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Abstract 
          

         A lot of researches had been concerned with the memory sharing predictor (MSP), they 

defined the main purpose of such architecture explained how the mechanism of message 

prediction occurs through speculative coherence protocol to avoid the remote latency in 

memory sharing systems. This protocol is very vital specially when the messages and the 

acknowledgements are sent and received through slow processors. Most of the researches 

which had been done on MSP concentrated on avoiding latency in memory sharing system by 

investigating mechanisms for message prediction through speculative coherence. The lack of 

these researches is in ignoring a lot of parameters which may have a great impact on the 

performance analysis. The main objective of this paper is to introduce a MSP mathematical 

model that takes into account most of the important parameters that affect the prediction. 

Extracted results based on simulation are compared with the most recent model. Analyzing of 

the comparison shows that how the prediction accuracy affects the performance of memory 

sharing systems. Finally this paper also suggests using a new developed and a low constant 

synchronization overhead operating system called K42/Tornado to increase the performance of 

memory sharing systems. 
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1. INTRODUCTION 

        Memory sharing predictor is one of the most considered mechanism in active memory 

technology, it saves the total latency time by eliminating the overheads time at processors and 

directory in shared memory systems using speculation method .MSP consists of history table 

which contains the message memory request for each block and pattern tables which contains 
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the last occurred message sequence for this memory block. Each message memory block has its 

own pattern table ,MSP neglects the acknowledgment messages for each memory block , the 

messages which it predicts are read , write and upgrade [12,16]. 

An MSP is based on the key observation that to eliminate the coherence overhead on a 

remote access latency it is only necessary to predict the memory request messages (i.e., a read, 

write, or an upgrade). A general message predictor unnecessarily predicts the coherence 

acknowledgement messages (i.e., an invalidation response or a write-back) as well, even 

though these messages are in direct response to a coherence action and are always expected to 

arrive. In Figure 1 (right), the write-back message by P3 is in direct response to the invalidation 

message by P2. The write-back is only a response to the coherence activity invoked by the read 

request and is itself part of the coherence overhead [10]. Because it predicts all coherence 

messages, a general message predictor has several key shortcomings. First, since the protocol 

overlaps the invalidation messages for a block, the acknowledgments may arrive in any 

arbitrary order. Predicting acknowledgments may unnecessarily and severely perturb prediction 

of the (more fundamental) request messages if acknowledgments often arrive out of order. 

Second, predicting the acknowledgments unnecessarily increases the number of pattern table 

entries. Third, predicting the acknowledgments increases the required number of bits to encode 

message types in both the history and pattern tables [8]. MSP addresses the above shortcoming 

in a general message predictor by only predicting the request  messages.  Most of recent 

researches did not deal with the functionality of memory sharing predictor in terms of 

mathematics, and neglecting number of parameters that affect the accuracy of  MSP. This paper 

fully describes the effect of the prediction on the performance and how the prediction accuracy 

affects the performance of memory sharing systems. 

 

2.  MEMORY SHARING PREDICTOR (MSP) 

       Figure 1 illustrates an example of producer/consumer sharing for memory sharing 

predictor that eliminates half of the pattern table entries. The MSP would also eliminate all the 

sequences resulting from the potential re-orderings of the acknowledgments (not shown in the 

figure). The MSP requires two bits to encode three request message types (i.e., read, write, and 
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upgrade) as compared to a message predictor requiring three bits to encode three request types 

and two acknowledgement types (i.e., responses to read-only invalidations and write backs). 

In contrast, MSP only requires two bits for the type and log (n) bits to encode a 

processor id for every read Request [15].  Memory sharing predictor is one project toward an 

effective active memory system in multiprocessors environment using a shared memory, the 

prediction process increases the efficiency of the system, saving number of steps in sending and 

receiving message requests [10,14]. 

Most of recent works suggested a mathematical model of MSP but neglecting many 

parameters that can affect  the performance such as the operations that occurs in the history 

table, pattern table and the wire time [12,20]. 

It is much important to search for a suitable mathematical model to represent accurately these 

parameters and studying the effect of considering these parameters on calculating the overall 

performance of the system. considering these extra parameters is expected to help in studying 

the performance of the system more accurately. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1  A Memory Sharing Predictor (MSP) [10] 
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3. MEMORY SHARING MODE WITHOUT PREDICTION 

     Figure 2 shows a system with two processors deals with a directory through request 

messages under the absence of memory sharing predictor, when P1 sends a request message to 

Directory there is an overhead time on P1 and a wire time during sending the message from P1 

to the directory, then there is an overhead on the directory and a wire time during sending the 

message from the directory to P2 , then there is an overhead time on directory P2 and a wire 

time during sending the response message from P2 to the directory , then there is an overhead 

on the directory and a wire time during sending the response message from directory to P1 and 

then there is an overhead on P1 during the receiving of the request , the following parameters 

shows these operations in details.[13-14,18] 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 2 shows coherence protocol action digraph without prediction 

3.1 Performance  Model  

The previous performance model includes the following parameters: c is the application’s 

communication ratio on the critical path, f is the fraction of speculatively-executed memory 

requests over all the received requests, p is the request prediction accuracy, l access and r 

access represent the local and remote memory latencies respectively, rtl is the ratio of remote to 
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local access latencies, n is the mis-speculation penalty factor, and N is the number of remote 

requests on the critical path where: 

Comm-speedup = (communication time without speculation)/( (communication time with 

speculation) 

= N raccess  / [(1- ƒ ) N raccess   +  ƒ N (pl access + (1-p) n r access )] 

Tlat (latency time without prediction) = N raccess                   (1) 

= 1 / [(1- ƒ ) + ƒ(p/rtl +n (1-p))]                                                       

 Speedup = (total execution time without speculation / total execution time with speculation) 

                = 1 / [(1-c) + c / com-speedup] 

                = 1 / [(1-c) + c [(1- ƒ ) + ƒ(p/rtl +n (1-p))]]                     

 

4. THE PROPOSED MATHEMATICAL MODEL  

A performance model based on the proposed mathematical model of memory sharing predictor 

is investigated. In this model the parameters that affect the remote latency time is considered 

[4,5,7]. Before starting our derivation three theories will be discussed in brief. Each of them 

will help in analyzing and understanding the whole idea of memory mapping and 

presentation[8].  i) Ordered pairs theory:  is used here to represent the contents of the pattern 

table.The contents of pattern tables could be ordered triples or ordered quadruples ………etc, 

In general formula, the contents of pattern tables are described as: (< message-type, processor-

receiver >, < message-type, processor-sender>, < message-type, Directory>) 

For a given pattern in figure1: <Upgrade,P3>, <Read,P1> , <Read,P2>   

The Memory Sharing Predictor mathematical model use the ordered triples definition to 

express the above pattern as follow  (<Upgrade,P3> , <Read,P1> , <Read,P2>) = 

((<Upgrade,P3> , <Read,P1>) , <Read,P2>) the ordered pair (<Upgrade,P3> , <Read,P1>) 

indicates that it is expected to see the contents of the pattern table <Read,P1> after 

<Upgrade,P3>  

ii) Relation theory:  is used to represent the relation between history table and pattern table, 

which is depicted in fig 1,this relation  should be expressed as a Reflexive Relation as: for  all a 

Є A a R a , where R is reflexive if every node of G has a loop attached to it[8]. The Memory 

Sharing Predictor mathematical model uses the definition of Reflexive Relation to express that 
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the last message received in the history table refers to the same message in the pattern table, 

can be represented as a reflexive relation in a general formula: 

For <message-type, processor | directory> Є sets of received messages <message-type, 

processor | directory> R <message-type, processor | directory>. 

The total time required to execute the reflexive relation in MSP (T reflexive) is represented as: 

T (<message-type, processor | directory> R <message-type, processor | directory>) 

 T reflexive could be represented in a digraph as a loop , T reflexive = 2*π r where r is the 

radius of the loop which represents the reflexive relation, the diameter of the loop represents 

the prediction accuracy, increasing the diameter refers to more delay in prediction process and 

less accuracy.  For a given content of history table and pattern table in figure1  <Upgrade, P3> 

Є sets of received messages <Upgrade,P3> R <Upgrade,P3> is a reflexive relation and  

Treflexive = T(<Upgrade,P3> R <Upgrade,P3>) 

Finally , iii) The contents of pattern table: could be expressed as an injective function [8] in a 

general formula  

F (<message-type, processor | directory>) = <message-type, processor | directory> 

The total time required to execute the injective function in MSP (Tfunc) is represented as: 

Tfunc = T (F (<message-type, processor | directory>) = <message-type, processor | directory>)    

Tfunc could be represented in a digraph as an arrow, Tfunc ≈ 2M where M represents the 

remote receive overhead   because wire time is very little compared to send and receive 

overheads. 

The contents of pattern table as shown in figure1 includes <Upgrade,P3> , <Read,P1> , 

<Read,P2> the injective function should be introduced as injective function F(<Upgrade,P3>) 

= <Read,P1> , F(<Read,P1>) = <Read,P2> , F(<Read,P2>) = <Upgrade,P3>                         

A global overview of how MSP operates using  figure 1 could be summarized as follow 

1- use the ordered triples definition to express <Upgrade,P3> , <Read,P1> , <Read,P2>  as 

(<Upgrade,P3> , <Read,P1> , <Read,P2>) = ((<Upgrade,P3> , <Read,P1>) , <Read,P2>) 

2- the reflexive relation for  <Upgrade,P3>  Є  sets of received messages <Upgrade,P3> R 

<Upgrade,P3>. 
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3-the injective function F(<Upgrade,P3>) = <Read,P1> , F(<Read,P1>) = 

<Read,P2>,F(<Read,P2>)= <Upgrade,P3>. 

 

This model is used to compare the performance of the system, contains a sharing memory and 

multiple processors each of them deals with the memory with request messages, with and 

without memory sharing predictor and indicates how the memory sharing predictor can affect 

on the performance of this system.[15-21] 

4.1 Memory Sharing Mode with prediction 

Figure 3 shows coherence protocol action digraph with prediction under the existence of 

memory sharing predictor which is depicted in Figure 1. 

 

 

 

 

 

  

 

 

 

 

Figure 3 coherence protocol action digraph with prediction 

Where: 

N : local send overhead in P1.  

L : wire time for the request of P1. 

M : remote receive overhead of Directory from P1. 

X : wire time for the request of Directory. 

Y : remote receive overhead of P2. 

Z : wire time for the response from P2  to Directory. 

P : remote receive overhead of  Directory from P2. 

Q : wire time for the response from Directory to P1. 

R : local receive overhead in P1. 

Φ : parameter refers to the difference of wire time  of the system and it varies from 

system to system which applies the cache coherence protocol without prediction. 

N 

θ L 

M 
X 
Y 
Z 

P 

Q 

R 

D 

P1 Dir P2 



- 8 - 

θ : parameter refers to the difference of wire time of the system and it varies from 
system to system which applies the cache coherence protocol with prediction. 

D : the ideal wire time. 

 

Figure 3 shows that due to prediction the overhead time in coherence protocol action is 

neglected this cause the existence of two angles θ and Φ, sending a request message from P1 to 

the Directory does not require an overhead time on P1 and also there is not an overhead time on 

the directory in the moment of receiving the request, MSP exists at the side of the directory, so 

there is a time required to connect the history table with the pattern table representing the 

reflexive relation, this time is called Treflexive , from the property of reflexive relation this time 

is represented in the digraph as a loop [13], then there is a time representing the prediction 

operation called Tfunc  after the prediction operation completed the response message is sent to 

the P1 with a wire time but without any overhead on P1,Under the assumption that: 

1-  local and remote operating system overhead and wire time are the same, then L = X = Z = Q  

2- In these systems wire time is very little compared to send and receive overheads so  L + M ≈ 

M [9].  

3-the dot line depicted in figure 3 show the path of the message request of P1 from P2. 

The total latency time with prediction (TlatPred) [2] is calculated as follow: 

 TlatPred = M + (( L+M)
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from figure 4      ((L+M) / cos θ ) = ( D
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 D = M tan θ           (3)                    
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                = M + Treflexive + Tfunc+ 2M (1 + tan2 θ  )1/2 

                = M + Treflexive + Tfunc+( 2M / cos θ )                  (4)                    

In digraph Treflexive = 2*π r where r is the radius of the circle which represents the reflexive 

relation ,  Tfunc  ≈ 2M  because wire time is very little compared to send and receive overheads. 
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        =M( 5 + 4 tan θ / sin Ф)               (5) 

Tlat / TlatPred  = Speedup =  [( 5 + 4 tan θ / sin Ф) ]  /  [ 1 + ( 2*π r / M )+ 2 + 2/ cos θ]       (6)  

4.2 Memory Sharing Mode without prediction 

The following figure shows the coherence protocol action digraph without prediction using 

additional parameters 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 4 coherence protocol action digraph without prediction using additional 

parameters 

So the total latency time Tlat  = N + ( L2 + D2 )1/2 + M + ( X2 + D2 )1/2 + Y +  ( Z2 + D2 )1/2 + P + 

( Q
2 
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2 
)
1/2 
+ R 

In many researches which offered the concept of remote latency assumed that local and remote 

operating system overhead are the same [4 ].Then the above equation could be rewritten as : 

Tlat = 5 M + ( L2 + D2 )1/2 + ( X2 + D2 )1/2 +  ( Z2 + D2 )1/2 + ( Q2 + D2 )1/2                      (7) 

5. Simulation Analysis and Results 

Validation and analysis of the proposed algorithm is done via simulation the parameters Φ, r 

,M and θ are generated randomly, the speedup of the system is calculated at different values of 

r and θ and constant values of Φ and M, the  speedup is an indicator to the performance of the 
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system that refers to the ratio between Tlat and TlatPred ,this ratio increases when the 

performance increases and vice versa. 

5.1 Performance Study and Analysis 

     Equation 6 represents the ratio of performance of memory sharing system and the role of 

memory sharing predictor in increasing the performance of the system; it is obvious that there 

is a relationship between the performance and the radius r that represents the prediction 

accuracy, the following results and graphs are calculated at constant wire time and overheads. 

At  Φ = 60 , r = 0.5 , M = 0.6   

  θ 10 20 25 30 35 40 45 50 55 

Speedup 0.558 0.650 0.712 0.790 0.896 1.051 1.30 1.79 3.254 

At  Φ = 60 , r = 0.55 , M = 0.6   

  θ 10 20 25 30 35 40 45 50 55 

Speedup 0.532 0.621 0.679 0.755 0.857 1.006 1.25 1.72 3.129 

At  Φ = 60 , r = 0.6 , M = 0.6   

  θ 10 20 25 30 35 40 45 50 55 

Speedup 0.508 0.593 0.65 0.723 0.822 0.966 1.19 1.65 3.013 

At  Φ = 60 , r = 0.65 , M = 0.6  

  θ 10 20 25 30 35 40 45 50 55 

Speedup 0.485 0.569 0.624 0.695 0.789 0.928 1.15 1.59 2.905 

At  Φ = 60 , r = 0.7 , M = 0.6   

  θ 10 20 25 30 35 40 45 50 55 

Speedup 0.466 0.546 0.599 0.668 0.759 0.894 1.11 1.54 2.806 

 

At  Φ = 60 , r = 0.75 , M = 0.6   

  θ 10 20 25 30 35 40 45 50 55 

Speedup 0.447 0.525 0.576 0.643 0.732 0.862 1.07 1.48 2.712 

 

At  Φ = 60 , r = 0.8 , M = 0.6   

  θ 10 20 25 30 35 40 45 50 55 

Speedup 0.430 0.505 0.555 0.619 0.706 0.832 1.04 1.44 2.624 

 

         Figure 5 shows that at different values of wire time in case of prediction using MSP 

increases. The analysis of the results of the proposed mathematical model that uses extra 

parameters  shows an important  notation, with increasing the radius r of the reflexive relation 

(means more delay in prediction process and less accuracy), the performance decreases by an 

amount greater than the amount mentioned in previous mathematical model of memory sharing 

predictor in [12,16]. For example, the results of the proposed mathematical model show that at 
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prediction accuracy 70%  at r = 0.65 ( the ideal performance occurs at r = 0.5 or at unit 

diameter) the performance decreases with 13%, in previous model [12,19], at prediction 

accuracy 70%  the performance decreases with 5%. The results of the proposed mathematical 

model show more accurately the effect of the prediction ,the role of MSP on the performance 

and how the increasing of prediction accuracy affects the increasing of performance of memory 

sharing systems. 

At  Φ = 60 , r = 0.5 , M = 0.8   

  θ 10 20 25 30 35 40 45 50 55 

Speedup 0.636 0.738 0.806 0.892 1.01 1.18 1.46 2 3.615 

At  Φ = 60 , r = 0.5 , M = 1   

  θ 10 20 25 30 35 40 45 50 55 

Speedup 0.69 0.803 0.876 0.968 1.093 1.275 1.57 2.15 3.874 

Figure 6 shows the performance of the system at different values of actual overheads occur at 

prediction process (Φ- θ)  and different values of ideal overheads of the operating system M. 

 

Figure 5 s increasing of Speedup using prediction 
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It is clear that  by increasing the difference between Φ and θ (Φ- θ) which represents an 

increasing in the actual overhead the performance decreases, so this paper suggests to use a low 

constant synchronization overhead operating system called  K42/Tornado. 

 

Figure 6  Decreasing  of Speedup by increasing the actual overhead (Φ- θ) at prediction 

 

K42/Tornado is developed by K42 , it is a new high performance, open source, general-purpose 

research operating system kernel for cache-coherent and large-scale shared-memory 

multiprocessors, such as NUMAchine, must be specifically designed for this class of system if 

the operating system and the applications that run on it are to perform well. For example, the 

large disparity between cache and main memory access times dictate that data sharing be 

minimized in order to minimize cache misses and reduce consistency traffic. The generally low 

cache hit rates expected in executing operating system code dictate that memory access locality 

be made high so average memory access times are low. Parallelism in servicing independent 

operating system requests must increase proportionally to the number of processors in the 

system if bottlenecks in the operating system won`t start appearing as the system is scaled. the 

operating system must be flexible in allowing applications to customize operating system 

policies to suit their performance needs, since these needs tend to vary greatly and any single 

default policy will only perform well for a small percentage of applications.  
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Tornado is a new operating system is developed for NUMAchine that addresses these 

issues using novel approaches, some of which were developed for our previous operating 

system Hurricane[3,5,6,11,19]. It  uses Hierarchical Clustering, a modular and flexible 

structure that can be applied to operating system objects or services. Using this structure, 

operating system service points are automatically replicated to provide for concurrency that 

increases linearly with the number of processors in the system, yet at a low constant 

synchronization overhead. 

 

6.CONCLUSION  

 

Memory Sharing Predictor plays an important role for increasing the performance in shared 

memory systems by neglecting the overhead time by the coherence protocol using speculations. 

A new MSP mathematical model that takes into account most of parameters that affect the 

prediction is proposed. Comparison of these results obtained with and without prediction 

shows an important notation, with more delay in prediction process and less accuracy. The 

performance with system prediction using the proposed mathematical model is improved when 

compared with those calculated in previous mathematical model of memory sharing predictor. 

the proposed mathematical model show more accurately the effect of the prediction ,the role of 

MSP on the performance and how the increasing of prediction accuracy affects the increasing 

of performance of memory sharing systems. This paper also suggests to use a new developed 

and a low constant synchronization overhead operating system called K42/Tornado to increase 

the performance of memory sharing systems. 
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