2. Ì�ù�

Ø
��K)§]�^r��±ògC�²��n¤��;K�w§ux�

+n
e�§²+n
"Ø��§Üb3�Õþ"ùØ=´égC�âõ!é¦

<�#��Ï§�´Z�3¶��ÐÅ¬"

3. 'mÑK

���«�z�ª´�'mÑK"éõ<¬�åK5�%AÃ§��
ÑK

��ÿÒ�Ê#Ð"ÑK�´�«Uå§  Ñ��ÐK§'�ÑA�JKÑ�

(J"���<U
ÑK�O<��ÿ§¦â�ý�Æ�[
"
#XÚ§Ò�

z� ^rJø
ù���²�"
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ã 4.4: zöÌ�

4.5 �5z?Öí�

ÆSö�ºzö²��§m>9¬w«Ñ/·�J�0Ú/í�?Ö0£�ã

4.4¤"Ù¥§/·�J�0=�cJ��ÆSö�ã �?!ÊÙ±9n��Ý�
Uåµd¶/í�?Ö0¥K�Ñ
��cÆSö�?����?Ö"

í�?Ö¬3zg�mÌ��M#¿­#O��g"3í�K8�c§·�

¬Äk�wTÆSö®)û�¤k¯K"��=�¦®²¤õ)û�Kê÷v


ù�ã þéuz«a.�Kê�¦§¦Ò¬þ,�?"(½ÆSö�?��§

·�Ò�±�¦í�Ü·�K8§í��{Xeµ
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Task-Recommendation(user)

1 solved← {user®)û�K8}
2 grade← user�c�ã 

3 recommended← {�cí�� user�K8}
4 while solved ÷v grade�,?^�

5 do grade← grade+ 1
6 recommended← φ

7 recommended← recommended− solved
8 while length(recommended) < 5
9 do problem← select(grade, recommended)

10 Insert problem into recommended

1 91�¼ê/ select(grade, recommended)0��^´§lK¥¥�ÅÀ�
��÷ve��¦�K8í��ÆSöµ

• ��TÆSö)û¶
• JÝÎÜÆSö�ã ¶
• K8a.Ø�í��L¥®�3�?ÛK8�Ó"

�,§ÆSöQ�±lí��ÊK¥?À�K5�¤§��±ÀJ�L�	

�K8"

/í��z)Kg´0�Lò¬�ÞÑ�c^r®²)û!�vkJøK)

�K8§`kw«ÏL<ê���K8"ù��L�8�Ø
�B^r½ gC

vk�)K�w�K8	§�å�
�«��J2^r��¤)K�w�õU§

ùÃ/¥�±O\^r>�)K�w�ÌÄ5"

4.6 K8gÄ)¤

l^r��Ý5w§'m�±-uë�ö��K-�§ù��´ TopCoder!
Codeforces�XÚXd»9��Ï"�'m���¯K3u§§I�#�K8§
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ùqTT´��
Ø�¦�",��¡§'mØ��Á§K8�J´!���

Ø�N´ýÿ§k�¿Ø·ÜÆSö"
8c�õê'm�´ý­u¿m§ÐÆ

öÃ{N�'m�W�"

lK¥��Ý5w§ÆSöJ��K8Ä�Û�ué���Ü©§�Ü©�

K8é�$�vk<1�"ÄÙ�Ï§é�§Ý´Ï�zö�Ì�^uÆ���


§S�O�§§
ù
�§�9�ÃØ´���´�ÁK�êþþ�~k�"

ù
k��K8Ò¤
/���0§���Æ3Æ~���]�cÏL<êõ�

K8�"ù��5§K¥�K8|^ÇÒ¬�~$"

nÜü�¡��Ï§����(Øµ¢y��K8gÄ)¤XÚ´�©7�

�"

c¡Q²J�L§�c�U?¥®²¢y
�����K8gÄ)¤fXÚ§

�´ù�fXÚ3¢S¦^¥�JØ$n�§Ù¥����ÏÒ´duvkK8

�a.&E§)¤�K8éN´�¹õ�Óa.�K8§ù�¯K3ÿÁD��

Á¥Ñ´Ø�N=�"

y3ù�¯K®²¤õ)û
"u´§·�­#�O
#��K8gÄ)¤

fXÚ§�±�â�½�K8JÝ©Ù!K8êþ�gÄ)¤�@Ü·�K8§

¿�òK8a.�Ä3S"äN�K8)¤�{aqK8í�XÚ§ùpÒØ2

Kã"

4.6.1 �<ÿÁ

K8gÄ)¤fXÚ¯­��§·�1��mÒ¢y
�<ÿÁXÚ¿þ�

ÿÁ"TXÚ�34ÆSööS3Øå�5½�m��e�¤§S�OÚ¢y�

Uå§�ÆSö�5
,�«�KN�"Ó�§TXÚ��ÆSöJø
��g

·ÿÁÚ�[�Á�²�"

ÆSö�I�üÂ/Mï�<ÿÁ0UÜ§XÚÒ¬�â�c��KP¹§

N^K8gÄ)¤fXÚ)¤�@Ü·��<ÿÁK8"���<ÿÁ��ü�
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ã 4.5: 'u�<ÿÁ

��§�¹Ê�a.ØÓ�TÆSö�)û�K8§Ù¥n��TÆSö��?

�Ó§,	ü�/N\K0K��J§/N\K0�8�´�
uÿÆSö´Ä�

Ð
,?�/O�0"�<ÿÁJø
�«¯�,?�å»—O�,?�§ÆS
ö3�<ÿÁ¥)û�K8òUV�O�"

�<ÿÁ�äN`²�ë� http://openjudge.cn/aboutexam.html£ã 4.5¤"
���J�´§8c­.þ�3�§SµÿXÚþvk¢yaqõU"

4.6.2 gÄSüÁK

K8gÄ)¤fXÚ�,���^Ò´§9Ï��?1ÁKÀJ"3Mï�

�#�'m��§���±W\éÁKJÝ©Ù���§,�XÚB¬gÄW

¿Ü·�ÁK"�,§XJú�Ø÷¿§�±?¿/V\!íØ½O�Ù¥�Á

K"
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1ÊÙ ^r1��l

5.1 ^rþCz©Û

#XÚþ�±5§�k 1511¶#5þ^r§
�cÓÏ�#^r=� 1269§
O�Çp� 19%"Ó�§Cü���^rO�þ�´ùüc5�p�"

lù
#\\^r�1�5w§kòC 80%�^r�wL�#õUk'��
¡§Ù¥qk� 40%�^r��¦^L#õU"ù`²#õU(¢U
áÚ#^
r�\�"

5.2 K¥|^Ç©Û
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