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WINTER- 18 EXAMINATION
Subject Name: System Programming Model Answer Subject Code: 17517

Important _Instructions to examiners:

1) The answers should be examined by key words and not as word-to-word as given in the model answer
scheme.

2) The model answer and the answer written by candidate may vary but the examiner may try to assess the
understanding level of the candidate.

3) The language errors such as grammatical, spelling errors should not be given more Importance (Not
applicable for subject English and Communication SkKills.

4) While assessing figures, examiner may give credit for principal components indicated in the figure. The
figures drawn by candidate and model answer may vary. The examiner may give credit for any equivalent
figure drawn.

5) Credits may be given step wise for numerical problems. In some cases, the assumed constant values may
vary and there may be some difference in the candidate’s answers and model answer.

6) In case of some questions credit may be given by judgement on part of examiner of relevant answer based
on candidate’s understanding.

7) For programming language papers, credit may be given to any other program based on equivalent concept.

Q. | Sub Answer Marking Scheme
No. | Q.
N.
1 a Attempt any THREE : 12 M
1 Write two advantages and disadvantages of absolute loader. 4 M
Ans | Advantages: Any 2 Advantages
2 Marks; Any 2
1 Simplest form of loader Disadvantages 2
2 Makes maximum core (memory) available for user. Marks

3 One can determine exact location of program in core.
Disadvantages:

1. The programmer has to specify the address to the assembler that where the
program is to be loaded.

2. Itis very difficult to relocate in case of multiple subroutines.

3. Programmer has to remember the address of each subroutine and use that
explicitly.

2 What is the difference between : 4 M
i) Processor and procedure.
i) Multiprocessing and multiprogramming.

Ans | i) Processor and Procedure Any 2 points of
differentiation 1

Marks each; any
Processor Procedure relevant answer

shall be considered

Processor is an element which Procedure is a set of instruction which
processes is an active entity i.e. process | is used to perform certain task.

Page 1 of31




MAHARASHTRA STATEBOARD OF TECHNICAL EDUCATION

(Autonomous)
(ISO/IEC - 27001 - 2013 Certified)

Processor understands and interprets Procedure defines process.
meaning of process

It executes procedures It generates result after execution.

i) Multiprocessing and Multiprogramming

Multiprocessing Multiprogramming
It utilizes multiple CPUs It utilizes single CPU.
Any 2 points of
It permits parallel processing. Context switching takes place. differentiation 1
. . . _ Marks each; any
Multiprocessing refers to Multiprogramming keeps several relevant answer
processing of multiple processes at programs in main memory at the same shall be considered
same time by multiple CPUs. time and execute them concurrently
utilizing single CPU
Less time taken to process the jobs More Time taken to process the jobs.
3 Describe linear search with suitable example. 4 M
Ans Description 2

Linear search is an algorithm in which an element is search in given data structure
in sequential manner. The searching begins from one end and it will check each
element in given data structure for the availability of key element. The algorithms
compare each element with key element. If element exist then it displays location
of element or else appropriate error message will be displayed. Since each element
is checked for availability of desired element this algorithm runs on data structure
which is not sorted. It has best case time complexity as O(1), with average and
worst case time complexity as O(N).

Advantage -

» Simple to implement.
» Works efficient on small data structure.
Disadvantage: -

» Slow in execution.
> As the data structure increases efficiency of algorithm reduces.
Example: Consider the following data structure

> 1000 a4 | 2 (805 131210
LT % 7§ & & 5% 7 %

Now we want to search element 13 in given data structure, the algorithm search
sequentially as follows:

Marks; Example 2
Marks

Page 2 of 31




MAHARASHTRA STATEBOARD OF TECHNICAL EDUCATION

(Autonomous)
(ISO/IEC - 27001 - 2013 Certified)

13 _33% 1% 13y 1
4 W W N W .
—> 100 | 44 2 | 80 5 13| 1 2 | 110
0 1 2 3 4 5 6 7 8

Element 13 Found at 5" location.

4 Write three tasks of lexical analysis phase of compiler. List databases involved |4 M
in it.
ANS | The three tasks of the lexical analysis phase are: :\‘/ilSt I?f SLFatsk f2
1. To parse the source program into the basic elements or tokens or lexemes of arks, LISt ot any
the language 4 databases 2
2. To build a literal table and an identifier table. Marks
3. To build a uniform symbol table.
Databases used in lexical analysis are:
» Source program
»  Terminal table
»  Literal table:
> ldentifier table:
»  Uniform Symbol table
b Attempt any ONE : 6 M
1 What is systemsoftware? Write different goals of system software. 6 M
Ans These are the programs that help in the effective execution of the | Description of

application programs and allow the application programmer to focus on the
application to be developed without concerning about the internal detail of the
system.

e.g. Assembler Loader Linker Editor

Operating System

Macro-processor Compiler Interpreter

An assembler is a program that accepts as input an assembly language
program (source) and produces its machine language equivalent (object code).
Compilers are the system programs that accept people-like languages and translate
them into machine language. Loader is system program that prepare machine
language programs for execution. Macro processors allow programmers to use
abbreviation. Operating system and file system allow flexible storing and retrieval of
information. The productivity of each computer is heavily dependent upon the
effectiveness, efficiency and sophistication of the systems programs.

Goal of System software

To achieve efficient use of available resources.

To achieve efficient performance of the system.

To make effective execution of general user program.
To make available new better facilities.

Y VVYVY

System software 3
Marks; Any 3
Goals 1 Mark each
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» User convenience - provide convenient methods of using a computer system.
» Non-interference - prevent interference in the activities of its user.

What is Macro Instruction? Explain conditional macro with an example.

6M

Ans

Macro is used to give single line abbreviation to group of lines which are repeatedly
used in program. These statements are combined and kept in macro. Whenever such
single line abbreviation is encountered macro processor expands replaces this
abbreviation with associated group of lines. Macro Processor is a program that lets
you define the code that is reused many times giving it a specific Macro name and
reuse the code by just writing the Macro name only.

Structure of Macro:

MACRO MACRO_NAME
MACRO BODY

MEND
Conditional Macro Expansion:

Two important macro processor pseudo-ops, AlF and AGO, permit conditional
reordering of the sequence of macro expansion. This allows conditional selection of
the machine instructions that appear in expansions of macro call. AIF is conditional
branch pseudo-o; it performs an arithmetic test and branches only if the tested
condition is true. The AGO is an unconditional branch pseudo ops or ,,go to*
statement. It specifies a label appearing on some other statement in the macro
instruction definition; the macro processor continues sequential processing of
instruction with the indicated statement. These statements are directives to the macro
processor and do not appear in macro expansion.

Example :

Consider the following program. .

Macro Instruction
explanation: 2
Marks; Example 1
Mark

Conditional Macro
2 Marks; Example
1 Mark
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Loopl Al DATA
A2 DATA?Z2
A3.DATA3

Loop2 Al DATA 3
A2, DATA 2

Loop3 Al DATAI

‘DATA | DCF'5’
DATA 2 DC F' 10
DATA 3 DC F'I5°

In the below example, the operands, labels and the number of instructions
generated change in each sequence. The program can written as follows:-

MACRO
&ARGO VARY  &COUNT.&ARG1.&ARG2.&ARG3
&ARGO A 1.&ARG1
AIF (&COUNT EQ 1).FINI
A 2.&ARG2
AIF (&COUNT EQ 2).FINI
A 3.&ARG3
-FINI MEND EXPANDED SOURCE

1.DATAI
2.DATAZ2
3.DATA3

LOOP1 VAIIQY 3.DATA1.DATA2 DATA3 LOOP1

1.DATA3
2.DATA2

A

LOOP2 VAIIQY 2.DATA3DATA2 LOOP2

= -

LOOP3 VARY 1.DATAI LOOP3 1.DATALI

DATALI
DATA2
DATA3

T
—_— e LA
o

-

Attempt any TWO : 16 M

1 Draw and explain the use of database by assembler passes. 8 M

Ans | Pass 1 data bases: Pass 1 database

any 4,1 Mark

1  Input source program. each;

2 A Location Counter (LC), used to keep track of each instruction's location.

3 A table, the Machine-Operation Table (MOT) that indicates the symbolic Pass 2 database
mnemonic for each instruction and its length (two, four, or six bytes). any 4, 1 Mark each
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E-bytes per entry

Mnemonic Binary Instruction Instruction MNot
op-code op-code length format wsed in
(4-bytes) 11-byre) (2-bits) (3-bits) this design

{characters) (hexadecimal) (binary) (binary) (3-bits)
“abbb™ S54 10 o001
“AHLL" a8 10 oo
“ALbE™ SE 10 oo
"ALRL™ - 1E o 000

~ARbLbH"™ 14 o1 (o0 ]

“MVCH™ D2 n 100

&~ represents the character “blank’
Codes:

Instruction length Instruction format

01 = 1 half-words = 2 bytes 000 = RA

10 = 2 half-words = 4 bytes 001 = AX

11 = 3 half-words = & bytes 010 = RS
011 = sI
100 = S5

4  Atable, the Pseudo-Operation Table (POT) that indicates the symbolic
mnemonic and action to be taken for each pseudo-op in pass 1.

< 8-bytes per entry >
Address
of routina
Pseudo-op 10 process
{5-bytes) pseudo-op
(character) {3-bytes = 24 bit address)
“DROPH" P1DROP
“ENDbLBL" P1END
“EQUbL" P1EQU
"“START" PISTART
"USING" P1USING

[_Thm are presumably

labels of routines in pass
1. the table will actually
contain the physical ad-
dresses,

5 Atable, the Symbol Table (ST) that is used to store each label and its
corresponding value.

— 14:bytes per entry >
Symbol Value Length Relocation
{8-bytes) {4-bytes) {1 byt {1-byte)

{characiers) {hexadecimal) {hexadecimal) {character}

“JOHN bbb 0000 0 "R
“"FOURBObLL" 00oC o "R"

{ "EIVEbbHS" ] 04 “g"

| “TEMPbbbY™ 0014 04 "R"

A table, the Literal Table (LT), that is used to store each literal encountered

and its corresponding assigned location.
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7

— 14:bytes per entry >
Symbal Value Length Relocation
{B-bytes) {4-bytes) {1-byel {1-byie)

{characters) (hexadecimal) (hexadecimal) (character)
“JOHN bbbb™ 0000 n "R"
“FOURbbOE" 000C M "g"

| “FIVEbhbb" 0010 04 "R

| “TEMPbbbL™ 0014 04 "R"

A copy of the input to be used later by passes 2. This may be stored in a
secondary storage device, such as magnetic tape, disk, or drum, or the
original source deck may be read by the assembler a second time for pass 2.

Pass 2 data bases:

N -

Copy of source program.

A Location Counter (LC), used to keep track of each instruction's location.
A table, the Machine Operation Table (MOT), that indicates for each
instruction: (a) symbolic mnemonic; (b) length; (c) binary machine op-code,
and (d) format (e.g., RS, RX, SI).

A table, the Pseudo-Operation Table (POT), which indicates for each
pseudo-op the symbolic mnemonic and the action to be taken in pass 2.
The Symbol Table (ST), prepared by pass 1, containing each label and its
corresponding value.

A table, the Base Table (BT), that indicates which registers are currently
specified as base registers by USING pseudo-ops and what are the specified
contents of these registers.

& 4-bytes per entry >

Availability Designated relative-address
indicator Contents of base register
(1-byte) (3-bytes = 24-bit address)
(character) {hexadecimal)
. e - T
2 llN'l —
: . 15
. entries
'4 IGN ” —
15 g 00 00 00 \L
Code=
Availability
Y ~ register specified in USING

pseudo-op

N ~ register never specified in USING
pseudo-op or subsequently made
unavailable by the DROP
pseudo-op

A work-space, INST, that is used to hold each instruction as its various parts
(e.g., binary op-code, register fields, length fields, displacement fields) are
being assembled together.

A workspace, PRINT LINE, used to produce a printed listing.
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9 A workspace, PUNCH CARD, used prior to actual outputting for con-verting
the assembled instructions into the format needed by the loader.

An output deck of assembled instructions in the format needed by the loader.
Output in machine code to be needed by the loader.

10

2 Draw the basic phases of compiler and explain each phase functions. 8M
Ans Diagram 5 Marks;
e ) H -
5 |"’1;"|];:°' | Reductions | -ﬂ Code Description of all
g ] = | phases 3 Marks
- I |
£ ' 1 I
E ) L:'ral 2 s“‘" 31 Imterre 1 L) Machine : Any relevant
L | o | it 2:1;:-:5'. dependent | [ S ] 1 ot | [ ety diagram with
) T 7 7z 7 names of all passes
| \ e / / i h shall be considered
1o i / ! / /o I
A B .|1’ Gl 4 / @ J n ; !,n
S:::T:E L:\':I:ﬁ:}-l Matrin ’;,’ Optimized : Asserbly | | | Relocatsble
} ; matrix : code | |obiect cade
; i |
5 ! I
b | |
g . I |
5] ™ I |
“:J'——— _—l__ __1
I;I_::: "’S_-t;id Hnes indicate creation of data, dashed lines indicate references,
The phases of the compiler communicate by data bases.
1. Lexical analysis— Recognition of basic elements of creation of uniform symbols.
2. Syntax analysis—Recognition of basic syntactic constructs through reductions.
3. Interpretation— Definition of exact meaning, creation of matrix and tables by
action routines.
4. Machine Independent Optimization— Creation of more optimal matrix.
5. Storage Assignment—Modification of identifier and literal tables. If makes entries
in the matrix that allow code generation to create code that allocates dynamic
storage and that also allow the assembly phases to reserve the proper amounts of
STATIC storage.
6. Code Generation— Use of macro processor to produce more optimal assembly
code.
7. Assembly And Output— Resolving symbolic addresses and generating machine
language.
3 Explain the working of address calculation sort with suitable example. 8 M
Ans | Address Calculation Sort (Hashing) Description 4

Marks; Example 4

This Sorting technique can be one of the fastest types of sorts if enough
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storage space is available. The sorting is done by transforming the key into an
address in the table that “represents” the key.

In this method a function fis applied to each key. The result of this function
determines into which of the several sub file the record is to be placed.

The function should have the property that: if x <=y, f (X) <=f (y), Such a function
is called order preserving. An item is placed into a sub file in correct sequence by
placing sorting method — simple insertion is often used.

Example:

25 57 48 37 12 92 86 33

Let us create 10 sub files. Initially each of these sub files is empty. An array of
pointer f(10) is declared, where (i) refers to the first element in the file, whose first
digit is i The number is passed to hash function, which returns its last digit (ten’s
place digit), which is placed at that position only, in the array of pointers.

num= 25 - f(25) gives 2
57 — f(57) gives 5
48 - (48) gives 4
37 — f(37) gives 3
12 — f(12) gives 1
92 - f(92) gives 9
86 — f(86) gives 8
33 - f(33) gives 3 which is repeated.

Thus it is inserted in 3rd sub file (4th) only, but must be checked with the existing
elements for its proper position in this sub file.

OR

Marks
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Data
number - 1 2 3 4 -] 6 7 B - ] 10 1 12
Diata - 19 13 05 27 o 26 Eh | 16 02 1.2} 1 21
Calculated
address - 6 4 1 a 1] B 10 -] 0 3 3 7
Table -
0 —_—_ -1 o o o1 |01 o1 o1 o1
1 - | == | 05 05 05 |05 | 05 05 02| 02 02 | 02
2 _ - ]|— ]| — O5 | 05 05 05
3 — | —— ] == | == == | =— | =] — | 09 |*09 09
4 - 113 13 13 13 13 13 13 13 13 1 1
5 —_— | —_ =] —=|—=]—|—-—] 18| 18| 168 ||12 ]| 13
6 19 19 19 19 19 19 19 19 19 19 116 16
7 —— =] == =] —]| —]| —] =— N19 {10
B -_— |- —|— | 26 26 26 26 | 28 26 21
a —_— |- 27 27 27 27 27 27 | 27 27 26
10 —_— -1 3 3 3 31 n 27
" —_— -] -] -] =] — "3

Attempt any FOUR : 16 M
1 Describe the machine structure. 4M
Ans Diagram: 2 marks,
Description:2
marks

System consists of an instruction interpreter, a location counter, an instruction
register and various working register and general registers.

The Instruction interpreter is a group of electrical circuits (hardware), that performs
the intent of instructions fetch from memory.

The Location Counter (LC), also called Program Counter (PC) or Instruction
Counter (IC), is a hardware memory device which denotes the location of the current
instruction being executed.
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