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Re-direct and pipe in Unix system

• A file may be substituted for the keyboard by using <
convention for input redirection
./a.out < article.txt
the string “< article.txt” is not included in the command-
line arguments in argv.

• Output can be redirected into a file with > filename
./a.out > output.txt
write standard output to file output.txt

• Input switching is also invisible if the input comes from 
another program via a pipe mechanism
man  icpc | more
put the standard output of “man icpc” into standard input 
of more
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Formatted output – printf [1]

int printf ( char *format, arg1, arg2,  … )

format 2 3 5 6 7 9 101 4 8 11 12

h e l l o , w o r l d%s

2 3 5 6 7 9 101 4 8 11 12

h e l l o , w o r l d%10s



Formatted output – printf [2]
2 3 5 6 7 9 101 4 8 11 12

h e l l o , w o r%.10s

2 3 5 6 7 9 101 4 8 11 12

h e l l o , w o r l d%-10s

2 3 5 6 7 9 101 4 8 11 12

h e l l o , w o r l d%.15s

13 14 152 3 5 6 7 9 10 121 4 8 11

h e l l o , w o r l d%-15s

13 14 152 3 5 6 7 9 10 121 4 8 11

h e l l o , w o r%15.10s

13 14 152 3 5 6 7 9 10 121 4 8 11

h e l l o , w o r%-15.10s



Format specification (from MSDN library)

• type
- required character that determines whether the associated argument is 
interpreted as a character, a string or a number.

• flags
- Optional character or characters that control justification of output and 
printing of signs, blanks, decimal points, and octal and hexadecimal prefixes.

• width
- Optional number that specifies the minimum number of characters output.

• precision
- Optional number that specifies the maximum number of characters printed 
for all or part of the output field, or the minimum number of digits printed for 
integer values.



Format specification: type



Format specification: flag



Format specification: width

• The width argument is a nonnegative decimal integer controlling the 
minimum number of characters printed.

• If the number of characters in the output value is less than the
specified width, blanks are added to the left or the right of the 
values — depending on whether the – flag (for left alignment) is 
specified.

• If the number of characters in the output value is greater than the 
specified width, or if width is not given, all characters of the value 
are printed.

• If the width specification is an asterisk (*), an int argument from the 
argument list supplies the value (see page 154). This case is rare.



Format specification: precision



Format spec : example 1

2 3 5 6 7 9 101 4 8 11 12

h e l l o , w o r l d%10s

type = stringwidth = 10 precision = emptyflag = empty

length(“hello, world”) = 12 > width = 10

Rule : If the number of characters in the output value is greater than the 
specified width, all characters of the value are printed. 

print last two characters also

2 3 5 6 7 9 101 4 8 11 12

h e l l o , w o r l d



Format spec : example 2

13 14 152 3 5 6 7 9 10 121 4 8 11

h e l l o , w o r%-15.10s

flag = minus width = 15 precision = 10 type = string

Characters in excess of precision
are not printed. left alignment

width = 15
left alignment

h e l l o , w o r l d

0 11 121 2 3 4 5 6 7 8 9 1 13 14 15
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Variable-length Argument Lists

int printf ( char *fmt, ... )

The number and types of these arguments may vary

Question 1: how to walk through argument list when this list doesn’t have 
a name and type?

Question 2: how to know number of arguments in the argument list?

fmt arg1 arg2



Header file: stdarg.h

• void va_start ( va_list arg_ptr, prev_param)
va_start sets arg_ptr to the first optional argument in the list of 
arguments passed to the function. The argument arg_ptr must have 
va_list type. The argument prev_param is the name of the required 
parameter immediately preceding the first optional argument in the 
argument list.

• type va_arg( va_list arg_ptr, type)
va_arg retrieves a value of type from the location given by arg_ptr
and increments arg_ptr to point to the next argument in the list, 
using the size of type to determine where the next argument starts.

• void va_end( va_list arg_list )
va_end resets the pointer to NULL.



Example: min-printfminprintf.cpp
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2
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main.cpp

address content

0x0012ff64

3

4.0 y
0x0012ff6c

x
0x0012ff70

hello, world\0 word

0x0012ff7c



Macro va_start

address

0x0042601c

0x0012ff0c

0x0012ff04

arg1

fmt

content

0x0012ff08

ap

Given variable name fmt, macro va_start compute next 
argument adjacent to fmt



1. 按 F9 產生一個中斷點

2. Debug Go 至下一個中斷點



In order to reach this break-point, 
condition in if-else clause must be 
false, say  p == ‘%’

matched

按 F10 執行 p++,爾後再執行 *p



0x00426020 p

p++

0x00426021 p
0x00426020

%
d
,
y

0x00426021

按 F10 將指標 ap移下一個 int的長度



Macro va_arg

1. 以 int型態取出 ap所指的內容, 
並存入 ival中

2. 移動指標 ap一個 int的長度, 即
ap指向下一個 argument (arg2)

address content

4

0x0042601c

0x0012ff0c

0x0012ff04
fmt

0x0012ff08
arg1

arg2
0x0012ff10

Debug Go 至下一個中斷點 0x0012ff14

ap



1. 按 F10 執行 p++,爾後再執行 *p

2. 按 F10 將指標 ap移下一個
double 的長度



0x0042601c

1. 以 double 型態取出 ap所指的內
容, 並存入 dval中

2. 移動指標 ap一個 double 的長度, 
即 ap指向下一個 argument (arg3)

address content

0x0012ff04
fmt

0x0012ff08
arg1

0x0012ff0c
4.0 arg2 : 

8 bytesDebug Go 至下一個中斷點 0x0012ff10

0x0012ff14
arg3

ap



按 F10 執行 sval = va_arg( ap, char* )

1. 以 char* 型態取出 ap所指
的內容, 並存入 sval中

2. 移動指標 ap一個 char* 的
長度, 即 ap指向下一個
argument (arg4)

address content

0x0012ff04
0x0042601c fmt

0x0012ff08
arg1

0x0012ff0c
4.0 arg2 : 

8 bytes0x0012ff10

0x0012ff14
0x0012ff70 arg3

0x0012ff18

ap



2. Debug Go 至下一個
中斷點

1. 按 F9 產生一個中斷點

3.按 F10 執行 va_end



Macro va_end

address content

0x0012ff04
0x0042601c fmt

0x0012ff08
arg1

0x0012ff0c
4.0 arg2 : 

8 bytes0x0012ff10

0x0012ff14
0x0012ff70 arg3

0x0012ff18

apMacro va_end resets pointer ap
0x00000000



Drawback of variable-length

• How to make sure consistence between fmt and 
number of parameters, arg1, arg2, ….

• IMSL (線代及統計函式庫) use \0 as final 
terminator, like string.

• Usual error in printf is mismatch of number of 
parameters. See homework



twins of printf – sprintf page 245

int sprintf ( char* s, const char *fmt, ... )

sprintf is the same as printf except that the ouput is written into the string 
s, terminated with ‘\0’. 

String s must be big enough to hold the result. 

Return value: the number of bytes stored in string s, not counting the 
terminating null character. 
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Formatted input – scanf

int scanf ( char *fmt, ... )

int fscanf ( FILE* stream, char *fmt, ... )

scanf ( fmt, ... ) = fscanf ( stdin, fmt, ... )

scanf reads characters from standard input, interprets them according to the 
specification in fmt, and stores the results through the remaining arguments.

It returns number of input items converted and assigned.

Each of arguments must be a pointer, indicating where the 
corresponding converted input should be stored. 

Question: why must arguments be pointers?



Format specification (from MSDN library)

• width
The width field is a positive decimal integer controlling the maximum 
number of characters to be read for that field. No more than width
characters are converted and stored at the corresponding argument.  

• Size
The optional prefixes h, l, ll, I64, and L indicate the size of the argument.

• type
The type character determines whether the associated argument is
interpreted as a character, string, or number.



Format specification: type   from MSDN



Format specification: size



Rudimentary calculator in page 158

% l f

size = l (double 因為 type = f )type = f (floating-point)

Question: what’s the result?
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Example: cat (串連檔案)

串連檔案 /proc/cpuinfo和
檔案 /proc/meminfo



Framework of cat

filename1 filename2 

psudocode of cat

for each file name  filename

open filename

read every character from filename and output to screen

close filename

endfor

3

1

2

1. fopen : open a file for read/write

2. getc, putc : get character, put character 

3. fclose : closed a file which is opened



Source code of cat

main.cpp

filecopy.cpp

3

1

2

or

4



Type FILE in stdio.hVisual studio

Linux radhat9



FILE* fopen (const char *filename, const char *mode )

mode description

“r” Opens for reading. If the file does not exist or cannot be found, the 
fopen call fails. 

“w” Opens an empty file for writing. If the given file exists, its contents 
are destroyed.

“a” Opens for writing at the end of the file (appending) without removing 
the EOF marker before writing new data to the file; creates the file 
first if it doesn't exist. 

“r+” Opens for both reading and writing. (The file must exist.)

“w+” Opens an empty file for both reading and writing. If the given file 
exists, its contents are destroyed.

“a+” Opens for reading and appending; the appending operation 
includes the removal of the EOF marker before new data is written 
to the file and the EOF marker is restored after writing is complete; 
creates the file first if it doesn't exist.



• int fgetc ( FILE* stream)
fgetc returns the next character of stream as an unsigned char
(converted to an int), or EOF if end of file or error occurs.

• int getc ( FILE* stream)
getc is equivalent to fgetc except that if it is a macro, it may evaluate 
stream more than once

• int fputc ( int c, FILE* stream)
fputc writes the character c (converted to an unsigned char) on 
stream. It returns the character written, or EOF for an error.

• Int putc ( int c, FILE* stream)
putc is equivalent to fputc except that if it is a macro, it may evaluate 
stream more than once

• int fclose (FILE* stream)
fclose flushes any unwritten data for stream, discards any unread 
buffered input, frees any automatically allocated buffer, then close 
the stream. It returns EOF if any errors occurred, and zero otherwise.



Summary of standard IO

• When a C program started, the OS (operating system 作業系統) 
environment is responsible for opening three files (standard input, 
standard output and standard error) and providing file pointers for 
them. 

• File pointers are called stdin, stdout, stderr declared in stdio.h
• stdin is connected to keyboard and stdout is connected to the 

screen, but stdin and stdout may be re-directed to files or pipes. 

• getchar and putchar can be defined in terms of getc, putc, stdin and 
stdout
#define  getchar( )        getc(stdin)
#define  putchar( c )     putc( (c), stdout )

• scanf and printf can be defined in terms of fscanf and fprintf
int fscanf( FILE *fp, char *fmt, ... )
int fprintf( FILE *fp, char *fmt, ... )



OutLine

• Format of printf
• Variable-length argument lists
• Formatted input – scanf
• File access
• Command execution



Command execution
int system ( const char *s) system passes the string s to the 

environment for execution. If s is NULL, 
return non-zero if there is a command 
processor. If s is not NULL, the return value 
is implementation-dependent.


