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FUNDAMENTALS OF COMPUTER DESIGN AND ILP 

Fundamentals of Computer Design – Measuring and Reporting Performance – Instruction Level 

Parallelism and its Exploitation – Concepts and Challenges –Exposing ILP - Advanced Branch Prediction 

- Dynamic Scheduling - Hardware-Based Speculation - Exploiting ILP - Instruction Delivery and 

Speculation - Limitations of ILP - Multithreading  

UNIT-I/ PART-A 

1.  What is Instruction Register?  

The instruction register (IR) holds the instruction that is currently being executed. Its output is 

available to the control circuits which generate the timing signals that control the various processing 

elements involved in executing the instruction. 

2.  What is Program Counter? 

The Program Counter (PC) keeps track of the execution of a program. It contains the memory 

address of the next instruction to be fetched and executed. 

3.  What is processor time? 

The sum of the periods during which the processor is active is called the processor time. It doesn't 

count I/O or time spent running other programs. It can be broken up into system time, and user time. 

CPU time = Ncycles * tclock = Ncycles / fclock 

4.  What are clock and clock cycles? 

The timing signals that control the processor circuits are called as clock. 

 The clock cycles defines the regular time intervals.  

Clock Cycles= 
cycle

seconds

program

cycles

program

seconds
  

5.  What is superscalar execution? 

The multiple functional units are used to create parallel paths through which different instructions can 

be executed in parallel. So it is possible to start the execution of several instructions in every clock 
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cycle. This mode of operation is called superscalar execution. 

6.  What is RISC and CISC? 

Reduced Instruction Set Computers (RISC) is a microprocessor that is designed to perform a smaller 

number of types of computer instructions so that it can operate at a higher speed (perform more 

millions of instructions per second, or MIPS). 

Complex Instruction Set Computers (CISC) is a processor design where single instructions can 

execute several low-level operations (such as a load from memory, an arithmetic operation, and a 

memory store) or are capable of multi-step operations or addressing modes within single instructions. 

7.  List out the methods used to improve system performance? 

The methods used to improve system performance are     

 Processor clock 

 Basic Performance Equation 

 Pipelining 

 Clock rate 

 Instruction set 

 Compiler 

8.  How CPU execution time for a program is calculated?  

CPU execution time for a program is given by the formu 

CPU Execution time=Instruction Count *Clock cycles per instruction *Clock cycle 

time. 

 
 

9.  What is Instruction set architecture?  

The ISA serves as the boundary between the software and hardware. It is the structure of a computer 

that a machine language programmer (or a compiler) must understand to write a correct (timing 

independent) program for that machine. It also specifies a processor’s functionality  

• what operations it supports  

• what storage mechanisms it has & how they are accessed  

• how the programmer/compiler communicates programs to processor. 

10.  How to represent instruction in a Computer System?  

A form of representation of an instruction composed of fields of binary numbers. Binary 

representation used for communication within a computer system.  

http://searchcio-midmarket.techtarget.com/definition/microprocessor
http://searchcio-midmarket.techtarget.com/definition/instruction
http://searchdatacenter.techtarget.com/definition/MIPS
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Condition F(Format) I(Immediate) Opcode S 

(Cond branch) 

Rn Rd Operand2 

4bits 2bits 1bit 4bits 1bit 4bits 4bits 12bits 

ADD r5,r1,r2(Decimal and Binary Representation) 

- - - 4 0 1 5 2 

- - - 0100 0 0001 0101 000000000010 
 

11.  What is pipelining? 

The technique of overlapping the execution of successive instruction for substantial improvement in 

performance is called pipelining. 

12.  What is precise exception? 

A precise exception is one in which all instructions prior to the faulting instruction are complete and 

instruction following the faulting instruction, including the faulty instruction; do not change the state 

of the machine. 

13.  Define processor cycle in pipelining. 

The time required between moving an instruction one step down the pipeline is a processor cycle.  

14.  What is meant by pipeline bubble?  

To resolve the hazard the pipeline is stall for 1 clock cycle. A stall is commonly called a pipeline 

bubble, since it floats through the pipeline taking space but carrying no useful work. 

15.  What is pipeline register delay? 

Adding registers between pipeline stages me adding logic between stages and setup and hold times for 

proper operations. This delay is known as pipeline register delay. 

16.  What are the major characteristics of a pipeline? 

The major characteristics of a pipeline are: 

1. Pipelining cannot be implemented on a single task, as it works by splitting multiple tasks into 

a number of subtasks and operating on them simultaneously. 

        2.  The speedup or efficiency achieved by suing a pipeline depends on the number of pipe stages 

and the number of available tasks that can be subdivided. 

17.  What is data path?  

As instruction execution progress data are transferred from one instruction to another, often passing 

through the ALU to perform some arithmetic or logical operations. The registers, ALU, and the 

interconnecting bus are collectively referred as the data path. 
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18.  What is meant by data hazard in pipelining?   

Any condition in which either the source or the destination operands of an instruction are not 

available at the time expected in the pipeline is called data hazard. 

19.  What is Instruction or control hazard? 

The pipeline may be stalled because of a delay in the availability of an instruction. For example, this 

may be a result of a miss in the cache, requiring the instruction to be fetched from the main memory. 

Such hazards are often called control hazards or instruction hazard. 

20.  Define structural hazards. 

This is the situation when two instruction require the use of a given hardware resource at the same 

time. The most common case in which this hazard may arise is in access to memory. 

21.  What is side effect? 

When a location other than one explicitly named in an instruction as a destination operand is affected, 

the instruction is said to have a side effect. 

22.  What do you mean by branch penalty? 

The time lost as a result of a branch instruction is often referred to as branch penalty. 

23.  What is branch folding? 

When the instruction fetch unit executes the branch instruction concurrently with the execution of the 

other instruction, then this technique is called branch folding. 

24.  What do you mean by delayed branching? 

Delayed branching is used to minimize the penalty incurred as a result of conditional branch 

instruction. The location following the branch instruction is called delay slot. The instructions in the 

delay slots are always fetched and they are arranged such that they are fully executed whether or not 

branch is taken. That is branching takes place one instruction later than where the branch instruction 

appears in the instruction sequence in the memory hence the name delayed branching 

25.  What are the two types of branch prediction techniques available? 

The two types of branch prediction techniques are static branch prediction and dynamic branch 

prediction. 

26.  What is a hazard? What are its types?  

Any condition that causes the pipeline to stall is called hazard. They are also called as stalls or 

bubbles. The various pipeline hazards are: 

 Data hazard 
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 Structural Hazard 

 Control Hazard 

27.  Why is branch prediction algorithm needed? 

The branch instruction will introduce branch penalty which would reduce the gain in performance 

expected from pipelining. Branch instructions can be handled in several ways to reduce their negative 

impact on the rate of execution of instructions. Thus the branch prediction algorithm is needed.  

28.  What is branch Target Address? 

The address specified in a branch, which becomes the new program counter, if the branch is taken. In 

MIPS the branch target address is given by the sum of the offset field of the instruction and the 

address of the instruction following the branch. 

29.  What is an interrupt? 

An exception is the one that comes from outside of the processor. There are two types of interrupt. 

They are imprecise interrupt and precise interrupt. 

30.  Define Pipeline speedup.        

The ideal speedup from a pipeline is equal to the number of stages in the pipeline.  

Speedup= Time per instruction on unpipelined machine/Number of pipe stages 

31.  What is meant by vectored interrupt?      

An interrupt for which the address to which control is transferred is determined by the cause of the 

exception. 

32.  What are R-type instructions?  

R instructions are used when all the data values used by the instruction are located in registers.  

All R-type instructions have the following format:  OP rd, rs,rt. Where "OP" is the mnemonic for the 

particular instruction. rs, and rt are the source registers, and rd is the destination register. 

33.  What is a branch prediction buffer?  

The simplest thing to do with a branch is to predict whether or not it is taken. This helps in pipelines 

where the branch delay is longer than the time it takes to compute the possible target PCs . 

34.  What is meant by branch prediction?  

Branch Instructions may introduce branch penalty. To avoid it, branch prediction is done by two 

ways.  

Static Branch prediction 

The static branch prediction, assumes that the branch will not take place and to continue to fetch 
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instructions in sequential address order. 

Dynamic Branch prediction   

The idea is that the processor hardware assesses the likelihood of a given branch being taken by 

keeping track of branch decisions every time that instruction is executed. The execution history used 

in predicting the outcome of a given branch instruction is the result of the most recent execution of 

that instruction. 

35.  What are the advantages of pipelining?  

The cycle time of the processor is reduced and increases the instruction throughput. The 

more pipeline stages a processor has, the more instructions it can process "at once" and the less of a 

delay there is between completed instructions. 

36.  What is Instruction level parallelism?  

ILP is a measure of how many of the operations in a computer program can be performed 

simultaneously. The potential overlap among instructions is called instruction level parallelism. 

There are two primary methods for increasing the potential amount of instruction-level parallelism. 1. 

Increasing the depth of the pipeline to overlap more instructions. 2. Multiple issue.  

37.  Define Static multiple issue. 

It is an approach to implements multiple-issue processor where many decisions are made by the 

compiler before execution 

38.  Define Dynamic multiple issue. 

It is an approach to implements multiple-issue processor where many decisions are made during 

execution by the processor. 

39.  What is Speculation? 

One of the most important methods for finding and exploiting more ILP is speculation. It is an 

approach whereby the compiler or processor guesses the outcome of an instruction to remove it as 

dependence in executing other instructions. For example, we might speculate on the outcome of a 

branch, so that instructions after the branch could be executed earlier.  

40.  What is Loop unrolling? 

It is a technique to get more performance from loops that helps in accessing the arrays, in which 

multiple copies of the loop body are made and instructions from different iterations are scheduled 

together.  

41.  Define a super scalar processor.  

http://en.wikipedia.org/wiki/Instruction_set
http://en.wikipedia.org/wiki/Computer_program
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Superscalar is an advanced pipelining technique that enables the processor to execute more than one 

instruction per clock cycle by selecting them during execution. Dynamic multiple-issue processors are 

also known as superscalar processors, or simply superscalars.  

42.  What is the need for Speculation?  

It is one of the most important methods for finding and exploiting more ILP. It is an approach that 

allows the compiler or the process to guess about the properties of an instruction, so as to enable 

execution to begin for other instructions that may depend on the speculated instruction. 

 

43.  Define Commit unit. 

It is a unit in a dynamic or out-of-order execution pipeline that decides when it is safe to release 

the result of an operation to programmer visible registers and memory. 

44.  Define Reorder buffer. 

The buffer that holds results in a dynamically scheduled processor until it is safe to store the 

results to memory or a register. 

45.  Define Out of order execution. 

A situation in pipelined execution when an instruction blocked from executing does not cause 

the following instructions to wait. 

46.  What is In order commit? 

It is a commit in which the results of pipelined execution are written to the programmer visible 

state in the same order that instructions are fetched. 

47.  Differentiate between Strong scaling and weak scaling. 

Strong scaling: 

Speed-up is achieved on a multi-processor without increasing the size of the problem. 

Weak scaling: 

Speed-up is achieved on a multi-processor while increasing the size of the problem 

proportionally to the increase in the number of processors. 

48.  Define Register renaming. 

The renaming of registers is done by the compiler or hardware to remove anti-dependences, 

renaming removes WAW/WAR hazard. 

49.  State the need for Instruction Level Parallelism. 

A new way to improve uniprocessor performance. The proposals such as VLIW, 
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superscalar, and even relatively old ideas such as vector processing try to improve 

computer performance by exploiting instruction-level parallelism. They take advantage 

of this parallelism by issuing more than one instruction per cycle explicitly (as in VLIW 

or superscalar machines) or implicitly (as in vector machines). 

50.  List the challenges in exposing instruction level parallelism. (JAN 2018) 

Instruction-level parallelism (ILP) is the potential overlap the execution of instructions 

using pipeline concept to improve performance of the system. The various techniques 

that are used to increase amount of parallelism are reduces the impact of data and 

control hazards and increases processor ability to exploit parallelism 

There are two approaches to exploiting ILP. 

1. Static Technique – Software Dependent 

2. Dynamic Technique – Hardware Dependent 

The simplest and most common way to increase the amount of parallelism is loop-level 

parallelism. Here is a simple example of a loop, which adds two 1000- element arrays, 

that is completely parallel: 

for (i=1;i<=1000; i=i+1) x[i] = x[i] + y[i] 

51.  Differentiate coarse grained and fine grained multithreading. (JAN 2018) 

Coarse-grain multithreading only switches to issue instructions from another thread 

when the current executing thread causes some long latency events (like page fault etc.)  

Fine-grain multithreading issues instructions for different threads after every cycle. 

Coarse-grain multithreading  Fine-grain multithreading  

1. Idea: When a thread is stalled due to some 

event, switch to a different hardware context  

Switch-on-event multithreading  

2.Possible stall events  Cache misses  

Synchronization events (e.g., load an empty 

location)  FP operations  

3.HEP, Tera combine fine-grained MT and 

coarse-grained MT  Thread waiting for 

memory becomes blocked (un-selectable)  

4.Agarwal et al., “APRIL: A Processor 

1.Idea: Switch to another thread every cycle 

such that no two instructions from the thread are 

in the pipeline concurrently  

2.Improves pipeline utilization by taking 

advantage of multiple threads  

3.Alternative way of looking at it: Tolerates the 

control and data dependency latencies by 

overlapping the latency with useful work from 

other threads  

4.Thornton, “Parallel Operation in the Control 
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Architecture for Multiprocessing,” ISCA 1990. 

5.Explicit switch on event 

Data 6600,” AFIPS 1964.  

5.Smith, “A pipelined, shared resource MIMD 

computer,” ICPP 1978. 
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UNIT-I  / PART-B 

1.  Explain in detail the various components of computer system with neat diagram.  

2.  State the CPU performance equation and discuss the factors that affect performance.   

3.  Describe dependency and the various types of dependencies in detail. 

4.  Explain the Dynamic & Static multiple issue processor and their scheduling with block 

diagram. 

5.  Explain Instruction Level Parallel Processing.State the challenges of parallel processing.  

6.  Explain how the instruction pipeline works? What are the various situations where an 

instruction pipeline can stall? Illustrate with an example.  

7.  What is data hazard? Explain the ways and means of handing it in pipelined datapath. 

8.  Why is branch prediction algorithm needed? Differentiate between the static and dynamic 

techniques. (or)Describe the techniques for handling control hazards in pipelined datapath.  

9.  What is Hazard? Explain its types with suitable examples.  

10. What is hardware multithreading? Compare and contrast Fine grained multithreading and 

Coarse grained multithreading. 

 

MEMORY HIERARCHY DESIGN 

Introduction – Optimizations of Cache Performance – Memory Technology and Optimizations – 

Protection: Virtual Memory and Virtual Machines – Design of Memory Hierarchies – Case Studies.  

UNIT-II / PART-A 

1.  What is Principle of locality? 

The principle of locality states that programs access a relatively small portion of their address space at 

any instant of time. Two different types of locality have been observed: 

 Temporal locality: states that recently accessed items are likely to be accessed in the near future. 

 Spatial locality: says that items whose addresses are near one another tend to be referenced close 

together in time. 

2.  Define temporal locality. 

The principle stating that a data location is referenced then it will tend to be referenced again soon. 

Temporal locality is found in instruction loops, data stacks and variable accesses. 

3.  Define spatial locality. 
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The locality principle states that if a data location is referenced, data locations with nearby addresses 

will tend to be referenced soon. 

4.  What is the need to implement Memory as Hierarchy?(May 2015) 

 It is a structure that uses multiple levels of memory with different speeds and sizes.  

 The memory unit is an essential component in a digital computer since it is needed for storing 

program and data. 

 They are used for storing system programs, large data files, and other backup information. 

 Only programs and data currently needed by the processor reside in main memory.  

5.  Define Hit and Miss.        

The performance of cache memory is frequently measured in terms of a quantity called hit ratio. 

When the CPU refers to memory and finds the word in cache, it is said to produce a hit. If the word is 

not found in cache, then it is in main memory and it counts as a miss. 

6.  What is cache memory?  

It is a fast memory that is inserted between the larger slower main memory and the processor. It holds 

the currently active segments of a program and their data. 

7.  What is Direct mapped cache? 

Direct-mapped cache is a cache structure in which each memory location is mapped to exactly one 

location in the cache. For example, almost all direct mapped caches use this mapping to find a block, 

(Block address) modulo (Number of blocks in the cache) 

8.  Define write through. 

It is a scheme in which writes always update both the cache and the next lower level of the memory 

hierarchy, ensuring the data is always consistent between the two. 

9.  Define write buffer. 

It is a queue that holds data while the data is waiting to be written to memory. 

10.  What is write-back? 

It is a scheme that handles writes by updating values only to the block in the cache, then writing the 

modified block to the lower level of the hierarchy when the block is replaced. 

11.  Define virtual memory. 

The data is to be stored in physical memory locations that have addresses different from those 

specified by the program. The memory control circuitry translates the address specified by the 

program into an address that can be used to access the physical memory. 
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12.  Differentiate physical address from logical address. 

 Physical address is an address in main memory. Logical address (or) virtual address is the CPU 

generated addresses that corresponds to a location in virtual space and is translated by address 

mapping to a physical address when memory is accessed.  

13.  What are the various memory technologies?  

SRAM, DRAM, Magnetic Disks 

14.  Define Hit ratio.  

The hit rate, or hit ratio, is the fraction of memory accesses found in the upper level; it is often used 

as a measure of the performance of the memory hierarchy.  

15.  Define memory hierarchy. 

In computer architecture the memory hierarchy is a concept used to discuss performance issues in 

computer architectural design, algorithm predictions, and lower level programming constructs 

involving locality of reference. The memory hierarchy in computer storage separates each of its levels  

based on response time. 

16.  State the advantages of virtual memory. 

The primary benefits of virtual memory include 

 freeing applications from having to manage a shared memory space 

  increased security due to memory isolation and  

 being able to conceptually use more memory than might be physically available, using the 

technique of paging. 

17.  What is meant by address mapping?  

          Direct-mapped cache is a cache structure in which each memory location is mapped to exactly 

one location in the cache. For example, almost all direct mapped caches use this mapping to find a 

block, (Block address) modulo (Number of blocks in the cache)  

18.  What is a Virtual Machine? 

Virtual Memory is a storage allocation scheme in which secondary memory can be addressed as 

though it were part of main memory. The addresses a program may use to reference memory are 

distinguished from the addresses the memory system uses to identify physical storage sites, and 

program generated addresses are translated automatically to the correspondingmachineaddresses.The 

size of virtual storage is limited by the addressing scheme of the computer system and amount of 

secondary memory is available not by the actual number of the main storage locations. IBM VM/370, 
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VMware ESX Server, and Xen are examples. 

19.  Why Virtual Machine is popular? 

Virtual Machine is popular due to  

– The increasing importance of isolation and security in modern systems  

– The failures in security and reliability of standard operating systems 

– The sharing of a single computer among many unrelated users 

– The dramatic increases in raw speed of processors over the decades, which makes the 

overhead of VMs more acceptable 

20.  How to implement Virtual memory? 

It is a technique that is implemented using both hardware and software. It maps memory addresses 

used by a program, called virtual addresses, into physical addresses in computer memory. 

 All memory references within a process are logical addresses that are dynamically translated into 

physical addresses at run time. This means that a process can be swapped in and out of main 

memory such that it occupies different places in main memory at different times during the course 

of execution. 

 A process may be broken into number of pieces and these pieces need not be continuously located 

in the main memory during execution. The combination of dynamic run-time address translation 

and use of page or segment table permits this.If these characteristics are present then, it is not 

necessary that all the pages or segments are present in the main memory during execution. This 

means that the required pages need to be loaded into memory whenever required. Virtual memory 

is implemented using Demand Paging or Demand Segmentation. 

21.  Define Demand Paging or Demand Segmentation. 

The process of loading the page into memory on demand (whenever page fault occurs) is known as 

demand paging. 

22.  When do we say that a cache block is exclusive? (JAN 2018) 

23.  What happens when a private and shared items are cached? (JAN 2018) 

UNIT-II / PART-B 

1.  Explain in detail about the basic structure of a memory level hierarchy with suitable diagram.  

2.  (i) Define Cache Memory? Explain various mapping techniques associated with cache memory.  

(ii) Explain in detail about the Bus Arbitration techniques in DMA.   

3.  Explain in detail about the different ways of measuring and improving the performance of 
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cache memory. 

4.  Discuss the steps involved in the address translation of Virtual Memory with necessary block 

diagram.  

5.  Elaborate on the various memory technologies and its relevance.  

6.  Draw different memory address layouts and brief about the technique used to increase the 

average rate of fetching words from the main memory. 

7.  What is virtual memory? Explain in detail about how virtual memory is implemented with neat 

diagram?  

8.  Discuss in detail about Virtual Machine with a neat diagram. 

 

MULTIPROCESSOR ISSUES 

Introduction- Centralized, Symmetric and Distributed Shared Memory Architectures –Cache Coherence 

Issues – Performance Issues – Synchronization – Models of Memory Consistency – Case Study-

Interconnection Networks – Buses, Crossbar and Multi-stage Interconnection Networks  

UNIT-III / PART-A 

1.  Define Multicore processors. 

A multi-core processor is a processing system composed of two or more independent cores. The cores 

are typically integrated onto a single integrated circuit die or they may be integrated onto multiple 

dies in a single chip package. 

2.  What is symmetric multi-core processor? 

Symmetric multi-core processors are one that has multiple cores on a single chip, and all of those 

cores are identical. Example: Intel Core 2. 

3.  What is asymmetric multi-core processor? 

In an asymmetric multi-core processor, the chip has multiple cores onboard, but the cores might have 

different designs. Each core will have different capabilities. 

4.  Define multithreading.  

Multiple threads to share the functional units of 1 processor via overlapping processor must duplicate 

independent state of each thread e.g., a separate copy of register file, a separate PC, and for running 

independent programs, a separate page table memory shared through the virtual memory mechanisms, 

which already support multiple processes. 

5.  What is Flynn’s Classification?  
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Michael Flynn uses the stream concept for describing a machine’s structure. A stream is nothing but a 

sequence of items (data or instruction).  The parallelism in the instruction and data stream called for 

by the instruction at the most constrained of the multiprocessor and placed all computers into one to 

four categories. 

 Single Instruction, Single Data stream (SISD) 

 Single Instruction, Multiple Data streams (SIMD) 

 Multiple Instruction, Single Data stream (MISD) 

 Multiple Instruction, Multiple Data streams (MIMD) 

6.  Define Single Instruction, Single Data stream (SISD). 

A sequential computer which exploits no parallelism in either the instruction or data streams. Single 

control unit (CU) fetches single Instruction Stream (IS) from memory. The CU then generates 

appropriate control signals to direct single processing element (PE) to operate on single Data Stream 

(DS) i.e. one operation at a time. Examples of SISD architecture are the traditional uniprocessor 

machines like a PC. 

7.  Compare UMA and NUMA multiprocessors. 

The main difference between the NUMA and UMA memory architecture is the location of the 

Memory. The UMA architecture nodes have first and second cache memory levels joint with the 

processor, next levels of the memory hierarchy are "in the other side" of the interconnection network.  

8.  Define Multiple Instruction, Single Data stream (MISD). 

Multiple instructions operate on a single data stream. It is uncommon architecture which is generally 

used for fault tolerance. Heterogeneous systems operate on the same data stream and must agree on 

the result. Examples include the Space Shuttle flight control computer. 

9.  Define Multiple Instruction, Multiple Data streams (MIMD). 

Multiple autonomous processors are simultaneously executing different instructions on different data. 

Distributed systems are generally recognized to be MIMD architectures; either exploiting a single 

shared memory space or a distributed memory space. A core superscalar processor is an MIMD 

processor. 

10.  What is Fine grained multithreading?  

Switches between threads on each instruction, causing the execution of multiples threads to be 

interleaved, 

i. Usually done in a round-robin fashion, skipping any stalled threads 

http://en.wikipedia.org/wiki/SISD
http://en.wikipedia.org/wiki/SIMD
http://en.wikipedia.org/wiki/MISD
http://en.wikipedia.org/wiki/MIMD
http://en.wikipedia.org/wiki/SISD
http://en.wikipedia.org/wiki/Uniprocessor
http://en.wikipedia.org/wiki/Personal_Computer
http://en.wikipedia.org/wiki/MISD
http://en.wikipedia.org/wiki/Space_Shuttle
http://en.wikipedia.org/wiki/MIMD
http://en.wikipedia.org/wiki/Distributed_system
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ii. CPU must be able to switch threads every clock  

11.  What is Coarse grained multithreading? 

Switches threads only on costly stalls, such as L2 cache misses. 

12.  Define Uniform memory access. 

             It shares a single centralized memory, interconnect processors and memory by a bus also 

known as uniform memory access. Time taken to access from all processor to memory is same 

(UMA) or symmetric (shared - memory) multiprocessor (SMP) 

 A symmetric relationship to all processors 

 A uniform memory access time from any processor 

13.  Define Distributed-memory Multiprocessor. 

Memory modules associated with CPUs 

Advantages: 

 –cost-effective way to scale memory bandwidth 

 –lower memory latency for local memory access 

Drawbacks: 

 –longer communication latency for communicating data between processors 

 –software model more complex 

14.  Define Single Instruction, Multiple Data streams (SIMD). 

A computer which exploits multiple data streams against a single instruction stream to perform 

operations which may be naturally parallelized. For example, an array processor 

15.  

 

Define Symmetric Shared-memory. 

            Each processor have same relationship to single memory, usually supports caching both 

private data and shared data Caching in shared-memory machines 

Private data: data used by a single processor 

         When a private item is cached, its location is migrated to the cache, Since no other processor 

uses the data, the program behavior is identical to that in a uniprocessor 

Shared data: data used by multiple processor 

          When shared data are cached, the shared value may be replicated in multiple caches 

Advantages: 

Reduce access latency and fulfill bandwidth requirements, due to difference in communication for 

load store and strategy to write from caches values form different caches may not be consistent 

http://en.wikipedia.org/wiki/SIMD
http://en.wikipedia.org/wiki/Array_processor
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17 
induce a new problem: cache coherence 

 

16.  Define Cache Coherence Issues 

When clients in a system maintain caches of a common memory resource, problems may arise with 

incoherent data, which is particularly the case with CPUs in a multiprocessing system.Suppose the 

client on the bottom updates/changes that memory block, the client on the top could be left with an 

invalid cache of memory without any notification of the change. 

 

17

. 

Define Cache coherence. 

Cache coherence is the discipline which ensures that the changes in the values of shared 

operands(data) are propagated throughout the system in a timely fashion. 

The following are the requirements for cache coherence: 

Write Propagation 

Changes to the data in any cache must be propagated to other copies(of that cache line) in the peer 

caches. 

Transaction Serialization 

Reads/Writes to a single memory location must be seen by all processors in the same order.  

18

. 

Define synchronization. 

Synchronization of processes, and synchronization of data.  

– Process synchronization refers to the idea that multiple processes are to join up 

or handshake at a certain point, in order to reach an agreement or commit to a certain sequence 

of action. 

–  Data synchronization refers to the idea of keeping multiple copies of a dataset in coherence 

with one another, or to maintain data integrity. Process synchronization primitives are 

commonly used to implement data synchronization. 

19

. 

What is a Memory consistency model? 

A memory consistency model is a set of rules which specify when a written value by one thread can 

https://en.wikipedia.org/wiki/Process_(computer_science)
https://en.wikipedia.org/wiki/Dataset
https://en.wikipedia.org/wiki/Handshaking
https://en.wikipedia.org/wiki/Data_synchronization
https://en.wikipedia.org/wiki/Data_integrity
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be read by another thread. 

20

. 

What is a lockup-free cache/non-blocking caches? 

Suppose a cache miss occurs. In a lockup-free cache other subsequent cache accesses can be serviced 

while a previous cache miss is waiting for data to arrive. A lockup-free cache can reorder memory 

accesses. This is useful in superscalar processors since execution can proceed, until the next 

instruction to execute actually needs the data from the cache miss. non-blocking caches 

21

. 

Define Multiprocessor system. 

A multiprocessor system is sequentially consistent if the result of any execution is the same as if the 

operations of all the processors were executed in some sequential order, and the operations of each 

individual processor appear in this sequence in the order specified by its program. 

22

. 

What is Bus-based networks? Give its diagram. 

Bus-based networks are perhaps the simplest: they consist of a shared medium common to all nodes. 

Cost of the network is proportional to the number of nodes, distance between any two nodes is 

constant  O(1). Ideal for broadcasting info among nodes. 

 

Bus networks: (a) Without local memory / caches, (b) with local memory / caches 

23

. 

What is a crossbar network? Give its diagrammatic representation. 

A crossbar network connecting p processors to b memory banks is shown below: 
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This is a non-blocking network: a connection of one processor to a given memory bank does not block 

a connection of another processor to a different memory bank. 

24

. 

What is a multistage network? Give its diagrammatic representation. 

A multistage network connects a number of processors to a number of memory banks, via a number 

of switches organized in layers, viz: 

 

Each switch can be in one of the following positions: 

 

 

UNIT-III / PART-B 

1.  Explain in detail Flynn’s classification of parallel hardware. (Nov 2015,May 2016,Nov 2016)  

2.  Discuss the centralized and distributed shared memory multiprocessors with suitable diagrams 

(or)Discuss Shared memory multiprocessor with a neat diagram.(Nov 2016) 

3.  Explain in detail about Cache Coherence Issues.  

4.  Performance Issues. 
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5.  Explain about Synchronization in detail. 

6.  Explain Models of Memory Consistency in detail. 

7.  Explain Interconnection Networks with necessary diagram. 

(i) Buses,(ii) Crossbar and (iii) Multi-stage Interconnection Networks 
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 MULTICORE ARCHITECTURES  

Homogeneous and Heterogeneous Multi-core Architectures – Intel Multicore Architectures – SUN CMP 

Architecture – IBM Cell Architecture. Introduction to Warehouse-scale computers- Architectures- 

Physical Infrastructure and Costs- Cloud Computing –Case Study- Google Warehouse-Scale Computer.  
 

UNIT-IV / PART-A 

1.  What is a Multicore architecture? 

A multi-core design in which a single physical processor contains the core logic of more than one 

processor. Goal- enables a system to run more task simultaneously achieving greater overall 

performance. 

2.  What is a Multi-core processor? 

Each core has its execution pipeline. No limitation for the number of cores that can be placed in a 

single chip. Two cores run at slower speeds and lower temperatures. But the combined throughput > 

single processor. The fundamental relationship b/w freq. and power can be used to multiply the no. of 

cores from 2 to 4, 8 and even higher. 

3.  What is Homogenous Multicore? 

– Replication of the same processor type on the die as ashared memory multiprocessor. 

– Examples: AMD and Intel dual- and quad-core processors 

The major mainstream chips are all of this form 

– Examples: Intel, IBM, Sun, AMD, and so on. 

• Take a single “core”, stamp it out lots of times on a die. 

4.  What is Heterogeneous/Hybrid Multicore? 

– Different processor types on a die 

– Example: IBM Cell Broadband Engine 

• One standard core (PowerPC) + 8 specialized cores (SPEs) 

– Rumors: Intel and AMD to follow suit. 

• Combining GPU-like processors with standard multicore cores 

5.  Give any one example Intel Multicore Architecture 

Intel SMP Xeon contains Private L2 caches, Shared L3 caches, MESIF. It has 8 or 16 core and on 

chip memory interface. It has point-to-point interconnection structure,32 GB/s and two simultaneous 

threads per core. 
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6.  What are the benefits of Intel Multi-core processor? 

 Multi-core performance. 

 Dynamic scalability. 

 Design and performance scalability 

 Intelligent performance on-demand 

 Increased performance on Highly-threaded apps. 

 Scalable shared memory 

7.  Define Sun CMP Architecture. 

There are two general types of multi-core or chip multiprocessor (CMP) architectures 

Homogeneous CMPs – all processing elements (PEs) are the same. 

Heterogeneous CMPs – comprised of different PEs. 

Homogenous dual-core processors for PCs are now available from all major manufactures 

Heterogeneous CMPs are available in the form of multiprocessor systems-on-chips (MPSoCs) 

8.  Define Warehouse-scale computers (WSC)s. 

A WSC is a type of datacenter. Datacenters typically host a large number of relatively small- or 

medium-sized applications, each running on a dedicated hardware infrastructure that is de-coupled 

and protected from other systems in the same facility. Those datacenters host hardware and software 

for multiple organizational units or even different companies.  

9.  What is a IBM cell multiprocessor? 

A chip with one PPC hyper-threaded core called PPE and eight specialized cores called SPEs. The 

challenge to be solved by the Cell was to put all those cores together on a single chip. This was made 

possible by the use of a bus with outstanding performance. 

 The Cell processor can be split into four components: 

 external input and output structures, 

 the main processor called the Power Processing Element (PPE) 

 eight fully-functional co-processors called the Synergistic Processing Elements, or SPEs, 

 a specialized high-bandwidth circular data bus connecting the PPE, input/output elements and 

the SPEs, called the Element Interconnect Bus or EIB. 

10.  Give some of the Key Attributes of Cell 

 Cell is Multi-Core 

 Cell is a Flexible Architecture 



TAGORE INSTITUTE OF ENGINEERING AND TECHNOLOGY 
Deviyakurichi-636112, Attur (TK), Salem (DT).  Website: www.tagoreiet.ac.in 

Approved by AICTE, New Delhi and Affiliated to Anna University, Chennai 

Accredited by NAAC 

Department of  CSE 
 

23 
 Cell is a Broadband Architecture 

 Cell is a Real-Time Architecture 

 Cell is a Security Enabled Architecture 

11.  Write the advantage of CMP multiprocessor. 

CMPs have several advantages over single processor solutions 

Energy and silicon area efficiency 

– By Incorporating smaller less complex cores onto a single chip 

– Dynamically switching between cores and powering down unused cores 

Increased throughput performance by exploiting parallelism 

– Multiple computing resources can take better advantage of instruction, thread, and process 

level parallelism 

12.  Whatdo Warehouse-scale computers (WSC)s for Internet service? 

Program is an Internet service. 

– May consist of tens or more individual programs that interact to implement complex end-user 

services such as email, search, or maps. 

13.  What hardware required forWarehouse-scale computers (WSC)s 

 Hardware consists of thousands of individual computing nodes with: 

– networking and storage subsystems 

– power distribution and conditioning equipment 

– extensive cooling systems. 

 The enclosure for these systems is in fact a building structure and often indistinguishable from 

large warehouse. 

14

. 

How storage facilitates in Warehouse-scale computers (WSC)s.  

Disk drives are connected: 

– directly to each individual server and managed by a global distributed file system (GFS), or 

– Network Attached Storage (NAS) 

– Storage Area Network (SAN) 

15

. 

Define Storage Area Network (SAN) 

SAN consolidates such storage islands together using a highspeed network. 

• Dedicated network that provides access to consolidated, block level data storage.  

• Used to make storage devices, such as disk arrays, tape libraries, and optical jukeboxes, accessible to 
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servers so that the devices appear like locally attached devices to the operating system. 

16

. 

What are the services offered by WSCs? 

WSCs currently power the services offered by companies such as Google, Amazon, Facebook, and 

Microsoft’s online services division. 

17

. 

Define Cloud computing. 

Cloud computing is the delivery of computing services—servers, storage, databases, networking, 

software, analytics and more—over the Internet (“the cloud”). Companies offering these computing 

services are called cloud providers and typically charge for cloud computing services based on usage, 

similar to how you are billed for water or electricity at home. 

18

. 

What are the uses of cloud computing? 

 Create new apps and services 

 Store, back up and recover data 

 Host websites and blogs 

 Stream audio and video 

 Deliver software on demand 

 Analyse data for patterns and make predictions 

 

19

. 

What are the types of cloud services? 

They are IaaS, PaaS, SaaS 

Infrastructure-as-a-service (IaaS) 

 The most basic category of cloud computing services. With IaaS, you rent IT infrastructure—

servers and virtual machines (VMs), storage, networks, operating systems—from a cloud 

provider on a pay-as-you-go basis.  

Platform as a service (PaaS) 

 Platform-as-a-service (PaaS) refers to cloud computing services that supply an on-demand 

environment for developing, testing, delivering and managing software applications. PaaS is 

designed to make it easier for developers to quickly create web or mobile apps, without 

worrying about setting up or managing the underlying infrastructure of servers, storage, 

network and databases needed for development.  

Software as a service (SaaS) 

 Software-as-a-service (SaaS) is a method for delivering software applications over the 



TAGORE INSTITUTE OF ENGINEERING AND TECHNOLOGY 
Deviyakurichi-636112, Attur (TK), Salem (DT).  Website: www.tagoreiet.ac.in 

Approved by AICTE, New Delhi and Affiliated to Anna University, Chennai 

Accredited by NAAC 

Department of  CSE 
 

25 
Internet, on demand and typically on a subscription basis. With SaaS, cloud providers host and 

manage the software application and underlying infrastructure and handle any maintenance, 

like software upgrades and security patching. Users connect to the application over the 

Internet, usually with a web browser on their phone, tablet or PC. 

20

. 

What are the types of cloud deployments? 

Public cloud 

 Public clouds are owned and operated by a third-party cloud service provider, which deliver 

their computing resources like servers and storage over the Internet. Microsoft Azure is an 

example of a public cloud. With a public cloud, all hardware, software and other supporting 

infrastructure is owned and managed by the cloud provider. You access these services and 

manage your account using a web browser. 

Private cloud 

 A private cloud refers to cloud computing resources used exclusively by a single business or 

organization. A private cloud can be physically located on the company’s on-site datacenter. 

Some companies also pay third-party service providers to host their private cloud. A private 

cloud is one in which the services and infrastructure are maintained on a private network. 

Hybrid cloud 

 Hybrid clouds combine public and private clouds, bound together by technology that allows 

data and applications to be shared between them. By allowing data and applications to move 

between private and public clouds, hybrid cloud gives businesses greater flexibility and more 

deployment options. 

UNIT-IV / PART-B 

1.  Explain in detail about Homogeneous and Heterogeneous Multi-core Architectures with 

necessary diagram 

2.  Explain about Intel Multicore Architectures with necessary diagram 

3.  Explain in detail about SUN CMP Architecture with necessary diagram 

4.  Explain in detail about IBM Cell Architecture with necessary diagram 

5.  Explain about Warehouse-scale computers Architectures with necessary diagram 

6.  Discuss in detail about Physical Infrastructure and Costs. 

7.  Explain about Cloud Computing. 

8.  Explain Google Warehouse-Scale Computer in detail. 

https://azure.microsoft.com/en-in/overview/choosing-a-cloud-service-provider/
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 VECTOR, SIMD AND GPU ARCHITECTURES                                         

Introduction-Vector Architecture – SIMD Extensions for Multimedia – Graphics Processing Units – Case Studies 

– GPGPUComputing – Detecting and Enhancing Loop Level Parallelism-Case Studies.  
 

UNIT-V / PART-A 

1. What is Vector Architecture? 

Basic Idea 

 Read sets of data elements into “vector registers”  

 Operate on those registers 

 Disperse the results back into memory 

Registers are controlled by compiler 

 Used to hide memory latency 

 Leverage memory bandwidth 

2. Give exampleVMIPS architecture. 

Loosely based on Cray-1 

o Vector registers 

 Each register holds a 64-element, 64 bits/element vector 

 Register file has 16 read ports and 8 write ports 

o Vector functional units 

 Fully pipelined 

 Data and control hazards are detected 

o Vector load-store unit 

 Fully pipelined 

 One word per clock cycle after initial latency 

o Scalar registers 

 32 general-purpose registers 

 32 floating-point registers 

3. What is Vector processing? 

Vector processing exploits data parallelism by performing the same computation on linear arrays of 

numbers "vectors” using one instruction.  The maximum number of elements in a vector supported by 

a vector ISA is referred to as the Maximum Vector Length (MVL). 
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4. What are the Properties of Vector Processors/ISAs? 

Each result in a vector operation is independent of previous results  

 Multiple pipelined  Functional units (lanes) usually used, vector compiler ensures no 

dependencies between computations on elements of a single vector instruction  

 higher clock rate (less complexity) 

Vector instructions access memory with known patterns 

 Highly interleaved memory with multiple banks used to provide the high bandwidth needed 

and hide memory latency. 

  Amortize memory latency of over many  

  No (data) caches usually used.  (Do use instruction cache) 

A single vector instruction implies a large number of computations (replacing  loops or reducing 

number of iterations needed) 

  Fewer instructions fetched/executed. 

 Reduces branches and branch problems (control hazards) in pipelines. 

5. What are the types of Vector Architecture? 

Types of architecture for vector ISAs/processors: 

1. Memory-memory vector ISAs/processors: All  vector operations are memory to memory 

2. Vector-register ISAs/processors: All vector operations between vector registers (except load and 

store) 

• Vector equivalent of load-store architectures (ISAs) 

• Includes all vector machines since the late 1980  Cray, Convex, Fujitsu, Hitachi, NEC 

6. What SIMD architecture exploits? 

 SIMD architectures can exploit significant data-level parallelism for: 

– matrix-oriented scientific computing 

– media-oriented image and sound processors 

 SIMD is more energy efficient than MIMD 

– Only needs to fetch one instruction per data operation 

– Makes SIMD attractive for personal mobile devices 

– SIMD allows programmer to continue to think sequentially 

7. Why 32-bit instruction is not necessary for graphics application? 

• When processors began to include graphics instructions, architects realized that operations not  
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necessarily need to be 32-bit instructions 

– Graphics for instance often operates on several 8-bit operations (one each for red, 

green, blue, transparency)  

• so while a datum might be 32 bits in length, it really codified 4 pieces of data, each 

of which could be operated on simultaneously within the adder 

– Additionally, sounds are typically stored as segments of 8 or 16 bit data 

• Thus, vector SIMD operations were incorporated into early MMX style architectures 

– This did not require additional hardware, just new instructions to take advantage of the 

hardware already available 

8. Write about x86 processors in SIMD? 

For x86 processors: 

– Expect two additional cores per chip per year 

– SIMD width to double every four years 

– Potential speedup from SIMD to be twice that from MIMD 

9. Give some of the implementations in SIMD? 

 Intel MMX (1996) 

Eight 8-bit integer ops or four 16-bit integer ops 

 Streaming SIMD Extensions (SSE) (1999) 

Eight 16-bit integer ops 

Four 32-bit integer/fp ops or two 64-bit integer/fp ops 

 Advanced Vector Extensions (2010) 

Four 64-bit integer/fp ops 

 Operands must be consecutive and aligned memory locations 

10

. 

Define SIMD Extensions for Multimedia. 

Media applications operate on data types narrower than the native word size 

Example:  disconnect carry chains to “partition” adder 

Limitations, compared to vector instructions: 

 Number of data operands encoded into op code 

 No sophisticated addressing modes (strided, scatter-gather) 

 No mask registers 

11 What is Graphics Processing Unit? 
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. Given the hardware invested to do graphics well, how can be supplement it to improve performance 

of a wider range of applications? 

Basic idea: 

 Heterogeneous execution model 

 CPU is the host, GPU is the device 

 Develop a C-like programming language for GPU 

 Unify all forms of GPU parallelism as CUDA thread 

  Programming model is “Single Instruction Multiple Thread” 

12

. 

Is GPU handles thread? 

Yes, because  

 A thread is associated with each data element 

 Threads are organized into blocks 

 Blocks are organized into a grid 

 GPU hardware handles thread management, not applications or OS 

13

. 

What is GPGPU computing? 

General-purpose computing on graphics processing units (GPGPU) is the use of a graphics processing 

unit (GPU), which typically handles computation only for computer graphics, to perform computation 

in applications traditionally handled by the central processing unit (CPU). The use of multiple video 

cards in one computer, or large numbers of graphics chips, further parallelizes the already parallel 

nature of graphics processing.  

14

. 

Define Loop-Level Parallelism. 

Loop-Level Parallelism (LLP) analysis: 

 Detecting and enhancing loop iteration parallelism 

– Greatest Common Divisor (GCD) test. 

Loop-Level Parallelism (LLP) analysis: 

 focuses on whether data accesses in later iterations of a loop are data dependent on  

data values produced in earlier iterations and possibly making loop iterations independent (parallel).  

15

. 

How supercomputing application exploit in LLP. 

In supercomputing applications, data parallelism/LLP has been traditionally exploited by vector 

ISAs/processors, utilizing vector instructions. Vector instructions operate on a number of data items 

(vectors) producing a vector of elements not just a single result value.  The above loop might require 

https://en.wikipedia.org/wiki/Graphics_processing_unit
https://en.wikipedia.org/wiki/Graphics_processing_unit
https://en.wikipedia.org/wiki/Computer_graphics
https://en.wikipedia.org/wiki/Central_processing_unit
https://en.wikipedia.org/wiki/Video_card
https://en.wikipedia.org/wiki/Video_card


TAGORE INSTITUTE OF ENGINEERING AND TECHNOLOGY 
Deviyakurichi-636112, Attur (TK), Salem (DT).  Website: www.tagoreiet.ac.in 

Approved by AICTE, New Delhi and Affiliated to Anna University, Chennai 

Accredited by NAAC 

Department of  CSE 
 

30 
just four such instructions. 

UNIT-V / PART-B 

1.  Explain about Vector Architecture in detail. 

2.  Explain in detail about SIMD Extensions for Multimedia. 

3.  Explain about Graphics Processing Units with necessary diagrams. 

4.  Explain about GPGPU Computing. 

5.  Explain about Detecting and Enhancing Loop Level Parallelism 

 


