Chapter 25
Embedded systems programming
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// Note: element type known at compile time

/[ allocation times are completely predictable (and short)

I the user has to pre-calculate the maximum number of elements needed
template<class T, int N>class Pool {

public:
Pool(); // make pool of N Ts — construct pools only during startup
T* get(); /[ geta T from the pool; return O if no free Ts
void free(T%*); /l return a T given out by get() to the pool

private:

I/ keep track of T[N] array (e.g., a list of free objects)
|

Pool<Small_buffer,10> sb_pool;
Pool<Status_indicator,200> indicator_pool;
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// Note: allocation times completely predictable (and short)
I the user has to pre-calculate the maximum number of elements needed
template<int N>class Stack {
public:
Stack(); // make an N byte stack — construct stacks only during startup
void* get(int n); // allocate n bytes from the stack; return O if no free space
void free(void™* p); /I return the last block returned by get() to the stack
private:
Il keep track of an array of N bytes (e.g. a top of stack pointer)

};
Stack<50*1024> my free store; // 50K worth of storage to be used as a stack

void* pvl = my_free store.get(1024);
Int* pi = static_cast<int*>(pvl); /[ you have to convert memory to objects

void* pv2 = my_free_store.get(50); FEATBHEABLEAUIS S LA
Pump_driver* pdriver = static_cast<Pump_driver*>(pv2);
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Device _driver* p = reinterpret_cast<Device driver*>(0xffb8);

Serial_port_base *COML1 =
reinterpret_cast<Serial port_base*>(0x3f8);
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unsigned char uc; /I 8 bits
= unsigned short us; /] typically 16 bits
= unsigned int ui; /[ typically 16 bits or 32 bits

Il (check before using)
// many embedded systems have 16-bit ints

= unsigned long int ul; /] typically 32 bits or 64 bits

= std::vector<bool> vb(93); /1 93 bits
o A A E & 48432 bits £ ¢ A

= std::bitset bs(314); I/ 314 bits
o A A H 248432 bits £ & A
o —f& 2t sizeof(int) 942 £ & F # &
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45 4% AE
& (and)
| (o)
N (exclusive or — xor)
<< (left shift)
>> (right shift)

8 bits == 1 byte

A
v

~ (one's complement) Oxff: 11/1|/1/1/1/1|1]1
AAL, CORRMRMEG ight: [0]1]0]o]1/1]0]1
true false
o3 5] 4o
void f(unsigned short val)  // assume 16-bit, 2-byte short integer
{

unsigned char right = val & Oxff ; I/ rightmost (least significant) byte
unsigned char left = (val>>8) & Oxff ; // leftmost (most significant) byte
bool negative = val & 0x8000 ; I sign bit (if 2’s complement)

...

m
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enum Flags { bit4=1<<4, bit3=1<<3, bit2=1<<2, bitl=1<<1, bit0=1 };
unsigned char x = bit3 | bitl; // x becomes 8+2

X |= bit2; Il X becomes 8+4+2

If (x&Dbit3) { /I is bit3 set? (yes, it is)
...

}

unsigned char y = x &(bit4|bit2); /l'y becomes 4
Flags z = Flags(bit2|bit0); // the cast is necessary because the compiler
Il doesn’t know that 5 is in the Flags range
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* # &, (xor) "
« a"b & 7 (alb) & !(a&b)
— “%2za, Z2b, exrEmEHRA"
unsigned char a = Oxaa;
unsigned char b = 0x0f;

unsigned char ¢ = a”b;

s AAN LA E PRI L

a |11/0{1/0/1/0/1 0/0xaa

b: 10/0/0/0|1/1/1!|1/0x0f

a™: |1/0/1/0/0/1/0| 1| O0xad
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vector<int>v; unsigned

signed —. / correct, but pedantic

for (int i = 0; i<v.size(); ++i) ...
for (vector<int>::size typei= 0; i<v.size(); ++i) ...
for (vector<int>::iterator p = v.begin(); p!=v.end(); ++p) ...

Yet another way _—
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 e.g., Device_driver %= Buffer_pool
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* e.g., Head #= head// violation!
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= e.g., intvar; // violation: var is not initialized
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e.g., X = a*b+c; Il ok
If( a<b || c<=d) /[ violation: parenthesize (a<b) and (c<=d)

et b BB LR AL EEXTP

= e.g., intx =v[++i]; //violation (that increment might be overlooked)
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<+ The Tiny Encryption Algorithm (TEA)
= & David Wheeler % % &+t &9
= http://143.53.36.235:8080/tea.htm
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void encipher(
const unsigned long *const v,
unsigned long *const w,
const unsigned long * const k)

unsigned long y = v[0];

unsigned long z = v[1];

unsigned long sum = 0;

unsigned long delta = 0xX9E3779B9;

unsigned long n = 32;

while(n-->0) {
y+=(z<<47z>>5)+z”"sum + K[sum&3];
sum += delta;
Z+=(y<<4/™Ny>>5)+ysum + K[sum>>11 & 3];

}

w[0]=y;

w([1]=z;

}
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> * . .
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void decipher(
const unsigned long *const v,
unsigned long *const w,
const unsigned long * const k)

unsigned long y = v[0];

unsigned long z = v[1];

unsigned long sum = OXC6EF3720;

unsigned long delta = 0x9E3779B9;
unsigned long n = 32;

/[ sum = delta<<5; in general, sum = delta * n

while(n-->0) {
z-=(y<<4”7y>>5)+y”~sum+ k[sum>>11 & 3];
sum -= delta;
y-=(2<<4”z>>5)+z"sum + k[sum&3];

}

w[0]=y;

w([1]=z;

}
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