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• Börja varje uppgift på nytt papper.
• Skriv ditt namn och uppgiftens nummer på varje papper.
• Skriv bara på ena sidan av papperet.
• Sortera dina papper efter uppgiftsnummer.
• Kryssa för de uppgifter du lämnar in.
• Lösningarna skall vara snyggt och prydligt nedskrivna. Tankegången skall vara

lätt att följa. Alla antaganden som inte är uppenbara skall redovisas.
• C-kod krävs där implementation uttryckligen anges.
• Sist bland papperen finns en kursvärderingsblankett. Ta med den hem och fyll i

den, byt den sedan mot en rättad skrivning vid tentamensgenomgången.

Tips!
• Försök på alla uppgifter! Observera att uppgifterna inte nödvändigtvis  är ordnade

efter svårighetsgrad.
• Uppgifter kan vara felformulerade, fråga om du är osäker eller tycker att något

verkar konstigt.
• Redovisa dina resonemang så är det lättare att bortse från skrivfel.
• Om du inte kommer ihåg den exakta syntaxen, så gör ett antagande och redovisa

detta.
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• Det är viktigt att du löser den givna uppgiften!

Lycka till!
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8SSJLIW������S�
D� $Y�YLONHQ�DQOHGQLQJ�NDQ�PDQ�In�SUREOHP�RP�PDQ�VNLIWDU�HQ�VLJQHG�LQW�nW�YlQVWHU�"
E� %LWP|QVWHU�L�PLQQHW�lU�YlOGLJW�PDVNLQEHURHQGH��.DQ�PDQ�DQWD�QnJRW�RP�KXU�PnQJD�ELWDU

VRP�ILQQV�L�HQ�VLJQHG�LQW��RFK�L�Vn�IDOO�KXU�PnQJD�"

D�� 7HFNHQELWHQ�OlQJVW�WLOO�YlQVWHU�NDQ�E\WD�YlUGH�²�WDOHW�E\WHU�WHFNHQ
E�� ,�$16,�&�lU�HQ�LQW��RFK�HQ�XQVLJQHG�LQW��PLQVW����ELWDU

8SSJLIW������S�
)|UNODUD�VNLOOQDGHQ�PHOODQ�VWUlQJNRSLHULQJVIXQNWLRQHUQD�VWUFS\�RFK�VWUQFS\��RFK�PRWLYHUD
YDUI|U�GHW�QRUPDOW�lU�ElWWUH�DWW�DQYlQGD�GHQ�VHQDUH�DY�GH�WYn�

6WUFS\�NRSLHUDU�KHOD�VWUlQJHQ��RDYVHWW�RP�GHQ�U\PV�L�GHQ�PRWWDJDQGH�VWUlQJHQ�
6WUQFS\�KDU�HQ�SDUDPHWHU�VRP�DQJHU�PD[�DQWDO�WHFNHQ�VRP�NDQ�NRSLHUDV��Sn�Vn�VlWW
NDQ�PDQ�I|UVlNUD�VLJ�RP�DWW�LQWH�I|U�PnQJD�WHFNHQ�NRSLHUDV�

8SSJLIW������S�
D� 9DG�UHSUHVHQWHUDU�YDULDEOHUQD�VWGLQ��VWGRXW�UHVS�VWGHUU�"
E� 9LONHQ�W\S�KDU�GH�"
F� VFDQI��RFK�IVFDQI��NDQ�In�SUREOHP�RP�GH�I|UYlQWDU�VLJ�HWW�WDO�PHQ�GHW�VRP�ILQQV�DWW�OlVD

lU�ERNVWlYHU��1lPQ�HWW�VlWW�DWW�NRPPD�UXQW�GHWWD�SUREOHP�RP�GLQ�XSSJLIW�lU�DWW�OlVD�LQ
HWW�KHOWDO�IUnQ�WDQJHQWERUGHW�

G� JHWV�FKDU�
�VWU��OlVHU�LQ�HQ�VWUlQJ�IUnQ�WDQJHQWERUGHW�PHQ�E|U�LQWH�DQYlQGDV�Sn�JUXQG�DY
DWW�HWW�DOOYDUOLJW�SUREOHP�NDQ�XSSVWn��9DG�NDQ�KlQGD�"

H� SULQWI�WDU�VRP�DUJXPHQW�GHOV�HQ�IRUPDWVWUlQJ��GHOV�QROO�HOOHU�IOHUD�DUJXPHQW�VRP�VNDOO
VNULYDV�XW��9DG�KlQGHU�RP�GHW�ILQQV�IOHU�VnGDQD�DUJXPHQW�lQ�VRP�EHK|YV�HQOLJW
IRUPDWVWUlQJHQ�"

D�� 'H�UHSUHVHQWHUDU�WUH�DXWRPDWLVNW�|SSQDGH�ILOHU��NRSSODGH�WLOO�UHVS�WDQJHQWERUG�
VNlUP�RFK�VNlUP��I|U�IHOXWVNULIWHU�RIWDVW��

E�� ),/(�

F�� /lV�LQ�HQ�VWUlQJ�RFK�NRQYHUWHUD�GHQ�WLOO�HWW�WDO
G�� 'HW�ILQQV�LQJHQ�PD[JUlQV�I|U�KXU�PnQJD�WHFNHQ�VRP�NDQ�OlVDV�LQ��!�GHW�JnU�DOOWLG

DWW�PDWD�LQ�IOHU�WHFNHQ�lQ�YDG�VRP�lU�UHVHUYHUDGH�L�VWU
H�� $OOD�DUJXPHQW�HYDOXHUDV��PHQ�HQGDVW�GH�VRP�EHK|YV�DQYlQGV��IUnQ�YlQVWHU���UHVWHQ

LJQRUHUDV�

8SSJLIW������S�
D� 9DUI|U�lU�GHW�EUD�DWW�GHW�ILQQV�VWDQGDUGHU�I|U�SURJUDPPHULQJVVSUnN�"
E� 2IWD�GHODV�VWRUD�SURJUDPV\VWHP�XSS�L�HWW�DQWDO�KHDGHUILOHU���K��RFK�PRWVYDUDQGH

NlOONRGVILOHU���F���9DUI|U�"
F� ,�F�PnVWH�DOOD�DQYlQGD�IXQNWLRQHU�YDUD�GHNODUHUDGH�PHG�HQ�SURWRW\S�LQQDQ�GH�DQYlQGV�L

HWW�DQURS��9DUI|U�"
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D�� 3URJUDP�NDQ�IO\WWDV�PHOODQ�ROLND�PDVNLQHU�RFK�ROLND�NRPSLODWRUHU�RFK�lQGn�IXQJHUD
Sn�VDPPD�VlWW��'HVVXWRP�XQGHUOlWWDU�GHW�I|U�SURJUDPPHUDUH�QlU�GH�VNDOO�OlVD
DQGUDV�SURJUDP�

E�� ,QNDSVOLQJ��$QYlQGDUHQ�DY�HQ�UXWLQ�EHK|YHU�LQWH�YHWD�KXU�GHQ�lU�LPSOHPHQWHUDG�
EDUD�·LQWHUIDFHW·��GYV��K�ILOHQ��3URJUDPPHW�NDQ�VNULYDV�DY�IOHUD�SHUVRQHU�VDPWLGLJW�
(QGDVW�GH�ILOHU�VRP�lQGUDWV�EHK|YHU�NRPSLOHUDV�RP�LQQDQ�OlQNQLQJHQ��VSDUDU
P\FNHW�WLG�YLG�VWRUD�V\VWHP��

F�� )|U�DWW�NRPSLODWRUQ�VNDOO�NXQQD�NRQWUROOHUD�W\S��DQWDO�RFK�RUGQLQJ�Sn�SDUDPHWUDUQD
YLG�DQURSHW�

8SSJLIW����������S�
D��,PSOHPHQWHUD��� �VNULY�F�NRG�I|U���HQ�UHNXUVLY�IXQNWLRQ�LQW�VXPPD�LQW�VWDUW��LQW�VOXW��VRP
VXPPHUDU�DOOD�KHOWDO�PHOODQ�VWDUWYlUGHW�RFK�VOXWYlUGHW��LQNOXVLYH�VWDUW�RFK�VOXW��2EVHUYHUD
DWW�IXQNWLRQHQ�PnVWH�NODUD�DY�GH�IDOO�Gn�VWDUW� �VOXW��RFK�Gn�JlOOHU�DWW�VXPPDQ� �VWDUW�
'HVVXWRP�PnVWH�IXQNWLRQHQ�IXQJHUD�Sn�HWW�ULPOLJW�VlWW�RP�VWDUW�!�VOXW���'X�InU�VMlOY
EHVWlPPD�YDG�VRP�lU�ULPOLJW��PHQ�GX�PnVWH�PRWLYHUD�GLWW�YDO�

E��,PSOHPHQWHUD�PRWVYDUDQGH�IXQNWLRQ�LWHUDWLYW�

�LQFOXGH��VWGLR�K!
�LQFOXGH��VWGOLE�K!

LQW�UVXPPD�LQW�[��LQW�\�
^
��LI��[�!�\��UHWXUQ��� �
�HWW�DOWHUQDWLY��lYHQ�E\W�SODWV�Sn�[��\�lU�RN�
�
��LI��[�  �\��UHWXUQ�[�
��UHWXUQ�[���\���UVXPPD�[������\������ �
�IOHUD�YDULDQWHU�ILQQV�
�
`

LQW�LVXPPD�LQW�[��LQW�\�
^
��LQW�VXPPD� ����L�

��LI���[�!�\���UHWXUQ���
��IRU��L� �[��L�� �\��L���

�VXPPD� �VXPPD���L�
��UHWXUQ�VXPPD�
`

�
�WHVWSURJUDP��EHK|YV�HM�L�O|VQLQJHQ�
�
LQW�PDLQ�YRLG�
^
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��SULQWI���G��G���UVXPPD��������LVXPPD��������
`

8SSJLIW������S�
)|UNODUD�YDG�I|OMDQGH�EHJUHSS�lU�RFK�YDG�GH�DQYlQGV�WLOO�
D� SUHSURFHVVRU
E� �K�²�ILO
F� �LQFOXGH
G� OlQNQLQJ
H� W\SHGHI

D�� (WW�SURJUDP�VRP�EHKDQGODU�NlOONRGHQ�LQQDQ�NRPSLODWRUQ�VHU�GHQ��/lVHU�NRPPDQGRQ
VRP�E|UMDU�PHG�·�·�

E�� (Q�KHDGHUILO�VRP�QRUPDOW�LQQHKnOOHU�GH�SURWRW\SHU�RFK�W\SGHILQLWLRQHU�VRP�EHK|YV
I|U�DWW�UXWLQHUQD�L�PRWVYDUDQGH��F�ILO�VNDOO�NXQQD�DQYlQGDV�XWDQ�WLOOJnQJ�WLOO
NlOONRGHQ�

F�� (WW�SUHSURFHVVRUNRPPDQGR�VRP�EHW\GHU�DWW�ILOHQ�YDUV�QDPQ�I|OMHU�Sn�NRPPDQGRW
NRSLHUDV�LQ�L�NlOONRGHQ�

G�� (IWHU�NRPSLOHULQJ�IRJDV�ROLND�SURJUDPGHODU�RFK�ELEOLRWHN�VDPPDQ�WLOO�HQ�N|UEDU�ILO
DY�OlQNDUHQ�

H�� 7LOOnWHU�LQI|UDQGHW�DY�HJQD�QDPQ�Sn�HJHQGHILQLHUDGH�W\SHU��H[HPSHOYLV�Sn
VWUXNWDU�

8SSJLIW������S�
(Q�GLJLWDO�ELOG�lU�XSSE\JJG�DY�ELOGSXQNWHU��VN�SL[HOV��9DUMH�SL[HO�LQQHKnOOHU�L�GHWWD�IDOO�HWW�WDO
L�LQWHUYDOOHW���WLOO����VRP�EHVNULYHU�OMXVLQWHQVLWHWHQ�L�SXQNWHQ���� �VYDUW����� �KHOW�YLWW���(Q
ELOG�ODJUDV�VRP�KHOWDO�L�HQ�PDWULV��VRP�L�GHWWD�IDOO�DOOWLG�KDU�VWRUOHNHQ�����[�����

,PSOHPHQWHUD�HQ�IXQNWLRQ

klassificera(int bild[][100], int* granser, int* klasser, int
             antGranser)

VRP�NODVVLILFHUDU�SL[ODUQD�L�PDWULVHQ�Sn�Vn�VlWW�I|U�YDUMH�SL[HO�EHVWlPV�GHW�YLONHW�LQWHUYDOO
GHQ�WLOOK|U��RFK�GHVV�YlUGH�E\WV�XW�PRW�HWW�YlUGH�VRP�JlOOHU�I|U�KHOD�LQWHUYDOOHW�

*UlQVYlUGHQD�RFK�PRWVYDUDQGH�NODVVHU�ILQQV�VRP�SDUDPHWUDU�WLOO�IXQNWLRQHQ��ODJUDGH�L�WYn
IlOW��'HW�HQD�IlOWHW�KHWHU�JUDQVHU�RFK�VSHFLILFHUDU�|YUH�JUlQV�I|U�YDUMH�LQWHUYDOO��GHW�DQGUD
IlOWHW�KHWHU�NODVV�RFK�VSHFLILFHUDU�GHW�Q\D�SL[HOYlUGHW�I|U�DOOD�SL[ODU�L�PRWVYDUDQGH�LQWHUYDOO�
3DUDPHWHUQ�DQW*UDQVHU�DQJHU�KXU�OnQJD�IlOWHQ�JUDQVHU�RFK�NODVVHU�lU�

(WW�H[HPSHO�Sn�IlOW�PHG�OlQJGHQ����EnGD�IlOWHQ�lU�DOOWLG�OLND�OnQJD��
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int granser[] = { 20, 30, 40, 50, 55 };
int klasser[] = { 5, 10, 40, 45, 60 };

'HWWD�LQQHElU�DWW�DOOD�SL[ODU�PHG�YlUGHQ���²����E\WV�XW�PRW�YlUGHW����DOOD�SL[ODU�PHG�YlUGHQ
���²����E\WV�XW�PRW����RVY������²����EOLU�����RFK�UHVWHQ�����������VlWWV�WLOO�PD[YlUGHW� ����

)XQNWLRQHQ�VNDOO�NXQQD�DQYlQGDV�L�I|OMDQGH�SURJUDPVHJPHQW�

int bild[100][100];
int granser[] = { 20, 30, 40, 50, 55 };
int klasser[] = { 5, 10, 40, 45, 60 };
…
(initiering av bild - matrisen)
klassificera(bild, granser, klasser, 5);

'LQ�IXQNWLRQ�VNDOO�QDWXUOLJWYLV�YDUD�Vn�JHQHUHOO�DWW�GHQ�IXQJHUDU�I|U�YLOND�OlQJGHU�VRP�KHOVW�Sn
IlOWHQ�JUDQVHU�RFK�NODVVHU��LQWH�EDUD�OlQJGHQ���

�LQFOXGH��VWGLR�K!

YRLG�NODVVLILFHUD�LQW�ELOG>@>��@��LQW
�JUDQVHU��LQW
�NODVVHU��LQW
DQW*UDQVHU�
^

��LQW�L��M��LQGH[�
��LQW�NRPLKDJ�

��IRU��L� ����L�������L���
�IRU��M� ����M�������M���
�^
��LQGH[� ���
��ZKLOH���ELOG>L@>M@�!�JUDQVHU>LQGH[@��		��LQGH[���DQW*UDQVHU��
��^

�LQGH[���
��`
��LI��LQGH[�  �DQW*UDQVHU�

�ELOG>L@>M@� ����
��HOVH

�ELOG>L@>M@� �NODVVHU>LQGH[@�
�`

`

�
�WHVWSURJUDP��EHK|YV�HM�L�O|VQLQJHQ�
�
LQW�PDLQ�YRLG�
^
��LQW�ELOG>��@>��@�
��LQW�JUDQVHU>@� �^��������������������`�
��LQW�NODVVHU>@� �^�������������������`�
��LQW�L��M�

��IRU��L� ����L�������L���
�IRU��M� ����M�������M���
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ELOG>L@>M@� �L�
�M�

��IRU��L� ����L�������L���
��^

�IRU��M� ����M�������M���
SULQWI���G����ELOG>L@>M@��

�SULQWI��?Q���
��`
��SULQWI��?Q���

��NODVVLILFHUD�ELOG��JUDQVHU��NODVVHU�����

��IRU��L� ����L�������L���
��^

�IRU��M� ����M�������M���
SULQWI���G����ELOG>L@>M@��

�SULQWI��?Q���
��`

`

8SSJLIW������S�
(Q�VWDFN�lU�HQ�$'7�VRP�RIWD�DQYlQGV�VRP�WHPSRUlU�PHOODQODJULQJVSODWV��6NULY�HQ�DOJRULWP
�GYV�EHVNULY�VWHJYLV�PHG�RUG��VRP�YlQGHU�Sn�WH[WHQ�L�HQ�VWUlQJ��6WDFNHQ�KDU�GH�YDQOLJD
IXQNWLRQHUQD�I|U�DWW�OlJJD�WLOO�HWW�HOHPHQW��WD�ERUW�HWW�HOHPHQW��NRQWUROOHUD�RP�VWDFNHQ�lU
WRP�RFK�DWW�LQLWLHUD�GHQ��,QGDWD�WLOO�GLQ�DOJRULWP�lU�HQ�VWUlQJ�6WU��RFK�QlU�DOJRULWPHQ�lU�NODU
VNDOO�UHVXOWDWHW�OLJJD�L�VDPPD�VWUlQJ��2EVHUYHUD�DWW�GX�LQWH�VNDOO�VNULYD�QnJRQ�F�NRG�KlU��

��� ,QLWLHUD�VWDFNHQ
��� ,QLWLHUD�HWW�LQGH[�WLOO�YlUGHW��
��� 6n�OlQJH�LQGH[���OlQJGHQ�DY�6WU�XWI|U�VWHJ���������

����� 3ODFHUD�WHFNQHW�IUnQ�SRVLWLRQ�·LQGH[·�L�6WU�Sn�VWDFNHQ
����� gND�LQGH[�PHG��

��� 6lWW�LQGH[�WLOO��
��� 6n�OlQJH�VWDFNHQ�LQWH�lU�WRP�XWI|U���������

����� 7D�|YHUVWD�WHFNQHW�IUnQ�VWDFNHQ�RFK�SODFHUD�GHW�L�SRVLWLRQ�·LQGH[·�L�6WU
����� gND�LQGH[�PHG��

��� .ODUW

8SSJLIW�������S�
%HVNULY�YDG�XWVNULIWHQ�EOLU�RP�I|OMDQGH�SURJUDP�N|UV��RFK�I|UNODUD�KXU�SDUDPHWUDUQD
|YHUI|UHV�WLOO�RFK�IUnQ�YDUMH�IXQNWLRQ�

#include <stdio.h>
#include <stdlib.h>

void funk1(int a, int b)
{  a = 2 + b; }

void funk2(int *a, int *b)
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{  a = 2 + b; }

void funk3(int *a, int *b)
{  *a = 2 + (*b); }

int funk4(int *a, int b)
{  return *a + b; }

int main(void)
{
  int a = 3;
  int b = 4;
  int c;

  funk1(a, b);
  printf("Efter anrop av funk1: a = %d, b = %d \n", a, b);

  a = 3;
  b = 4;
  funk2(&a, &b);
  printf("Efter anrop av funk2: a = %d, b = %d \n", a, b);

  a = 3;
  b = 4;
  funk3(&a, &b);
  printf("Efter anrop av funk3: a = %d, b = %d \n", a, b);

  a = 3;
  b = 4;
  c = funk4(&a, b);
  printf("Efter anrop av funk4: a = %d, b = %d, c = %d \n", a, b, c);

  return 0;
}

��������FDOO�E\�YDOXH��IXQNWLRQHQ�PRGLILHUDU�EDUD�ORNDOD�NRSLRU�DY�DUJXPHQWHQ
��������FDOO�E\�YDOXH�DY�SHNDUQD��IXQNWLRQHQ�PRGLILHUDU�EDUD�ORNDOD�NRSLRU�DY�SHNDUQD
��������FDOO�E\�YDOXH�DY�SHNDUQD��IXQNWLRQHQ�PRGLILHUDU�GHW�SHNDUQD�SHNDU�Sn��GYV�GHW
EOLU�HJHQWOLJHQ�FDOO�E\�UHIHUHQFH
������²�IXQNWLRQHQ�UHWXUQHUDU�VXPPDQ�DY�YDG�I|UVWD�SDUDPHWHUQ�SHNDU�Sn�SOXV�GHQ
DQGUD�SDUDPHWHUQ

6OXW�Sn�XSSJLIWHU


