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Abstract— I propose the approach called buffered compares, 

a less-invasive processing-in-memory solution that can be 

used with existing processor memory interfaces such as 

DDR3/4 with minimum changes. The design is based on 

observation that multibank architecture, a key feature of main 

memory Dynamic RAM devices, can be used to provide huge 

internal bandwidth without any modification. i place a small 

buffer and a simple ALU per bank, define a set of new DRAM 

commands to fill the buffer and feed the data to the ALU, and 

return the result for a set of commands (not for each 

command) to the host memory controller. By exploring the 

under-utilized internal bandwidth using ‘compare-n-op’ 

operations, which are frequently used in many applications, i 

not only reduce the level of energy inefficient processor–

memory communication, but also accelerate the computation 

of big data processing used by utilizing parallelism of the 

buffered compare blocks in Dynamic RAM banks. i present 

two versions of buffered compare architecture full scale 

architecture and reduced architecture in trade of performance 

and power. The experimental results show that our solution 

significantly improves the performance and efficiency of the 

system on the tested tasks.  
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I. INTRODUCTION 

DRAM (Dynamic random-access memory) is a type of 

random access semiconductor memory that stores each bit of 

data in a separate small capacitor within an integrated circuit. 

The capacitor can either be charged or discharged; these two 

states are taken to represent the 2 values of a bit, 

conventionally called 0 and 1. The electrical charge on the 

capacitors slowly leaks off, so without intervention the data 

on the chip would soon be lost.  

 
Fig. 1: Scanning in-memory database (a) in a conventional 

system and (b) Proposed System 

To prevent this, DRAM requires an external 

memory to refresh circuit which periodically rewrites the data 

in capacitors, restoring them to their original charge. This 

refresh process is the defining characteristic of dynamic 

random access memory, in contrast to static random access 

memory (SRAM) which does not require data to be refreshed. 

Unlike flash memory, Dynamic RAM is volatile memory 

since it lose its data quickly when power is removed. DRAM 

is mostly used in digital electronics where low-cost and high 

capacity memory is required. One of the largest applications 

for DRAM is the main memory   in modern computers and 

graphics cards It is also used in many portable devices and 

video game consoles. Other side, SRAM, which is faster and 

more expensive than DRAM, is typically used where speed is 

of greater concern than cost and size, such as the cache 

memories in processors. The need of a system to perform 

refreshing, Dynamic RAM has more complicated circuitry 

and timing requirements than SRAM, but it is most widely 

used. The advantage of DRAM is structural simplicity of its 

memory cells blocks only one transistor and a capacitor are 

required per one bit, compared to four or six transistors in 

Static RAM. This allows Dynamic RAM to reach very high 

densities, making Dynamic RAM much cheaper per bit. The 

transistors and capacitors used are very small in size , billion 

transistors can fit on a single chip. Due to its dynamic nature 

of its memory cells, Dynamic RAM utilize relatively large 

amounts of power, with different ways for manage the power 

consumption.[2] DRAM had a 47.5% increase in the price-

per-bit in 2017, the largest jump in 30 years since the 46% 

percent jump in 1988, while in recent years the price has been 

going low.[3]  

II. BACKGROUND OF RAM & ITS TYPES 

A Random Access Memory (RAM) that uses a single 

transistor + capacitor pair for each binary value (bit) is 

referred to as a Dynamic Random Access Memory or 

Dynamic RAM. This circuit is dynamic because leakage 

power requires that the capacitor can be periodically 

refreshed for information retention. Then Initially the 

Dynamic Rams had minimal Input/output pin counts because 

the manufacturing cost was dominated by the number of 

Input/output pins in the package. Due to its largely to a desire 

to use standard parts, the initial constraints limiting the 

Input/output pins have had a Long term effect on Dynamic 

RAM architecture: the address pins for most Dynamic RAM 

s are still multiplexed, potentially limiting performance. As 

the standard Dynamic RAM interface has become a 

performance bottleneck number of “revolutionary” proposals 

have been made. In most of cases, the revolutionary portion 

is the interface or access mechanism, while the Dynamic 

RAM core remains essentially unchanged. 

A. The Conventional Dynamic RAM 

The addressing mechanism of early Dynamic RAM 

architectures is still utilized, with minor changes, in many of 

the DRAMs produced today. In this interface,  the address bus 

is multiplexed between row and column components. In The 

multiplexed address bus uses two control signals to the row 

and column address strobe signals, RAS and CAS 
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respectively which cause Dynamic RAM to latch the address 

components. The row address causes a complete row in the 

memory array to propagate down to the bit lines to the sense 

amps. The column address selects the appropriate data subset 

from the sense amps and causes it to be driven to output pins. 

B. Fast Page Mode Dynamic RAM (FPM DRAM) 

In the Fast Page Mode DRAM implements page mode, an 

improvement  on conventional Dynamic RAM in which the 

row address is hold constant and data from many column read 

from the sense amplifiers unit. The data held in sense amps 

form an “open page” that can be accessed relatively quickly.  

C. Extended Data out Dynamic RAM (EDO DRAM) 

The Extended Data Out Dynamic RAM, sometimes refer to 

as hyper page mode Dynamic RAM, adds a latch between the 

sense amps and output pins of the DRAM. This latch holds 

output pin state and permits the CAS to rapidly de assert and 

allows memory array to start precharging soon. In addition 

the latch in the output way also implies that data on the 

outputs of the Dynamic RAM circuit remain valid longer into 

the next clock pulse.  

D. Synchronous DRAM (SDRAM) 

Traditionally FPM, and EDO Dynamic RAM are controlled 

asynchronously by the processor or memory controller; the 

memory delay is thus some fractional number of Central 

Processing Unit clock cycles. An alternative is to make the 

Dynamic RAM connects synchronous such that the Dynamic 

RAM latches information to and from the controller based on 

a clock signal. Dynamic RAM devices typically have a 

programmable register that keeps bytes per request value. 

Dynamic RAM may therefore return many bytes over many 

cycles per request. The advantages include elimination of the 

timing strobes and the availability of data from the DRAM 

each clock cycle. The underlying architecture of the SDRAM 

core is the similar as in a conventional DRAM. 

E. Enhanced Synchronous Dynamic RAM (ESDRAM) 

The Enhanced Synchronous Dynamic RAM is an incremental 

modification to Synchronous Dynamic RAM that parallels 

the differences between FPM and EDO Dynamic RAM. First, 

in the internal timing parameters of the ESDRAM core are 

too faster than SDRAM. Second, the SRAM row caches 

added at the sense amps of each bank. This caches provide 

the kind of improved intra row performance observed with 

EDO DRAM, to allowing requests to the last accessed row to 

be satisfied even when subsequent refreshes, precharges, or 

activates are taking other place. 

F. Synchronous Link DRAM (SLDRAM) 

Ram Link is the IEEE standard (P1596.4) for an internal bus 

architecture for devices. Synchronous Link SLDRAM is an 

adaptation of Ram Link for DRAM, and is another IEEE 

standard (P1596.7). Both are adaptations of the Scalable 

Coherent Interface. The SLDRAM specification is therefore 

an open standard allowing for use by vendors without gain 

licensing fees. SLDRAM is uses a packet type split request or 

response protocol. Its a bus interface is designed to run at 

clock speeds of 200 to 600 MHz and has a two-byte-wide data 

path. SLDRAM supports multiple concurrent transactions, 

provided all transactions reference unique internal banks. The 

64Mbit SLDRAM devices contain 8 banks per device. 

G. Rambus DRAMs (RDRAM) 

In the Rambus DRAMs use a one byte length multiplexed 

address or data bus to connect the memory controller to the 

RDRAM devices. The bus runs at 300 MHz , transfers on 

both positive and negative clock edges to achieve a 

theoretical peak of 600 Mbps. Physically, each 64 Mbit 

RDRAM is divided into 4 separate banks, each with its own 

row buffer, and hence up to 4 rows remain active or open1. 

Transactions occur on the bus using a split request or 

response protocol.  

H. Direct Rambus (DRDRAM) 

In the Direct Rambus DRAMs use a 400 MHz 3 byte length 

channel (2 for data, 1 for addresses or commands). Looks like 

the Rambus parts, the Direct Rambus parts are transfer at both 

positive and negative clock edges, implying a maximum 

bandwidth of 1.6 Gbps. The DRDRAMs are divided into 16 

banks with 17 half row buffers. The Each half row buffer is 

shared between the adjacent banks, which implies that 

adjacent banks can’t be active simultaneously. In  This 

organization has the result of increasing the row buffer miss 

rate as  compared to having single open row per bank, but its 

reduces the cost by reducing the die area occupied by the row 

1. In this study, we model 64-Mbit Rambus parts, which have 

4 banks and 4 open rows. Earlier 16 Mbit Ram bus 

organizations had 2 banks and 2 open pages, and future 256 

Mbit organizations may have been even more. 

III. EXISTING SYSTEM 

With the emergence of big data applications, the centroid of 

smart computing paradigm is shifting toward data from 

computation. The Big data applications are divided by 

inherent large memory footprint, small or moderate amount 

of computation, and a high degree of parallelism. With 

Together with the trend of increasing no. of cores in a cpu, 

the external memory bandwidth requirement of a system has 

constantly increased. However, in contrast to often growing 

computing power and bandwidth requirement, actual 

bandwidth and energy efficiency of off chip channels are not 

improving as much, so its called the memory wall problem 

[5]. 

All of these circumstances endorse to the movement 

toward the resurgence of NDP (Near Data Processing) or PIM 

(Processing in Memory), which offloads certain 

computations to processing units placed at or near the 

memory. One straight through path to implement NDP is to 

add fully functional cores atop DRAM dies utilizing 3-D 

stacking. However, to integrating cores with DynamicRAM 

incurs numerous issues, including the thermal problems. 

Typically, memories on chips do not have cooling capability 

as processor chips do. Also, memories are in general more 

vulnerable to high temperature. Therefore, the power budget 

of the cores integrated with Dynamic RAM devices will be 

very limited. There are also other problems such as cache 

coherence, virtual memory support, and overhead in mapping 

applications. 
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A. Disadvantages: 

 More Memory Bandwidth 

 More Power 

 
Fig. 3.1: A high-level view of DRAM architecture. (a) A 

DRAM chip is composed of multiple banks. (b) Each bank 

is further divided into an array of mats. (c) A mat has a local 

row decoder 

IV. PROPOSED SYSTEM 

I propose a novel buffered compare scheme, a kind of PIM 

technique that performs compare-n-op operations inside the 

Dynamic RAM banks to speed up many applications, amplify 

effective memory bandwidth. In opposite side existing PIM 

techniques, the buffered compare operations have 

deterministic latency so  they can be treated as simple 

extensions of ordinary Dynamic RAM commands, which 

leaves the Dynamic RAM as a ‘passive’ device .Also, without 

any caches or complicated pipelines of ordinary cores, the 

buffered compare approach incurs minimal overhead to 

existing DynamicRAMdies.  

To perform buffered compares, for each Dynamic 

RAM bank, i place a key buffer that usually holds the fixed 

search key, an arithmetic unit, and another small buffer that 

holds the results. i use buffered compares to perform such 

operations within banks, greatly reducing the traffic or 

latency of the off chip channel. It speeds up the system, 

especially when the off-chip bandwidth is saturated. 

Simulation results show that our scheme achieves up to 15.5× 

speedup and significant energy reduction, at the expense of a 

minimal increase in the Dynamic RAM die area on the tested 

workloads. Our key contributions are as shown in below. 

 I identify that abundant internal bandwidth unused in 

modern Dynamic RAM architecture provides the 

opportunity to exploit this extra bandwidth with NDP. 

 I propose buffered compare architecture that performs 

compare-n-op operations inside Dynamic RAM to 

provide parallelism and off-chip bandwidth savings with 

lightweight logic. 

 I suggest a way to solve the system integration issues of 

buffered compare, including programming model, 

coherence, memory protection, and data placement. 

 I investigate six workloads that utilize buffered compares 

to enhance system performance and energy efficiency. 

We also present a detailed circuit-level analysis of 

buffered compare units (BCUs) on performance, power, 

and area overheads. 

A. Advantages: 

 Effective and less Memory Bandwidth 

 Less Power 

V. EXPERIMENTAL RESULTS 

 
Fig. 5.1: Speedups of buffered compares over the baseline. 

I compare my approach with the baseline with all 

computations are performed in the host processor without 

NDP. I also compare our approach with active memory 

operations, which allows memory controllers to perform 

memory intensive computations. For this, the memory 

controllers have modules similar to BCUs. Baseline, active 

memory operations, and buffered compare are marked as 

“Baseline”, “AMO”, and “BC”. I assume for active memory 

operations that there is a sufficient number of computing 

modules so that there is no contention. 1) Performance 

Analysis: Fig. 5.1 shows performance of the buffered 

compares, which achieve significant speedups over the 

baseline and active memory operations.  

For three in memory DB scan and aggregation 

workloads TSC/TSR/MAX, the speedups are very high. In 

TSC, the speedup of BC is 6:87 which comes from transfer 

only the results of the comparisons. In TSR, the benefit of BC 

is 6:62, which is slightly lower than TSC, because the table is 

stored row wise and the large space between the two items 

waste internal bandwidth. The MAX workload shows the 

maximum speedup for BC, which is 14:9 compared to the 

baseline. In BT, the speedup of BC is 35.9%. In a B+tree 

node, hundreds of keys are placed sequentially in the 

Dynamic RAM, and therefore looking for the child node can 

be very efficient using compare-n-read. AMO shows negative 

gains for all workloads, because AMO does not reduce the 

number of memory accesses, and it cannot benefit from 

temporal locality of the on-chip caches. Note that the 

workload chosen in this work is different from the workloads 

AMO was proposed for. 

VI. CONCLUSION 

The proposed buffered compares, which deliver lightweight 

logic inside Dynamic RAM banks to perform often recurring 

patterns of big-data workloads. In processing data inside the 

bank, i can isolate computation, data movement within 

individual banks. In opposite other PIM proposals, our 

scheme requires minimal changes to the existing DDR3/4 

memory interfaces. The proposed design adds a negligible 

space overhead to the Dynamic RAM architecture, while that 

increasing the Performance up to 14.9 over the baseline, and 

saves up to 94.0% of power.  

Our minimized efficient design comes from having 

deterministic operation latencies, and associating BCUs to 

their own banks. The limitation of my scheme is that the 
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number of data pins in a device may limit the functionality. 

With 4 devices, only up to 32bit data fit into one BCU. To 

overcome this limitation along with investigating the 

application of this technique to 3Dimenson memory and 

adding error correction and detection capability would be our 

future work. 
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