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ABSTRACT 

 

Dynamic Instruction Scheduling is very much needed for fast working of multiprocessors and 

reduction of complexity and energy by the multiprocessors that support superscalar and out of 

order execution. The Instruction scheduling logic mainly depends on associative searching of the 

entries to the dynamic wakeup instructions for the execution. We also describes the scheduler 

concept which also the concern for scalability and complexity of the multiprocessor.We survey 

different Dynamic Instruction Scheduling Logic highlighting the objectives, goals, advantages 

and challenges facing during scheduling logic like energy issues and complexity issues as well as 

full description of dynamic instruction Scheduling logic presented in a comprehensive survey of 

the related literature. 
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INTRODUCTION 

 

General purpose microprocessors usually apply superscalar andout-of-order execution. These 

microprocessors should dynamicallyextract instruction level parallelism (ILP) for 

highperformance becausethey are required to execute various types of programs efficientlyand 

must also have to run a number of legacy binary codes.In addition, embedded processors are 

required to adapt to suchtechniques in order to dynamically extract ILP. This is due to 

upgradingof facilities and continuingdiversification of portable devicesand embedded systems, 

such as cellular phones and PDAs[1]. 

 

However, dynamic instruction scheduling logic for superscalarand out-of-order execution has 

a serious problem in that it consumesa significant amount of energy due to the complicated 

natureof its hardware logic. Increased energy consumption isextremely disadvantageous in both 

portable devices, which have alimited battery life, and high-end systems, in which increased 

heatgeneration associated with increased energy consumption becomesa serious problem.  

 

 

As a result, it is becoming increasingly difficultto implement such complicated dynamic 

instruction schedulinglogic on all types of processors.Therefore, reducing both theenergy 

consumption and the complexity of the dynamic instructionscheduling logic is essential in 
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modernmicroprocessors.The central structure, which enables aggressive out-of-order execution,is 

the dynamic instruction scheduling logic, which is composedof the (i) instruction queue 

(instruction window), which holdsthe renamed instructions until their source operands become 

available,and the (ii) instruction scheduling logic, which selects the instructionsto issue from 

among the ready instructions in the instructionqueue. A large instruction queue and a wider 

machine widthare essential in order to achieve high performance by extracting ILPto the greatest 

extent possible from the target program. However,enlarging the queue size and the number of 

ports generally increaseits complexity and energy consumption.  

 

Contemporary superscalar microarchitectures rely onaggressive out-of-order instruction 

scheduling mechanisms to maximize performance across a wide variety of applications. 

Instructions are dispatched into the issue queue (IQ) in-order after undergoing register renaming 

and noting the availability of their register sources, and they are issued for the execution out of 

order as their source operands become available. The instruction scheduling logic operates in two 

phases - instruction wakeup and instruction selection. During wakeup, the destination tags of the 

already scheduled instructions are broadcasted across the IQ and each IQ entry associatively 

compares the locally stored source register tags against the broadcasted destination tag. On a 

match, the corresponding source is marked as ready. When all sources of an instruction become 

ready, the instruction wakes up and becomes eligible for selection.Therefore, numerous 

studieshave been conducted in order to reduce the energy consumptionor shorten the cycle time 

by reducing the complexity of the instructionqueue and instruction scheduling logic. 

 

TYPE1: INSTRUCTION SCHEDULING LOGIC 

 

 
Fig1: Dynamic Scheduling Logic 

 

This shows the conventional dynamic instruction scheduling logic of a four-way out-of-order 

superscalar processor. The right hand side of the figure shows the instruction queue, and the blue 

line indicates a single entry, which is composed of the CAM logic for tag matching and the 

payload RAM (op codes, physical register number, offsets, etc.). The left-hand side shows the 

selection logic [2]. 

 

The instruction queue has four read and write ports for dispatch and issue, respectively, and 

the selection logic has the ability to select four instructions per cycle. 
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TYPE 2: INSTRUCTION SCHEDULING LOGIC 

 

The objective of this study is to reduce the complexity and energy consumption of dynamic 

instruction scheduling. We propose the grouping of several instructions together in order to 

reduce the required hardware of dynamic instruction scheduling. 

 

 
 

Fig 2: Showing Grouping of Instructions 

 

GROUPING INSTRUCTIONS 

 

In this section, discussion will be on what sort of instructions can be grouped together, as well 

as how the grouping of two instructions can be achieved [2]. 

 

A. Grouping Condition 

 

By grouping two instructions, waking up, selecting, and issuing only the first instruction leads 

to the issuing of both instructions because the second instruction should be issued in the cycle 

following the first instruction. The candidate of grouping, the latency of which is single cycle, is 

an integer ALU operation. Researchers are required to implement this new technique in the 

instruction queue, in which the integer instructions are dispatched. Instruction pairs, which are 

candidates of this grouping technique, can be classified into the following two types[2, 3, 4]. 

 

[I] The issuing of one instruction is the only requirement for issuing the other instruction. 

[II] Both instructions can be issued in the same cycle. 

 

We first discuss about Type [I], which consists of two different types of pairs, each of which 

will be explained using an example. 

 

Instruction A: add r5 ← r3, r2 

Instruction B: add r4 ← r5, R (1) 

 

Now the right operand of Instruction B is ready, and the left operand r5 is the destination of 

Instruction A. Therefore, only the condition of issuing Instruction A enables Instruction B to be 

issued in the next cycle. 
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The pair of instructions below also belongs to Type [I]. 

 

Instruction A: add r5 ← r3, r2 

Instruction B: add r4 ← r5, r3 (2) 

 

The left operand of Instruction B is the destination of Instruction A and is the same as 

Example (1). Furthermore, the right operand r3 of Instruction B is the left operand of Instruction 

A, so if Instruction A is ready for issue, r3 is also ready. For this reason, the above instructions 

can be grouped together, as in the case of Example (1). Next, they describe Type [II]. The 

instructions ofExample (3), given below, areboth ready for issue, because both the left and right 

operands are ready. Since both instructions are ready, they can be grouped, although there are no 

data dependencies between these two instructions. In this case, the previous instruction in 

program order is issued first. When grouping is not performed, these two instructions might be 

able to be executed in the same cycle. Therefore, the second instruction will be issued one cycle 

later and may cause performance degradation. However, in the proposed technique, it is important 

to obtain a high throughput by grouping as many instructions as possible. Moreover, ready 

instructions usually stay in the instruction queue for only a short time, and most of these 

instructions are not critical to the performance. Thus, even if the second instruction is issued one 

cycle later, there is almost no performance degradation. Therefore, they group ready instructions. 

Although more patterns that belong to the above two types exist, but the decision is to group only 

three types of pairs described above [5]. 

 

Instruction A: add r1 ← R, R 

Instruction B: add r2 ← R, R (3) 

In the next section, I will discuss how to find the groupable instructions at the dispatch stage. 

 

B. Finding Grouping Candidates 

 

In order to achieve high throughput, finding and grouping as many instructions as possible at 

the dispatch stage is required. Thus, they first search the instructions in the same stage to see if 

there are any instructions that can be grouped (i.e., they try to detect a group from the scope of the 

machine bandwidth). Out-of-order superscalar processors perform register renaming to avoid 

unnecessary serialization of program operations imposed by the reuse of registers. At this time, 

dependency between instructions dispatched at the same cycle is resolved. This structure is 

implemented by a simple combinational circuit. With slight changes to this structure, searching 

the groupable instructions described in Section 3.1.1 becomes possible. Searching these three 

types is performed in parallel, and when pairs of group able instructions are found, they will be 

dispatched into the same entry of the instruction queue [4.6.9]. 

 

INSTRUCTION PACKING 

 

Figure 3(a) shows a format of an IQ entry used in traditional nprocessors. The following fields 

comprise a single IQ entry:  

a)Entry allocated bit (A), 

b) Payload area (opcode, FU type, destination register address, and literals),  
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c) Tag of the first source, associated comparator (tag CAM word I, hereafter just tag CAMI, 

without the "word") and the source valid bit, 

 d) Tag of the second source, associated comparator (tag CAM 2) and source valid bit,

 
        (a)      (b) 

 

Fig 3: Formats of a traditional issue queue entry (left), and an entry of the issue queue that 

supports instruction packing 

 

And e) the ready bit [7]. 

The ready bit, used to raise the request signal for the selection logic is set by AND-ing the 

valid bits of the two sources. If at least one of the source operands is ready at the time of dispatch, 

the tag CAM associated with this instruction's IQ entryremains unused. To exploit this idle tag 

CAM, they propose to share one IQ entry between two such instructions. An entry in theIQ can 

now hold one or two instructions, depending on the number of ready operands in the stored 

instructions at the time of dispatching. Specifically, if source registers of an instruction are not 

available at the time of dispatch, the instruction is assigned an IQ entry of its own and makes use 

of both tag CAMS in the assigned entry to determine when its operands are ready [8]. An 

instruction that has only one source register that is not available atthe time of dispatch is assigned 

just one half of an IQ entry. The remaining half of the IQ entry may be used by another 

instruction that also has one of its source registers unavailable at the time of dispatch. Sharing an 

IQ entry between two instructions also requires the IQ entry to be widened to permit the payload 

parts ofboth instructions to be stored, along with the addition of flags that indicate whether the 

entry is shared between two instructions andthe status of the stored instruction(s), Figure 3(b) 

shows theformat of an IQ entry that supports instruction packing. Each IQentry is comprised of 

the "entry allocated" bit (A), the ready bit(R), the mode bit (MODE) and the two symmetrical 

halves: theleft half and the right half. The structure of each half is identical,so the left half for the 

subsequent explanations is used. 

A left half of each IQ entry contains the following fields: 

 Left half allocated (AL) bit: This bit is set when the left halfentryis allocated. 

  Source tag and associated comparator (Tag CAM): This iswhere the tag of the non-ready 

source operand for aninstruction with at most one non-ready source is stored.  

 Source valid left bit (SVL): This bit signifies the validity ofthe source from part b), 

similar to the traditional designs. Thisbit is also used to indicate if the instruction residing 

in a halfentryis ready for selection (as explained later). 
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 Payload area: The payload area contains the sameinformation as in the traditional design, 

namely: opcode, bits identifying the FU type, destination register address and literal bits. 

In addition, the payload area contains the tag of the second. 

 

A. Entry Allocation 

 

To set up an IQ entry for an instruction, the “entry allocation’ bits corresponding to both 

halves (AL and AR), as well as the global entry-allocated bit (A) are associatively searched in 

parallel with register renaming and checking the status of the source physical registers. If the 

instruction is determined to have at most one non-ready source operand at the time of dispatch, 

the lowest numbered IQ entry with at least one available half is allocated. If both halves are 

available within the chosen entry, then the instruction is written into the right half. After the 

appropriate half is chosen, both the “entry_allocated’ bit of this half and the global A bit are 

reset. If an instruction is determined to have two non-ready source operands at dispatch, then a 

full-sized entry is allocated, as dictated by the state of the A bits. The search for a full-sized and a 

half-sized entry occurs simultaneously, and the entry to be allocated is then chosen based on the 

number of non-ready source operands [10, 11]. This IQ entry allocation process is somewhat 

more complicated than similar allocation used in traditional designs, where just the A bits are 

associatively searched. However, there is no extra delay involved, because the searches occur in 

parallel. Similar issues with allocating the IQ entries are also inherent in other designs which aim 

to reduce the amount of associative logic in the queue by placing the instructions into the IQ 

entries judiciously, based on the number of non-ready operands at the time of dispatch. Iwill 

discuss what kind of information is written into the IQ for the various instruction categories later 

in the paper. But first, I describe how wakeup and selection operations are implemented in this 

scheme. 

 

B. Instruction Wakeup 

 

The process of instruction wakeup remains exactly the same as in traditional design for an 

instruction that occupies a full IQ entry (i.e. enters the queue with two non-ready register 

sources). Here, the ready bit (R) is set by AND-ing the valid bits of both sources. For instructions 

that occupy half of an IQ entry, the wakeup simply amounts to setting of the valid bit 

corresponding to the source that was non-ready when the instruction entered the IQ [12]. The 

contents of the source valid bits are then directly used to indicate that the instruction is ready for 

selection (the validity of the second source is implicit in this case). The selection logicdetails are 

described next. 

 

C. Instruction Selection 

 

The process of instruction selection needs to be slightly modified to support instruction 

packing, tomake the explanation easier, we assume that a 32-entry IQ is packed into a 16-entry 

structure, such that each entry is capable of holding two instructions with at most one non-ready 

source each, or one instruction with two non-ready sources. In a 32-entry IQ design, there are 32 

request lines that can be raised by the awakened instructions - one line per IQ entry. In the 

instruction packing scheme, each of the two halves of each of the 16 entries requires a request 

line, thus retaining the same total number of request lines (32) and resulting in a similar 
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complexity of the selection logic. In addition, the ready bits, used by the instructions allocated to 

full entries, also require request lines. Consequently, a straightforward implementation of the 

selection logic would require 48 (3x16) request lines, thus increasing the complexity, delay and 

power requirements of the select mechanism. Such an undesirable elevation in the complexity of 

the selection logic can be avoided by sharing one request line between the R and the SVR bits. 

The shared request line is raised if at least one of the bits (the R or the SVR) is set. The R and the 

SVR bits are both connected to the shared request line through a multiplexer, which is controlled 

by the “mode” bit of the IQ entry (Figure 3(b)). Consequently, the overall delay of the selection 

logic increases only slightly - by the delay of a multiplexer. Notice also that the MUX control 

signal (the “mode” bit) is available in the beginning of the cycle when the selection process takes 

place (the “mode” bit is set when the IQ entry is allocated). The request line driven by the SVL 

bit is controlled by the p-device, whose gate is connected to the “mode” bit [13, 15, 16]. This 

request line will be asserted only if the “mode” bit is set to 0 (indicating that the IQ entry is 

shared between two instructions) and the SVL bit is set to 1. Note that the only part of the 

selection logic that is modified is the process of asserting the request lines. The rest of the 

selection logic is unchanged compared to the traditional designs. The overall delay of the 

selection logic is thus increased by the delay of the multiplexer, whose control signal is preset (as 

the value of the “mode” bit is available as soon as the IQ entry is allocated). The additional delay 

introduced in path that generates the request signal is thus the propagation delay of a turned-on 

CMOS switch within the multiplexer (about 18 PSin our 0.18 micron CMOS layouts). Compared 

to the delay of a 3-level, tree structured selection logic (about 370 PS, neglecting wire delays), 

this additional delay is negligible, only about 5%. This percentage, of course, goes down as wire 

delays in the selection tree are accounted for [14]. 

 

D. Instruction Issue 

 

Instruction issue is a process of reading the source operand tags of the selected instructions 

and starting the register file access (effectively moving the instruction out of the IQ) [17, 18]. 

 

When a grant signal comes back corresponding to the request line, which was shared between 

the R and the SVR, the issue logic has to know which physical registers have to be read. 

Conventionally, this information is conveyed by the contents of the tag fields. However, the 

register tags of an instruction with two non-readies sources (i.e. the instruction that occupies full 

IQ entry) and the register tags of an instruction with one non-ready source are generally stored in 

different locations within the IQ entry[19, 20 ,21]. In the former case, the tags are stored in the tag 

fields connected to both comparators - one tag is stored in the left half of the entry and the other 

tag is stored in the right half of the entry. In the latter case, both tags are stored in the right half of 

the entry, such that the tag of the non-ready operand is connected to the comparator and the other 

tag is simply stored in the payload area. Given this disparate locations of the source register tags, 

bow would the issue logic know which tags to use when the grant signal corresponding to a 

shared request line comes back? One solution is, again, to use the contents of the “mode” bit and 

a few multiplexors. This will, however, slightly increase the delay of the issueregister access 

cycle. A better solution, which avoids the additional delays in instruction issuing altogether, is as 

follows. When an instruction with two non-ready sources is allocated to the IQ, the tag, which is 

connected to the left half comparator, is also replicated in the payload area storage for the second 
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tag in the right half. As a result, both tags will be present in the right half of the queue, so these 

tags can be simply used for register file access, without regard for the IQ entry mode [22]. 

 

CONCLUDING REMARKS 

 

Through this survey, we concluded that the type 2 dynamic scheduling logic is better than the 

type 1 on the basis of complexity and energy efficiency and through instruction packing we saw 

that the page fault decreases in both main memory and CPU cache which also increases the 

efficiency of the system. 

 

FUTURE WORK 

 

We can enhance these two given techniques for more energy saving and reducing complexity 

by increasing the payload by 3 or more in one cycle. 

In Instruction Packing, entry allocation scheme will be further enhanced but with precautions 

so that deadlock condition will never occurs. 
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