GATE CS - ORIGINAL WORKED LESSONS

GATE CS: Arrays and Pointers in C —
Bilingual Worked Lessons
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Six complete lessons, each with two worked examples and four practice exercises with full
solutions. English and Hindi are kept together by lesson, with each language readable on its own.

Coverage and convention

Mapped to the GATE 2027 CS syllabus; checked 2 October 2026. This workbook covers introductory
fixed-size arrays, scans, pointer targets, array parameters, pointer movement and two-dimensional
arrays. It does not complete C, Programming and Data Structures, or the GATE CS syllabus. Recursion
and later data structures belong to separate study.

C11 is the explicit teaching convention, not a claimed GATE-mandated language version. Follow the
assumptions and safety boundaries stated in each lesson. Deliberately unsafe fragments are for
classification only, not execution.
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How to use this workbook

Start with the lesson’s prerequisites. Predict the state and output before reading each trace. Try the four
unscored exercises, then use the linked solutions and quick reference to check your reasoning. The
contents and PDF bookmarks jump to either language and to practice or solutions. The separate
integrated review is not included here.

Syllabus context: Official GATE 2027 CS syllabus, Section 4. Each lesson retains its original C semantic source note. Existing
2026 resources retain their separate identity. This edition republishes the accepted original lessons without adding
teaching or assessments.
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Lesson 01 - English GATE CS - Arrays and pointers

Lesson 01 - English

Array elements and valid indices

Which values change

You know how to record the current value of an integer variable. Now suppose four related values
belong together. We can store them in an array and still trace every assignment one step at a time.

In this lesson you will identify an array's valid indices, read its initial values, and explain which element
an assignment changes. You will also distinguish a saved scalar copy from an array element, and explain
the zeros supplied by a partial initializer.

Prerequisites: the foundation lessons on variables, current-state tracing, simple arithmetic, conditions
and copied values. No pointer, loop, string or memory-address knowledge is required here.

We continue to use C11 as our teaching convention. Our arrays contain ordinary signed int elements
and have explicit positive constant sizes. Every value read in an executable example has been initialized,
and every computed integer fits within -32767 through 32767. We do not assume that an int occupies
four bytes. Every complete program starts afresh and can be compiled separately. One deliberately
unsafe fragment is clearly marked for classification only.

One array name and several element positions

Read int scores[4] = {6, 2, 9, 4}; intwo parts. scores[4] in this declaration creates an array with
four integer elements. The initializer in braces supplies their starting values in order.

Index 0 1 2 3

Initial value 6 2 9 4

An index identifies a position. The first position has index 0, so scores[0] supplies 6 when it is read, and
scores[1] supplies 2. The fourth and last element is scores[3]. The declared count is 4; it is not a valid
index for this array.

Keep a position and its stored value separate. The value 9 is stored at index 2. That does not give this
array an element at index 9. An element may contain a negative number or a number larger than the
array's length; the stored number does not change the valid positions.

The same square brackets have different jobs in a declaration and in a later expression. The declaration
int scores[4] states the element count. A later read of scores[4] would try to access a fifth element,
which does not exist in this array.

For an array with N elements and an integer index i, an element access needs bothi >= 6andi < N.
Here N means the element count in our explanation; our actual declarations use positive constants such
as 4 and 5. The last valid index is N - 1. Neither a negative index nor an index equal to the count is valid
for these accesses.
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Lesson 01 - English GATE CS - Arrays and pointers

Apply the familiar assignment rule to one element

In scores[1] = scores[0] + scores[2];, the right side reads two current element values. Their sum is
stored in the element at index 1. This statement does not assign to every element.

Use a record with an entry for each position:

1. Work out the index of every accessed element and check its bounds
2. Read the current values used by the right-hand calculation
3. Calculate the result

4. Write it to the selected destination element and carry all other entries forward

Our statements keep index changes separate from element updates. We do not combine an index
increment and another use of that index inside one expression. This carries forward the foundation
lesson's sequencing discipline.

Worked example 1 A saved value and two element updates

Predict the complete output before reading the trace. Does saved change when scores[1] changes?

#include <stdio.h>

int main(void)

{
int scores[4] = {6, 2, 9, 4};
int saved = scores[1];
scores[1l] = scores[0] + scores[2];
scores[0] = saved - 1;
printf("%sd %d %d %d | %d\n",
scores[0], scores[1l], scores[2], scores[3], saved);
return 0;
}

« After initialization: scores = {6, 2, 9, 4}
* saved = scores[1] reads the current value 2. Now saved = 2; the array is unchanged

* scores[1] = scores[0] + scores[2] computes6 + 9 = 15. Now scores = {6, 15, 9, 4} and
saved = 2

* scores[0] = saved - 1computes2 - 1 = 1. Now scores = {1, 15, 9, 4} and saved = 2

* The printed argument order is the four elements, then saved. The outputis1 15 9 4 | 2, followed
by a newline. The | is just a printed separator

All accessed indices are 0 through 3. Each assignment replaces one element's stored value; the other
positions keep their values.
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Lesson 01 - English GATE CS - Arrays and pointers

saved holds a copied integer. It is not another name for element 1 and does not keep following it. If you
predicted 14 15 9 4 | 15, you treated that saved copy as a continuing connection. If you left the first
element at 6, you skipped the second element assignment. If you put 15 into every position, you treated
one selected element as the whole array.

Partial initialization supplies the remaining zeros

A positive fixed-size integer array can have fewer initializer values than elements. In int bins[5] = {4,
-1};, the two supplied numbers initialize positions 0 and 1. The remaining positions 2, 3 and 4 start at
zero.

Index 0 1 2 3 4

Initial value 4 -1 0 0 0

The size is still five. An omitted initializer does not remove an element, repeat the last written value, or
leave that remaining element waiting for input. int ready[3] = {0}; therefore starts all three elements
at zero: the first is explicitly initialized to zero and the other two receive zero implicitly.

Do not transfer that rule to int bins[5]; inside main. That declaration has no initializer. Its automatic
elements do not receive guaranteed zeros. Assign known values before reading them; do not run an
uninitialized read to decide what C “usually” provides. Static-storage arrays have different initialization
rules and are outside this lesson.

These initializer lists set starting values once when the declarations are reached. A later assignment
does not restart the initialization or refill the other elements with zeros.

Worked example 2 Use an implicitly initialized element

This example combines supplied values and implicit zeros. Work from the state left by each statement.

#include <stdio.h>

int main(void)

{
int bins[5] = {4, -1};
bins[3] = bins[0] + bins[2];
bins[2] = bins[1l] - bins[4];
printf("%sd %d %d %d %d\n",
bins[0], bins[1], bins[2], bins[3], bins[4]);
return 0;
}

* The declaration gives bins = {4, -1, 0, 0, 0}

* For bins[3] = bins[0] + bins[2], the operands are 4 and 0. Store 4 atindex 3: {4, -1, 0, 4, 0}

* For bins[2]
0}

bins[1] - bins[4], the operands are -1 and 0. Store -1 atindex 2: {4, -1, -1, 4,
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Lesson 01 - English GATE CS - Arrays and pointers
* Output:4 -1 -1 4 0, followed by a newline

The read of bins[2] in the first assignment is valid: its implicit initial value is zero. The later assignment
changes that same element to -1. The implicit zero is a starting value, not a permanent constraint.

Five copies of 4, or three trailing copies of -1, would misread the initializer list. Claiming that bins[4] is
uninitialized would miss the rule for the remaining elements of this initialized array. Reading bins[5]
would still be invalid; partial initialization creates no extra element beyond the declared size.

An index can be calculated

The brackets can contain an integer expression. With a valid value of k, scores[k] selects the position
given by the current k, while scores[k - 1] selects the previous position. Check each resulting index
separately. A valid k does not automatically make k - 1ork + 1 valid.

For the four-element scores, k = 0 is valid for scores[k] but not for scores[k - 1].Atk = 3, scores[k]
is valid but scores[k + 1] is not. Updating an index variable later does not undo a past array update. It
changes which position a subsequent expression selects.

Practice before opening the solutions

These four original learning exercises are unscored. For defined programs, write intermediate array
states as well as the output. Question 3 is a classification-and-repair task: do not execute its unsafe
fragment.

Practice 1 A moving index

Find the output. Explain both the position changed by the assignment and the position selected after k
changes.

#include <stdio.h>

int main(void)

{
int rack[5] = {8, 3, 6, 1, 4};
int k = 2;
rack[k] = rack[k - 1] + rack[k + 1];
k =k + 1;
printf("%sd %d %d\n", rack[2], rack[k], k);
return 0;
}

C11 teaching convention - Bounded introductory coverage 6



Lesson 01 - English GATE CS - Arrays and pointers

Practice 2 Two different initializer lists

Give both final arrays and the printed triple. Does {2} fill an array with copies of 2?

#include <stdio.h>

int main(void)

{
int first[4] = {2};
int second[4] = {2, 2, 2, 2};
first[3] = first[0] + second[1];
second[0] = first[1];
printf("%sd %d %d\n", first[3], second[0], first[1]);
return 0;
}

Practice 3 Classify and repair the last index

The intention is to add the first and last elements of a three-element array. The following fragment is
deliberately unsafe. Read it only; do not compile or execute it as an output question.

{2, 5, 8};

int data[3] =
= data[0] + data[3];

int total

Is a particular numeric value of total prescribed by C11? Identify the invalid access, then change only its
index to meet the stated intention. Give the result of the repaired calculation.

Practice 4 A guard before an access

Trace both if statements. Give the final array and explain why the first selected index does not cause an
invalid access in this program.

#include <stdio.h>

int main(void)

{
int cells[3] = {4, 6, 8};
int index = -1;
if (index >= 0 && index < 3) {
cells[index] = 9;
}
index = 2;
if (index >= 0 && index < 3) {
cells[index] = 9;
}
printf("%sd %d %d\n", cells[0], cells[1l], cells[2]);
return 0;
}
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For a general integer index, would changing the upper test to index <= 3 still protect a three-element
array? Explain the boundary that decides the answer.

Full solutions and wrong-turn feedback

Practice 1 solution

Initially k = 2and rack = {8, 3, 6, 1, 4}. The assignment uses destination index 2 and source indices
2 - 1=1and2 + 1 = 3.All three are within 0 through 4.

Read rack[1] = 3 and rack[3] = 1;their sum is 4. Store it at index 2, leaving rack = {8, 3, 4, 1, 4}.
Next k = k + 1 makes k = 3 without changing the array. The print reads rack[2] = 4, rack[3] = 1and
k = 3. Output: 4 1 3, then a newline.

4 4 3 assumes that rack[k] keeps naming the previously selected element after k changes. 6 1 3
ignores the array assignment. Using 8 and 6 as the sum's operands reads positions 0 and 2 instead of
positions 1 and 3; calculate k - 1and k + 1 again.

Practice 2 solution

The declarations give first = {2, 0, 0, 0} and second = {2, 2, 2, 2}.Only the first array has
omitted initializer values.

first[3] = first[0] + second[1] computes2 + 2 = 4,so first = {2, 0, 0, 4}. Then second[0] =
first[1] reads the zero at index 1 of first and stores it in second. The final arrays are first = {2, 0,
0, 4} and second = {0, 2, 2, 2}.Output:4 0 0, then a newline.

4 2 2 repeats the supplied 2 into omitted positions. 4 4 0 reads first[3] where the code says first[1].
The two arrays remain distinct even when some of their elements have equal values.

Practice 3 solution

The valid indices are 0, 1 and 2. data[3] tries to read outside this array. The fragment has undefined
behavior; C11 does not prescribe a numeric value for total. An observed number, zero or a crash would
not establish a valid language rule. The partial-initializer rule says nothing about storage outside an
array.

Replace data[3] with data[2]. The repaired program is:

#include <stdio.h>

int main(void)

{
int data[3] = {2, 5, 8};
int total = data[0] + data[2];
printf("sd\n", total);
return 0;
}
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It reads the first value 2 and last value 8, computes 10 and prints 10 followed by a newline. Using
data[1] would produce 7 but add the first and middle elements, contrary to the task. Increasing the
array size would change the given problem rather than repair only the index.

Practice 4 solution

Start with cells = {4, 6, 8} and index = -1.The first comparison index >= 0 is false. && skips the
second comparison, the if condition is false, and the body containing cells[index] is not executed. No
array access using -1 occurs.

After index = 2, both comparisons in the second condition are true: 2 is nonnegative and below 3. The
body writes 9 to cells[2]. The final array is {4, 6, 9}, and the outputis 4 6 9, followed by a newline.

The correct guard for these element accesses requires both boundaries. index <= 3 would allow index 3,
which is one beyond the last valid index 2. It happens not to change the two index cases shown, but it is
not a valid guard for every integer index. Checking only index < 3 would also admit negative indices. A
guard must decide before the element access; a test afterward cannot repair an access that has already
occurred.

Quick reference

* Inint a[4] = {6, 2, 9, 4};,the array has four elements, at indices 0 through 3

* Anindex selects a position; it is not the value stored there

* For N elements, an integer element index must satisfy 0 <= iandi < N

* Trace one selected destination and carry unchanged elements forward

« A scalar initialized from a[i] keeps its copied value after that element changes

+ In a positive fixed-size integer array with an initializer list, omitted elements start at zero
* An automatic array with no initializer does not get guaranteed zeros

* Check every calculated index. A valid k does not guaranteeavalidk - 1ork + 1

Invalid accesses are behavior-classification questions, not numeric-output puzzles
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Before moving on

Explain why the count 4 in a declaration does not make index 4 valid, and why {2} and {2, 2, 2, 2} give
different four-element starting states. You are ready for the next lesson when you can follow each
element's state without losing the current index. Next we will visit several elements with a loop and
explain what a running total or count means.

Source note

The examples, traces, exercises and explanatory wording are original. Facts were checked against the
WG14 N1570 C11 committee draft: array types 86.2.5p20; subscripting 86.5.2.1p2; bounds 86.5.6p8;
initialization 886.7.9p10, p17, p21; constant array-size constraint 86.7.6.2p1; simple assignment
86.5.16.1p2; short circuit §6.5.13p4. Reference: https://open-std.org/jtc1/sc22/wg14/www/docs/

n1570.pdf

C11 is this course's explicit teaching convention, not a claimed GATE-specified version. This lesson covers
introductory arrays, not the complete C language or GATE CS syllabus.
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Lesson 01 - f@<&
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uRfAq srers-He fAad e da wR &y

scores[1] = scores[0] + scores[2]; <l aTg 3R &l dcal & TJHH A U ST & | I7ehT TNT 3T 1 dTet dcd H @1
ST 81 U8 W &R ad H STSHE ol e
&R ST & oty Tk wfaf® arett ReprE s

2. &TE SfR Y UM § R aTet I 919 U

3. gRum feret
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#include <stdio.h>

int main(void)
{
int scores[4] = {6, 2, 9, 4};
int saved scores[1];
scores[1] scores[0] + scores[2];
scores[0] saved - 1;
printf("%sd %d %d %d | %d\n",
scores[0], scores[1l], scores[2], scores[3], saved);
return 0;

sMfeTsSIsM & 916: scores = {6, 2, 9, 4}

* saved = scores[1] E#HWHHZUEFH%IGE[saved = 28 R gl Fae

* scores[1]

28

* scores[0]

scores[0] + scores[2] A6 + 9 = 15ﬁ?fI?IT§I3Fsrscores = {6, 15, 9, 4}6ﬁ?saved =

saved - 1H2 - 1 = 1ﬁ|?fl?lT?>l3Wscores = {1, 15, 9, 4}Gﬁ'\'saved = 2%

« flic g aret SmgAC &l A Ugel IR I, fh saved 8133y 1 15 9 4 | 2 g, foigah arg 93 dfery el 81 |
eharet foie femar mar farvrsTes 8

SUTNT §Q Wt S9e 0 & 3 eh HIcR 61 §R S(HTSTHC Ueh dIcdl i I@T g3 A Feldll 5; dTehl STg1 IR QR A &4 36d 6
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saved H quIfeh AT hl iU &1 a8 dcd 1 T GERT ATH Tg1 & 3R Ich 1Y AR o) deerdn| IfE a4 14 15 9 4 | 15
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3rif2rer sfAfAaeTssiam arh s dar g

¢ fRIR 3TThR aTet GuTich QR & dcdl & oA BT A T ST Tehd &1 int bins[5] = {4, -1}; # foreht gf dw=md
S1Tg 0 3R 1 ot SRS el 81 amehl STTg 2, 3 3R 4 < [Tl A T gl &

EEC 0 1 2 3 4
LBSATA A 4 -1 0 0 0
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T uditer & 78t ¥gdTl 39l int ready[3] = {0}; diHl Il ohl YT & X Al &: Uget oh folq [T WE forar & 3R
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g R main & AR int bins[5]; U= &MV I SVUN H hig 3MRATTETR 81 &1 Iqdh automatic Il Bl T
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g1 static storage aret R & 3ARIAEHRM FaH 3/enT § SR 39 UTS & dAER 8l

HIYuTTaHf deh Uga TR SMRITETR Gl Ueh IR YB3ATA! AT 3@l 81 91% &1 SrETgHC 3ARIArgsi fh Y= 781 el
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#include <stdio.h>

int main(void)

{
int bins[5] = {4, -1};
bins[3] = bins[0] + bins[2];
bins[2] = bins[1l] - bins[4];
printf("%sd %d %d %d %d\n",
bins[0], bins[1], bins[2], bins[3], bins[4]);
return 0;
}

* 99O & bins = {4, -1, 6, 0, 0} Aarg

* bins[3] = bins[0] + bins[2] H MRS 4 IR0 EISFT3W4E: {4, -1, 0, 4, 0}

* bins[2] = bins[1] - bins[4] H 3RS -1 R0 FBF 2 W -1 & {4, -1, -1, 4, 0}
© AR 4 -1 -1 4 0, R a3 dfery
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Ugcl SETgTHC H bins [2] chl UGHT Hgl 8: IHehT 3UA-ATY AT 23T A [T 81 1 ohT ITSHC I ded bl -1 R
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ford | mrer 3 Fffenvor SR QR 1 U &: ITehT SRR 3ier 7 TaATd|

Y 1 FEAdT g3l §3a9
JTITYE FaT | GHSY foh srerg-He fohd STTg ot ageTaT @ 3R k Jeelq & d1E -t S1g Y S 81

#include <stdio.h>

int main(void)

{
int rack[5] = {8, 3, 6, 1, 4};
int k = 2;
rack[k] = rack[k - 1] + rack[k + 1];
k =k + 1;
printf("%sd %d %d\n", rack[2], rack[k], k);
return 0;
}
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3T 2 &t e sfAaarser glRat
&l 3ifas QR SR ftie g1 aredt faehst sramd| aam {23 W el 2 & ifadl § wR a1 g?

#include <stdio.h>

int main(void)

{
int first[4] = {2};
int second[4] = {2, 2, 2, 2};
first[3] = first[0] + second[1l];
second[0] = first[1];
printf("%sd %d %d\n", first[3], second[0], first[1]);
return 0;
}

31T 3 3ifaw §3oT ot affeRvor ofk guUR
IE-F A Il aTet QR oh Ugel SR Sifa\ I @l St g1 12 o1 SieT IFeETehe SRRfEd 81 39 chadl Ug; $MSeYe aret U
Y aRE hurget a1 fAsarfed T &l

int data[3] = {2, 5, 8};
int total = data[0] + datal3];

T C11 total & fow &g FAfYa Tearates a1 Iarar 82 Toa ifeTs ug=mH, fth IaTU 3837 & AT Shael ITehT S50
et | GUTY TS O T gRkomH )

3 4 f W I uget mE
ST if T ¢d el Sifas OR & R IHa] ok Ugel TAT a7 S8 39 UHITH H TTetd OR-HTHTH =Y g1 aherdl

#include <stdio.h>

int main(void)

{
int cells[3] = {4, 6, 8};
int index = -1;
if (index >= 0 && index < 3) {
cells[index] = 9;
}
index = 2;
if (index >= 0 && index < 3) {
cells[index] = 9;
}
printf("%sd %d %d\n", cells[0], cells[1l], cells[2]);
return 0;
¥
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G Yuifeh $8 & folg U SiTa ahl index <= 3 &R &, a1 T i Il arett QR 37aT oft GRIra @m? IR a9 e areft
dar gusd|

QR & 3R T IR0 T hIROT

319TH 1 T gt
PATHk = 23R rack = {8, 3, 6, 1, 4} ¢l SUEAHC HI TTdA ST 2 g IR FA SR 2 - 1 = 1T
2 +1=38d0T4% AREI

rack[1] = 38R rack[3] = 1@;3@%4%I3@3@W2W1‘@,@@rack = {8, 3, 4, 1, 4} fAcargl
ATk = k + 1R TGA ATk = 3 eI e d rack[2] = 4, rack[3] = 1 3Rk = 3 U A1d &1 3TITYC:
4 1 3, R 73 dfa

4 4 3\ foh k 98 W ot rack[k] U8 G §T I Sl 8l qA@T @A 81 6 1 3 QW §Y SAATSTHC hl BIS a1 8
STEH83MRE6ATIATE 1 MR 3B TAT T 0 MR 2 UG St §; k - 1 3Rk + 1 hI 389 fohr Aaprad |
ST 2 T g1

gomei ¥ first = {2, 0, 0, 0} iR second = {2, 2, 2, 2} AT I FacT uga W FI Gt H F© Y37t A7
el ford Ty €1

first[3] = first[0] + second[1]®2 + 2 = 4 [Adarg, s4felW first = {2, 0, 0, 4} g S@Tgl fix

second[0] = first[1] H first & 3T 1 aTell [T UG second H @1 STl g1 SifdA R first = {2, 0, 0, 4}
3R second = {0, 2, 2, 2} &I 3M3I<Ye: 4 0 0, foAe =12 dfer

4 2 2foRE gu 2 ol SIS 7E SRl WaAE@I 814 4 0 T8l first[3] UgdT s STl his H first[1] §1 TS ddl oh A
TRIeR g W= off g1 QR 31 & B

Y 3 &bl g

el 5299 0, 1 3R 2 €1 data[3] 39 QR & 1< U i hIfA Hedr g1 3721 F aRefd agr §; C11 total & fag
i [fSa T=aTares A 7161 &aT| his AT, [T T ohel 6@ ST & 9TNT T ot (g [ 61 aidT! 37ifeh sMfAerssr
arelT faH QR & STeR <l SivTg & IR | $© Ag) JdTdT

data[3] &l STTE data[2] & | GURT T WU &:

#include <stdio.h>

int main(void)

{
int data[3] = {2, 5, 8};
int total = data[0] + data[2];
printf("%d\n", total);
return 0;
}
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g UgaT A 2 3R Sifa® 719 8 Ugdr g, 10 fenretar g 3R 10 & d1e =18 Ufe file axar 1 data[1] &= 9R 7 A, dfea
Ig Ug 3R of1 o dca el SIS g, ST U hT I3 81 &1 QR T 3TehR TG helel S5 GURA eh o1 {47 gU U ahl
& ST

Y 4 bl g1

Q\KGTIT-Tffcells = {4, 6, 8}3ﬁ'{index = -I%IWWindex >= OW%I&&MWEﬁ@giﬁTa if &t
21l TeTd giet & 3R cells[index] aTeft body 7@ Terdl| —1 T IUTNT ek VR Ak his SATHTH g1 gidTl

index = 2 & dT& g A <l &I JIATS Hal 8: 2 R-KUMTH & 3R 3 @ Bler g1 body cells[2] # 9 faedt 81 sifaw
W{4, 6, 9y 8 3R MY 4 6 98, I are =1 dfery arrcht 81

g9 Il deh UgaH o Fgl S A G WG 9161 index <= 3 ¥ §39 3 off iR g, Safh ag sifo wgt a2 @
Tah 31 81 foQ g¢ &=t =rutt o1 uRkom TaiT @ =t sge, Afth &% quifer $39 & forg g Tgt e 7t 81 haat

index < 3 ST UR UM sead I WRR i | TS &l d@ ach Uga- § Ugdl (ofa =1 =iy &g i Sif uge 81 g
Terd SIfeRTH &t Step g! h Fehdl|

@ deof
- int a[4] = {6, 2, 9, 4}; HIRA@E, Sh S 0A 3§
« SR SIE AT ¢; I8 8l 3T g3 HH 8l 8
- N Tt & forg quifes qea-gdag 0 <= i 3fRi < N2 9t g =iy
* 4 §U Teh Tidiedl ol 8 & 3R 7 et dcd 3 Y &Y 7
* a[i] ¥ 3MRATATS g1 Yuleh =R, I8 dcd d&ei e d1g i (U1 iUl g A @dl &
« YFTHS fRR 3MHR aTet goifer R H sAfraemseR Th § = aa g A = gia &
« fa sffeESR et automatic R @t I e 6T TRE TET 8
« GRIUF AT SR S | Tel k A T@T k - 1Ak + 1 TRE 8T At
« A AT TIgR-afiereor & U &, foneft T aret ameye &t ugeht A&t
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3 e @ uget

A foh aton # T 4 foret S8 4 9@l 1 gl sidT SR {2} AAT {2, 2, 2, 2} AR I ohl AT [FSHTA!
LAY T & & | STel IJHH §SRT F Wi §U B el ehl AT T ¢ T Heh, Al 37T UTS & flg AR &1 s g U @
3 i deh STTQN 3R A e =rerar ganm It a1 Mt < aarar g1

Giq fearoft

ISTEXT, ¢, ST 3R GHEIH aTet arerd Hifeldh g | a1 ol Sitg WG 14 N1570 C11 IfAfa-gioe & &t 8 R TR
§6.2.5p20; GEEhE §6.5.2.1p2; TV §6.5.6p8; sMISSIM §86.7.9p10, p17, p21; AR WR-3MHR & d
§6.7.6.2p1; TR 3ATETHC §6.5.16.1p2; Ui Afche §6.5.13p41 Te: https://open-std.org/jtc1/sc22/wg14/
www/docs/n1570.pdf

C11 39 UTaushA | UgH o foTq AT 71T TER0T 8; 58 GATE gRT iR TEh<oT 6] Id1ar 11 3871 I8 U1S TR <hl L3It
A dh AT ¢, T C 79T a1 91 GATE CS UTawishd el 8l
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Lesson 02 - English GATE CS - Arrays and pointers

Lesson 02 - English

Array scans and what the accumulator
means

Visiting elements without losing the state

An array trace records each element. A loop lets us visit several positions in order, but the old rules still
apply: use the current state, check the selected index and record each update where it happens.

In this lesson you will explain which prefix of an array has been processed, distinguish an index from a
count or total, and find the first matching position without overwriting it with a later match. You will also
handle a chosen empty prefix safely.

Prerequisites: the accepted lessons on conditions, short circuit, finite loops, accumulators and current-
state tracing, plus the previous lesson on array elements and valid indices. No pointers, early-exit
statements or formal complexity notation are needed.

We use C11 as our teaching convention. Arrays have explicit positive constant sizes and initialized int
elements. A separate length selects how many elements from the beginning we will process. It must be
between zero and the actual element count, inclusive. All integer calculations shown fit within -32767
through 32767. Each complete program is independent; do not join them together. Incorrect boundary
conditions discussed in prose are for reasoning only, not execution.

Capacity, selected length and the next index

For int readings[5] = {3, 8, 0, 6, 2};, the array has five elements at indices 0 through 4. In this
lesson, capacity means this actual element count. It is not a byte count.

A chosen length of 3 means process indices 0, 1 and 2. That beginning part is a prefix. The elements at
indices 3 and 4 still exist, but they are outside the selected prefix. A length of 5 selects the whole array. A
length of 0 selects no elements; it does not declare a zero-length C array or remove the existing storage.

For a forward scan, start i at 0 and use i < length. Just before a test, i is the next candidate index.
When the test is true, the body may access that position. After the loop's i++ update stage, the next test
uses the new index. This update happens after the body; it is not an extra statement hidden inside the
body.

Do not read readings[length] as the final selected element. For a nonempty prefix, its final element is at
length - 1. When length is zero, there is no final selected element at all. Our scans handle that case by
executing no bodies, without trying to calculate and access index -1.
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Worked example 1 Count selected values and total them

We want the count and sum of readings that are at least 5. The index, the count and the total have
different jobs. Predict the output, then explain the meaning of each accumulator.

#include <stdio.h>

int main(void)
{
int readings[5] = {3, 8, 0, 6, 2};
int length = 5;
int count = 0;
int total = 0;
for (int 1 = 0; 1 < length; i++) {
if (readings[i] >= 5) {
count++;
total += readings[il];
}
}
printf("%sd %d\n", count, total);
return 0;

Trace the state immediately after each body:

Visited index Element value At least 5 Count after body Total after body
0 3 No 0 0

1 8 Yes 1 8

2 0 No 1 8

3 6 Yes 2 14

4 2 No 2 14

After the last body, the update makes the loop's i equal to 5. The test 5 < 5 is false, so no access at
index 5 occurs. The output is 2 14, followed by a newline. The array itself is unchanged: the body reads
its elements and writes only the accumulators.

The loop has five bodies, five updates and six loop-condition tests, including the final failed test. Its inner
if condition is evaluated five times. The two selected inner branches update count and total twice. A
loop body and a selected inner branch are not the same event.

Say what an accumulator means at a checkpoint
Choose the checkpoint just before each loop test. At that point:

+ i elements of the chosen prefix have already been visited, at indices 0 throughi - 1
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* count is the number of those visited elements whose value is at least 5

* total is the sum of those qualifying visited values

When i is zero, there are no visited elements. Count 0 and total 0 are therefore the correct starting state.
The phrase “0 through i - 1" describes an empty set at this point; it is not an instruction to access index
-1.

If the test succeeds, inspect exactly the next element. When it qualifies, add one to the count and add its
value to the total. When it does not, leave both unchanged. The update advances to the next index.
Either way, the checkpoint description is true again at the next test. This is the loop invariant: a stable
explanation of what the current variables represent.

When the test finally fails, i equals length, so the description covers the entire selected prefix. The
starting value, progress by one and finite valid length also explain why the loop stops. With length = 0,
the first test fails: zero bodies, one loop test, count 0 and total 0. The real five-element array still exists.

5 19 would count and add every reading, ignoring the inner condition. 2 2 would confuse the sum with
the number of qualifying elements. Resetting total = 0 inside each body would discard earlier
contributions. These are different mistakes, so the explanation must name what each variable is meant
to retain.

Worked example 2 Keep the first matching position

A target can occur more than once. We will scan the whole chosen prefix while recording only its earliest
matching index. The value -1 is our not-found marker because it is outside the valid element indices. It
is a signal, never an index to read.

#include <stdio.h>

int main(void)
{
int values[6] = {7, 2, 5, 2, 9, 2};
int length = 6;
int target = 2;
int first = -1
for (int i = 0; i < length; i++) {
if (first == -1 && values[i] == target) {
first = i;

’

}
}
printf("%sd\n", first);
return 0;

* Before visiting index 0: first = -1; no visited match exists
* Atindex 0, first == -1is true, so compare value 7 with target 2. It does not match; first stays -1

* Atiindex 1, no match has yet been recorded. Value 2 matches, so store the index: first = 1
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* Atindices 2, 3,4 and 5, first == -1is false. & skips the element comparison, the assignment is
skipped, and first stays 1

* The update after index 5 prepares index 6; the loop test fails. Output: 1, followed by a newline

The variable stores a position, not the target value. The answer is 1, not 2. The later matching positions 3
and 5 do not replace the saved position. The first == -1 guard protects the first result from being
overwritten; it does not stop the loop. There are still six bodies and seven loop tests. The comparison
values[i] == target is evaluated only at indices 0 and 1 in this run.

At the test checkpoint, first has one of two meanings: -1 if no visited element matches, or the smallest
matching index among the positions already visited. A newly encountered match is recorded only while
the marker is still -1. Once a first match exists, preserving it is correct even if later positions also match.

If no chosen element matches, the marker remains -1. If the chosen length is zero, no positions are
visited and it also remains -1. Neither case permits reading values[first]. Test whether a match was
found before using the recorded position. In the programs here, if (first != -1) is sufficient because
our algorithm produces only -1 or a valid selected index; that is not a general validation rule for an
arbitrary integer supplied by someone else.

Define the contract before the loop

Every scan here assumes initialized storage and 0 <= length <= capacity. The loop condition enforces
the selected upper boundary only when that contract is already true. Giving a five-element array length
= 8 does not grow it, and i < length cannot protect against that incorrect length.

The sum examples also assume that every intermediate addition fits in int. Small examples satisfy this
explicitly; a loop pattern is not a promise that any length or values will be safe. We count source-level
steps to understand the code, without claiming a particular machine running time or covering formal
algorithm complexity.

Practice before the solutions

These four original learning exercises are unscored. Record the state that explains your answer. Do not
execute a proposed bad boundary condition to discover whether it happens to print a number.
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Practice 1 Accumulate the updated elements

Give the final array and output. Does total accumulate the original values or the values after their
updates?

#include <stdio.h>

int main(void)

{
int al4] = {2, 5, 1, 4};
int total = 0;
for (int 1 = 0; i < 4; i++) {
ali] = a[i] + 1i;
total += al[il;
}
printf("%sd %d %d\n", total, a[ll, al3]);
return 0;
}

Practice 2 An empty selected prefix

Count the bodies and loop tests, and give the output. Is changing i < lengthto i <= length a correct
condition for every allowed length from 0 through 3?

#include <stdio.h>

int main(void)
{
int values[3] = {6, 1, 9};
int length = 0;
int count 0;
int total 0;
for (int i = 0; i < length; i++) {
count++;
total += values[i];

}
printf("%sd %d %d\n", count, total, values[0]);
return 0;
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Practice 3 A name does not enforce first-match behavior

The program is defined, but does it find the first occurrence? Give its actual output. Then change only
the inner condition so it retains the first matching position.

#include <stdio.h>

int main(void)
{
int a[5] = {4, 7, 4, 1, 4};
int first = -1;
for (int 1 = 0; i <5; i++) {
if (a[i] == 4) {
first = i;
}
}
printf("%sd\n", first);
return 0;

Practice 4 Search only the chosen prefix

The full array contains 6. Explain why the program does or does not report it. Give the output and state
whether the guarded element read occurs.

#include <stdio.h>

int main(void)

{
int a[5] = {4, 8, 6, 8, 1};
int length = 2;
int target = 6;
int first = -1;
for (int i = 0; i < length; i++) {
if (first == -1 && a[i] == target) {
first = i;
¥
}
int matched value = 0;
if (first !'= -1) {
matched value = a[first];
}
printf("%sd %d\n", first, matched value);
return 0;
}

C11 teaching convention - Bounded introductory coverage 24



Lesson 02 - English GATE CS - Arrays and pointers

Full solutions and wrong-turn feedback

Practice 1 solution

Atindex O, store 2 + 0 = 2; add the updated 2, so total = 2. Atindex 1, store5 + 1 = 6; the total
becomes 8. Atindex 2, store 1 + 2 = 3; the total becomes 11. Atindex 3, store 4 + 3 = 7; the total
becomes 18.

The final array is {2, 6, 3, 7}.After the final update the loop tests 4 < 4, which is false. There are four
bodies and five loop tests. Output: 18 6 7, then a newline.

At each test, the visited prefix has been updated and total contains its updated values' sum. The
unvisited suffix still has its original values. The statement order makes the difference: each new element
value is stored before the addition reads that element.

A total of 12 adds only the original values. A total of 6 adds only the indices. Outputting 18 5 4 ignores
the array's changes even though it correctly totals the updated values. A state record must account for
both the stored array and the accumulator.

Practice 2 solution

Initialization sets i = 0. The first testis @ < 0, which is false. There are zero bodies, zero updates and
one loop test. Both accumulators remain zero. The later values[0] in printf is a separate, valid access to
the real array's first element, whose value is still 6. Output: @ 0 6, then a newline.

An empty selected prefix does not make the whole array disappear or require a zero-length declaration.
Conversely, the existence of the value 6 does not make a loop with a false first test execute once.

The proposed i <= length is wrong. At length 0, it would process index 0 even though no elements were
selected. At length 3, it would eventually attempt index 3, outside this three-element array. That full-
length case has undefined behavior; no numeric output is prescribed. Classify the bad boundary without
running it. The correct count-to-index relationship needs the strict upper test.

Practice 3 solution

The matching positions are 0, 2 and 4. The assignment executes at each of them: first becomes 0, then
2, then 4. The intervening elements do not match, so they leave it unchanged. The program prints 4
followed by a newline: it retained the last matching index, despite the name first.
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Use first == -1 & al[i] == 4 as the inner condition. A complete repaired program is:

#include <stdio.h>

int main(void)

{
int a[5] = {4, 7, 4, 1, 4};
int first = -1;
for (int 1 = 0; i < 5; i++) {
if (first == -1 && al[i] == 4) {
first = 1i;
}
}
printf("sd\n", first);
return 0;
}

At index O the repaired condition records first = 0. Later bodies see that the marker is no longer -1
and leave it unchanged. The repaired output is 0, then a newline. Both versions still have five bodies and
six loop tests; only the inner condition differs.

An answer of 4 for the repaired version forgets the new guard. Changing the initializer to 0 would not be
a general repair: it would claim a match at index 0 before any comparison, even for a target absent from
the array. Renaming the variable does not change execution either.

Practice 4 solution

Only positions 0 and 1 belong to the selected prefix. At index 0O, value 4 does not equal 6, so first stays
-1. Atindex 1, value 8 does not equal 6 either. After the update to index 2, 2 < 2 is false and the scan
ends. It never compares the value at index 2.

Thetest first !'= -1lis false, soa[first] is not evaluated. matched value keeps its explicitly initialized
fallback 0. Output: -1 0, then a newline. The marker -1 carries the not-found information; the fallback 0
is only what this program chose to print alongside it, not a universal not-found element value.

2 6 searches beyond the selected prefix. -1 6 reads an unselected element despite the failed guard. A
zero in matched_value alone would not distinguish a found element whose value is zero from no match;
keep the position/marker test as part of the explanation.

Quick reference

+ Capacity is the actual element count; length chooses a prefix from 0 through that capacity
« For aforward scan,i = 0; i < length; i++ visits exactly the selected positions
* Just before a test, explain the already visited prefix and what each accumulator contains

* A count records how many elements meet a rule; a total adds their values; an index names a
position

+ Initialize accumulators before the loop so earlier contributions are retained
* Length 0 means zero bodies and one initial failed test, not a zero-sized C array
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* Afirst-match marker of -1 means no match yet; record an index only while the marker remains -1
* The first-match guard does not stop the loop; it prevents later overwrites
* Check that a match exists before using its index; never read an array at the -1 marker

* The chosen length must fit the real array; a loop condition cannot repair a false capacity claim

Before moving on

Explain what each variable means before the next loop test, not just what it prints at the end. You should
be able to distinguish an empty prefix, an absent target and a later duplicate match. The next lesson
introduces a pointer's target and follows two routes to the same scalar object; it does not change the
current-state method you have used here.

Source note

The explanations, programs, traces and exercises are original. C facts were checked against the WG14
N1570 C11 committee draft: indexed elements and bounds §86.5.2.1p2, 6.5.6p8; for order 86.8.5.3p1;

loop stopping §6.8.5p4; selected branches 86.8.4.1p2; short circuit §6.5.13p4; assignment and updates
886.5.16.1p2, 6.5.16.2p3, 6.5.2.4p2. Reference: https://open-std.org/jtc1/sc22/wg14/www/docs/

n1570.pdf

C11 is this course's teaching convention. These scans introduce array reasoning and a simple search;
they do not complete GATE searching, complexity or Programming and Data Structures.
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body I STTg deh Ugd Hehell &1 U h i++ HUST TRUT & d1& I Sid AT S99 oiell ¢ 1 g IS body & o1& il &;
g body & iR fBur &ls sifaRea wede =81 81

readings[length] @l ifod T aT 7 Tl | TR-ETeT EaTC foe o1 Sifdw 9 length - 1 TR @1 @S A &, at
htg 3iferd A1 I 8 81 811 §9R U 39 AT | ahlg body 8T =elral; & 3e -1 erTelehk I deh Uga h hiALT g
|
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&1 forar gem IareRor 1 g7 A=l Y A=t offk gt

& SH-T-H 5 dTet readings @t A 3R S-ent I a1feq ) E3a, Rt SR a1 a1 S 31T 81 3imseye admy, fhe &

Targeh ol 371 U= |

#include <stdio.h>

int main(void)

{
int readings[5] = {3, 8, 0, 6, 2};
int length = 5;
int count = 0;
int total = 0;
for (int i = 0; i < length; i++) {
if (readings[i] >= 5) {
count++;
total += readings[il];
}
}
printf("%sd %d\n", count, total);
return 0;
}
& body & qd 1 Y T 3
@ T 39 e &1 A FH-8-59 5 body & arg fedt body & @& T
0 3 Tl 0 0
1 8 Gl 1 8
2 0 ol 1 8
3 6 El 2 14
4 2 el 2 14

R body & d1G TS JU & 1 Pl 5 HAT 81 S 5 < 5 7Teld &, 3felY S35 deh hig STTHTH -Ig) gidl| SIYE 2
14 g, fSrgch a8 713 dfcky irdt 81 R 76! sean: body I8ch I Ugd! & 3R chad Tl | feradt g1

<IU &1 g body, G 31US< 3R SifdH Terd Sitd dfed ©8 qu-2rd Sird 81 iR Y if rd ier IR Siiel STt g1 iR <l &t

T ATV count 3R total &l &l IR 3USE dhed! &1 T i body T 3R HfiaR &t T AT T Teh f g1 el &

foret g foig ur Hamaes a1 o1 Fard
& U-sird & &Ik uget arer foig g1 g8t
s PRI R Fidadd g g, ke 0T 1 - 18
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* count 3 3@ dal it T g SR A9 HH--hH 5 8
* total G@WQ@MWW%

i A g, A a8l &@T T 81 3uferg e At 0 SR Ao Tet g1 s figm“0 ¥ i - 1" @il g I quiv
&; I8 S35 ~1 deh g ol (& T 21

Sita gat g1, al &leh STTell ded <& | g I gl, af [T & Tep 3R I & 39t A ST | O 7 g1, af &1 ol a9 g1 38+ 2|
JUSE ITAT ST IR Bl & | &l (ATt 7 STeft Sifa R I foig o1 gui R 98T 8T 81 J@! U 39aRUe g: Ida™
TR T 31 JHSTH aTelT hiaH g ATl hy |

3id # Sifg 7TeTd 819 WR i, length & SRTER g, 39Ty JUiF QR g YB3 28 OR @1 81 LTSI 74, 8 aR Teh ohl Wl
3R Hffq T8t a8 ag +ff Toend § fon g ot Tepat &1 length = 0 1, It Ugel Sird &1 7Teid & Y body, Teh JU-Siid,
et 0 3k @t 01 arafaes i deat arern R Hislg @1 81

5 19 & reading @t faT ik SEdT 8, I o Y 21 BIg AAT 812 2 TNl AT Il i W1 THerdT 81 83 body
& offaR total = 0 A T UG SIS 7T JH @I SITUT | T el TAfHAT 8, 39T aaret § gd1y b g == bl o SaTeh
TG gl

&1 forar g Iargvvr 2 ugelt A @rdt srTg T

&g Ueh T 31k ST 8 TohdT &1 §H T AT LSS [G&aT Siiai, cifchT chael Gerd Ugelt Al @ SITTg hl oo & |
-1 &R T&1-fAT Tha &, Fifch a8 T da-33a9 & 18R &1 T Tahd §, UG ohl Sead &t g1

#include <stdio.h>

int main(void)
{
int values[6] = {7, 2, 5, 2, 9, 2};
int length = 6;
int target = 2;
int first = -1;
for (int 1 = 0; 1 < length; i++) {

if (first == -1 && values[i] == target) {
first = i;
}
}
printf("sd\n", first);
return 0;

« 3 0@ UGt first = -1; Ugal ¢l fonelt Siv1g R fAer1 =181 &

« T O R first == -1 TEI &, STTIY 7 7 Y Joii1 7187 2 @ | A g &; first -1 BT

« $399 1 W 31} Iop FIS AT &<t A1 o &1 A 2 e 8, gafoy §39 @ first = 1

« 299 2,3, 43R5 W first == -1 7Teld &1 && dcd chl o1 BISdT &, SFETSTAC T8l gar 3R first 1 @aT 8
* 3T 5 o 91 3TUSC 8 6 IR el &, JU-Siid 7Teid gidit g1 3M3eye: 1, fhe 78 dfeRT
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TR H S1Tg T STt 8, 18T I A 811 IR 18, 2 61| 91& oh A WId §3 3 3R 5 Tl 718 S8 hl 6l daeld |
first == -1 el TS Ugel URUITH chl a1 & SHTZTHC T T9TdT §; 98 U el Achdl | 3+t +ft &8 body iR I1d qu-sira
€139 Asare # values[i] == target &l JoiHT chael §3 0 3R 1 TR gl &

Sifg aTet foig UR first ST al & O Qon o7 g: 3@ 7Y forelt aca ot et 1 &, ot —1; =g areft des &t STrel & 999 ®ier
AT @l S2a9 | 9T feT chael 0 &of idT & STd Gehd 1Y —1 &1 Ueh IR UgelT fAe el $I1g, ot 38 sy 3@+ 9t &,
I 8t 1 i sTgl R oft e 8f|

foreht g I o1 FAe 7 Y, <t Fohd -1 BT 81 TNt IaTS [ 1, df i SIIg Agl S St 8k a9 off ag -1 g 81 q
£t FRfaat & values [ first] UeT Tgl T8 &1 &t ST1g T IUAIT et & Uget Sird foh et e o 78| Tt & vt &
if (first 1= -1) gafe &, Fiifch §ART d<iehT hadl —1 AT hiS Tel AT S84 a7 &; I fhelt ofik T et 7 guifep
I T qYdT-SiTd T8l 8l

o9 @ uget IHh! A a9 R

gl g Siid A SR foham gom &R 3R 0 <= length <= capacity AT &1 U-20d THT 3 U AtAy asft
AN it § ST9 F 1 Ugel O Tal 81| Ui acdi oh QX bl length = 8 ¢4 A Ig TET 81 8l AT 3R i < length 39 Tad
SIS & FRE &l & FehdTl

INT aTet IETER0T J X 1T I St int & TAM ol 2 off 1 BIe ISTEX0T WE FU T 58 QX Hid &, U o &fdT g dials 3R
& HM & GRIEId g1 o1 a1l -6l ¢ | 89 hig THEA o ol Ad-TaR & 9xo1 fd €; foneht fAfgya w=fe-wra ot qram an
ST TATIREH SifeetdT o 31eda= T8i & G|

& ¢T @ ugd S

T IR Hifcres uer dam & [T & 3R 39k 3ich A1 &1 37U IR hl JHSTH dTelt STaRAT &of ehe | ahls UXATAd Teid JHT-21d
3afoy 7 Ty foh IT8 T @ -t Team ket &1

3T 1 IUST gY dcdl hl STt
3ifa O ok amgege &1 total # G A JSd & IT 3(USC §1H & G dTet A2

#include <stdio.h>

int main(void)
{
int a[4] = {2, 5, 1, 4};
int total = 0;
for (int 1 = 0; i < 4; i++) {
ali] = a[i] + i;
total += a[i];
}
printf("%d %d %d\n", total, a[l]l, al3]);
return 0;
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ST 2 AT E3ATT fgwar @redt @

body 3R JU-Siid &l T&AT 9TV 3R HPCYL &1 RIT1 < length RISE i <= length &A1 0 & 3 dch & A cidlls
o forg weT 87

#include <stdio.h>

int main(void)
{
int values[3] = {6, 1, 9};
int length = 0;
int count = 0;
int total = 0;
for (int 1 = 0; 1 < length; i++) {
count++;
total += values[i];

}
printf("%sd %d %d\n", count, total, values[0]);
return 0;

31T 3 9ATH Uge! o1 e &Y TR =8 aar

U < AagR [Afd €, wifchT T I8 ugett occurrence @ISTdT 82 aRdfde 33eye & | fth chadt iR & <rd a1, difh
Ugell A @1t SHTg &+t B

#include <stdio.h>

int main(void)

{
int a[5] = {4, 7, 4, 1, 4};
int first = -1;
for (int 1 = 0; i <5; i++) {
if (a[i] == 4) {
first = i;
¥
}
printf("sd\n", first);
return 0;
}
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ST 4 hael AT T e @t

R R A 6 HI[g &1 T foh UIITH I8 Id1a1 8 1 a1 3R &1 3M13eYE & 3R FaTy foh e & iR arenn dea-us— gidar g
RIET

#include <stdio.h>

int main(void)

{
int a[5] = {4, 8, 6, 8, 1};
int length
int target
int first =
for (int 1 = 0; 1 < length; i++) {

if (first == -1 && a[i] == target) {
first = i;

2;
6;
_1;

}
}

int matched value = 0;
if (first !'= -1) {
matched value = a[first];

}
printf("%sd %d\n", first, matched value);
return 0;

QR & 3R T I<RA ol hIROT

31Ty 1 T g

RO 2 + 0 = 23W; IUST G 2 SIS ¥ total = 2 AAAT ISR 1 WR5 + 1 = 6 IW; TN 8 &l STl &
SF2 WL + 2 = 33 AN 11 G g1 SR 3 W4 + 3 = 73; INT 18 a1 8

T W {2, 6, 3, 7} 8l 3ifdH UST FH TR U 4 < 4 SAiAdT &, ST 7Teid &1 IR body R Uid JU-Siid g IYL:
18 6 7, foRx =1E dfer

B S WR " ST gh 3T 5T bt 3use foham ST gent & 3R total # Ik AUST §Y A ot AT &1 371 9 3@ 71
sifow iR & get 71 &1 Wedc o oA g SiaR SHTdT &: §R dcd ol 14T ATF Uget X STdT 8, I9h d1G S8 Tell WeAe Jgt
Ja gedar gl

T 12 hael el HIH STiSdl 81 TN 6 helel SSa SISdl g1 SI3CYE 18 5 4 3TUST §Y AT &l TN Ht (Achrere? +ff QR ok
TeATd eTdT | STaeT oh Reprd # 7@ g R R Taraes, 1 ol i =@nfgyl
YT 2 T §A

SRARTETEAM i = 0 FRATEI Uget ST 0 < 0 7TeTd g1 =T body, Y[ 3USe 3R Tah JU-Sird & | 1 Tardeh =T I8
€19 d printf & values[0] e O & Ugt dcd ddh ST, Tal AT 8, fogent A oreft oft 6 81 sm3eyge: 0 0
6, fthe =78 dfery
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GTell A YT B @ g1 R e &l giaT 3R I a1s bl giwor ot 3rasaeh 6! g1 gOxt 37, A1 6 HiS[G 84 &
TeTd Uget! Sird aTell o Geh AR deld gl idl

J&Idd i <= length A g1 &ialTs 0 R 98 39 0 AT T, STaIfch hIg I AT &1 ol 7T a8 3 W g 3idd:
$SeRY 3 dch Uga chl ShIfAT T, ST ofF el aTed W eh A8 81 I8 G <ialTs aredt (AT 7 SraRe9ivd segR 8; &his
fAf9a dearren m3eye el fear S GehdT| TTerd AT ol FelTq forT ITehT affehRor e | dal chl T¥eT 3R S8 o Tal
e & for ot Sirg & < =gyl

YT 3 T g

A WTd §899 0, 2 3R 4 €1 g S8 31138 e giar g: first Ugat 0, fk 2, Rk 4 ga1 81 g & a Bt 181 @rd, s9feig
3T Ta! deard | T 4 3R fhr 718 dferd fife wrar 8: first A g1 WR oft 39+ sifaw A @rar 39 @

WR AT first == -1 && ali] == 4 o | G GERT g3 UIH &:

#include <stdio.h>

int main(void)

{
int a[5] = {4, 7, 4, 1, 4};
int first = -1;
for (int 1 = 0; i <5; i++) {
if (first == -1 && a[i] == 4) {
first = i;
¥
}
printf("sd\n", first);
return 0;
}

U AF SR 0 WR first = 0 &S dcl g1 TG ! body It & foh THaha 31a -1 781 & 3R I¥ 32 &Y @ St &1 G
3T3eYE 0 8, R =18 dferT| HT T¥eonl | uid body 1R B8 JU-S11d 8; chad HIdR < 21l 31T &1

YR HERUT T IR 4 T 4T 7S HelHT & | YIATAT A eht 0 R ST T GUR g1 ¢ 394 fohelt ger=im & uget &
339 0 R AT o1 g1a1 g, a8 @18 R & 7 gt =R T A1 Jgaq & off fAsarea gt seera

Y 4 &bl g1

ehael STTE 0 3R 1 I Y23 588 d 81§83 0 IR A 4, 7187 6 o SRIeR g1 6, 3eIg first -1 @aT1 g1 §8e 1 R
A 8 Wl 6 & SRISR -Tg1 &1 HUSC HISFI 2 R h G 2 < 2 TTeTd & IR WISl THIW giell 81 S8 2 o HIF I JorT shedl
el gl

S first != -17d g, 39 a[first] &l Jedichd Al aidTl matched value T TE YRATT dehfedier | O &1

TEd1 g1 31m3eye: -1 0, fohe 7 dfery| -1 arett Hehd =81 e & et &ar &; a1y # 0 flie e 39wt &6 g
LT §, I8 "ol-MAct dcd I his AdHIHeE A 6l 81

2 6 T [T T o AR @1 81 -1 6 TTeTd TS oh J1aSlG [ohd! - I+ dcd it UgdT 81 haet matched value H [T
SR LT HH Tt AT I 3R ohls e =1 8191 S1eiT g1 fhy ST Uehd; STTg/chd <hl Siid ol AT Al fdT 3E |
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helel 3id H BUA aTell A4 e, dfeh STel! U-Siid  Ugel 8% °R ol 37 THEIT | 3T Wil 33T fBe, Srufeyd aed
3R 91 o SIgXIY A # SfaR & Tch| SFTET UTS UTgeR Shl 183 IATY 3R Ueh &1 YUTich SHfesicre deh &l &l &l ¢
HTT; TET SEHAT GHT TAHI STIAT T IehT Tel SEeiT |

Giq fearoft

RATY, UHITH, ¢ 3R 37379 Hiferh 81 C o a2t ol Sirg WG14 N1570 C11 IfAfa-gioe & &t 73: 89 aTet a 8iik
HIAT¢ §86.5.2.1p2, 6.5.6p8; for ol shH §6.8.5.3p1; U I Tch-T §6.8.5p4; Tt AT §6.8.4.1p2; Ui Tfhe
§6.5.13p4; TETEHC 3R U< §86.5.16.1p2, 6.5.16.2p3, 6.5.2.4p21 T&H: https://open-std.org/jtc1/sc22/
wg14/www/docs/n1570.pdf

C11 39 UTSIshA | UG o folQ AT 7T LT g1 T SATd QR AT deh 3R TR Wil [F el §; 399 GATE &l &t
searching, complexity a1 Programming and Data Structures ! dart Gt &l gl
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Lesson 03 - English

Pointer targets and shared objects

Follow the target before changing a value

A copied integer keeps its own value. A copied pointer value can leave two pointer variables identifying
the same integer object. To explain a later write, you need two records: the numbers stored in the
integer objects, and the current targets of the pointers.

This lesson introduces simple pointers to int, address-of & and dereference *. You will distinguish a
pointer variable from its stored pointer value and its target, trace shared targets and retargeting, and
recognise null-pointer and lifetime boundaries.

Prerequisites: initialized integer variables, sequential assignments, copied values, if, and short circuit.
Array knowledge from the previous lessons is useful context, but every target here is an ordinary scalar
integer. We do not yet use pointer arithmetic, array-to-pointer conversion, pointer parameters,
allocation or machine addresses.

C11 remains our explicit teaching convention, not a version specified by the GATE syllabus. All arithmetic
in the defined complete programs stays within -32767 through 32767. Each program starts afresh. The
two unsafe practice fragments are for classification only; do not compile or run them to guess an output.

A pointer variable holds a pointer value
Consider the declarations int score = 7; and int *p = &score; inside main.

* score is an integer object whose current value is 7
* p is a separate pointer variable, with type “pointer to int”

* The value stored in p identifies score. We write its target symbolically as p - score

A pointer variable is itself an object, but it is not the integer object it points to. Pointer types are scalar
types in C: p holds one pointer value. That does not make the pointer value an ordinary integer used in
our arithmetic.

The & in &score obtains a pointer to score; it does not read the integer 7 and turn 7 into an address. No
invented address such as 1000 is needed. Our arrow records identity only, not a byte count, physical
location, relative placement or machine layout. The arrow is a drawing convention, not C syntax.

The * in the declaration int *p = &score; is part of declaring p as a pointer. In a later expression, *p
follows the current pointer value and designates its target. With p - score, reading *p reads the current
integer in score. An assignment such as *p = 12; writes 12 into score. It does not change the target of

p.

By contrast, p = &other;, with another live integer other, replaces the pointer value in p. It does not
write into either integer. Before the next dereference, update the arrow.
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Item to record In this starting example Question it answers

Integer object and value score = 7 What number is stored?

Pointer variable and p contains the pointer obtained from What does this separate variable
value &score hold?

Current target p - score Which integer will *p select?

Use a separate declaration for each pointer while learning. A declaration alone is not a promise that a
target exists. An automatic pointer declared without an initializer, such as int *p;, does not acquire a
usable target or a guaranteed null value. Give it a known value before using it.

Copying a pointer value can preserve a shared target

After int *q = p;, both arrows end at score: p - score « g. The pointer variables p and q remain
separate. The initialization copies the pointer value, not the integer object, and it does not make q point
to the variable p.

We call this a shared target, or aliasing: the expressions *p and *q currently access the same integer
object. A write through either expression changes that one object's value, so a later read through the
other expression sees the updated value.

Compare int saved = *p;. Here the initializer reads an integer and initializes a separate integer
variable. saved gets a number, not a continuing connection to the target. This follows the copied-value
model from the foundation lessons. What matters is which value was copied: an integer or a pointer.

For each statement:

1. Read the current arrows before resolving any *p or *q

2. Check that each accessed target is a live, suitable object and that every integer read has a known
value

3. Compute from the current integer values
4. Update the one destination: an integer value for *p = ..., oranarrowforp = ...

5. Carry forward every other number and arrow
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Worked example 1 Two routes to one integer

Predict the output. Will g still read 7 after the first store through p? Will saved follow the later updates?

#include <stdio.h>

int main(void)

{

Predicting 12 14 7 gives q a private copy of the old integer, even though it copied a pointer value.

int score = 7;
int *p = &score;
int *q = p;

int saved = *p;
*p = *p + 5;
*q = saved + *q;

printf("%sd %d %d\n", score, *q, saved);

return 0;

After this step

All declarations

*p

*q

=*p+5

= saved + *q

score saved
7 7
12 7
19 7

Target of p
score
score

score

Target of q
score
score

score

p is initialized from &score; q copies that pointer value. The diagramisp - score « q

saved reads 7 through p, then retains that integer copy

e The first store reads the current 7, adds 5 and writes 12 into score. Neither arrow moves

* The second store reads saved = 7 and the current *q = 12, then writes 19 into the same score

GATE CS - Arrays and pointers

* The final target diagram is still p - score « g, now with score = 19. Output: 19 19 7, followed by a

newline

Predicting 24 24 24 makes saved follow target updates instead of keeping its copied integer. Both errors

disappear when pointer values and saved integer values have different entries in the trace. The shared
object is still just one integer; writing through two different pointer variables does not create two

versions of it.
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Worked example 2 Retarget one pointer and keep the other

Now there are two integer objects. Reassigning p must not silently move g.

#include <stdio.h>

int main(void)

{
int left = 3;
int right = 11;
int *p = &left;
int *gq = p;
p = &right;
*p = *q + 2;
*q = *p + 4;
printf("%sd %d %d %d\n", left, right, *p, *q);
return 0;
}
After this step left right Target of p Target of q
All declarations 3 11 left left
p = &right 3 11 right left
*p = *q + 2 3 5 right left
*q = *p + 4 9 5 right left

Initially p » left « g, with right separate. After retargeting, the diagramisp - right and q - left. No
integer has changed yet.

The first store reads 3 through q, adds 2 and writes 5 through p into right. The next store reads the new
5 through p, adds 4 and writes 9 through g into left. Output: 9 5 5 9, followed by a newline.

If you moved both arrows when executing p = &right, you treated q = p as a permanent link between
the pointer variables. It was a one-time value copy. If you changed left to 11 at retargeting, you
confused the pointer assignment with *p = right. Those are different destinations. The current targets,
rather than the pointer variable names, decide which later store reaches which integer.

Null is an explicit absence of a target

Include <stddef.h>when using NULL in our examples. int *p = NULL; initializes a pointer to a known
null value. We draw p - no target. The pointer variable exists, but this value supplies no integer object
that may be read or written through *p.

A null pointer is different from a pointer to an integer containing zero. After int value = 0; and int *p
= &value;, the diagramis p » value with value = 0. Reading *p is valid and yields 0. With p = NULL,
reading or assigning through *p is invalid, regardless of the number you wanted to read or store. Do not
interpret NULL as a promise about an all-zero byte pattern or a physical address.
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When p is known to be either null or a pointer to a suitable live integer, if (p != NULL) can guard a
dereference in its body. With null, the body is skipped; with a valid target, the body may use that target.
Skipping a write does not create a target or achieve a required update.

The same ordering mattersinp != NULL & *p > 0: under that same known-value assumption, the left
comparison prevents the right operand from being evaluated when p is null. Reversing those operands
would attempt the read before checking for null. A null comparison is not a general test that an arbitrary
pointer is safe. In particular, it does not repair an uninitialized pointer or a pointer whose target has
stopped existing.

A target has to remain alive

A plain local int in these examples has automatic storage duration. If it belongs to a nested block, its
lifetime ends when execution leaves that block. A pointer variable in an enclosing block can remain alive
for longer than the integer it once identified. Keeping the pointer variable does not keep the target
object alive.

In a target trace, mark the inner object as ended at the closing brace. Any pointer still holding a pointer
to that object has an indeterminate value at that boundary under C11. It does not automatically become
null. Do not continue drawing it as a usable arrow, dereference it, or try to validate its old value by
comparing it with NULL.

A safe plan is to finish the target's work and copy any needed integer result into a longer-lived variable
before leaving the block. If the longer-lived pointer is no longer needed, assign NULL to it while its target
is still alive. Clearing one pointer does not clear other pointers to that object; each pointer has its own
stored value. Another possible plan is to put the target in a block that lasts through all its required uses.
The exercise below uses the first plan.

Lifetime and current number are separate facts. An integer copy can remain valid after the source object
ends; a copied pointer does not preserve that object. We need no assumption about “old bytes still being
there” to make this distinction.

Practice before opening the solutions

These four original transfer exercises are unscored. For the defined programs, give the output,
intermediate integer states and target diagrams. For exercises 3 and 4, classify the unsafe fragment
without compiling or executing it, then solve the specified repair.
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Practice 1 Equal numbers and a new shared target

Initially, do p and q identify the same object? Show what changes at q = p, then give the output.

#include <stdio.h>

int main(void)

{
int first = 6;
int second = 6;
int *p = &first;
int *q = &second;
*p o= 9;
q=p;
*q = *q - 2;
printf("%sd %d %d %d\n", first, second, *p, *q);
return 0;

Practice 2 An integer copy and two pointer changes

Trace each destination. Explain why q = p does not copy the number 10 and why the following
retargeting of p does not move g.

#include <stdio.h>

int main(void)

{
int red = 4;
int blue = 10;
int *p = &red;
int *q = &blue;
int saved = *q;

*q = *q - 3;
*p = saved + *q;

printf("%sd %d %d %d %d\n", red, blue, saved, *p, *q);
return 0;

Practice 3 Supply the missing target

The intention is to increase total from 8 by 3, using a store through p. Assume <stddef.h> is included
and this fragment occurs inside main. It is deliberately unsafe; read it only.

int total = 8;
int *p = NULL;
*p = total + 3;
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Classify the store. Insert one pointer assignment between the declaration of p and the store so that the
stated update is valid. Explain why merely guarding the original store with if (p !'= NULL) would not
achieve the intended update.

Practice 4 Keep the result after the inner object ends

Assume the usual headers and an enclosing main. This fragment is deliberately unsafe; do not compile
or run it.

int saved = 0;
int *p = NULL;

{
int local = 9;
p = &local;
*po=tp o+ 2]
saved = *p;

¥

printf("sd %d\n", saved, *p);

Trace the valid work inside the block. At what boundary does p cease to hold a usable pointer to local?
Does C11 prescribe 11 11 as the output? Repair the fragment while keeping local and its update inside
the inner block: retain the final integer in saved, clear p before leaving that block, and print only saved
afterward.

Full solutions and wrong-turn feedback

Practice 1 solution

After this step first second Target of p Target of q
All declarations 6 6 first second
*p =9 9 6 first second
qg=p 9 6 first first
*q = *q - 2 7 6 first first

The initial diagramisp -» first and q -» second. Equal stored numbers do not merge two objects. The
first store changes only first. Then q = p changes only g's target: the diagram becomes p - first « g,
and second still contains 6. The last store reads 9 through g, subtracts 2 and writes 7 into first. Output:
7 6 7 7, followed by a newline.

7 7 7 7 wrongly joins the two integer objects because their initial values match.9 4 9 4 ignores the
pointer assignment and continues using second as g's target. A copied pointer value must be recorded at
the moment it is copied.

C11 teaching convention - Bounded introductory coverage 42



Lesson 03 - English GATE CS - Arrays and pointers

Practice 2 solution

After this step red blue saved Target of p Target of q
All declarations 4 10 10 red blue

*p = *q 10 10 10 red blue
qg=p 10 10 10 red red

p = &blue 10 10 10 blue red

*q = *q - 3 7 10 10 blue red

*p = saved + *q 7 17 10 blue red

The first store copies the integer 10 from blue to red; the diagram stays p » red and q - blue. Then
g = p copies a pointer value, leaving p - red « q.It does not read *p or *q. Retargeting only p produces
p - blueand q - red.

The subtraction therefore writes 10 - 3 = 7 into red. The last store reads the saved integer 10 and the
current red = 7, then writes 17 into blue. Output: 7 17 10 17 7, followed by a newline.

Making saved become 17 treats an integer copy as an alias. Making the subtraction change blue makes q
follow a later assignment to p. Treating *p = *q as an arrow change confuses copying the targets'
contents with copying a pointer value. The left side's * is decisive.

Practice 3 solution

Initially total = 8and p - no target. The right-hand arithmetic 8 + 3 is within range, but that does not
supply a destination for the store. Dereferencing the null pointer for *p = ... has undefined behavior.
C11 does not promise an update, a particular output or a crash.

Insert p = &total; before the store. The complete repaired program is:

#include <stddef.h>
#include <stdio.h>

int main(void)
{
int total = 8;
int *p = NULL;
p = &total;
*p = total + 3;
printf("%sd %d\n", total, *p);
return 0;

+ After declarations: total = 8,p - no target

« After p = &total: total = 8, p - total
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* The store reads 8, computes 11 and writes it into total. Now total = 11, p - total

* Both printed expressions read the same live integer. Output: 11 11, followed by a newline

p = NULL again would still provide no target. *p = 0 cannot initialize the pointer; it would try another
invalid target write. Guarding the original store with if (p != NULL) safely skips it in this known-null
case, but leaves total = 8, so it does not satisfy the requested update. Assigning p = &total first
supplies the target rather than merely avoiding the operation.

Practice 4 solution

Follow the valid prefix without assigning a numeric output to the whole unsafe fragment:

Checkpoint saved Inner local State of p

Before inner block 0 Not yet alive Known null

After local initialization 0 9 Known null

After p = &local 0 9 p -» local

After *p = *p + 2 0 11 p - local

After saved = *p 11 11 p -» local

After leaving inner block 11 Lifetime ended Indeterminate; no usable old target

The inner read and write are valid. The closing brace ends local's lifetime, even though saved and the
pointer variable p remain alive in the enclosing block. The later *p cannot read that ended object. The
fragment has undefined behavior, so C11 does not prescribe 11 11, or even a guaranteed first printed
11. A correct trace of the valid prefix is not a guarantee about the output of an execution containing
undefined behavior.
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The requested repair is:

#include <stddef.h>
#include <stdio.h>

int main(void)

{
int saved = 0;
int *p = NULL;
{
int local = 9;
p = &local;
*p = *p + 2;
saved = *p;
p = NULL;
}
printf("sd\n", saved);
return 0;
}

The repair follows the same valid states through saved = 11. Then, while local is still alive with value 11,
p = NULL replaces the pointer value: p - no target. It does not change local or saved. After the inner
block ends, p remains known null and saved remains 11. The print reads only the longer-lived integer
copy. Output: 11, followed by a newline.

Adding a null test to the original print is not a repair: the original p is indeterminate after the lifetime
boundary, not a known choice between null and a live target. Copying p into a second pointer before the
block ends would leave that second pointer with the same lifetime problem. Keeping the integer result is
different from keeping another pointer to the ended object.

Quick reference

* int *p = &x; creates a pointer variable and initializes it to identify the live integer x

Record integer values and pointer targets separately; arrows are symbolic, not machine addresses

*p selects the current target. Reading it gets the target's integer; assigning through it changes that
integer

* p = &y retargets p without changing either integer

* g = p copies the current pointer value. It can create a shared target, but does not make q follow
future changes to p

* int saved = *p; copies an integer; later target updates do not change saved

* A known null pointer has no dereferenceable target. A pointer to an integer containing zero is
different

* A null guard only excludes null under a known-valid-value assumption; it does not establish general
pointer validity

+ An automatic target must outlive every access to it. Save needed integer results before its lifetime
ends
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* Invalid dereferences are classification questions; an observed output cannot make them valid

Before moving on

Explain the different destinations in p = g and *p = *q. Draw the two arrows after copying p into g and
then retargeting only p. Finally, explain why saving an integer can preserve a result across a block
boundary while saving a pointer to that block's local integer cannot preserve the target. Next we will
connect these target records to function calls while keeping the copied-argument model.

Source note

The examples, diagrams, traces, exercises and explanatory wording are original. Semantic facts were
checked against the WG14 N1570 C11 committee draft: pointer and scalar types 886.2.5p20-21; address-
of and dereference 886.5.3.2p3-4; pointer declarations 86.7.6.1p1; scalar initialization 886.7.9p10-11;
assignment 86.5.16.1p2; null pointers §6.3.2.3p3 and NULL §7.19p3; pointer/null comparison 886.5.9p2,
p5-6; short circuit 86.5.13p4; automatic lifetime 886.2.4p2, p5-6.

C11 is a teaching convention, not a claimed GATE requirement. This lesson covers a bounded
introduction to scalar pointer targets, not all pointers, C or GATE CS.
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#include <stdio.h>

int main(void)

{

int score = 7;

int *p = &score;

int *q = p;

int saved = *p;

*p = *p + 5]

*q = saved + *q;

printf("%sd %d %d\n", score, *q, saved);
return 0;
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&1 foraT gaiT ISTERT 2 Qe UTSeR T A8 d&el 3R R ol JATY 3@
319 &Y QuTich Sifeotae 81 p H QIERT SATSHE i UR q I AR T0A-3TT Ta1 Faet-T A1ieq|

#include <stdio.h>

int main(void)

{
int left = 3;
int right = 11;
int *p = &left;
int *q = p;
p = &right;
*p = *q + 2;
*q = *p + 4
printf("%sd %d %d %d\n", left, right, *p, *q);
return 0;

9 WUT & 91§ left right p T Aeq q T A&
Goft oy 3 11 left left
p = &right 3 11 right left
*p = *q + 2 3 5 right left

*q = *p + 4 9 5 right left
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AT [F3ATA H p 3R q Teh 81 Sileolae hl Ugdd 87 [e@d foh g = p TR T I&eTd 8, fhe 31m3eye &1

#include <stdio.h>

int main(void)

{
int first = 6;
int second = 6;
int *p = &first;
int *q = &second;
*p = 9;
q=0p;
*q=*q_2;

printf("%sd %d %d %d\n", first, second, *p, *q);

return 0;

31T 2 gutieh &Y hrdl 3R gider A & T

R Tacd &l ¢ | GHSI foh q = p TAT 10 hl iUt T a1 ehidl 3R I TG p hl 18T Gl I q T AT - Aol

S&eldTl

#include <stdio.h>

int main(void)

{
int red = 4;
int blue = 10;
int *p = &red;
int *q = &blue;
int saved = *q;
*p = *q;
q = p;
p = &blue;
*q = *q - 3;
*p = saved + *q;

printf("%sd %d %d %d %d\n", red, blue, saved, *p, *q);

return 0;
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int total = 8;
int *p = NULL;
*p = total + 3;
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ARG et efiend @il p chl BTYUTT 3R el & i< Qe UTgeR SrT3-THE S, FoIad ST ga1 $1use Hal g1 SIg| 9= foh

A @I hl chaed if (p '= NULL) T TS S & I8 QX 1 g1 I

3T 4 HiaR 1 Sifesiae GUTE g & dare gRonyg &

HH o o AT g% 3R I8 T main HIS[E &1 T8 2T ST SRIAT §; 38 dhurgd a1 fAwnfed 9 &

int saved = 0;
int *p = NULL;

{
int local = 9;
p = &local;
*p=*p o+ 2]
saved = *p;

}

printf("sd %d\n", saved, *p);

ATeh & iR g S 1 39 2| fohd FHT IR p B Local Hi 3R IuNT T Gigex et @gar? o C11 3¥eye & & §
11 11 a9 &l 87 local 3R I AHUST HiaR & sedieh H 3@ gy 31 Gur: 3ifaw gquifer saved # 7, 39 ileh ot

@@@qﬁpwaﬁ\%ﬁ?mﬁaﬁasaved fiic &2

QR 8 3R T I<RA T hIROT

AT 1 bl g1

T WRUT & 915 first second
goft oy 6 6
=9 9 6
q=p 9 6
*q = *q - 2 7 6
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AT YU p = &total; STel | U1 GERT g1 U ¢

#include <stddef.h>
#include <stdio.h>

int main(void)
{
int total = 8;
int *p = NULL;
p = &total;
*p = total + 3;
printf("%sd %d\n", total, *p);
return 0;

* VO3 & §1G: total = 8, p - IS dey 7l

* p = &total S dIE: total = 8, p - total

« A 8 UgdT 8, 11 Fdhrerdr g iR 3T total HGAT g1 31d total = 11,p - totald
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#include <stddef.h>
#include <stdio.h>

int main(void)

{
int saved = 0;
int *p = NULL;
{
int local = 9;
p = &local;
p=tp o+ 2;
saved = *p;
p = NULL;
}
printf("sd\n", saved);
return 0;
}
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Lesson 04 - English

Array parameters and caller-visible changes

A copied argument can still identify shared storage

The foundation lesson showed that changing an integer parameter does not change the caller's integer
variable. The pointer lesson then showed that copying a pointer value can leave two routes to one
object. Put those ideas together: a helper can receive a copied pointer value and use it to change an
element of the caller's array.

There is no change to C's copied-argument model. What changes is the kind of value being supplied and
the object selected by a later write.

By the end of this lesson you will trace an array call with an explicit length, distinguish changed elements
from changed helper parameters, and state the assumptions that make a helper's accesses valid. You
will also distinguish a helper's return value from its caller-visible writes.

Prerequisites: the accepted scalar function/copy lesson, arrays and valid indices, prefix scans, and
pointer target records. We do not yet use pointer arithmetic, sizeof, allocation or pointers to pointers.

C11 is our teaching convention. All real arrays shown have positive constant sizes and initialized int
elements. Defined calls use live suitable storage and valid selected lengths. Every arithmetic result fits
within -32767 through 32767. Each complete program is independent. The explicitly unsafe practice
fragment is for classification only and must not be compiled or executed.

Read the call and the parameter separately

In the caller, int marks[4] = {3, 1, 4, 2}; creates a real four-element array. In the call
add_to prefix(marks, used, 2), the expression marks supplies a pointer to its first element. The array
object stays in the caller; the call does not make an element-by-element copy of it.

In the helper's parameter list, int values[] declares a parameter whose type is adjusted to a pointer to
int. For the plain parameter forms used here, it can also be written int *values. This parameter form is
different from the caller's actual array declaration. The helper receives a pointer value, not a new array
whose size can be read from the empty brackets.

values[i] accesses the corresponding element through that pointer. For the calls here, the pointer
identifies the first element of the caller's array, and the caller supplies the separate valid length. A
pointer value does not carry an automatic count of available elements. We will study array-size
expressions next; do not invent a length from the helper's parameter spelling.

The integer arguments still work as before. length receives the current value of the caller's used, and
delta receives 2. They are separate helper parameters. The argument expressions here have no side
effects, so their evaluation order cannot change the result.
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A helper that returns no value

In void add to prefix(...), void says that the call supplies no result value. We use it as a statement:
add to prefix(marks, used, 2);.Its purpose is the writes made by its body, not a returned number to
store in a variable.

Reaching the closing brace of this void helper returns control to the caller. The caller continues at the
next statement. This is different from the integer helpers that explicitly return a number, and neither
kind of return is itself a print operation.

Worked example 1 Change a prefix but not the caller's length

Which of the caller's five printed integers change?

#include <stdio.h>

void add to prefix(int values[], int length, int delta)

{
for (int i = 0; i < length; i++) {
values[i] += delta;
}
length = 0;
}
int main(void)
{
int marks[4] = {3, 1, 4, 2};
int used = 3;
add to prefix(marks, used, 2);
printf("%sd %d %d %d | %d\n",
marks[0], marks[1], marks[2], marks[3], used);
return 0;
}

Before the call, draw the caller's real array once: marks = {3, 1, 4, 2} and caller used = 3. On entry to
the helper, add separate parameter records: values - marks[0], length = 3, delta = 2. Do not draw a
second four-element array for values.

Helper checkpoint Caller array marks Helper length Caller used
Before first loop test {3, 1, 4, 2} 3 3
After index 0 body {5, 1, 4, 2} 3 3
After index 1 body {5, 3, 4, 2} 3 3
After index 2 body {5, 3, 6, 2} 3 3
After failed test at index 3 {5, 3, 6, 2} 3 3
After length = 0 {5, 3, 6, 2} 0 3
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The loop accesses indices 0, 1 and 2. Each store reaches the corresponding caller element. The fourth
element remains 2 because it is outside the selected prefix. There are three bodies and four loop tests.

The final length = 0 changes only the helper's integer parameter. It neither erases the array nor assigns
to caller used. After the helper ends, the caller prints5 3 6 2 | 3, followed by a newline.

The element changes are already writes to the original storage while the helper executes. They do not
wait for a special “copy back” operation at return. The helper's own parameter objects finish their
lifetime when the call ends; the caller's array remains alive in main and retains its new values.

An unchanged array would incorrectly assume that the helper worked on a private array copy. A last
element of 4 would process one element beyond the selected prefix. A caller used of 0 would copy a
change back from a separate integer parameter. Each mistake confuses a different object or boundary.

Put the access contract beside the helper
For add to prefix, the calls in this lesson require:

* A pointer to the first element of a live initialized integer array
* A length from O through that array's actual element count
* Permission, as part of this helper's intended behavior, to change the selected elements

* Every evaluated addition to remain representable in int

With length = 0, the first loop test fails and no element is read or written. We still supply the real array;
we are not introducing null-array conventions or zero-sized arrays. With length 4 in the worked program,
all four elements would be updated. Length 5 would exceed its four-element capacity and is not an
allowed call.

The helper cannot infer or check real capacity merely from the pointer parameter and the supplied
length. Writing an incorrect length does not enlarge the caller's array. These are explicit preconditions,
not checks C silently performs on every call.
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Worked example 2 Retarget the local parameter

Now pass two scalar targets. Does assigning a new value to the helper's pointer parameter also retarget
the caller's pointer variable?

#include <stdio.h>

void retarget then write(int *target, int *other)

{
target = other;
*target = 9;

}

int main(void)

{
int left = 2;
int right = 7;
int *selected = &left;
retarget then write(selected, &right);
printf("%sd %d %d\n", left, right, *selected);
return 0;

}

+ Caller before the call: left = 2, right = 7, and selected - left

* Helper entry: its separate target - left and other - right. The pointer argument values have
been copied into those parameters

* target = other changes the helper's target to identify right. Caller selected still identifies left;
both integers are unchanged

* *target = 9 now writes into right, making it 9

* After return, caller selected - left still reads 2. Output: 2 9 2, followed by a newline

There are three pointer variables in the trace: caller selected and helper parameters target and other.
Sharing a target does not merge those variables. target = other changes one local pointer value.
*target = 9 changes the integer selected by that local pointer value.

The wrong result 2 9 9 lets the helper's pointer reassignment move caller selected. The wrong result 9
7 9ignores the retargeting before the store. The wrong result 2 7 2 misses the actual store to caller
right. Drawing each pointer variable separately resolves all three errors.

We are not teaching how to reassign the caller's pointer variable from a helper here. That needs a
different interface. Do not treat an ordinary pointer argument as an automatic reference to the caller's
pointer variable.
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State what the function returns and what it changes

A function that only sums elements may return an integer without writing the array. Another function
may change elements and return nothing. A function can also both modify storage and return a value,
but neither behavior follows solely from the name or the presence of brackets in a parameter list. Read
the body and the stated contract.

For each call, keep four pieces of evidence: the argument values, the separate helper parameters, the
caller objects reached by writes, and any returned value. Use distinct caller and helper state records,
exactly as in the scalar function lesson, adding target arrows where needed.

Practice before the solutions

These four original exercises are unscored. Keep call order, target identity and selected length visible.
Question 4 deliberately violates a bound and is for classification and repair only.

Practice 1 Read-only calculation followed by a mutation

Give the output and final array. Which helper changes the array, and does the saved return value before
change afterward?

#include <stdio.h>

int sum prefix(int values[], int length)

{
int total = 0;
for (int 1 = 0; 1 < length; i++) {
total += values[i];
}
return total;
}
void clear first(int values[], int length)
{
if (length > 0) {
values[0] = 0;
}
}
int main(void)
{
int a[3] = {3, 4, 6};
int before = sum prefix(a, 3);
clear first(a, 2);
int after = sum_prefix(a, 2);
printf("%d %d %d\n", before, after, al[2]);
return 0;
}

Use valid selected lengths. “Read-only” here describes what sum_prefix actually does; it is not a new type
qualifier.
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Practice 2 A local length change affects the helper's own loop

This program is defined for the shown four-element array, but the intended helper contract is to fill
exactly the requested prefix. Find the actual output, identify the contract error and repair it by deleting
one assignment. The caller's requested must stay unchanged.

#include <stdio.h>

void fill prefix(int values[], int length, int value)

{
length = 2;
for (int i = 0; i < length; i++) {
values[i] = value;
}
}
int main(void)
{
int a[4] = {2, 4, 6, 8};
int requested = 1;
fill prefix(a, requested, 9);
printf("%sd %d %d %d | %d\n",
al0], al[1], a[2], al[3], requested);
return 0;
}

Practice 3 Swap target values and consider a shared target

Trace both calls. The second call supplies the same target twice. Explain whether it creates a problem in
this particular helper, and give the output.

#include <stdio.h>

void swap values(int *left, int *right)

{
int saved = *left;
*left = *right;
*right = saved;

}

int main(void)

{
int x = 4;
inty=29;
swap_values(&x, &y);
swap _values (&x, &x);
printf("sd %d\n", x, y);
return 0;

b

Both supplied targets are live initialized integers. Do not assume that all pointer-based helpers either
require distinct targets or always support aliasing; inspect this one's statements.
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Practice 4 The caller supplies too large a length

The following fragment is deliberately unsafe. Assume the shown call occurs inside main and the helper
is defined beforehand. Do not compile or execute it.

void add one(int values[], int length)
{
for (int 1 = 0; i < length; i++) {
values[i] += 1;
}
}

int a[2] = {3, 7};
add one(a, 3);

Identify the first invalid index that the loop would attempt. Does the helper's values[] parameter create
enough elements for the supplied length? Repair only the call so the helper increments the whole real
array, then give the repaired output for its two elements.

Full solutions and wrong-turn feedback

Practice 1 solution

The first sum prefix call receives access to a and length 3. Its local totals are 3, 7 and 13 as indices O, 1
and 2 are visited. It returns 13 without changing any element; caller before = 13.

clear first(a, 2) receives a copied pointer value and local length 2. Its condition is true, so it writes 0
to a[0]. It does not clear both selected elements: its body contains only a store at index 0. The caller's
array is now {0, 4, 6}.

The second sum uses length 2, so its fresh local total becomes 0 then 4. It returns 4 into after. The
saved caller integer before stays 13. Output: 13 4 6, then a newline.

4 4 6 makes a saved return value follow later array changes. 13 10 6 sums the whole array despite the
second length being 2. 13 0 6 imagines that clear_first fills the whole prefix, although the body writes
only its first element. Function contracts and actual bodies must agree; names alone cannot supply
missing operations.

Practice 2 solution

On entry, the helper's length is 1 and caller requested is 1. The local assignment changes helper length
to 2. The loop therefore writes 9 at indices 0 and 1. Both indices exist in this four-element array, so this
displayed run is defined. The final array is {9, 9, 6, 8} and caller requested remains 1. Output:

9 96 8 | 1, thenanewline.

The helper has violated the intended selected-prefix contract even though this run stays inside allocated
storage. Defined behavior and intended behavior are separate questions. The copied parameter rule
does not prevent a helper from using its changed local length in later statements.
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Delete length = 2;. The complete repaired program is:

#include <stdio.h>

void fill prefix(int values[], int length, int value)

{
for (int i = 0; i < length; i++) {
values[i] = value;
}
}
int main(void)
{
int a[4] = {2, 4, 6, 8};
int requested = 1;
fill prefix(a, requested, 9);
printf("%sd %d %d %d | %d\n",
al0], al[l1], a[2], al[3], requested);
return 0;
}

The repaired helper keeps length 1, writes only a[0], then stops at the failed test with index 1. It prints

9 4 6 8 | 1, followed by a newline. Setting caller requested to 2 would change what the caller asked for
rather than repair the helper. Treating the original assignment as a change to caller requested would
wrongly predict a final | 2.

Practice 3 solution

First call: helper left - x, right - y; saved copies x = 4. The store *left = *right makes x = 9, then
*right = saved makesy = 4. No pointer parameter is retargeted. After return, caller values are x = 9,
y = 4.,

Second call: both helper parameters identify x. Its new local saved is 9. The first store reads and writes
the same x, leaving 9. The second stores the saved 9 there, again leaving it unchanged. These are
separate, sequenced statements, not conflicting unsequenced updates. This specific helper permits the
two supplied targets to be the same object.

Output: 9 4, followed by a newline. Predicting 4 9 for the final pair invents another exchange with y,
which the second call never references. Predicting an automatic error merely because the pointers share
a target overgeneralizes aliasing: safety depends on the operations and the helper's contract.

Practice 4 solution

The caller's array has exactly two elements, at indices 0 and 1. The helper receives access to that array
and a separate integer length 3. At index 2, values[2] += 1 would attempt an out-of-bounds element
access. The parameter declaration creates no third element. The fragment has undefined behavior; do
not assign it a C11-prescribed output or a guaranteed “partly updated” final array.
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Use add one(a, 2);.A complete safe program is:

#include <stdio.h>

void add one(int values[], int length)

{
for (int i = 0; i < length; i++) {
values[i] += 1;
}
}
int main(void)
{
int al[2] = {3, 7};
add one(a, 2);
printf("sd %d\n", a[0], a[ll);
return 0;
}

The valid call changes 3 to 4 and 7 to 8, then the loop test fails at index 2 without accessing it. Output: 4
8, followed by a newline. Using length 1 would be safe but would not increment the whole real array.
Keeping length 3 because it was passed “by value” confuses copying a count with validating it.

Quick reference

* In the calls here, an array argument supplies a pointer to its first element; the real array is not
copied into the helper

* Aplain int values[] parameter is adjusted to a pointer parameter; it is not a new local array
* Pass a valid selected length explicitly. A pointer value does not carry an automatic element count
* Parameters receive copied values, including when those values are pointers

« A write to values[i] or *target reaches the identified caller object when that object is shared and
alive

+ Reassigning a helper's pointer parameter does not reassign the caller's pointer variable

* Changing a helper's integer length changes its later local decisions, not the caller's length variable
* Avoid helper supplies no returned result value; its writes can still be visible to the caller

+ Distinguish return values, parameter updates and writes to shared objects in every call trace

+ State capacity, lifetime, allowed mutation and arithmetic assumptions; neither a parameter name
nor a supplied length validates them
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Before moving on

Explain how a copied pointer value can allow an element change while a copied length remains
separate. Then compare a pointer reassignment with a store through that pointer. Next we will move a
pointer within an array and distinguish an actual array's element count from the size of a pointer
parameter, without assuming a machine's byte sizes.

Source note

The explanations, code, traces and exercises are original. The first two program designs develop this
module's earlier original planning prototypes. C facts were checked against the WG14 N1570 C11
committee draft: array conversion 86.3.2.1p3; parameter adjustment §86.7.6.3p7; copied arguments
86.5.2.2p4; dereference §6.5.3.2p4; indexed access and bounds 886.5.2.1p2, 6.5.6p8; assignment
86.5.16.1p2; void expressions 86.3.2.2p1 and function completion 86.9.1; automatic lifetime 86.2.4.
Reference: https://open-std.org/jtc1/sc22/wg14/www/docs/n1570.pdf

C11 is a teaching convention, not a claimed GATE language-version requirement. This is a bounded
lesson on calls and shared array storage, not full C or GATE CS coverage.
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31+ft UiEeR SfRTIiUI, sizeof, allocation T UfgeR & UigeR T IUANT 61 g

C11 Ug™ & foIg gART AT TeheoT 81 ey 7Ty oot arafaes R erTeteh R SR & € 8k 399ah int d@ sMfass
&1 fAfYa =aagR archt sie # Shfad Iuged RS 3R Fg! g oiars & STl 81 82 SfepTfordig uRumd 32767 & 32767 &
IR &1 & IR UIITH 37T IETEXUT & | TE SIRIed S7TH- 3721 haet IiTehsul & folg §; I8 chuTse a1 fsarfed 7 @l

it 3R R Y srermT U

PR H int marks[4] = {3, 1, 4, 2}; dRdfdeh IR ddl aTAT O ST &1 it add_to prefix(marks, used,
2) ¥ &sieh marks S9ch Uget dad ohl UIex ST g1 O Sifssiae shieik § 8l &1 8; hicT ITch! dcd-&i-dcd ahidt dal a-Te |

helper &I R Gt # int values|[] 0T Rifier G ewar & fTe! UaR int & Uiger & gARNSG giar 81 agt
SEIATE gU TR RAIR T A 38 int *values i forkg Fehd 81 98 WRIHIER FU SieR &l ardfder Q9o § 37erT
g1 helper @t Ufgex A fAerdr 8, a1 OR a1 [SIeh! ialTs @iell SISl ¥ Ut ST Tah|

values[i] I9 UlEeR & IR YT I ek UgddT &| TgT i hicT H UIER hiei oh UR 1 UgT ded FdTdl & 37X hlelk
3T 9 Hal length &dT 81 UlEeR M H Iueted deal &l [t 3ra-3my 18} It glcit| 31Tt uTs # QR & 31ehR dTet &sich
T&T; helper & tRitex &Y forarae 3@e darg 9 M|

YuTich AYHE Uget SId &1 M & &1 Length @l shiek & used T IdH A fAeTar 8 3R delta &l 21 helper &
3T WRifIeR §1 Tl 3mgHe stenl A ahls side effect T8l 8, SHRIY ITehT Hedich--hH URUITH g1 daet HehdT|

Q9T helper Sit &S A9 arqd 8 &ar

void additoiprefix(...)ﬁvoidmgﬁﬁﬁaaﬁéw-ﬂﬂqﬁﬁlﬁﬁwﬁﬁmﬁﬁg:
add to prefix(marks, used, 2);Imﬁiﬁbody%ﬁ'@ﬁimﬂ?ﬁ?@ﬁ%%?@ﬁWG@Tﬁl
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g9 void helper & 3ifdH 9 der uga R AG01 dhieR # FAledT 81 ShieR STl LTHS ITdT 81 I8 39 Yulieh helper @
ST ¢ ST T TY Y T&AT Aled 8, Sl a¥g I dileHT 39--3117 flie &er gl g1

&1 foraT gaim Iarevor 1 et fawar aed, sier & s T8

e & fife &R et ot Q! & -2 weerd 82

#include <stdio.h>

void add to prefix(int values[], int length, int delta)

for (int i = 0; i < length; i++) {

marks[0], marks[1l], marks[2], marks[3],

1, 4, 2};

{
values[i] += delta;
}
length = 0;
}
int main(void)
{
int marks[4] = {3,
int used = 3;
add_to prefix(marks, used, 2);
printf("%sd %d %d %d | %d\n",
return 0;
}

i O gt hieik &b aTdfdeh QR ohl Teh gl AT S9114: marks
qzaﬁﬁﬁfﬁﬂﬂiiiiaﬁéﬁﬁg:values - marks[0], length

CEle!
helper @1 faig
Ugel ou-sit & ugat
g399 0 & body & aTg
g9 1 & body & aTg
g399 2 & body & aTg
£33 W Td Sird & 916

length = 0 & dTg

hiclX T Q2 marks
{3, 1, 4, 2}
{5, 1, 4, 2}
{5, 3, 4, 2}
{5, 3, 6, 2}
{5, 3, 6, 2}

{5’ 3’ 6’ 2}

used) ;

helper @1 length

{3, 1, 4, 2} SiR&leR P used = 31 helper & FaT
3, delta = 21 values o g GERT IR-dl arelm W A

IR <Al used

U §3eR 0, 1 3R 2 ek STl &1 B o ehieik o HeTAd dedl deh Ugddl & | =T ded 2 g 6, Hifch g g Y23l foed

& dTeX 81 I body R IR u-Sira &1
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3ifdd length = © hadt helper T Qulich BRHIeR J&eTdl 81 a8 =1 O [T 8, 7 Shiek o used H 3THT8A il &1 helper
AT g Rl 5 3 6 2 | 3 3R ke 73 et flie hear 81

helper & Tad T3 &t Il o I&cITd Hel €ISl | foikd ST g gid 6| d sited 99d fohddt @™ “copy back” fehar & udter
Tl S | Pt TATE 811 TR helper & 3707 TRIHIER Sifesiae ol Sia-TenTel THTW BidT &, PIelk &l B main # Siifdd w@dT &
3R U A9 Rad1 gl

R ol STURAfdd ST Tetd ®U T AT & foh helper 3 02 &t it srdt = s a1 sifad ac it 4 AT g roaTt
B @ Uah S1faRed dc ST ehdT &1 SieR & used at O TATT Tl YuIfeh TRTHICR T SIGeTd ITaE ehidl dhedl 1 8
Terat foRdY ST Sifssiae ar diT ot AT 81

helper & urg & aifnm &Y o ford

¥gl add_to_prefix el &iel o foig =1ieT:
» Sifed ofR sREeTs Ry g qotfer R & et @ & uideR
* [ Y IRk ddl chl TEAT ek I Length

* helper & 99 32T & ATIAR I I TaI I AR
+ BRIAI H g4 a1t SIS &1 UROMA int § IHMT

length = 0 TR UgeH U-SITd 7TeTd gidt & 3R his da Ugl a1 forar gt Sirar| a9 oft arafaes & far Siman &; g7 null-
array &l S FGTIT IT LRI ATHR BT R A&l A1 8| gl fohy TUTH H AaTS 4 1 R IR} I e’ | ars 5 Ih! IR-ad
&I & aTeR g1 ofR Qe apfet 1 el &1

eharel iger IRTHIR 3R &1 g3 «ia18 ¥ helper ar&ifdes &HdT 3TU=-31T g1 ST T S Hehall | Teld AalTs forg 8 ehier
1 W 21 81 giaT| & TWE Yaerd g, C ZRT & <hicl TR U1 &l ST aTelt Siid Aol |

C11 teaching convention - Bounded introductory coverage 70



Lesson 04 - fg= GATE CS - Arrays and pointers

& foRaT gor SargRuT 2 R Refier 1 @ea g

319 & quifer &g &1 helper & Ufger Rifier # 991 AT T@A ¥ T ShieR & UlgeR TR I 1&g I Fact STQm?

#include <stdio.h>

void retarget then write(int *target, int *other)

{
target = other;
*target = 9;

}

int main(void)

{
int left = 2;
int right = 7;
int *selected = &left;
retarget then write(selected, &right);
printf("%sd %d %d\n", left, right, *selected);
return 0;

}

* it T UG dhielR; left = 2, right = 7 3R selected - left

* helper & Uasr: 39 37T target - left 3fR other - right %Immﬁmﬁwl}liﬁtﬂ@%

* target = other helper & target &l right ! 3R &<dT &1 Sick Bl selected 34T ot left IdmaT §; AT
quifen el aeet

« *target = 9 3 right & foRGAR IT 9 AT &

* olet TR iR & selected - left oreft off 2 ugar &1 emseye: 2 9 2, fofr =13 dfey

¢ # i Ui§ex TR &: iek Al selected 3R helper & IR target AT other| T AR g4 I & T Ao T
81 gt S| target = other@@mq\lﬁaﬁﬂmél*target = 9W@Fﬁﬂq\lﬁaﬂﬁﬁwww
geAar gl

Teld URUITH 2 9 9 helper & UeR SATSTHC ShieR & selected e Ugdl adl g1 Tl TR 9 7 9 e § Ugd sact
T8 <ht AT &1 TeTd URUMHA 2 7 2 ieR & right H §Q adfdeh oa- hl BISdT 81 §R Ulgex =R ol el s = ¢
et rerfaat R gt &1

T8l &1 helper @ PleR & UTger TR & 74T AT T 8] 1T g | 3Gk oIY STeRT Sexthd AT | FTRUT GEeR 3MRfHe i
PR & UTgeR TR T 3TUA-31TT fHar deof 7 am |

TV foh a9 T Sterdr SR &R J&edT @

hael dcd St aret her QR H ford fomm qutier fter TerdT &1 GERT haIH dcd d&e GehdT ¢ 3R chlg A 6l il HehdT|
TheRF TSI I&aT oh AT 719 it FAleT Tehd &, wifch chaet T8 a1 TR Tt H IS S 3940 & Shig AIER a4 gl
gid1l body 3R aTg T US|
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BRI H IR I1d IG: TGAT & A, helper & 37eliT WRIHIR, A@- ¥ UG hieR Testae 3R IS wiler g31 A scalar
TheRT UTS &hY aRE el 3R helper & 31T raT-ReplS sHIY: S8l smasad gt 1ed & IR S|

& 9 Ugat 31

g IR Hifcleh 19T & 3R 31ch 3ich g1 & | Il ol shH, A& I Uga 3R TH cialls T & | TS 4 ST I
diedr & SR chad aeffenur guT GuR & ol 81

31T 1 hael Ugeh? UM, R aeema
3m3eye 3R Sifad R &1 HHF-91 helper R F&aar & 3R T 971G | TesIT 7T stel A before +t I&erar 87

#include <stdio.h>

int sum _prefix(int values[], int length)

{
int total = 0;
for (int i = 0; i < length; i++) {
total += values[i];
}
return total;
}
void clear first(int values[], int length)
{
if (length > 0) {
values[0] = 0;
}
}
int main(void)
{
int a[3] = {3, 4, 6};
int before = sum prefix(a, 3);
clear first(a, 2);
int after = sum _prefix(a, 2);
printf("%d %d %d\n", before, after, al[2]);
return 0;
}

el I iaTs of | TgT “Shael UgHT” sum_prefix o ar&dfdeh e ohT 9l 8; Tg =T type qualifier =51 g1
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I 2 R Fa1E s+ § helper &1 31941 U sI&edT 8

fe@q Y IR-al aret R o forg W o1 eagR Y4 8, dfeh helper &1 aa I&a Sten AT g31T Y23 fGTT WRAT 81
arEfaes SM¥TYE &, I8 Y J3I Teldlt Ug= 3R Yeh TSI BT YR | hielk &l requested ol saeT A1ey|

#include <stdio.h>

void fill prefix(int values[], int length, int value)

{
length = 2;
for (int 1 = 0; 1 < length; i++) {
values[i] = value;
}
}
int main(void)
{
int a[4] = {2, 4, 6, 8};
int requested = 1;
fill prefix(a, requested, 9);
printf("sd %d %d %d | %d\n",
al[0], all], al[2], al3], requested);
return 0;
}

3T 3 18y & " Feat 3R 9811 18y o} st

ST it T 3T PR | TR hicT Tob & o183 &f IR St &1 TRV foh 39 @ helper # 30¢ THT gid! & a1 7181 ok
3M3ege &

#include <stdio.h>

void swap values(int *left, int *right)

{
int saved = *left;
*left = *right;
*right = saved;

}

int main(void)

{
int x = 4;
inty =9;
swap_values(&x, &y);
swap_values (&x, &x);
printf("%sd %d\n", x, y);
return 0;

}

ol oy e Shfaa sMfaesst fong U gurfer €1 a8 7 71 foh ufger atet @it helper &t SR d1ed 18y a1 & gARIT 1T
&g WHR Fd €, 39 helper & Lede AL |
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31T 4 hieiR Fd Q It id1s a1 @

I o1 SiST TSR SIRfET g1 A foh fE@TS it main & Hfiar & $iR helper Uget aRIfYa g1 38 shurea a1 fAwnfed
TR

void add one(int values[], int length)
{
for (int i = 0; i < length; i++) {
values[i] += 1;
}
}

int a[2] = {3, 7};
add one(a, 3);

UGl TTefd SS9 UG STgl o[ UgdH chl chITAM M| &M helper & values [ ] TRIHIER & 778 #arg & fog waied d
T &dT 87 halel thidd U, dTfch helper IR ardfdes R & dcd Yeh-Ueh 9¢1G; fh Jer UIITH & SHT i ohf 33L&

QR & 3R T IARI ol hROT

31Ty 1 T g

qg?ﬁsum_prefixﬁﬁ?fraﬁaaiﬁqgﬂﬁ?m3ﬁa?ﬁglS‘@ER:[O, 1 3R 2 3@ R ITh WHIT IRT 3, 7 3R 13 8l &1
P13 d gt foAT a8 13 Slerdt §; ik &l before = 13 giAT &I

clear_first(a, 2) el chitl g3 Uiger A 3R WY #faTs 2 et §1 ITeht 21 et 8, sy ag a[0] # 0 ot 81
Ig a1 g I AT gl At body H dhaet ST 0 UR Uk <@ &1 ek &l W 319 {0, 4, 6} &l

O suM I cialTs 2 wAct 8, STTeIY IHRT 74T RAFIT I1T Uget 0, fthe 4 g1 81 98 4 Slerae after H &l g1 ek I
Haoll Qulich before 13 IgdT g1 3M3eYe: 13 4 6, {718 dfa|
4 4 6 GgSt e A ohl I1& & R JaATdl o AT Feadl &1 13 10 6 3O ddrs 2 g R QU QR ST 81 13 0 6 AT

2 clear first QX1 3T fGET 1R 8, STafeh body dhael Ugell dcd foad! 81 thar™ & 21d $iR ardfder body At
QI ARG, eherel A4 TG M 81 I3 S |

WY 2 &bl g1

Tdr WX helper & length 1 8 3R Bl & requested *t 1 g1 AT 3 ¥T8HE helper & length 2 &xdT g1 39feig
d 899 0 3R 1 R 9 foradT g1 A1 $39 39 IR-dcal aTet W H g, 39y fewany fsore o ragR [fga 81 siftm ®
{9, 9, 6, 8} & 3R IR &I requested 1 BT 81 3M3CYe: 9 9 6 8 | 1, {8 dfewl

TR &Y IHAT & HiaR 8 gU ot helper 3 ATt 31t B areft 21 1St 81 eagR AfYd 811 3R HagR I8 &
TR BT 37T U 81 hidt Y RiieR a1 Fam helper &t 3ot seelt R farg a1g & Wed # AT el d 781
AehdTl
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length = 2; BaIV| U1 YERT U &:

#include <stdio.h>

void fill prefix(int values[], int length, int value)

{
for (int i = 0; i < length; i++) {
values[i] = value;
}
}
int main(void)
{
int a[4] = {2, 4, 6, 8};
int requested = 1;
fill prefix(a, requested, 9);
printf("%sd %d %d %d | %d\n",
al[0], all]l, a[2], al3], requested);
return 0;
}

GERT helper a8 1 @1 8, had a[0] foradT g 3R SR 1 RITAT JAd A IhdT 81 89 4 6 8 | 1 3R e =8 dfery
fiie &A1 81 BIeR & requested HY 2 AT helper GURA & TSI Pl hY AN Fel S| ol SHATSTHE Pl hieR &
requested T IGATT HIFA TR SifdH | 2 T Teld IR A

AT 3 bl g1

*right@x = 9@?—“%,&!7—{
9,y = 48l

O it helper & gHT TR x FdTd &1 79T R saved 9 §1 UgeT oi@ ST x i Ugeh 341 | feradT &, 39feig 9
BT 81 GERT Hosll §HT 9 ol for@dT 8, 3afaiy fthr ot 717 a8t 81 & 31elT, shifalg WAL §, URTUR ThId fa-1-8hH aTet
JUSC 811 39 @ helper # a1 iU 7189 Uah g Sifeoiae gl Uohd &1

3M3eYe: 9 4, fhe 72 dfery| Sifad STt 4 9 SIaTT y & A1 Ueh 3R STaelT-age! TEdT 8, STdfch U hict ITehT ITAT
AT 81 8T | hael TS AT B T 3UA-3TT Ffe I aliasing & IR # agd amuh fAswy &: grem fharsit 8k helper
& 21t R AR &R B

Ugett ahlet; helper @T left - x, right - vy; saved H x = 4 & At g1 @ *left
*right = saved @y = 4| fohelt ugex BRI &1 A& 1T IgAdT| SAlet WR IR | x

Y 4 bl g

HieR & R # 8k A I 8, oIk 9 0 3R 1 &1 helper &t 38 R ek Ugd 3R el Yuifeh sfars 3 Merdt 81§34 2
Wvalues[2] += 1 QR &I HHAT S ITER I dch Uga- I IfA | ReR Y Tiwon FR1 I 81 St | sisr 7
ARG egagR &; 39 fag C11 a1 RufRa sm3eye a1 TRé are "o aa e ganm” sifam R F adrd]
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add_one(a, 2); o QX GRfed Ul &:

#include <stdio.h>

void add one(int values[], int length)

{
for (int i = 0; i < length; i++) {
values[i] += 1;

}
}
int main(void)
{
int a[2] = {3, 7};
add one(a, 2);
printf("sd %d\n", a[0], al[ll);
return 0;
}

GATE CS - Arrays and pointers

T ehicT 3 et 4 3R 7 ot 8 &l 8, v E3e 2 R 1T I ek Ugd <[U-Sii<l TTetdl 1 SiTelt 81 31M3eye: 4 8, for 73 uferi|
cas 1 grierd gift, wfch I arafdes B vl Yeh-Teh a1 TG | ASTS 3 oht haet “by value” HSt ST & ehiRUT el 71T,

frcht &Y oprdt ok ITh! derar-Sira ot fAerdar g1

@i def

« gl il it A W MYAe Ugat ded T Uidex a1 §; arafdes R helper & sidt g} giar

« FIYR int values[] WRiier dider Rrfier & S0 8T 8; 98 a1 @i R 781 6
« I g fars e &1 Uiger A H 3UA-3MY deal ot At 78 gt

o Rt it Al it i) B &, a9 oft 519 3§ 7 uigex gt

* values[i] IT *target H oig UgHM 7Y hieR JHisside deh Ugddl 5, ST I8 SHlsoiae A1 3R Siifad &

* helper @I Uigex TRTHIER TERT STTEH et T DR o UlgeX IR SITRT SIS el gidl
« helper &I quifer TS Fge @ IT% a8 & W Fofa sacrd &, PieR &1 as-w= T8l
« void helper &I gRUTH-AT 78] dterar; fthe +ft 39 aa- dieR ol fc@ Tohd &

¢ B Pid-¢9 | aite A, IRTteR sruge 3fiR A15T sifsstae o oig 37eT 7@

* &7, STa-TehId, AT J&aTd 3R SIRTOT chl T FdTY; 1 BRTHIeR 1 A, = &Y T8 a8 I6 S1U--37T9 Siad! &
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3 e @ uget

GHETY foh el g3 UTger | dcd Faet- & Tehd §, STalfch chidl g8 ciaTs el Igd! g1 fthr UTder ey srare e 3R
IGch I ARG hl JoTT e | 3Tt UTS H OR o iR lger mil-die it 3iR #2fiH o aTse R 717 fomT aredfaes OR 6t
Ja-MAdY ot Uigex TRIHteR & PR T 31T I |

Hiq feooft

ARATY, hlE, ¢4 3R 19T Hifcreh ¢ | Uget &l TIUTH 39 RIS hl Ugel chl Hifeleh ATSTT oh Uictersy ol faefaid @ed €1 C
& i Y g WG14 N1570 C11 afafd-gre & &t 7d: R FUiaror §6.3.2.1p3; TRTHtex THRISH §6.7.6.3p7; hid
U 3MYgAT §6.5.2.2p4; 2T §6.5.3.2p4; S35 arel rfnTH ok Tard §86.5.2.1p2, 6.5.6p8; @Tsie
§6.5.16.1p2; void &sieh §6.3.2.2p1 3R thar T QT 81T §6.9.1; automatic Sfia-icerer §86.2.41 dg: https://
open-std.org/jtc1/sc22/wg14/www/docs/n1570.pdf

C11 ugM & g AT ThT 8, GATE I FdTS HTHT-TXRROT 1<t AT 1A g1 | Tg it SR TS R LIRSl hl HIfAd uTs g,
& C a1 GATE CS & aarst 7|
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Lesson 05 - English

Pointer movement and array boundaries

A position can be valid without holding an element

An index tells us which array element to select. A pointer can identify that same element, and moving
the pointer changes the selected position without changing the stored integers. The important
boundary is that a pointer may reach one position beyond the final element, although there is no
element there to read or write.

In this lesson you will match indexed and pointer-based scans, distinguish movement from a store,
classify boundary operations, and find an actual array's element count using sizeof. You will also explain
why the same size calculation cannot recover a caller's array length inside an array-parameter helper.

Prerequisites: initialized arrays, valid indices, finite loops and accumulators, pointer targets and copied
pointer values, and the previous lesson's array arguments, adjusted parameters and explicit length
contracts. C11 is our teaching convention, not a version mandated by the GATE syllabus. Every array
here has a positive constant size and initialized int elements. All arithmetic on int stays within -32767
through 32767. Complete programs are independent. Classification-only text is never an instruction to
compile or execute an invalid operation.

We reason with positions in one live array, not invented numeric addresses. No int byte size, pointer
width, common size for all pointer types or physical placement of separate objects is assumed. Two-
dimensional arrays, allocation and casts are outside this lesson.

Count steps in elements

Start with int marks[4] = {5, 2, 8, 1}; and int *p = marks;. In this initializer, marks supplies a
pointer to its first element. Record p - marks[0].

* Evaluating p + 1 produces a pointer to marks[1]. By itself, this expression does not replace the value
inp
* The assignmentp = p + 1; saves that new position in p. No element value changes

* The separate statement p++; advances the pointer by one element too. We keep movement
separate from reads and stores

* Withp - marks[1], p + 2 identifies marks[3],and p - 1identifies marks[0]
The integer being added counts elements of the pointed-to type. Here the type is int *, so each step is

one int element. Do not multiply the step by an assumed byte size. Starting at marks[1], an offset of 2
reaches index 3, irrespective of how many bytes an int occupies on the implementation.

A useful symbolic record is (array identity, position).For example, (marks, 1) means the pointer to
element 1 of this particular array. The record is our reasoning notation, not a C data structure or an
integer representation of a pointer.
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Let an actual array a have N elements. In this lesson, a known pointer into that live array is represented
by position j, allowing the special end position N. For an integer offset k, forming p + k requires the
resulting position j + k to stay from 0 through N, inclusive. Reading or writing through the result needs
the stricter range 0 through N - 1. Check formation before asking whether an element access follows.
Going beyond the permitted positions is already invalid even if you never dereference the result.

Brackets and dereference choose the same element

For a valid index i into an actual array a, a[i] and *(a + 1) select the same element. The parentheses
matter: first form the pointer to position i, then follow it. Either spelling can read that element or select
it for an assignment.

For a pointer p, p[i] means *(p + i).Its index is relative to the current position of p. If p - marks[1],
then p[0] selects marks[1], and p[2] selects marks[3]. It does not select marks[2] merely because the
subscript says 2. The resulting target still has to be a valid element of the same array. Equivalent
spellings do not make an out-of-bounds access valid.

Keep these three effects separate when p points to a readable, writable initialized integer:

Expression or statement What it does

p=p+1; Moves the pointer, subject to the formation bounds
*p = *p + 1; Increases the selected integer; the pointer stays in place
*(p + 1) Selects the next element for a read here, if that element exists; p stays in place

The value expression *p + 1 adds 1 to the current integer. It is not the same expression as *(p + 1). For
p - marks[1], they yield 3 and 8 respectively. Neither expression alone stores its result.

One past is a stopping position

For the four-element marks, marks + 4 is a valid one-past pointer. It identifies the boundary after
marks[3]; it does not identify a fifth integer and does not extend the array. We write it as marks + 4
(end), rather than drawing an arrow to a fictitious element.

You may store this pointer, compare a traversal pointer with it for equality or inequality, and move back
from it to an element. In particular, (marks + 4) - 1identifies marks[3]. You must not evaluate a
dereference of the end pointer to read or write an integer. Forming marks + 5ormarks - 1is outside
this array's permitted movement range as well. A presumed neighbouring object would not fix that.

Our forward scan starts at position 0, checks p != end before reading, and advances by exactly one after
each body. Those facts together establish that every body has an element. The condition alone is not a
general pointer-validity test. If the starting pointer, end pointer or movement rule is wrong, an inequality
test does not repair it. We use no ordering comparison between unrelated pointers.
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Predict both totals and the final equality result. The indexed scan finishes before the pointer scan starts;
neither scan changes marks.

#include <stdio.h>

int main(void)

{

int
int
for

}

int
int
int

marks[4] = {5, 2, 8, 1};
indexed total = 0;

(int 1 =0; 1 4; i++) {
indexed total += marks[i];

A

pointer total = 0;
*p = marks;

*end = marks + 4;

while (p '= end) {

}

printf("s

pointer total += *p;
p=p+1;

return 0;

%d %d\n", indexed total, pointer total, p == end);

The table aligns equivalent checkpoints in the two separate scans. The position after the last body is

allowed even though it cannot supply another integer.

Elements already

processed scan
0 0
1 1
2 2
3 3
4 4

Next index in indexed

Next position in pointer
scan

marks + 0
marks + 1
marks + 2
marks + 3

marks + 4

Total in each
scan

15

16

Before each successful test, the next position is an element. The body reads 5, 2, 8 and 1 in order. In
each scan, the total at its checkpoint is the sum of exactly the already processed prefix. The final update
reaches index 4 or pointer position 4. The next test fails, so there is no fifth read. Each scan has four
bodies and five loop-condition tests.

The outputis 16 16 1, followed by a newline. Equality produces the int value 1 when true, so %d matches
its type. Both totals are also int. The array remains {5, 2, 8, 1}.
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If you omit the final value 1, you probably stopped at the last element rather than after it. If you try to
add a fifth value, you treated the stopping position as a readable element. If moving p changed marks,
you confused pointer assignment with a store through *p.

Sizes need their own type

sizeof asks for a size in C bytes, using the operand's type. It is an operator, not a function call. For our
fixed arrays and ordinary integer or pointer operands, its operand is not evaluated. We do not use
variable-length arrays, whose rules need separate treatment.

Introduce size t before storing these results. It is an unsigned integer type provided by <stddef.h> and
is the result type of sizeof. Use %zu to print a size t value. Do not assume itis int, or use %d for it. Our
counts are small nonnegative values; keep a size t loop index and its size t length together. Unsigned
counts are not a place for a -1 not-found marker. Before subtracting 1 from a count, establish that it is
positive.

For an actual array declaration int values[5] = {4, 7, 1, 6, 2}; inmain, sizeof values measures the
entire array, while sizeof values[0] measures one int element. The array does not convert to a pointer
as the operand of this sizeof. If one element occupies S C bytes, the whole array occupies 5 * S; the
ratio is 5. We need no numeric value for S.

Thus size t count = sizeof values / sizeof values[0]; records 5. The ratio is an element count, not
a byte count. It describes this actual array where that array type is available. It is not a general “length of
whatever this name points at” operation.
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Worked example 2 Count the actual array and pass a chosen length

This helper uses the previous lesson's array-parameter spelling, now with a size t length. The
parameter values is adjusted to int *. For this example's contract, the caller supplies the first element
of a live array of at most five initialized integers, each from 0 through 20, and length is from zero
through its actual element count. The helper reads that prefix, changes no elements and returns an int
total from 0 through 100. Even for length zero, our contract supplies the real array's first element; it
does not introduce null-pointer calls.

#include <stddef.h>
#include <stdio.h>

int sum prefix(int values[], size t length)

{
int total = 0;
for (size t 1 = 0; i < length; i++) {
total += values[i];
}
return total;
}
int main(void)
{
int values[5] = {4, 7, 1, 6, 2};
size t count = sizeof values / sizeof values[0];
size t selected = 3;
int prefix total = sum prefix(values, selected);
int full total = sum _prefix(values, count);
printf("%zu %zu %d %d\n", count, selected, prefix total, full total);
return 0;
}
Call Supplied length  Visited indices  Running totals  Returned total
sum_prefix(values, selected) 3 0,1,2 4,11,12 12
sum _prefix(values, count) 5 0,1,2,3,4 4,11,12,18, 20 20

The first call selects only three of the five existing elements. The second selects all five. Every body uses
i < length, and the caller's supplied length also satisfies the capacity bound. The two totals start
independently at 0. Nothing stores through values, so the caller's array stays unchanged. Output: 5 3
12 20, followed by a newline.

Now ask what sizeof values would mean in each scope:

« In main, values names an actual five-element array, so its size covers all five elements

* Inside sum prefix, values is a pointer parameter, so its size would be the size of that int *
parameter type. Writing brackets in the parameter declaration does not preserve the caller's array
type
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* Inside that helper, sizeof values[0] would still measure an int. Dividing a pointer size by an
element size has no general connection to the supplied length or capacity

These are facts about the types, not a claim that the two byte sizes must differ. A numeric coincidence on
one machine proves no length rule. A pointer parameter does not carry an automatic array-length field.
Replacing length by that ratio would discard the explicit contract. The defined program uses no such
replacement.

A distance between positions also has a type

Subtracting two suitable pointers in the same live array can report a signed distance in elements. One or
both pointers may be at that array's one-past position. The result must fit in ptrdiff_t, a signed integer
type declared in <stddef.h>. Use %td to print it. Our distances are only -5 through 5 and fit. Do not store
or print an arbitrary pointer difference as though its type were necessarily int or size t.

For positions j and k, the result of the first pointer minus the second is j - k. The order matters: end
minus start is positive, start minus end is negative, and a position minus itself is zero. This counts
element steps, not bytes. We do not subtract pointers from separate arrays, even if both arrays have
equal values or were declared next to each other. This lesson does not use pointer subtraction to
discover whether two unknown pointers belong to the same array.

Practice before opening the solutions

These four original transfer tasks are unscored. State the type and bounds facts as well as the numeric
answers. Treat the two text-fenced sets as classification-only material; never compile or execute their
invalid operations.

Practice 1 Classify the positions and measure the span

Assume a live initialized array int a[4] = {9, 3, 7, 2};. Classify each expression independently: valid
element pointer, valid end pointer, valid integer read, or undefined operation. They are not consecutive
statements.

a +
a +
*(a
*(a
a +

= U+ + O
~ W
— —

Then give the output of the safe complete program in the solution. Before looking, reason about the last
value, end - first, and first - end, with first = aandend = a + 4. Which type and print format are
needed for the two distances?
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Practice 2 Move one pointer and change two elements

Trace the current positions separately from the array values. Explain what q[0] selects after g moves.

#include <stdio.h>

int main(void)
{
int a[5] = {2, 5, 8, 4, 1};
int *p = a + 1;
int *q = p;
p=p+2;
*p o= *q + 3;
q=9q+1;
ql0] = *p - 2;
printf("%sd %d %d %d %d | %d %d\n",
al0], alll, al2], al3]1, al4l, *p, *a);
return 0;

Practice 3 Repair a backward scan

The goal is to sum all three elements, visiting them from last to first. This unsafe fragment is for
classification only.

int values[3] = {3, 4, 6};
int *p = values + 3;
int total = 0;

while (p != values) {
total += *p;
p=p-1

¥

Identify the first invalid operation. Repair only the order of the two body statements, then give the visit
order, running totals and final pointer position. Explain why the repaired body never forms a before-first
pointer. Would the repaired loop read anything if it started with p = values instead?

Practice 4 Find the final value without inventing a length

A helper's declaration is int final value(int data[], size t length). Its contract requires a pointer to
the first element of a live initialized int array and a selected length of at least 1 and no greater than the
actual count. It returns the last selected integer and changes no elements.

For int data[5] = {2, 4, 6, 8, 9}; inmain, complete the call using a count computed from the actual
array. Explain why replacing the explicit length inside the helper by sizeof data / sizeof data[0] is
unjustified. Does an observed pointer size on one machine prove the element count? Explain why the
positive-length condition is needed for data[length - 1].
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Full solutions and wrong-turn feedback

Practice 1 solution
* a + 0isavalid pointer to a[0]
* a + 4is avalid one-past pointer; it cannot supply an integer read or write
* *(a + 3) is avalid read of the last element and yields 2

* *(a + 4) attempts an evaluated one-past dereference: undefined behavior, with no prescribed
integer result

* a + 5is already invalid pointer formation: undefined behavior even without a later dereference

* a - lisalsoinvalid pointer formation: there is no permitted before-first position

The safe program below uses only the allowed endpoints and moves back before reading. forward and
backward are ptrdiff t, whereas the element read is int.

#include <stddef.h>
#include <stdio.h>

int main(void)

{
int a[4] = {9, 3, 7, 2};
int *first = a;
int *end = a + 4;
int *last = end - 1;
ptrdiff t forward = end - first;
ptrdiff t backward = first - end;
printf("%sd %td %td\n", *last, forward, backward);
return 0;
}

Positions are 0 for first, 4 for end and 3 for last. The differencesare4 - 6 = 4and 0 - 4 = -4. Output:
2 4 -4, followed by a newline. The array is unchanged.

A distance of 3 confuses the last index with the end position. Multiplying 4 by an assumed byte size
answers a different question. Treating a + 5 as harmless because it is not read misses that pointer
formation has its own bounds. No test run can give a required answer for the invalid expressions.

Practice 2 solution

After this step Array values Position of p Position of q
All declarations {2, 5, 8, 4, 1} 1 1
p=p+2 {2, 5, 8, 4, 1} 3 1
*p = *q + 3 {2, 5, 8, 8, 1} 3 1
q=q+1 {2, 5, 8, 8, 1} 3 2
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After this step Array values Position of p Position of q

ql0] = *p - 2 {2, 5, 6, 8, 1} 3 2

The first movement changes only p; copied pointer values are independent. The first store reads 5
through q and writes 8 to a[3] through p. Then g moves to position 2. Its subscript 0 is relative to that
position, so q[0] selects a[2], not a[0]. The last store reads the current 8 at a[3], subtracts 2 and stores
6atal2].

All pointer positions used for reads and writes are 1, 2 or 3, within the five-element array. Output: 2 5 6
8 1 | 8 6, followed by a newline. Predicting a change to a[0] treats g as though it still named the array's
beginning. Moving q together with p would instead confuse a copied pointer value with a permanent
link.

Practice 3 solution

Forming values + 3isvalid. The first loop test is true, but its original first body statement tries to read
through that end pointer. That read has undefined behavior. C does not prescribe a total for the unsafe
fragment.

Move backward before reading:

#include <stdio.h>

int main(void)

{
int values[3] = {3, 4, 6};
int *p = values + 3;
int total = 0;
while (p != values) {
p=p -1
total += *p;
}
printf("%sd %d\n", total, p == values);
return 0,
}

Body number  Position before body Position read after movement Valueread Total after body

1 3 2 6 6
2 2 1 4 10
3 1 0 3 13

At each successful test, the current position is from 1 through 3. Moving back produces a readable
position from 0 through 2. After the third body, p equals values; the next test fails before another
decrement. The loop therefore never forms position -1. It has three bodies and four tests. Output: 13 1,
followed by a newline, with the array unchanged.
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If the repaired loop starts at values, its first test fails: no body, no movement, no read, total 0. The real
three-element array still exists. Merely moving the original starting pointer to the last element without
reconsidering the condition would skip the first element. Repair the relationship among starting
position, test, movement and read, rather than guessing from a plausible total.

Practice 4 solution

#include <stddef.h>
#include <stdio.h>

int final value(int datal[], size t length)

{
return data[length - 1];

}

int main(void)

{
int datal[5] = {2, 4, 6, 8, 9};
size t length = sizeof data / sizeof data[O];
int answer = final value(data, length);
printf("%zu %d\n", length, answer);
return 0;

}

Inmain, theratiois5 * S / S = 5, where S denotes sizeof data[0]. The call passes the pointer to the
first element and the copied count 5. Inside the helper, length - 1is 4, a valid index, and the initialized
value there is 9. Output: 5 9, followed by a newline. Both the array and the caller's count remain
unchanged.

Inside the helper, data has adjusted type int *. Its size measures that pointer type, while sizeof
data[0] measures int. Their ratio does not discover the selected length or the array capacity. Equal
pointer sizes for two particular calls would not make their arrays equally long; the same helper could be
called with a suitable three-element array as well. We claim nothing about all pointer types having the
same size.

The contract's length >= 1 establishes a final selected element and makes subtracting 1 appropriate. A
zero count violates this helper's contract; do not evaluate an element access to test what happens. For a
positive count within capacity, the index is from 0 through capacity minus 1. A supplied length of 3 for
this same array would select index 2 and return 6. The size ratio in the caller gives its capacity; a chosen
shorter length still has to be passed deliberately.

Quick reference

* Record the array identity and current pointer position separately from element values

Adding 1 to an int * advances one int element, without assuming a byte size

Evaluating p + k alone leaves p unchanged; assignment or incrementing p can update its stored
pointer value

 For valid targets, a[i] selects *(a + i); p[i] is relative to p's current position
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+ Formation allows positions 0 through the count; an element read or write requires 0 through count
minus 1

* One past is a valid stopping position, never an extra readable or writable element

* Prove the start, test and step of a traversal together; the comparison alone proves no safety
« Same-array pointer differences count signed element steps; use ptrdiff t and %td

* sizeof yields size t; use %zu and check positivity before subtracting 1 from a count

* The array-size ratio gives a count only for an actual array; an adjusted pointer parameter still needs
an explicit length

Before moving on

You should be able to justify every formed position before predicting an output, and say whether each
statement moves a pointer or changes an integer. You should also know whether a name denotes an
actual array or an adjusted pointer parameter at the exact sizeof expression. This lesson stays with one-
dimensional fixed arrays; it does not provide a general test for an arbitrary pointer's validity.

Semantic fact checks: WG14 N1570, clauses 6.3.2.1, 6.5.2.1, 6.5.3.4, 6.5.6, 6.7.6.3, 7.19 and 7.21.6.1.
Explanations, examples, traces and practice are original. This attribution identifies verification sources; it
is not a claim of recovered historical source accounting or global rights clearance.
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&1 forar gam Serewor 1 I IR al & & T

ST Al 3R SifaH TAFAT-SiTg ot URUMH JdT¢ | GiEex aTell Whe [F g1 O Ugcl $3a dTell Whe AT 81 SI1dT &; his ot
Thd marks 78! gEAdT

#include <stdio.h>

int main(void)

{
int marks[4] = {5, 2, 8, 1};
int indexed total = 0;
for (int 1 = 0; i < 4; i++) {
indexed total += marks[i];
}
int pointer_total = 0;
int *p = marks;
int *end = marks + 4;
while (p !'= end) {
pointer_ total += *p;
p=p+1;
}
printf("%sd %d %d\n", indexed total, pointer total, p == end);
return 0;
}

AT Separ|

uge &t TEfda a £ T T SFTEAT $3a uider S Y ool FRATA eleh T T TRT
0 0 marks + 0 0
1 1 marks + 1 5
2 2 marks + 2 7
3 3 marks + 3 15
4 4 marks + 4 16

B Uthel Sild 9 Ugdl 31Telt FRAfA Teh T gidll 81 JTSt sh & 5, 2, 8 3R 1 Uit 81 8 ThA oh Siid-feig TR AN Steh 39
AT B T & FOre o1a e i fohan mam g1 sifam srude S8 4 a1 uiger AT 4 I ugaar &1 srreht S
S gid! 8, 3feiy Ulad] SR UgHT Aal gidll g3 T chl IR dial 3R JU-0d <hl Uid Siid 8l

3M3eYC € 16 16 1, fthe 73 Ufcky | THTaT 98! 81 W int A 1 &t 8, SAMIT %d ITh TR T A @11 g1 &1 aiT off
int €1 R {5, 2, 8, 1} eI EAT8I
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IGch! 18" fAehTe T adiepT el gl
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& forar gam Serewor 2 arwfaes R it At siz g+t g &ard

g g1 haR[M fUSa UTs ol BR-URTHIeR FU STIHTA hedl §, 316 size t dAdTs o 1| WRTHER values Pl bR
ARSI iR int * BidT &1 39 I&TER0T T SIaY 8: hieR Y SHfdd B T Ugel dd &dT & forad 1fdehas uig
gffrergst fohg quifer &F, 83 A9 0 @ 20 dh 8t 3R length, T ¥ O hI ardfder da-Ear dak g1 g thar ™ a8
LT T UgdT 8, hls acd el seeral 3R 0 & 100 dch ohT int TN AAlerdT 81 [ siaTs Wl gART 3aY ardfdes R
1 UgelT dcd T &; ST Ad-UTEeR it MBS T8l &1

#include <stddef.h>
#include <stdio.h>

int sum prefix(int values[], size t length)

{
int total = 0;
for (size t i = 0; i < length; i++) {
total += values[i];
}
return total;
}
int main(void)
{
int values[5] = {4, 7, 1, 6, 2};
size t count = sizeof values / sizeof values[0];
size t selected = 3;
int prefix total = sum prefix(values, selected);
int full total = sum prefix(values, count);
printf("%zu %zu %d %d\n", count, selected, prefix total, full total);
return 0;
}
T & s s 3@ g 39 AR T wrerar o
sum_prefix(values, selected) 3 0,1,2 4,11,12 12
sum_prefix(values, count) 5 0,1,2,3,4 4,11,12,18, 20 20

Ugcil Shict UTd HIS[G deal | & chael o= grd g1 gExt 9l Uig gdl 81 8T8t i < length ohT UTeld hidl & 3R hieR chl
QY g < oft arar R HAT A g1 G I SerTT-3reiT 0 ¥ Y= BId 81 values & AXd Shal o ol 8, FAfIY chleik &l TR
3Rafedd gar g1 3<¥eye: 5 3 12 20, {73 dfery

319 UB foh g @Y H sizeof values ol T 31 gL

* main ® values arafdeh Uia-dadl arall OR 8, 34fIT T SRR Tt Ul dl ot A hear &

* sum_prefix & HaR values UTger ;REfieR §, 3Ty ST SR 39 int * GRTHIER USR T gl Rifter giwon &
i IS forg™t @ PieR &1 W TR GRIAT gl g
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* 39 Ugeh e | sizeof values[0] 31d ¥t int ehl AT UTEeR & SThR bl dcd oh TR T WHT 4 &l &1 78
TS T AT O his I & a8l &

3 YR @ S[S a2 &, Tg 1A I8! foh il STgc SHThRY T 37T g SifAard g1 fonelt mefie o Treareres Tt s was-
7w g 781 x| Uiger IRiIeR S+ 31Tg OR-cialTs ohT ST thics @l IE@dT| Llength hl SHIE I8 SIUTd 7@+ & WE
ey @e S| FAfYd sgagR et 59 wium | g9 ufdwima= T8l 8l

g fafat it gt a1 ft veR glar @

I Sfifad QR & &Y IugerT Ulsex] bl geH & deal # signed &2 et Tendll 81 Gek a1 a1 Uiger 39 | i one-past [RAfT
R gl ehd & | IRUMH aht <stddef. h> H Gifdd signed guTies UehR ptrdiff t & THMET A1T1 I B o fIq %td o |
B SRl hael -5 8 5 dch & 3R 39 UehR H FHTC ¢ | fohdl amra Uiger-3iaR ol 39 4RUM ¥ 7 Hgst a1 B1Y foh 39T
TR 37aTh ©U 9 int AT size t gl

AT j 3R k g1 TR Ugel UTgex & ¥ qERT g I URUMH j - k g1 ShH AEIYUl g: 3id H ¥ IR G G-, IRH
# T 3id geHT HuH IR fohet fRAMT & ¥ 98! [ germ = a1 81 8 It o dhed a1 8, a1se 8l g9 T R &
UTgex gl UeTd, ¥t &Il UR & | H g1 aT Ich! TIvuny 91 fordt gf1 I8 UTs Uigexr UeTd ol IUANT Ig UdT 7T+ &
forq =&Y ehear foh &t SraTd Ufder Geh 6t R o ¢ a1 &l |

&1 3T 9 Ugd ST he

g IR Hifclen SRR ST o1 3ich oh & | TdTceHeh IR oh 1Y TehR SR 13T o dear oft aarg| - urs-selies # &g
ST g had ifiensor & oI §; ITeh 313y SRR st dhuarset a1 fAwarfed = &e

31y 1 fRAfat & arfiereor ok ot &t

A o foh g Siifad sfdaess fRar R int al4] = {9, 3, 7, 2}; HISE & & Fcich ol WA SHIThUT e IY dIea-
UigeR, Ay Sifaw-dier uider, du quifer s a1 SRWINT SHTIRA | 3 hH & Tl dTet W ) g

a +
a +
*(a
*(a
a +

~ ~—

1
R U4+ + ho
AW

fOhR g1 A faQ QR R UHum &1 33y ad1y| <%= W Ugdl first = a 3fRend = a + 4 AR 3ifdA dd & AM,
end - first 8fR first - endmﬁﬁlﬁ@ﬁ%mﬁ-wwaﬁ?ﬁ?ﬁﬂﬁ?
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31T 2 Uah GEex IellV 3R &l d a&at
gefAT fRAT 1 ¢80 QR & AT I 31T e | AT foh q o Tl o &1 q[0] RIT IAdT 8

#include <stdio.h>

int main(void)

{

'—l.
=)
~+
Q
—_—
u
n i —

q=9qg+1;
qlo] = *p - 2;
printf("%sd %d %d %d %d | %d %d\n",
ale], alll, al2], al3], al4l, *p, *a);
return 0;

3T 3 NI S a1eT T Sieh e
e il el hl SifT T Ugel I iR Axad §Y IhT AT FchTerT 81 T SRRFEI Siet dhaet anffenzor & forg &1
int values[3] = {3, 4, 6};

int *p = values + 3;
int total = 0;

while (p != values) {
total += *p;
p=p-1

}

TGl feel AU UG | SISt h chelel &l LTHEI h s SaeTehe GUR, [t 3 a1 hH, hitten aiT 3R Sifaw iger fRafa
IS | FHSG foh Gl g8 aTSt ugel dea T Ugel &l Uigex st ol -Ta) et | AfS YR p = values 9 B, df eRIT GERT
g3 U $® Ugdr?

31T 4 ar8 e fan sifaw w9 Aerre

WWWH@Wint final value(int data[], size t length)glmaﬁfﬂﬁﬁﬁﬁﬁgﬁf@w
fhg int QR & Ugel dcd 1 UTgeR 3R hH-T-hH 1 T aredfaes M=t @ ifdes =81 g1 718 fans =gy a8 sifaw g=m gan
quiieh ST & 3R ol dcd el dcerdr|

main # int data[5] = {2, 4, 6, 8, 9}; o foIq qrdfdeh W & M MehTeTeRR hict T | T o TgrIh
Ther & HidR TW® a8 6l S8 sizeof data / sizeof data[0] & 3 ol A6l 1 T fopdt AfF R <= mar
UTgeR 3ThR dedl hl T ifard sl 87 IS foh data[length - 1] & foU eTcHes <ams &Y <1 ol =nfeul

C11 teaching convention - Bounded introductory coverage 95



Lesson 05 - fg=< GATE CS - Arrays and pointers

QR & 3R e Il i ufaferar

3T 1 T &
*a + 0,al0] HIIYUERE
* a + 439 one-past UlEeR &; 399 Yuifer UgAT T fora= §4a =&l &
s *(a + 3) dfdAd@ A dY TSI 3R 2 a8
* *(a + 4) one-past Ulgex I Helifchd SRIY - T YA g AURHINT agR, fSdent ig RufRa quifen
ufomd 7 &
* a + 57 UTgeR ST &Y 31y ¢: 91E & SRWY fohy famr oft sraRenfia sgagr
« a - 1 ordy uiger fAnfor : Uge d@ ¥ uge i orgad fRAfY gt &

1 o1 FRferd TR chael SAd RART vt ITTNT ahdT ¢ 3R UgA & Uget UIs Ied1 &1 forward 3R backward,
ptrdiff t &, STafch dd ol Uel AT A int gl

#include <stddef.h>
#include <stdio.h>

int main(void)

{
int a[4] = {9, 3, 7, 2};
int *first = a;
int *end = a + 4;
int *last = end - 1;
ptrdiff t forward = end - first;
ptrdiff t backward = first - end;
printf("%sd %td %td\n", *last, forward, backward);
return 0;
}

AT 8: first h g 0, end F T4 3R last F AT 313/@RE4 - 0 = 43R0 - 4 = -41373CYe: 2 4 -4, R
72 tfeRr W saRafda g

@ 3 g Sifaw 3 it sifam AT Twer AT 81 4 ot o) AT folg aTge SRR & T[oT & fohdt SR Ut &t IR &
gla + 57l 39 HRUT gI-RIgd AT foh I UgT A&l T, Ulgex AT hl 7=t HHTY ST 81 his URI&TUT I 1Y sTeh!
1 RS IR &l & FehdTl

SWTH 2 FT gt

39 TRUT & 918 R &A= p i A q ) f&xfa
ot giwong {2, 5, 8, 4, 1} 1 1
p=p+2 {2, 5, 8, 4, 1} 3 1
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39 RO & 918 R&FAA p 1 f&xfa q H A
*p = *q + 3 {2, 5, 8, 8, 1} 3 1
g=q+1 {2, 5, 8, 8, 1} 3 2
ql0] = *p - 2 {2, 5, 6, 8, 1} 3 2

UGl ITel Shddl p Seeld! g, Ul [hy Uigex A WA ¢ | UgT @ q & 5 Ugdl g 3R p h Id a[3] H 8 fer@ar g1 f g
fRIfd 2 W Sirar 81 Iqer Fafere 0 I fRAfT @ amer g, safag q[o], a[2] a8, a0] il ifdH @ a[3] T
IIAT 8 UgdT 8, 2 HeTdT & 3R a[2] H 6 RadT &l

TgA R forgm & g sdvmer 9t diger fRfaat 1, 2 a1 3 8, St ufg-doal It Rk HiaR 13m3eye:2 5 6 8 1 | 8 6,
fOhe < dfeRT1 a[0] H SecTTa Sa™T q @t 3 ot QR & 3R &I ATH AT AT &1 p & 1A q ot Ht Tl it fhy uider A
! VIR S[STd H &t et it |

31T 3 &l g1

values + 3 M1 AY g1 Ugell JU-SiTd HaI §, cifeh el SISt ehl Ugell WeHe I4T ifan AT o Uider T Ug &t hifAr
T ¢ | IY USH Sl TagR URAIMNT g1 C 39 rgRfard 3ier o forg ahis @t RafRa 78t e

UG § Uget Uie el

#include <stdio.h>

int main(void)

{
int values[3] = {3, 4, 6};
int *p = values + 3;
int total = 0;
while (p !'= values) {
p=p-1;
total += *p;
}
printf("%sd %d\n", total, p == values);
return 0;
}
ardt &= Trdt @ ugst A e & 1% udl A er A+ 1Y & a1 i
1 3 2 6 6
2 2 1 4 10
3 1 0 3 13

C11 teaching convention - Bounded introductory coverage 97



Lesson 05 - fg= GATE CS - Arrays and pointers

R AP Sild R IaqH AT 1 T3 F g gl Iie ST R 0 T 2 & 9 ye aivg [RAfT et g1 it stst & a1€ p,
values & SRTeR g; fi T ¥ Ugdl 81 3Tl il 3l 8l STt ¢ | 39fely U sl AR -1 781 a=1ar| g5t i sirst
SR AR S 81 3M3eye: 13 1, fhe 5 dfery; W sraRafda g1

i GeRT U values ¥ & gl At Ugel! SIid 81 Al 8. <his sifs! Aal, dTe Aol US Fal, a1 0| IRAfdh di=-adedl arelt
R 3 o HiE 81 A W EART AR oy fomT gt [siet didex ot chaet Sifaw I W @ & uger ad ge Sg | foneht
GHG A dTet TN § A A o Soid et (R, S, @1et 3R ga+ a1 Ut deiy gur|

I 4 Rl g1

#include <stddef.h>
#include <stdio.h>

int final value(int data[], size t length)

{
return data[length - 1];

}

int main(void)

{
int data[5] = {2, 4, 6, 8, 9};
size t length = sizeof data / sizeof datal0];
int answer = final value(data, length);
printf("%zu %d\n", length, answer);
return 0;

}

main H U5 * S / S = 58, ST S, sizeof data[0] o ERATAT &1 hicT Ugel ded ol Ureex 3R A=l 5 Fr prdft ft
&1 Ggreh therM H length - 1,48, ST ¥ §3a9 ¢, 3R gl sMfRemsst fohar 719 9 g1 3m3eye: 5 9, f =18 dfdry I R
3R Bier Fi = 1 srafafda B &l

g harF & iR data &1 THEISIA TR int * g1 YT IThR I Uisex UehR hi HTUCT §, STdfch sizeof
data[0], int &l ATUAT & STehT SITUTA -1 g8 <iaTs AT QR hl & g @iorar| & fALy shicil | uiger 3R A g &
3Tch W TR A &1 81 ST1d; 34T TgTach thar ol IuFe diH-dcdt arer 0% ft feam 51 derar 81 g7 o+t ufder Uenri o
3TThR AT i T &A1 Tal hed |

SIS Pl length >= 1 3ifdH T I 1 A RITUT AT 8 3R 1 e 3R a+1ar 81 - At 39 agrae thare
% IFEY I dISd! §; TRUMH & & ol I deh Ugan ol Jedich 7 i | &FdT & HiaR 4eTcTes et & g $8aa 0 ©
AT TT 1 ek ¢ 1 39T UR ol aTs 3 3 IR S8 2 AT QT 3R 6 T | hieiR ST HTehR-3TUTd SHh! &HdT &dT 6
BleT AT gor fgwar a1fgy dt ITh! aTs STHegia &t gt

«aRa dgdf
« W & ggaH 3R gdAM Uide (R F gt & A T AT aof B
« int *H 1 SSH W UG int I 3F ST §; IS SMThR A chl ST gl &
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» had p + k 1AM FHepTe= G p 781 dealdT; SYTSTHE IT p ohi 3f~hHe AT ITH @ Ugex A 3TUSE s Gehdl
« dudeA & fATali], *(a + i) FAATE; p[i], p N afa fAfT T Trder &
- fmfor & fog 0 & e des FRfT srgd €; 9 U o forast & g 0 @ et ger 1 aa =gy
* one-past I+ hi 3y fRAfT 8, i3 sifalkea uer a1 fore ot a@ =81
* CT¥icT <hY BT, Siid R heH ehl T YHTONT ehe; Sfehe! gt GR&T g 8T ahalt
o I R & uTdel ol 3Rk dedl & signed sed AT §; ptrdiff t 3R sstd o
* sizeof A URVM size t&; %zu o 3R M T 1 T T Uget ST YATHS gIHT Sird
* WR-3MHR NIUT chael ar&dideh O ol Fd a1 8; TSI Uigex TR at ord +ft e darg =gy

3T g ¥ ugs

JTITYL I AT AT TV Uge SMTUh! g3 §18 T8 (RAT a1 ARy T sirem anfgy | g off a1 9ah foh g Rede ufder
AT ¢ TT YUTich SaaldT g1 Sleh 39 sizeof SSch UR Ig UG foh ATH ardides B g AT AT Uigex IRTHIeR | I8 U1
Ueh-3Mar fRR 3TehR aTet R e ARG ; et oft gmm uidex Y derdr o I uieror =gt 24

Ird-gaeft qu-sita; WG14 N1570, @s 6.3.2.1, 6.5.2.1, 6.5.3.4, 6.5.6, 6.7.6.3, 7.19 3R 7.21.6.1 | ARATY, I&IEIT,
& 3R 31Ty Hifeleh &1 U8 Sooid d-Sild ohl Ald UgadT g; R4 FId-3IuT o fgdra arad et S a1 aoft srfdrenri
Y Ty HSY Rl &ra 8l Bl
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Lesson 06 - English GATE CS - Arrays and pointers

Lesson 06 - English

Rows and columns in two-dimensional
arrays

One array can contain smaller arrays

A one-dimensional array gives each element one index. Now suppose each row contains three integers
and there are two rows. We still select one object at a time: first a row, then an integer within that row.
Keeping those two selections separate makes the loops, pointer types and boundaries much easier to
explain.

In this lesson you will read a two-dimensional initializer, trace a nested loop, place an accumulator reset
correctly, scan a chosen column and distinguish movement between rows from movement between
integers. You will explain the row type instead of treating every pointer as an interchangeable address.

Prerequisites: initialized arrays and valid indices; loop tests, updates and accumulators; pointer targets
and copied values; array-to-pointer conversion; element-unit pointer arithmetic, one-past boundaries,
sizeof, size t and %zu. The earlier call model remains unchanged, but this lesson needs no new helper
interface.

C11 is our teaching convention, not a version specified by the GATE syllabus. All actual arrays here have
positive constant dimensions and initialized int elements. All int calculations remain within -32767
through 32767. Each complete program is independent. Explicitly marked classification fragments must
never be compiled or executed. We assume no particular int byte size or pointer width. Variable-length
arrays, allocation, general double-pointer programming and matrix algorithms are outside this lesson.

Read both dimensions and both initializer levels

For int grid[2]1[3] = {{4, 1, 7}, {2, 6, 3}};, read the declaration as an array of two elements,
where each element is itself an array of three int objects. The outer array's element is a whole row. The
row's element is one integer.

Row index Column 0 Column 1 Column 2
0 4 1 7
1 2 6 3

The first inner brace group initializes row 0, and the second initializes row 1. The dimensions are counts:
two rows and three columns in every row. They are not the last valid indices.

* grid[0] selects the first three-integer row

grid[1]1[2] selects column 2 within row 1, whose current value is 3

grid[0]1[1] selects a different integer, currently 1

* Aread or write of grid[r][c] requiresboth® <= r && r <2and0 <= c & ¢ < 3
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The first index is not “whichever dimension is being scanned.” It always selects a row in this declaration.
A column scan changes the row index while holding the column index fixed. Swapping the indices
changes the selected object and can violate a different bound.

Brace grouping also makes omitted values clear. int ready[2]1[3] = {{5}, {2, 4}}; starts with rows
{5, 0, 0} and {2, 4, 0}.The zeros come from the initializer rule, not from a general promise about
automatic storage. An automatic declaration without an initializer does not acquire these guaranteed
zeros. Our executable programs provide initialized elements before any read.

A nested loop finishes its inner work before advancing the outer index

A nested loop is a loop inside another loop's body. For a row scan, keep r fixed while c visits 0, 1 and 2.
Only after that entire inner loop ends does the outer loop advance r.

Read the first worked program with this execution order:

1. Initialize outer rto0O and test r < 2

Enter that row's outer body, initialize row_total to 0, and reach the inner loop
Initialize inner c to O, test ¢ < 3, process the element, then update c

Repeat the inner test/body/update until the test fails with ¢ = 3

Continue with the remaining statements in the outer body, including saving this row's total

o v M W N

Finish the outer body, update r, and test the outer condition again

On the next successful outer test, the body reaches int row total = 0; again. This starts the new row's
total at zero. Reaching for (int ¢ = 0; ...) again also starts that inner scan at column 0. Do not carry
the previous inner scan's ending value 3 into the next row. Each declared c is local to its own execution of
the inner loop; it is not available for use after that loop. These are source-level execution steps, not
claims about machine instructions.

The reset point expresses the accumulator's purpose. Reset once per row to get separate row totals.
Reset inside every inner body and you discard earlier values in the same row. Reset only before the outer
loop and the value continues across rows. All three placements can stay within array bounds; only one
meets the separate-row-total objective.
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Worked example 1 Separate row totals and a whole-grid total

Predict the two row totals and the final combined total. The initialized one-dimensional totals array
keeps the completed results; it is separate storage from grid.

#include <stdio.h>

int main(void)
{
int grid[2][3]1 = {{4, 1, 7}, {2, 6, 3}};
int totals[2] = {0, 0};
int grand total = 0;
for (int r=0; r < 2; r++) {
int row total = 0;
for (int ¢ = 0; ¢ < 3; c++) {
row_total += grid[r]l[c];
}
totals[r] = row total;
grand_total += row_total;
}
printf("sd %d | %d\n", totals[0], totals[1l], grand total);
return 0,

The inner-body visit order and row totals are:

Visit number r c Value read row_total after addition
1 0 0 4 4
2 0 1 1 5
3 0 2 7 12
4 1 0 2 2
5 1 1 6 8
6 1 2 3 11

After row O's inner loop, store 12 in totals[0] and add 12 to grand total. After row 1's inner loop, store
11in totals[1] and add 11 to the current 12. Output: 12 11 | 23, followed by a newline. grid is
unchanged.

At the checkpoint just before an inner test, r identifies the current row and row_total is the sum of that
row's columns already visited, from 0 through ¢ - 1. At c = 0, this set is empty and the total is zero. At
the failed test with ¢ = 3, it covers the whole row. At each outer-test checkpoint, grand total is the sum
of all completed earlier rows; totals stores their individual totals. The unprocessed entries of totals
retain their initialized zeros. These meanings explain both resets: row_total restarts per row, whereas
grand_total retains completed rows.

C11 teaching convention - Bounded introductory coverage 102



Lesson 06 - English GATE CS - Arrays and pointers

The outer loop has two bodies and three condition tests. Each of its bodies runs an inner loop with three
bodies and four condition tests. Altogether there are six inner bodies and eight inner condition tests,
including a separate final failed test for each row. Both indices advance by one toward their finite
bounds. No body runs at row 2 or column 3.

A second row total of 23 would carry the first row's total into the second. A first row total of 7 would
discard earlier entries in that row. An order starting (0,0), (1,1) would incorrectly advance both indices
together: the actual inner loop finishes all three columns before the outer update.

Worked example 2 Fix a column, then read before a selected update

This time only column 1 is selected. Add each visited integer's old value to before total, and increase it
by 4 only when it is below 5. The chosen column is within 0 through 2, and the loop visits the two
existing rows. The shown small additions are representable in int.

#include <stdio.h>

int main(void)

{
int grid[2]1[3] = {{3, 8, 1}, {6, 2, 5}};
int column = 1;
int before total = 0;
int changed = 0;
for (int r=0; r < 2; r++) {
before total += grid[r][column];
if (grid[r]l[column] < 5) {
grid[r][column] += 4;
changed++;
}
¥
printf("%sd %d | %d %d\n",
before total, changed, grid[0@][column], grid[1l][column]);
return 0;
}
Visited Fixed Oold before_total after Value after possible
... changed
row column value addition store
0 1 8 8 8 0
1 1 2 10 6 1

At row 0, add 8. The condition 8 < 5 is false, so that element stays 8. At row 1, add the old 2, making
before_total = 10; the condition is true, so store 6 and increase changed to 1. The array ends with rows
{3, 8, 1}and {6, 6, 5}.Output:10 1 | 8 6, followed by a newline.

Before each loop test, before_total contains the original values from the already visited rows of this
selected column. changed counts how many of those positions received a store. Each selected position is
visited once; other columns have not been read or changed by this loop. After the failed testat r = 2,
these statements cover the whole chosen column. There are two bodies and three loop tests.
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The new column total is 14, but before_total remains 10. A saved integer total does not automatically
follow later element changes. Predicting 14 for that variable reverses the stated read/store order.
Predicting three visits uses the column count as a row bound. No nested loop is needed for one fixed
column: only one index varies.

Layout describes storage; loop order describes visits

The six integers in a 2-by-3 array are laid out in this order: grid[01[0]1, grid[0]1[1], grid[0][2], grid[1]
[0]1,grid[1][1], grid[1][2]. This is row-major layout. Each row is contiguous, and the two rows are
consecutive elements of the outer array. The right-hand index advances through a row before the next
row begins.

If one int occupies S C bytes, one row occupies 3 * S, and the whole grid occupies2 * 3 * S. Thisis a
symbolic size description, not executable pointer arithmetic or a claim that S is 4. It also does not
authorize treating the inner arrays as a single six-element int array through a scalar pointer.

A program can choose a column-first visit order while storage remains row-major. A column-first scan
would visit (0,0), (1,0), (0,1), (1,1), (0,2), (1,2).Interchanging loop nesting changes the
sequence of accesses, not the declared shape or layout. Each access must still satisfy its own row and
column bounds. We make no hardware timing claim from these small traces.

A pointer to a row is different from a pointer to an integer

Use the known shape int grid[2][3]. The declaration int (*row)[3] = grid; creates a pointer to an
array of three int objects. The parentheses around *row matter: this declaration says that following row
gives a three-integer array. We need only this one new pointer declaration, not general complicated
declarators.

In this initializer, grid converts to a pointer to its first element. Its first element is the row grid[0], so the
result has type int (*)[3]. It does not skip directly to an int * or turninto an int **,

By contrast, int *cell = grid[0]; selects row 0 and then converts that row expression to a pointer to
its first integer, grid[0][0]. The conversion has happened at a different array level.

Expression in this stated context Type or selected object

Actual object grid Array of two arrays of three int objects
grid as initializer for row int (*)I[3], pointing to row 0

grid[0] as initializer for cell int *, pointing to row 0, column 0
&grid[0] int (*)[3], pointer to the first whole row
&grid[0][0] int *, pointer to the first integer
grid[1][2] The int object at row 1, column 2
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Initially, with row = grid, row + 1 points to row 1. One step counts one pointed-to object, which here is
an entire three-integer row. With cell = grid[0], cell + 1 points to row 0, column 1. Its step counts
one int within that inner array. Neither expression alone changes its pointer variable or any stored
integer. An assignment such as row = row + 1; saves the new pointer position.

Following row gives the selected row; (*row) [c] then selects integer c in that row. With row initially at
row 0, row[1][2] selects row 1, column 2. After moving row to row 1, use (*row) [2] or row[0][2] for its
column 2. Pointer-relative subscripts are relative to the current pointer position, just as in the previous
lesson.

The two layers also have different one-past positions. grid + 2 is the valid endpoint after the two-row
outer array, with no row there to access. grid[0] + 3is the valid endpoint after the three integers of row
0, with no integer there to read or write through that pointer. To reach the next row's first integer, select
it through grid[1]1[0] or a valid row pointer. Do not dereference the scalar endpoint to cross that inner-
array boundary. In particular, reading grid[0][3] is invalid even though another row follows. Contiguous
placement does not cancel the subarray's bound.

Finally, int ** means pointer to a pointer-to-int object. This grid stores rows of integers; it does not
store an array of int * objects for a double pointer to follow. The converted row-pointer type int (*)[3]
and int ** are incompatible. Do not substitute one for the other or add a cast to hide that mismatch.
Recognizing the mismatch is the full double-pointer scope of this lesson.

Count rows and columns where the actual array is available

At the actual grid declaration, sizeof grid / sizeof grid[0] is 2: whole-grid size divided by one-row
Size. sizeof grid[0] / sizeof grid[0][0] is 3: one-row size divided by one-integer size. The array
operands of these sizeof expressions keep their array types instead of converting to pointers.

Below we store both counts in size t variables, as introduced in the previous lesson; use %zu to print
those variables. A pointer variable called row is still a pointer, so sizeof row does not give the grid's total
size or recover its number of rows. The fixed three-column row type determines the kind of step; it does
not store a runtime count of available rows. We use no two-dimensional function parameters in this
lesson.

Practice before opening the solutions

These four original transfer tasks are unscored. Give the reasoning checkpoint, selected indices or
pointer targets as well as the numeric answer. The text-fenced material in Practices 3 and 4 is for
classification only; never compile or execute it.
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Practice 1 A row total and a column total

Give the output and the two sequences of visited positions. Which position participates in both
calculations? Does that make it count twice within either individual calculation?

#include <stdio.h>

int main(void)

{
int grid[2]1[3] = {{5, 2, 9}, {4, 7, 1}};
int row total = 0;
for (int ¢ = 0; ¢ < 3; c++) {
row_total += grid[1][c];
}
int column_total = 0;
for (int r = 0; r < 2; r++) {
column_total += grid[r][2];
}
printf("%sd %d\n", row total, column_total);
return 0;
}

Practice 2 Diagnose a misplaced reset in a column-first scan

The intention is three separate column totals. This program stays within bounds, but does it meet that
intention? Give its actual output, exact inner-body visit order and the counts of outer and inner loop-
condition tests. Then move the initialization of total to the correct place and give the repaired output.

#include <stdio.h>

int main(void)

{
int grid[2][3] = {{2, 4, 1}, {6, 3, 5}};
int totals[3] = {0, 0, 0};
int total = 0;
for (int ¢ = 0; ¢ < 3; c++) {
for (int r=0; r < 2; r++) {
total += grid[r]llc];
}
totals[c] = total;
}
printf("%sd %d %d\n", totals[0], totals[1l], totals[2]);
return 0;
}
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Practice 3 Repair the varying dimension's bound

Read this unsafe fragment only. The intention is the sum of column 2. Identify the first out-of-bounds
pair it would attempt. Repair only the loop bound, then give the repaired total and explain why replacing
the column by 1 would not repair the row bound.

int grid[2]1[3] = {{1, 3, 2}, {7, 4, 6}};
int column = 2;
int total = 0;
for (int r =0; r < 3; r++) {
total += grid[r][column];

}

Practice 4 Keep the row pointer and scalar pointer separate

Give the full output and the final targets of row and cell. Explain both size ratios and each pointer step.

#include <stddef.h>
#include <stdio.h>

int main(void)

{
int grid[21[3] = {{5, 1, 4}, {2, 8, 6}};
int (*row)[3] = grid;
int *cell = grid[0] + 1;
row = row + 1;
(*row) [0] = *cell + 3;
cell = cell + 1;
*cell = (*row)[1l] - 2;
size t rows = sizeof grid / sizeof grid[0];
size t columns = sizeof grid[0] / sizeof grid[0][0];
printf("%szu %zu | %d %d %d | %d %d %d\n",
rows, columns, grid[0][0], grid[@][1], grid[0][2],
grid[1][0], grid[1][1], grid[1][2]);
return 0;
}

Separately classify each of the following in the context of that live 2-by-3 grid. They are independent
alternatives, not subsequent statements. Distinguish a valid endpoint, an invalid element read and an
incompatible declaration.

grid + 2

grid[0] + 3
grid[e][3]
grid[1][3]

int **wrong = grid;
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Full solutions and wrong-turn feedback

Practice 1 solution

The first loop fixes row 1. It visits (1,0), (1,1), (1,2),reading4,7 and 1. Its running totals are 4, 11
and 12. At each test, row total describes the visited prefix of row 1. The second loop fixes column 2,
visiting (0,2), (1,2) and reading 9 then 1. Its independent running totals are 9 and 10.

Output: 12 10, followed by a newline. The grid is unchanged. Position (1,2) participates once in each
calculation; it is not visited twice by either loop. The accumulators answer two different questions and
do not share their running state.

A first total of 10 would calculate a column instead of the requested row. A second total of 22 would start
with the first loop's completed 12 instead of the new zero. Each loop's varying index must use its own
dimension's bound: three columns for the first loop, two rows for the second.

Practice 2 solution

The visits are (0,0), (1,0), (0,1), (1,1), (0,2), (1,2).Thevaluesreadare?2,6,4,3,1and5.
Without a per-column reset, the running totals are 2, 8, 12, 15, 16 and 21. The completed columns
therefore store 8, 15 and 21. Actual output: 8 15 21, followed by a newline.

The outer loop runs three bodies and four tests. Each inner loop runs two bodies and three tests, so
there are six inner bodies and nine inner tests overall. Reaching the inner declaration restarts r at 0 for
each new column. The failed inner test at r = 2 does not end the outer loop.

Move int total = 0; inside the outer body, before the inner loop:

#include <stdio.h>

int main(void)

{
int grid[2][3] = {{2, 4, 1}, {6, 3, 5}};
int totals[3] = {0, 0, 0};
for (int ¢ = 0; ¢ < 3; c++) {
int total = 0;
for (int r=0; r < 2; r++) {
total += grid[r][c];
¥
totals[c] = total;
}
printf("%sd %d %d\n", totals[0], totals[1l], totals[2]);
return 0;
}

Now each inner-test checkpoint says: total is the sum of the already visited rows of the current column
only. Column 0 has totals 2 then 8; column 1 starts afresh, giving 4 then 7; column 2 starts afresh, giving
1 then 6. Repaired output: 8 7 6, followed by a newline. Visit order, loop-test counts and grid values are
unchanged.
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Resetting inside the inner body would instead keep only each column's last value, producing 6, 3 and 5.
Swapping the loop bounds without changing what the indices select could create invalid accesses. The
original issue is accumulator lifetime and reset placement, not layout or a pointer conversion.

Practice 3 solution

The valid row indices are 0 and 1, while the chosen column 2 is valid in each row. The proposed loop
would first attempt an invalid access at (2,2): a third row does not exist. It has undefined behavior, so
C11 prescribes no numeric output or guaranteed partial total for the original fragment. Moving to
column 1 still leaves a nonexistent row 2.

Use r < 2. The repaired complete program is:

#include <stdio.h>

int main(void)

{
int grid[2]1[3] = {{1, 3, 2}, {7, 4, 6}};
int column = 2;
int total = 0;
for (int r=0; r < 2; r++) {
total += grid[r][column];
}
printf("sd\n", total);
return 0;
}

It reads 2 and 6, with running totals 2 and 8. Output: 8, followed by a newline. It has two bodies and
three tests; the failed test at row 2 prevents an element access there. The fix meets the full chosen-
column objective. A bound of 1 would avoid the invalid access but would omit the second row. A bound
of 3 came from the wrong dimension, not from a lack of a third integer in each existing row.

Practice 4 solution

Initially row points to row 0, while cell points to row 0, column 1. Moving row by 1 selects the next whole
row, row 1, and leaves cell unchanged. The store (*row) [0] = *cell + 3 readsthe 1inrow 0, column 1,
and writes 4 into row 1, column 0.

Moving cell by 1 stays within row 0 and selects column 2. Then (*row) [1] reads row 1, column 1, whose
value is 8. The subtraction gives 6, which is stored through cell into row 0, column 2. Final rows: {5, 1,
6} and {4, 8, 6}.The final pointer targets are the whole row 1 for row and row 0, column 2 for cell.

The first size ratio divides two-row storage by one-row storage and yields 2. The second divides a three-
integer row by one integer and yields 3. Neither requires a numeric byte size. Both counts are stored in
size tvariables, so their print formats are %zu; the six element values are int, printed with %d. Output:
23516 | 48 6, followed by a newline.

Independent classifications:

* grid + 2:valid one-past pointer for the outer array of rows; no row exists there to access
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grid[0] + 3:valid one-past pointer for row 0's integer array; no integer is readable or writable
through this endpoint

grid[0]1[3]: invalid integer read beyond row 0; the next row's contiguous storage does not make
column 3 valid

grid[1]1[3]:invalid integer read beyond row 1; there is no fourth integer in that row either

int **wrong = grid;:incompatible pointer initialization that violates a C constraint and requires a
diagnostic. grid supplies int (*)[3], not int **, This is not a valid C11 declaration to run for an
output

Predicting that the first store changes row 0 ignores the row-sized step. Predicting that moving cell also
moves row confuses independent pointer objects. Treating the two invalid column reads as part of a six-
integer flat scan discards the inner-array bounds. Keep the type, current target and governing array
together.

Quick reference

int grid[2][3] is an array of two rows; each row is an array of three int objects
grid[r][c] selects a row, then an integer; check both dimension bounds separately
In a row-outer nested loop, finish the inner column loop before the next outer row update

Reaching an inner loop again restarts its initializer; reset a separate total once per row or column, as
intended

State an accumulator's meaning at a precise checkpoint, including whether it contains old or
updated values

A fixed-column scan varies the row index and uses the row count as its bound

Row-major storage does not force row-first visits or permit scalar-pointer reads across inner-array
boundaries

grid converts to int (*)[3]; a selected row such as grid[0] can convert to int *; neither makes
this grid an int *x

One row-pointer step selects the next row; one scalar-pointer step selects the next integer within its
own row

At the actual array, whole size / row size counts rows, and row size / integer size counts columns;
use size t and %zu

C11 teaching convention - Bounded introductory coverage 110



Lesson 06 - English GATE CS - Arrays and pointers

Before moving on

Trace a nested loop without advancing both indices together. Explain the chosen reset point, the two
access bounds and the type that determines each pointer step. You are ready for the integrated learning
review when you can combine those explanations with the earlier lessons' copied values, caller-visible
stores and one-past reasoning. The review adds no new teaching topic. This module remains
introductory array and pointer reasoning, not complete C or the complete GATE CS syllabus.

Semantic fact checks: WG14 N1570, clauses 5.1.1.3p1, 6.2.5p20, 6.3.2.1p3, 6.5.2.1p2-3, 6.5.3.2p3-4,
6.5.3.4, 6.5.6p8, 6.5.16.1p1, 6.7.6.2, 6.7.9p11, p17-21, 6.8p3, 6.8.5.3p1, 7.19 and 7.21.6.1. All teaching
explanations, examples, traces and practice are original. This attribution does not certify historical
source accounting or global rights clearance.
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#include <stdio.h>

int main(void)

{
int grid[2]1[3] = {{4, 1, 7}, {2, 6, 3}};
int totals[2] = {0, 0};
int grand total = 0;
for (int r = 0; r < 2; r++) {
int row total = 0;
for (int ¢ = 0; ¢ < 3; c++) {
row total += grid[r][c];
}
totals[r] = row_total;
grand_total += row total;
}
printf("sd %d | %d\n", totals[0], totals[1l], grand total);
return 0;
}
ftat It & S o1 ohw SR dfery-atr &:
i@ fy "= r c el 7 Sitg & 1€ row_total
1 0 0 4 4
2 0 1 1 5
3 0 2 7 12
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#include <stdio.h>

int main(void)

{
int grid[2]1[3] = {{3, 8, 1}, {6, 2, 5}};
int column = 1;
int before total = 0;
int changed = 0;
for (int r =0; r < 2; r++) {
before total += grid[r][column];
if (grid[r]l[column] < 5) {
grid[r][column] += 4;
changed++;
}
}
printf("sd %d | %d %d\n",
before total, changed, grid[0@][column], grid[1][column]);
return 0;
}
= ufaa R e QRET A Sitg & a1g before_total g S & 918 JH changed
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3R TTeT hiBh HEAYUT & V0T hgd! g fh row o <187 deh ST WR 1 quifent e QR fAeTar 81 g haet g Ueh 3 Uig?
gIvoT 13, T STfee SIvomd T8

39 3SR H grid 879+ Ugel dd & Uigex H SGeldl & | ITeh! UgdT dcd UfekT grid[0] §, $9feiT URume &1 UehR
int (*)[3] 8198 WY int * dch A1 Ugd SIAT 3R T int ** §aT1 |

g9 fAudd, int *cell = grid[0]; Ugat UfckT O T & SR fthe 3T UfekT & &sTeh ot 3Th Ug Quiieh grid[0][6]
& UIgeR # Feeldl g1 TN UR o g@R &R W g gl

qaTg gQ Hef &1 aSTh WeRTR AT AT SHTestae

e 3ffssiae grid AR AR, Uh%h H 9 int sifestae
row & gfARIGTSTR & ®U H grid int (*)[3], dfdq 0 & ek

cell & sRfraemgeR F T H grid([0] int *, Ufd 0, Pfem 0 it 3R
&grid[e] int (*)[3], o ugeh Ui T GigeR
&grid[0]1[0] int *, Uget guifeh ol Uigex
grid[1][2] UferT 1, Sietd 2 T int Sifssiae
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szgamﬁ' row = grid 81 WR row + 1 UfeT 1 eﬁmmélwmwwmwwaﬁmﬁw%maﬁ?
UigeR ¢; Tgl dg < guifen! hl g Ufert 81 cell = grid[0] 8 W cell + 1 UfeRT 0, ShictH 1 I SR ST 81 ITAT
ohe Seft iRl QX F O int FaT 1 5 G ciotent F @ I oft ordhet ST vifer @R AT 7@ §U quTfeh el wreerdn

row = row + 1; ST 3TSHE UIgeR i T3 AT TgoidT 8|

row%ﬂ@ﬂﬁﬁﬂﬂ?ﬁ@éﬁﬁﬂ?ﬁ%ﬁﬂ (*row) [c] wﬂ%m@ﬁ%ﬁcm%mgmﬁ rowﬁ%OWﬁ,?ﬁ
row[1][2] GfeT 1, Shie 2 AT &1 row ol UfekT 1 IR & ST & I1G ITeh ehied 2 & fIT (*row) [2] AT row([0] [2] I
UTger & grael JafShe gaq urgex fRAfa @ i sirar g, St s ute &t =E|

ST TRY f one-past fAfaar off st &1 grid + 2 3-Uferral aret aTedt W & a1 o1 ae fBRT 8; gl sifenmd & forg i
UfeeT 781 &1 grid[0] + 3 dfad 0 & <t guifepl o a1e o1 aer RaRT §; 39 Uider o Id Ug a1 forast & forg a8t is gorfa
e 81 STTeht Ufert o Uget Quifeh deh ugam & forg grid[1] (0] AT 39 Ufda-uiger & g4 | fiadt R Fr T ur A & fog
scalar fR Bl SRIG TR AN TT T, grid[0] [3] TST QY §, 9 8t 3Tl UfeT ITh a1 T} 81 | AR RS
g T Iu-W i War @er 81 gl

Sd H, int ** o1 Y g fohdll int-UlEer Hissiae T UlEer| gg e Yuifen! &t dferral @ ; a8 int * Sifsstare] st R}
81 T@d1 foieh I Sae UTEeR Il | FUTARUT ¥ e Ufery-ufder UehR int (%) [3] 3R int ** (T &1 Geh chl g&R
SHTE -1 T 3R YR I SR BUM o oIy ke 7 SiS | 39 iR hl Ugd™ 8t 39 UTS H Saal-UTgex &l U1 17T 8

STET areafach Q¥ Suereds g, agl uferrat iR hfers

IRdfdeh grid Y SIVOT Tt W W sizeof grid / sizeof grid[0] ol A 2 &: QR IS T 3TTeRR WHT Yeh Ufeky Al
3ThR| sizeof grid[0] / sizeof grid[0][0] T HM 3 &: Yeh UfeRT T SHTRR T Yeh YUITeh ST SThR | 3 sizeof
STeh! &b TR SITURS UTEeR H Fgad o FoTT 370+ W UhR & g

F= g1 ot fiee urs & 9a1U size t =RI & T@7; 37 TR @t BTUA & AT %zu A1 row A1 T UfgeR =R 1 oft Uiger
8, 39fIg sizeof row IS T Hef SRR &I a1 7R 7 Ieh! UfckT-Team @ierdT g | i SiaH arer @R dfery-UaR wer
o1 UehR FRUiRa adr €; a8 Suetsy tfeeral Y Tersd a7l Wadnl 39 urs # fZ-smanft tharm Srifier 78) A4

& 3@ ¥ Uge! 39T Rl

g IR Hifclen g 37T foAT Sich & | TS IR oh A1 Ik o foig, T S8 a7 UTger o a1ed ot &1 oy 3 ofR
4 3 UTS-scTch chael aiTIehUT oh flT &; I8 ehoft dhurset ar fAsonfed 7 el
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319TH 1 Teh UfeRT AT AT SR Yeh shicTH <hl AT

373eye AR &t 7 fRafaat & Sl oA a1 -4t AT a1 ot # a1t 87 orn 38 Rt G T & HiaR ag &t
TR Y STt 82

#include <stdio.h>

int main(void)

{
int grid[2]1[3] = {{5, 2, 9}, {4, 7, 1}};
int row total = 0;
for (int ¢ = 0; ¢ < 3; c++) {
row_total += grid[1][c];
}
int column_total = 0;
for (int r = 0; r < 2; r++) {
column_total += grid[r][2];
}
printf("%sd %d\n", row total, column_total);
return 0;
}

3T 2 hicTH-UgH The H 7Teid STTg & e &l uga=

3T I IHATT-31eTTT hITH-aNT FehterT 81 ag Ui H1si & Hidar gd1 8, Aok R a8 383 WX ohdT 82 ardideh
313eYe, Hial ST} a1 Steh < et ot 3R aTgdt T Hiasl fu-2rd <l Sirdl hl [t &1 fiR total @t gRfATeTgsizq
gt THIE & STV 3R FeRT 3m3eyc 2|

#include <stdio.h>

int main(void)

{
int grid[2]1[3] = {{2, 4, 1}, {6, 3, 5}};
int totals[3] = {0, 0, 0};
int total = 0;
for (int ¢ = 0; ¢ < 3; c++) {
for (int r=0; r < 2; r++) {
total += grid[r][c];
}
totals[c] = total;
}
printf("sd %d %d\n", totals[0], totals[1l], totals[2]);
return 0;
}
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ST 3 agerd AT i AT gur

59 SIRfEYd i ol hadl U | I hicH 2 T ANT g1 Ugel! HHT-S1g S UgaT ford deh Ig Ugd chl chIfAT |
et U <h! THT R, oA GerT T § SR =Y o hier ot 1 ot T dfcy Y e =t 78 gerafi

int grid[2]1[3] = {{1, 3, 2}, {7, 4, 6}};
int column = 2;
int total = 0;
for (int r =0; r < 3; r++) {
total += grid[r][column];

}

31T 4 ufay-uider 3iR scalar digex et &
TRT 3113eYe 3R row aUT cell & SifAH T8 Y| ST SThR-3UTd 3R &R UTger dheH THeY |

#include <stddef.h>
#include <stdio.h>

int main(void)

{
int grid[2]1[3] = {{5, 1, 4}, {2, 8, 6}};
int (*row)[3] = grid;
int *cell = grid[0] + 1;
row = row + 1;
(*row) [0] = *cell + 3;
cell = cell + 1;
*cell = (*row)[1] - 2;
size t rows = sizeof grid / sizeof grid[0];
size t columns = sizeof grid[0@] / sizeof grid[0][0];
printf("%szu %zu | %d %d %d | %d %d S%d\n",
rows, columns, grid[0][0], grid[0][1], grid[0][2],
grid[1][e6], grid[1][1], grid[1][2]);
return 0;
}

3T T, I Sfifad 2-a19-3 s & def & e &Y &= it o1 affencor 2| & @ f[dahed 8, a1 & & § I+ a1t Wede
Toi | der 3ifa AR, 31y da-us 3R 1T TIVUT 31T Ugam- |

grid + 2

grid[0] + 3
grid[0][3]
grid[1][3]

int **wrong = grid;
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QR & 3R e Il i ufaferar

31Ty 1 T g

Ugell U Ufert 1 R @@ g1dg (1,0), (1,1), (1,2) RSTRR 4, 7 3R 1 Ugdl 81 I8 shffeh anm 4, 11 3R 12 €1
B SI19 WR row_total UfeRT 1 & Ugel 81 & [33HTel fg& AT aufe ahdT 81 GERT ofU ehiciH 2 fRR @& (0,2), (1,2)
TR ST @ 3R 9 fhR 1 Uedr 81 3Tk Wad shifeh Il 9 3R 10 &1

3m3eye: 12 10, fRR =15 ufery| firs srofkafda &1 R (1,2) &R 71omT & vah IR ot §; oS off o0 39 &l IR 78} STl
T eh 2 STeRT U9l o ITR 4 & SR ST oA g5 SrareT TS T B

U1 A1 10 I AR UfeRT & ST et <hl TTUMHT ehdl &1 GERT ANT 22 I Y I & Sod U U o R gY 12 ¥
S[F AT 81 B U o TGcId SST Sl 31U STTATH hY AT AT Ugt & foig i apie, gEr o forg &t dfraf|
ST 2 T g

TEIHIHAE (0,0), (1,0), (0,1), (1,1), (0,2), (1,2)196HM2, 6, 4, 3, 1 3R 5 &l & Hhicdd R Ide T g+
YA a2, 8, 12, 15, 16 3R 21 €1 3Ty il R EH W 8, 15 3R 21 Fgot WId & | aRdfde 3¥eye: 8 15 21,
iR =18 dfa

&L U <l i 1Sl 3R IR Sid g1 gR i) U i & aiet ofR i Siid 8, 39y gt g Hiaxt Jidh ok At offad S
g1 ot TiwoT ek fh Ugad R X AY i o g r AIRT 0 A YLF BT 81 r = 2 W Hia Siid el 819 § 188 U
I 81 Tl

int total = 0; ol AT dfsl & HiaR, Hiadt U @ uget o STC:

#include <stdio.h>

int main(void)

{
int grid[2][3] = {{2, 4, 1}, {6, 3, 5}};
int totals[3] = {0, 0, 0};
for (int ¢ = 0; ¢c < 3; c++) {
int total = 0;
for (int r=0; r < 2; r++) {
total += grid[r][c];
}
totals[c] = total;
}
printf("%sd %d %d\n", totals[0], totals[1l], totals[2]);
return 0;
}

319 gR Hiad-Sira foig ur ug 31ef 981 8: total chdel IdHI ehictH hl Ug gl &t 118 Ufekrdl enT I 81 ehied 0 e INT 2
fthe 8 §; el 1 97 AR & & glee 4 fhe 7 &1 §; hletd 2 9Y AR & (& glae 1 fth 6 a1 81 GerT 3m3eye: 8 7 6, R
73 ufert| <= o1 oA, U-Sital Y et R g & A 18] aeerd |
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T afet & Hiar dd A TR &R let T chaet Hfaw A s, [ 6, 3 3R 5 et 39 a1 gd & I8 Faat fomT
U <l HHATY e & Y SIfATH g1 Aehd & | Tl THWT Tdeh o Stid-ehld 3R e I ST FI 8, A3 AT tlgex
FYTAROT &Y 81|

3T 3 hT &

Ay tfery a9 0 3R 1 §, STaIfch AT Shietd 2 g= Ufekt # A4 81 URATfad <[U ohT UgeTr $1ae HATH (2,2) g e dfeky
HISIG 781 & | IHehT HIgR FURWIT 8, 3aferg C11 Het 3ier & oIy hlg TaTeHeh M3IeYe AT TRE a1l SHifek Tt
fRetRa 781 edrl i 1 RS & off dfeky 2 o sifde 78t =i

r< 29 O GERT WU g

#include <stdio.h>

int main(void)

{
int grid[2]1[3] = {{1, 3, 2}, {7, 4, 6}};
int column = 2;
int total = 0;
for (int r=0; r < 2; r++) {
total += grid[r][column];
}
printf("sd\n", total);
return 0;
}

g 2 3R 6 UgdT 8; hiftes Al 2 3R 8 §1 3m3eye: 8, fthr 75 dfeky| &l it ofk = Sifdl &; dfeky 2 WR Srwhet Sl a8l d
deh Ugd I Achdl &1 GYR QR G chicTH hT IgT U1 hdl o | HHAT 1 e T 1Y if9ard at s, wifch gast dfery ge
SITQE | T 3 TTerd ST & 37g off, fohdY Hisjg dfert # ofieRr guifes A g @ =8|

Y 4 hl g4

[F3MTA & row Ufeky 0 Y 37R &, FEfth cell UfRy 0, shierd 1 &Y 3R &1 row & 1 T sheH ATl G Ufery, ATt dfew 1,
a1 § 3R cell 8T TgeraTl A (*row) [0] = *cell + 3 Ul 0, ie™ 1 & 1 Ugar Ufert 1, hie 0 F 4 forgar 81

cell &l 1 3 gg ¥ gg tfert 0 & HftaR 8t hiet® 2 a1 81 fhR (*row) [1] UferT 1, Sie 1 Ugar g, [Sigent A 8 81
geH T 6 fAear 8, STt cell & I Ul 0, pierd 2 # forar Sirar g1 sifaw dfemar: {5, 1, 63} 3R {4, 8, 6} ifaw
Uiger d&d 8: row & fog gt dfery 1 3R cell & foiq dfert 0, ehferd 21

UG HTehR-IJUTd & Ufekral & TIRST el Yeh UfekT o RST & W S 2 3T §1 GERT <d19-YUTfeh areft UferT et Yeh quTich
T T AR 3 AT &1 ST H TATHh d18¢ SR hl SRexd Fal | g1 fAfaat size t o=f & =t €, saferg 39 fiie wide
%ZU e, BEddi h A int &, 8 %d ¥ BUAE13MeYe:2 3 | 51 6 | 4 8 6, fthe 73 dfekTl

ESRERCHI TR
* grid + 2: UfeRmal & a1gd R &1 Y one-past Uigex; agt AMATH & forg IS dfery &1 &
* grid[0] + 3:dfdy 0 & gouifes B &1 A one-past GTEeR; 39 R & A%t g guifer gt a1 forge dy 8t &
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* grid[0][3]: UfekT O & STER 37Y YUITeh-UaH; 3FTell UferT ehT TTTAR WIRST hict 3 ohl 34 g1 a-TaT
* grid[1][3]: UfeT 1 & aTER 3749 Yuiieh-UaH; 39 Ufery # ot <t qurfes =161 &

* int **wrong = grid;: SIEId Ulgex 3MRAAEHIRM, STt C i constraint digdr g 3R S ferg diagnostic
A g1 grid, int (*)[3] AT 8, int ** gl 3ATICYL S h oIy T aTett g a4 C11 GO 61 &

Uget oiae 9 Ufekt O ST S OR UfeRT & SRR aTell heH B SITdT g1 cell &t Ia™ WR row H} I AT Wi
UigeR Sifesiae] ol AATAT &1 T ST hicH-USHI hl B8-JUTichi oh UTE ToheT oh fe&dT AT Hid<t OR i FHATd ger &ar
&1 TR, Idq d1ed 3R AR O ot A1 & |

i d@esf

* int grid[2][3] &l UfeRrEl T R &; 8 UferT i int Sifssier e R &

* grid[r][c] ugel dfe, fOh quifeh et &; < AT Y TITY SfefT Siid

. UfeRy-sme) AR U # erTelt ST ufeRy-srade & uget iast e U gy e

« W U dh R uge IR a1 SMRTEER R & BT §; 3897 & TR &R UfeRT a1 hietd TR 37elTT INT b IR
qe A

« foreht fAfRa foig or Tares o1 o1ef 9dTY, O QR a1 Sruge fohg AT ahT SiaR oft 8t

« FRR I & Th H UfeRT 9T Faetar ¢ iR HiAT dferrat &t [l gicit &

* row-major €T Ufad-ugel $@- ot JT-ard g hedl 3R scalar dfgex & +iaxt UR hl HiAT UR ek g i
Srgafer 7t &a

« grid, int (*)[3] BSgadT§; grid[0] I T UfT int * & ggcT Jopdt §; 370 A IS 3T WS Al int **
ST

« UfeRT-uTdeR T Ueh had STTeft Ufdl g1 &; scalar TTgeR o Ueh dhad IHeh ST UfeRy ot SITelT quifeh gem &

« grdfder T UR G 31K / UfdkT T STehR Gkt fIdT 8, 3R Ufert T ST1eR / guTieh o STTR hierH fdT §;
size t R szud

3T ge ¥ uget

QT $39T ol Uoh AT 1Y foAT ARE U T ¢ e | et A8e-S1g, Sifme bt & AT ofR &R Ulder shad ad ahed
T TSR THEATY | STe 3 areanail o fUsel ural & el gy A1, ek # & aret d@ 3fR one-past & & St 9,
q9 31U Tehlpd GRTTY o fog JaR &1 GR1ITE ohlS 7T UgTs-fawyg gl Sitgar ug wisgel W 3R uiger & Y31l dch
Jeh €A 8, gt C a1 g1 GATE CS UTSIshA gl |

aref-deeft qem-sita: WG14 N1570, @< 5.1.1.3p1, 6.2.5p20, 6.3.2.1p3, 6.5.2.1p2-3, 6.5.3.2p3-4, 6.5.3.4,
6.5.6p8, 6.5.16.1p1, 6.7.6.2, 6.7.9p11, p17-21, 6.8p3, 6.8.5.3p1, 7.19 3R 7.21.6.1 | U™ & guft aarad,
IETEXUT, ¢ 3R 19T Hifeleh & | I8 Ioeid IR Aid-feare a1 Gt SifdenRi oht T8 wSI<t ol UH10T 781 81
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