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Hello World

1 #i n c l u d e <s t d i o . h> /∗ I n c l u d e p r e d e f i n e d s t u f f ∗/
2

3 /∗ This i s a comment .
4 ∗ Every C program has e x a c t l y one ”main” f u n c t i o n .
5 ∗/
6 i n t main ( )
7 {
8 put s ( ” He l l o World” ) ;
9

10 r e t u r n 0 ;
11 }
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C language constructs I

1 #i n c l u d e <s t d i o . h> /∗ <name> f o r system s t u f f ∗/
2 #i n c l u d e <a s s e r t . h>
3 #i n c l u d e ” c one . h” /∗ ”name” f o r our own s t u f f ∗/
4

5 doub l e sumup ( i n t a , i n t b , cha r ∗ msg) /∗ not a r e a l f u n c t i o n ∗/
6 {
7 i n t i ; /∗ Dec l a r e v a r i a b l e s ∗/
8 doub l e sum = 0 . 0 ; /∗ Va r i a b l e s can be i n i t i a l i s e d ∗/
9

10 a s s e r t ( a >= 0 && b >= 0 ) ; /∗ a s s e r t to s t a t e p r e c o nd i t o n s ∗/
11 a s s e r t (msg != NULL ) ; /∗ Po i n t e r s might po i n t nowhere ∗/
12

13 p r i n t f ( ”%s %d %d\n” , msg , a , b ) ; /∗ Output s p e c i f i e r s ∗/
14

15 i f ( b < a ) { /∗ Cond i t i o n a l ∗/
16 i n t t = a ; a = b ; b = t ; /∗ Again a b l o ck s t a r t ∗/
17 }
18 a s s e r t ( a <= b ) ;
19

20 f o r ( i = a ; i < b ; i++) /∗ Loop . Not i c e <, ++, += ∗/
21 sum += i ; /∗ No b l o ck s t a r t needed ∗/
22

23 r e t u r n sum ;
24 }
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C language constructs II

c one.h

1 #i f n d e f C ONE H
2 #de f i n e C ONE H
3

4 e x t e r n doub l e sumup ( i n t a , i n t b , cha r ∗ message ) ;
5

6 #end i f /∗ C ONE H ∗/

c main.c

1 #i n c l u d e <s t d i o . h> /∗ I n c l u d e p r e d e f i n e d s t u f f ∗/
2 #i n c l u d e < s t d l i b . h>
3 #i n c l u d e <a s s e r t . h>
4

5 #i n c l u d e ” c one . h”
6

7 i n t main ( ) /∗ There has to be e x a c t l y one ”main” ∗/
8 {
9 p r i n t f ( ” Re s u l t = %g\n” , sumup (2 , 4 , ” c a l l i n g sumup” ) ) ;

10

11 r e t u r n EXIT SUCCESS ;
12 }

Thorsten Koch (Matheon/ZIB) Refreshing C for SCIP programmers 22.10.2009 4 / 20



C language constructs III

1 #de f i n e SPECIAL K 17 /∗ Def i n e a con s t an t ∗/
2 #de f i n e SPECIAL X 42
3

4 /∗ Funct i on w i thout r e t u r n v a l u e
5 ∗/
6 vo i d s t r a n g e ( i n t x )
7 {
8 sw i t c h ( x ) /∗ Case d i s j u n c t i o n . S imple numbers on l y ∗/
9 {

10 ca se 0 :
11 p r i n t f ( ”Zero \n” ) ;
12 break ; /∗ Important , o t h e rw i s e f a l l t h r o u g h ∗/
13 ca se SPECIAL K : /∗ P r e p r o c e s s o r s u b s t i t u t e s w i th 17 ∗/
14 p r i n t f ( ” Spe c i a l−K” ) ;
15 break ;
16 ca se SPECIAL X :
17 p r i n t f ( ” Spe c i a l−X” ) ;
18 /∗FALLTHROUGH∗/
19 d e f a u l t : /∗ Catch the r e s t ∗/
20 p r i n t f ( ” Spe c i a l−%d\n” , x ) ;
21 break ;
22 }
23 }
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Compounds

1 #i n c l u d e <s t d i o . h>
2

3 s t r u c t data /∗ Dec l a r e a compound ∗/
4 {
5 i n t a ;
6 i n t b ;
7 } ;
8

9 t y p ed e f s t r u c t data Data ; /∗ Add a s h o r t c u t name ∗/
10

11 i n t main ( )
12 {
13 Data d [ 4 ] = {{0 ,1} ,{2 ,3} ,{4 ,5} ,{6 ,7}} ;
14 i n t i ;
15

16 d [ 1 ] . a = 17 ;
17 d [ 2 ] . b = −5;
18

19 f o r ( i = 0 ; i < s i z e o f ( d ) / s i z e o f ( d [ 0 ] ) ; i++)
20 p r i n t f ( ”Elem %d , a=%2d b=%+2d\n” , i , d [ i ] . a , d [ i ] . b ) ;
21

22 r e t u r n 0 ;
23 }

Thorsten Koch (Matheon/ZIB) Refreshing C for SCIP programmers 22.10.2009 6 / 20



Operators and types, etc.

1 < l e s s than no power ope ra to r , e . g . 2ˆ18 = 16
2 > g r e a t e r than
3 <= l e s s equa l no t r u e boo lean , no s t r i n g type
4 >= g r e a t e r equa l
5 == equa l
6 != not equa l
7 ! l o g i c not
8 && l o g i c and i f u s e s s h o r t c u t e v a l u a t i o n
9 | | l o g i c o r i f ( f ( 7 ) > 5 && g (2) != 0)

10 | b i t o r g might not be c a l l e d
11 & b i t and be aware , f and g might have
12 ˆ b i t xo r s i d e e f f e c t s
13 ˜ b i t n ega t i on
14 << b i t s h i f t l e f t
15 >> b i t s h i f t r i g h t x = f ( ) + g ( ) ∗ h ( )
16 % modulo o r d e r o f e v a l u a t i o n i s not
17 = ass ignment d e f i n e d
18

19 uns i gned / s i g n ed
20 cha r / s h o r t / i n t / l ong / long long
21 f l o a t / doub l e
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Language Standards

1 #i n c l u d e <s t d i o . h>
2

3 i n t main ( )
4 {
5 i n t c =
6 10 //∗
7 //∗/ 5
8 ;
9 p r i n t f ( ”%d\n” , c ) ;

10 r e t u r n 0 ;
11 }

$ gcc -std=c89 test.c
$ ./a.out
2
$ gcc -std=c99 test.c
$ ./a.out
10
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Pointer and memory allocation

1 #i n c l u d e < s t d l i b . h>
2 #i n c l u d e <a s s e r t . h>
3

4 #de f i n e DSIZE 1000
5

6 vo i d i n i t i a l i z e ( s i z e t s i z e , doub l e ∗e )
7 {
8 s i z e t i ;
9 a s s e r t ( e != NULL ) ;

10 f o r ( i = 0 ; i < s i z e ; i++)
11 e [ i ] = i ∗ 5 . 7 ;
12 }
13 i n t main ( )
14 {
15 doub l e ∗ d = c a l l o c (DSIZE , s i z e o f (∗d ) ) ; /∗ A l l o c a t e memory ∗/
16

17 i f ( d == NULL) /∗ Was i t s u c c e s s f u l ? ∗/
18 r e t u r n EXIT FAILURE ;
19

20 i n i t i a l i z e (DSIZE , d ) ;
21 f r e e ( d ) ; /∗ Re l e a s e the memory ∗/
22 r e t u r n EXIT SUCCESS ;
23 }
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Pointers and arrays

1 cha r a [ 1 0 0 ] ; /∗ d e f i n e s an a r r a y ∗/
2 cha r ∗ p = a ; /∗ p p o i n t s to the a r r a y ∗/
3 cha r ∗ q = &a [ 0 ] ; /∗ a == &a [ 0 ] ∗/
4

5 a [ 1 ] = ’A ’ ;
6 p [ 1 ] = ’B ’ ;
7 ∗( p+1) = ’C ’ ;
8 ∗++q = ’D ’ ; /∗ q changes a l s o ∗/
9 ∗( a+1) = ’E ’ ;

10 ∗++a = ’F ’ ; /∗ i l l e g a l ∗/
11

12 p = ”Hi t h e r e ” ;
13 s t r c p y ( a , p ) ;
14

15 i f ( p == q) /∗ compares add r e s s e s , not s t r i n g s ∗/
16

17 i f ( ! s t rcmp ( a , p ) ) /∗ compares s t r i n g s ∗/
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Today it will not get worse than this

1 i n t max( i n t a , i n t b )
2 {
3 r e t u r n a < b ? b : a ;
4 }
5

6 vo i d c o p y s t r i n g ( cha r ∗ t , c on s t cha r ∗ s )
7 {
8 wh i l e (∗ t++ = ∗ s++);
9 }

10

11 vo i d bar ( i n t ∗∗ p , s i z e t s i z e )
12 {
13 ∗p = ma l l o c ( s i z e , s i z e o f (∗∗p ) ) ;
14 }
15

16 vo i d foo ( )
17 {
18 i n t ∗ q = NULL ;
19

20 bar (&q , 1000 ) ;
21

22 q [ 4 ] = 5 ;
23 }
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Fun with FP Arithmetic

1 doub l e s [ 2 0 4 8 ] ;
2 doub l e e = 1 ;
3 i n t n = 0 ;
4

5 do
6 {
7 n = n + 1 ;
8 e = e / 2 ;
9 s [ n ] = 1 + e ;

10 }
11

12 wh i l e ( e > 0 ) ; /∗ a l t e r n a t i v e 1 ∗/
13 wh i l e (1 + e > 1 ) ; /∗ a l t e r n a t i v e 2 ∗/
14 wh i l e ( s [ n ] > 1 ) ; /∗ a l t e r n a t i v e 3 ∗/

Does the loop terminate?
Will the program crash ?
If it terminates, will n have the same value in all alternatives?
(Lines 7,8,9)
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Fun with FP Arithmetic

1 doub l e s [ 2 0 4 8 ] ;
2 doub l e e = 1 ;
3 i n t n = 0 ;
4

5 do
6 {
7 n = n + 1 ;
8 e = e / 2 ;
9 s [ n ] = 1 + e ;

10 }
11

12 wh i l e ( e > 0 ) ; /∗ n = 1075 ∗/
13 wh i l e (1 + e > 1 ) ; /∗ n = 64 ( I n t e l P4) ∗/
14 wh i l e ( s [ n ] > 1 ) ; /∗ n = 53 ∗/

Does the loop terminate? Yes.
Will the program crash ? No.
If it terminates, will n have the same value in all alternatives?
No. n is different in many cases, possibly depending on the architecture
and the compiler (settings).
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SCIP numerics

Floating point values should not be compared directly against each other.

1 SCIP Rea l doub l e ;
2

3 /∗ r e t u r n s v a l u e t r e a t e d as i n f i n i t y ∗/
4 SCIP Rea l S C I P i n f i n i t y ( SCIP∗ s c i p ) ;
5

6 /∗ compare v a l u e a g a i n s t i n f i n i t y ∗/
7 SCIP Bool S C I P i s I n f i n i t y ( SCIP∗ s c i p , SCIP Rea l v a l ) ;
8

9 /∗ checks , i f v a l u e i s i n range e p s i l o n o f 0 . 0 ∗/
10 SCIP Bool SC IP i sZe ro ( SCIP∗ s c i p , SCIP Rea l v a l ) ;
11

12 /∗ checks , i f v a l u e s a r e i n range o f f e a s i b i l i t y t o l e r a n c e ∗/
13 SCIP Bool SCIPisFeasEQ ( SCIP∗ s c i p , SCIP Rea l va l1 , SCIP Rea l v a l 2 ) ;
14

15 SCIP Rea l a ;
16 SCIP Rea l b ;
17

18 i f ( SCIPisFeasEQ ( s c i p , a , b ) )
19 p r i n t f ( ” Equal up to a t o l e r a n c e \n” ) ;
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SCIP return codes

1 SCIP RETCODE /∗ r e t u r n code f o r SCIP methods ∗/
2

3 /∗ Some o f the p o s s i b l e v a l u e s ∗/
4 SCIP OKAY /∗ normal t e rm i n a t i o n ∗/
5 SCIP ERROR /∗ u n s p e c i f i e d e r r o r ∗/
6 SCIP NOMEMORY /∗ i n s u f f i c i e n t memory e r r o r ∗/
7 SCIP READERROR /∗ f i l e r ead e r r o r ∗/
8 SCIP WRITEERROR /∗ f i l e w r i t e e r r o r ∗/
9 SCIP LPERROR /∗ e r r o r i n LP s o l v e r ∗/

10 SCIP NOPROBLEM /∗ no problem e x i s t s ∗/
11 SCIP INVALIDCALL /∗ method cannot be c a l l e d at t h i s t ime ∗/
12 SCIP INVALIDRESULT /∗ method r e t u r n e d an i n v a l i d r e s u l t code ∗/
13 SCIP PARAMETERUNKNOWN /∗ the paramete r not found ∗/
14

15 /∗ The easy way to check ∗/
16 SCIP RETCODE some func t i on ( )
17 {
18 . . . ;
19 SCIP CALL ( SC IPa l l o cBu f f e rA r r a y ( . . . ) ) ;
20 . . . ;
21

22 r e t u r n SCIP OKAY ;
23 }
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Calling SCIP functions

1 SCIP RETCODE some func t i on ( )
2 {
3 /∗ Check r e t u r n va lue , i f not SCIP OKAY then
4 ∗ compla in and r e t u r n the bad news ∗/
5 SCIP CALL ( SC IPa l l o cBu f f e rA r r a y ( . . . ) ) ;
6

7 r e t u r n SCIP OKAY ;
8 }
9 SCIP RETCODE some func t i on ( )

10 {
11 /∗ Check r e t u r n va lue , i f not SCIP OKAY then
12 ∗ immed i a t e l y pa s s r e t u r n code on ∗/
13 SCIP CALL QUIET ( SC IPa l l o cBu f f e rA r r a y ( . . . ) ) ;
14

15 r e t u r n SCIP OKAY ;
16 }
17 vo i d s ome func t i on ( )
18 {
19 /∗ Check r e t u r n va lue , i f not SCIP OKAY then
20 ∗ scream and d i e ∗/
21 SCIP CALL ABORT( SC IPa l l o cBu f f e rA r r a y ( . . . ) ) ;
22 }
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Some details

1 #i n c l u d e ” s c i p / s c i p . h”
2

3 SCIP Bool TRUE / FALSE
4 SCIP Long int l ong long
5

6 #de f i n e SCIP DEBUG
7 {
8 SCIPdebugMessage ( ”Did not work %d\n” , r e t c od e ) ;
9 . . . ;

10 }
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SCIP has its own memory management

1 SCIP RETCODE f u n t h a t n e e d s a b u f f e r ( SCIP∗ s c i p , i n t max elems )
2 {
3 i n t ∗ s t o r e h e r e ;
4 i n t i ;
5

6 SCIP CALL ( SC IPa l l o cBu f f e rA r r a y ( s c i p , &s t o r e h e r e , max elems ) ) ;
7

8 f o r ( i = 0 ; i < max elems ; i++)
9 s t o r e h e r e [ i ] = 17 ;

10

11 . . . ; /∗ use i t ∗/
12

13 SC IP f r e eBu f f e rA r r a y ( s c i p , &s t o r e h e r e ) ;
14 }
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C++

1 c l a s s Test // a b s t r a c t base c l a s s
2 {
3 p r i v a t e :
4 doub l e b ;
5 p r o t e c t e d :
6 i n t c ;
7 p u b l i c :
8 Test ( ) : c (0 ) {} ;
9 v i r t u a l i n t check ( ) = 0 ;

10 } ;
11

12 c l a s s Rea lTes t : Test
13 {
14 p u b l i c :
15 Rea lTes t ( ) : Test ( ) {}
16 i n t check ( ) { r e t u r n c != 0 ; }
17 } ;
18

19 i n t main ( )
20 {
21 Rea lTes t t ;
22

23 r e t u r n t . check ( ) ? 1 : 13 ;
24 }

Thorsten Koch (Matheon/ZIB) Refreshing C for SCIP programmers 22.10.2009 18 / 20



Questions?
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