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Sigma Notation and Flow Chart 

= a1a2a3 ⋯ an

Sn = ∑
k=1

n

ak

yes

n times

S0

k← 1

SSak

k ← k+ 1

a1=2,
a2=4,
a3=6,
a4=8,
a5=10

k > n ?

loop index
initialization

n times

loop index
update

loop index
condition check
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Adding one value at a time 

(((((a1) + a2) + a3) + a4) + a5)

S = 0

(((((a1) + a2) + a3) + a4) + a5)

(((((a1) + a2) + a3) + a4) + a5)

(((((a1) + a2) + a3) + a4) + a5)

(((((a1) + a2) + a3) + a4) + a5)

(((((a1) + a2) + a3) + a4) + a5)

S = S + a1

S = S + a2

S = S + a3

S = S + a4

S = S + a5
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Adding one value at a time 

S = a1 + a2 + a3 + a4 + a5

S = S + a1
S = (((((a1) + a2) + a3) + a4) + a5)

S = S + a2

S = S + a3

S = S + a4

S = S + a5

S = 0
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S = S + a1 statement

S = a1 + a2 + a3 + a4 + a5

S = S + a1      S   &S S + a1
     a1   

1.RD 2.RD

4.WR

3.ADD

1. Read the current value of S

2. Read the current value of a1

3. Add the two values

4. Write the updated value of S 
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Accumulation Variable S

S = a1 + a2 + a3 + a4 + a5

S = S + a1

S = S + a2

S = S + a3

S = S + a4

S = S + a5

     S   &S S + a1
     a1   

RD

S + a2
     a2   

RD

S + a3
     a3   

RD

S + a4
     a4   

RD

S + a5
     a5   

RD

RD

WR

RD

WR

RD

WR

RD

WR

RD

WR
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Using a counter variable k 

S = a1 + a2 + a3 + a4 + a5

S = S + a1 S = S + ak , k = k + 1

S = (((((a1) + a2) + a3) + a4) + a5)

S = S + a2 S = S + ak , k = k + 1
S = S + a3 S = S + ak , k = k + 1
S = S + a4 S = S + ak , k = k + 1
S = S + a5 S = S + ak , k = k + 1

the same 5
statements are
repeated

Repetition

Loop Statements

S = 0 S = 0, k = 1



Iteration 9 Young Won Lim
9/25/17

Loop Unrolling

a1=2,
a2=4,
a3=6,
a4=8,
a5=10

no

S← 0+ a1

k ← 1+ 1

k > 5 ?
no

S← 2+ a2

k← 2+ 1

k > 5 ?
no

S← 6+ a3

k← 3+ 1

k > 5 ?
no

S← 12+ a4

k← 4+ 1

k > 5 ?

yes

S← 20+ a5

k← 5+ 1

k > 5 ?

Final result 
(S=30, k=6)

1st Iteration 
(S=0, k=1)

2nd Iteration 
(S=2, k=2)

3rd Iteration 
(S=6, k=3)

4th Iteration 
(S=12, k=4)

5th Iteration 
(S=20, k=5)

k=1

k=2

k=2

k=3

k=3

k=4

k=4

k=5

k=5

k=6
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Check Condition (Pre-check, Post-check)

yes

S0

k ← 1

S Sak

k← k+ 1

k=1,2,3,4,5

k=2,3,4,5,6

no

k ≤ n ?

yes

S0

k← 1

S Sak

k← k+ 1

k=1,2,3,4,5

k=2,3,4,5,6

no
k > n ?

yes

S0

k ← 1

SSak

k← k+ 1

k=1,2,3,4,5

k=2,3,4,5,6

k ≤ n ?
no

no

S0

k← 1

SSak

k ← k+ 1

k=1,2,3,4,5

k=2,3,4,5,6

k > n ?
yes
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Initial Condition (0-start, 1-start)

yes

S0

k← 1

SSak

k ← k+ 1

k=1,2,3,4,5

k=2,3,4,5,6

no

k ≤ n ?

yes

S0

k← 1

SSak

k ← k+ 1

k=1,2,3,4,5

k=2,3,4,5,6

no
k > n ?

yes

S0

k← 0

k← k+ 1

S Sak

k=0,1,2,3,4

k=1,2,3,4,5

k < n ?

no

no

S0

k ← 0

k← k+ 1

SSak

k=0,1,2,3,4

k=1,2,3,4,5

k ≥ n ?

yes
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do  {
update

init

statements
} while (cond);

while (cond) {
update

init

}
statements

for (init ; cond; update) {

}
statements

Loop Statements

cond

yes

statement

update

init

no

Next 
Statement

yes

init

cond

statement

update

no

Next 
Statement

yes

init

cond

statement

update

no

Next 
Statement
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for loop 

for (k=0; k<5; k++) {
S = S + k+1;

S = 0;
for (k=1; k<6; k++) {

S = S + k;

S = 0;

yes

S ← 0

k ← 0

k < 5

S ← S + k+1 

k ← k + 1 

no

yes

S ← 0

k ← 1

k < 6

S ← S + k 

k ← k + 1 

no

fxed

} }

Next 
Statement

Next 
Statement
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while loop 

yes

S ← 0

k ← 0

k < 5

S ← S + k 

k ← k + 1 

no

yes

S ← 0

k ← 1

k < 6

S ← S + k 

k ← k + 1 

no

while (k<6) {
S = S+k;

S = 0; k=1;

k = k+1;
}

while (k<5) {
k = k+1;

S = 0; k=0;

S = S+k;
}

fexible

Next 
Statement

Next 
Statement
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do-while loop 

yes

S ← 0

k ← 0

k < 5

S ← S + k 

k ← k + 1 

no

Next 
Statement

yes

S ← 0

k ← 1

k < 6

S ← S + k 

k ← k + 1 

no

do {
S = S+k;

S = 0; k=1;

k = k+1;
} while (k<6);

do  {
k = k+1;

S = 0; k=0;

S = S+k;
} while (k<5);

fexible, 

at l
east 

once

Next 
Statement
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Nested For Loop Examples

for (i=0; i<3; ++i)

printf(“St1 \n”);

for (j=0; j<4; ++j)

printf(“St2 \n”);

printf(“St3 \n”);

for (i=0; i<3; ++i)

printf(“St1 \n”);

for (j=0; j<4; ++j)

printf(“St2 \n”);

printf(“St3 \n”);

for (i=0; i<3; ++i) {

printf(“St1 \n”);

for (j=0; j<4; ++j)

printf(“St2 \n”); }

printf(“St3 \n”);

for (i=0; i<3; ++i) {

printf(“St1 \n”);

for (j=0; j<4; ++j)

printf(“St2 \n”);

}

printf(“St3 \n”);

for (i=0; i<3; ++i) 

printf(“St1 \n”);

for (j=0; j<4; ++j) {

printf(“St2 \n”); 

printf(“St3 \n”); }

for (i=0; i<3; ++i) 

printf(“St1 \n”);

for (j=0; j<4; ++j) {

printf(“St2 \n”);

printf(“St3 \n”);

}
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Break Examples

S=0;

for (i=0; i<10 ; ++i) {

    if (i==5) break;

    S += (i+1);

    printf("i=%d S=%d \n", i,S);

}

the next statement;
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Continue Examples

S=0;
for (i=0; i<10 ; ++i) {

printf("i%%2 = %d --- ", i%2);
if ((i%2) == 1) {

printf("\n");
continue;

}
S += (i+1);
printf("i=%d S=%d \n", i,S);

}

Skip the remaining statements
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