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WHAT DOES IT MEANS????? 

• The author of the paper shows, how can the performance of a hybrid system 
(comprised of multicores and multi threading) can be increased. 
• A unified model describing superposition of two models. 

• Formula to predict performance. 
• And then the performance is studied w.r.to concurrent threads available. 
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What is Multi-Processing ? 

• Multiprocessing is the use of two or more central processing units(CPUs) 
within a single computer system. 

OR 

• The ability of a system to support more than one processor and/or the ability 
to allocate tasks between them. 



Multi-Threading 

• In computer architecture, multithreading is the 
ability of a CPU or a single processor in a multi-
core processor to execute multiple processes or 
threads concurrently. 

• It can be achieved by instruction level parallelism 
or by thread(process) level. Figure: Dual-core system 

enabling multithreading 



Multi-Threading & Multiprocessing are they 
same??? 

• In computing, multitasking is a method by which 
multiple tasks share common processing 
recourse. A multitasking OS is required. 

• Whereas ,when running on  a multi-core system, 
multitasking OSs can truly execute multiple 
tasks concurrently. The multiple computing 
engine works independently. 

 

Figure: Multitasking 

Figure: Multithreading 



Advantages Of Multithreading 

Multithreading aims to increase utilization of a single core by using thread-level as well 
as instruction-level parallelism. 
• If a thread gets a lot of cache misses, the other threads can continue taking advantage 

of the unused computing resources, which may lead to faster overall.  
• If a thread cannot use all the computing resources of the CPU, running another 

thread may prevent those resources from becoming idle. 
• If several threads work on the same set of data, they can actually share their cache, 

leading to better cache usage or synchronization on its values. 
 



Multi-Core Systems 

• Multi-core processor is a single computing component 
with two or more independent actual processing units 
(called "cores"). 

• A multi-core processor implements multiprocessing in a 
single physical package. Figure: A Dual-Core System 



Advantages Of Multi-Core Systems 

• The proximity of multiple CPU cores on the same die allows the cache coherency 
circuitry to operate at a much higher clock rate than is possible if the signals have to 
travel off-chip.  
• Since the signal has to travel less distance, the signal is less degraded. 

• Assuming that the die can physically fit into the package, multi-core CPU designs 
require much less printed circuit board(PCB) space than do multi-chip SMP designs. 
Also, a dual-core processor uses slightly less power than two coupled single-core 
processors, principally because of the decreased power required to drive signals 
external to the chip. 

• Multi-core chips also allow higher performance at lower energy.  
• Since each core in a multi-core CPU is generally more energy-efficient, the chip becomes 

more efficient than having a single large monolithic core. 



Abstract 

• The trade-off between Many-Core machines and Many-Thread machines is studied. 

• A unified model describing a superposition of the two architectures is defined, and 
use of it to identify operation zones for which each machine is more suitable. 

• An intermediate zone in which both machines deliver inferior performance is 
identified. 

• The shape of the performance valley is studied and how to avoid it is provided 



Introduction 

• The chip multiprocessors are rapidly taking over the computing world. 
• At one end, general purpose uni-processors have evolved into dual- and quad-cores called as 

many-core machines. 
• These uses cache to mask latency of memory access and have reduced the die area. 

• Example: Intel’s Larrabee. 

• On the other hand, processor engine that can run numerous multi threads concurrently are 
now evolving to allow general purpose usage. 
• Before these were only used for graphics and media applications. 

• They usually do not employ caches and instead use thread level parallelism to mask memory latency. 

• Example: Nvidia and AMD GPGPUs 



• The tradeoffs between these approaches are not formalized. 

• To improve the performance on broad range of workloads, many steps are 
taken to understand the tradeoff between MC and MT machines. 

• These steps shows which machine is suitable for which domain. 

• The unified model of the two architectures is a hybrid machine, comprised of 
many processing elements and a large shared cache. 

• An equation is provided for deducing the performance for various parameters. 



Figure: Performance of a unified many-core (MC) many-thread (MT) machine exhibits 
three performance regions, depending on the number of threads in the workload.  

The results found are as follows: 
• The valley between MC and MT region , performance is worse. 
• For MC region as long as the cache capacity can effectively serve the growing number of threads, 

increasing the number of threads improves performance, as more PEs are utilized. 
• At some point the cache becomes too small for covering the growing stream of access re-quests. Memory latency is 

no longer masked by the cache, and performance takes a dip into the valley. 
• The valley represents an operation point (number of threads) where both MC and MT perform poorly, as 

neither can mask the memory access latency.  
•  However, as the number of threads increases, the MT region is reached, where the thread coverage is high 

enough to mask the memory latency  
• In this region, (in an unlimited memory bandwidth environment), performance continues to improve, up to the 

maximal performance of the machine.  



• With the first few threads, performance soars, but then hits a plateau, as 
caches become less effective. As little as two or four threads are sufficient to 
achieve high processor utilization.  

• MC designers is to extend the MC area to the right and up, so as to be able to 
exploit higher levels of parallelism. The challenge for their MT counterparts 
is to extend the MT zone to the left, so as to be effective even when a high 
number of independent threads is not available.  

• The work done here, takes the level of parallelism much further, to tens of 
thousands of threads, and observes that the plateau is followed by a valley, 
and then by another uphill slope (the MT region), which in some cases even 
exceeds the MC peak.  

• For serial code, MC machines significantly outperform MT.  

• This model focuses on workloads that offer a high level of parallelism. 

 



MT/MC UNIFIED MODEL 

• In order to study the Many-Cores/Many-Threads tradeoff, a unified model describing a super- position of the two architectures is presented. A 
formula to predict performance (in Giga Operations Per Second-GOPS), given the degree of multithreading and other factors is given. The 
model machine is described by the following parameters:  

• NPE -Number of PEs. (Simple, in-order processing elements.) 

•  S$ - Cache size [Bytes] 

• CPIexe - Average number of cycles required to execute an instruction assuming a perfect (zero-latency) memory system. [cycles]  

• tm - Memory latency [cycles]  

• t$ - Cache latency [cycles]  

• f- Processor frequency [Hz] 

• rm - Ratio of memory instructions out of the total instruction mix ( 0<= rm <= 1 ).  

• Given the above notations, we get that once every 1/rm instructions, a thread needs to stall until the data it accesses is received from memory. 
The avg. time is  denoted as:  

• tavg - Average time needed for data access [cycles] 

• During this stall time, the PE is left unutilized, unless other threads are available to switch-in. The number of additional threads needed in order 
to fill the PE’s stall  time is  

 
 

• Threads are needed to fully utilize the entire machine.  



• Processor utilization (i.e., the average utilization of all PEs in the machine) is 
given by: 
 
 

• where nthreads is the degree of multithreading (the number of threads available 
in the workload). The model assumes that all threads are independent of each 
other and that threads context is saved in the cache (or in other dedicated on-
chip storage) when threads swap out. The machine can thus support any 
number of in-flight threads as long as it has enough storage capacity to save 
their contexts. For simplicity, Equation neglects the thread swap time, though 
it can be easily factored in. The minimum in above Equation captures the fact 
that after all execution units are saturated, there is no gain in adding more 
threads to the pool. Finally, the expected performance is:  



• The system utilization (n ) is a function of two variables, nthreads and tavg , 
where tavg is affected by the memory hierarchy (the access times of caches and 
external memory) and the behavior of the workload (which determines cache 
hit rate). tavg can be approximated as follows:  

 

• Where Phit (S$
thread) is the hit rate ratio for each thread in the application 

assuming it can exploit a cache of size S$
thread .Given a shared pool of on-chip 

cache resources, the cache size available for each thread decreases as the 
number of threads grows. Hence, the above Equation can be rewritten as:  

 



• The equation assumes that threads do not share data. 

• It also ignores the fact that threads contexts, saved in the cache, reduce the 
overall storage capacity left to hold data. 
• This effect proved to be negligible in the example shown and is hence neglected here for 

the sake of simplicity.  



RESHAPING THE VALLEY 

• The example system used in this section consists of 1024 PEs and a 16MB cache. A frequency of 1GHz, a CPIexe of 1 cycle, and an off-chip 
memory latency (tm) of 200 cycles is assumed. The peak performance of the example machine is 1 Terra OPS. In baseline workload, 1 out of 
5 instructions is a memory instruction, i.e. rm=0.2.  

• The problem of finding an analytical model for the cache hit rate function has been widely studied . The function used here is: 

 

 

• The function is based upon the well known empirical power law (also known as the 30% rule). workload locality increases when increasing 
α or decreasing β. 

• Fig. presents the projected performance in GOPS as a function of number of threads, for different values of threads . It also presents the 
upper and lower limits a perfect cache (dashed line, all accesses are satisfied from the cache) and no cache at all (dotted line, all accesses are 
satisfied from main memory). For the rest of the observation, α=7 and β=50 is used. 

Figure: Performance for different cache hit rate functions.  



Compute/memory Ratio Impact 

• Fig. shows that the more computation instructions per memory instructions are given, the 
steeper performance climbs. 

• The above trend results from the fact that as more instructions are available for each 
memory access, fewer threads are needed in order to fill the stall time resulting from 
waiting for memory. 

•  All in all, a high compute/memory ratio decreases the need for caches, and eliminates the 
valley.  

Figure: Performance for different cache sizes  



Memory Latency Impact 

• Memory latency is important in the MT region, as observed in the gradient of 
performance improvement. Memory latency is also important in the MC 
region since a shorter latency draws the MC peak higher. 

•  With the scaling of process technology, the memory latency gap is expected to 
grow, thus pushing the plots down.  

Figure: Performance for different off-chip latencies.  



Cache Size Impact 

• As can be seen in Fig., cache size is a crucial factor for MC machines, as 
larger caches extend the MC area up and to the right. 

• This is because larger caches suffice for more inflight threads, thus 
enabling the curve to stay longer with the perfect cache scenario.  

Figure: Performance for different cache sizes  



Off-Chip Bandwidth Impact 

• In order to take into account the role of off-chip bandwidth, we present the following new notations:  
 
 

• The latter is an attribute of the on-die physical channel. Using the above notations, off-chip bandwidth can be 
expressed as:  
 
 

• where performance is given in GOPS. 
• Given a concrete chip with a peak off-chip bandwidth limit (BWmax), the maximal performance achievable by 

a machine is: 



• Fig.  presents the performance plot with several different bandwidths limits, assuming all 
operands are 4 bytes long. (i.e., single-precision calculations.)  

• At the rightmost side of the plot, where all accesses to data are served from memory, 
performance converges to  
 

• However, some of the plots exhibit reduction in performance after reaching a peak at the MT 
region.  

• To explain why this happen recall that Phit is affected by the number of threads in the system, 
because the more in-flight threads there are, the less cache is available to each one of them. 
Therefore, when the off-chip bandwidth wall is met, adding more threads only degrades 
performance due to increasing off-chip pressure.  

Figure: Performance with limited off-chip bandwidth  



• The bandwidth wall in the example causes some of the plots to never reach 
the point where the MT area exceeds the performance of the MC area.  

• This is because the BW wall limits the performance of the MT region but not 
that of the MC region, where caches can dramatically reduce the pressure on 
off-chip memories. 

• In other words, MT machines, relying on very high thread counts to be 
effective, dramatically increase the off-chip bandwidth pressure, and are 
hence in need of very aggressive memory channels to be able to deliver 
performance. 

• MC machines, on the other hand can suffice with relatively slimmer channels, 
as their caches screen out most of the data accesses. 



Summary 

• The performance of a hybrid Many-Core (MC) and Many-Thread (MT) machine as a 
function of the number of concurrent threads available was given. 

• While both MC and MT machines may shine when given a suitable workload (in 
number of threads), both suffer from a performance valley, where they perform 
poorly compared to their achievable peaks. 

• Several key characteristics of both the workload and the hardware impact 
performance, and presented insights on how processor designers can stay away from 
the valley.  
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