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Abstract 
This paper introduces a new microarchitecture, which we 
call COSMOS, for realizing large-scale superscalar proc-
essors with high clock frequencies. In order to achieve the 
goal, several design techniques on instruction supply 
mechanism, instruction window, register files, and oper-
and bypass logic are proposed. Based on simulation re-
sults of an 8-way dynamically scheduled superscalar 
processor, we estimate that the contribution of COSMOS 
microarchitecture on instruction level parallelism is only 
1.3% degradation from the conventional superscalar p
essor with an equivalent scale. Due to its low complexit
a COSMOS superscalar processor works at higher cl
frequencies than the conventional one. Therefore, 
COSMOS microarchitecture is one of the promising c
didates for future superscalar processors. 
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1 Introduction 

Future microprocessors will rely on higher clock fre-
quencies, wider instruction issue width, deeper pipeline 
stages, and larger instruction windows in order to im-
prove performance. As the width and size increase, the 
scaling of the clock frequencies becomes difficult to a
tain. Obstacles for the scaling are register renaming log
large register files, and operand bypass logic as well as
instruction window wakeup and select logic [11,14]. 
There are many proposals to alleviate these constrain
the renaming logic [1], the registers [7,24], and the in-
struction window [4,14]. This paper proposes a new mi-
croarchitecture, which realizes large-scale supersca
processors with high frequencies emerging in the near 
future. We introduce an implementation example, which 
we call KIT COSMOS processor [18], and describ
unique features. This paper focuses on its characteristic
based on the superscalar paradigm, while it is a simulta-
neous multithreading processor [18,25].  

The features of the KIT COSMOS processor, which 
improve clock frequencies, are summarized as follows. 

1. Clustered architecture [18], 
2. High bandwidth instruction cache [20], 
3. Decoupled instruction window [19], 
4. Simplified instruction issue logic [21], and 
5. Variable latency pipeline [22] 

It is important to consider impact of hardware complexity 
on processor cycle time for large-scale superscalar proc-
essors. In order to solve the problem, it is widely investi-
gated to split the large processor into a number of small 
processing elements as the first feature. As instruction 
issue width is increase, requirement of instruction fetch 
bandwidth also increases. The conventional multiple-port 
cache combined with the instruction alignment circuit 
becomes the bottleneck deciding processor cycle time. 
The second feature of COSMOS attacks this problem. 
The next two deal with large scope instruction scheduling. 
The large instruction window is required for efficient 
instruction scheduling, while it is the most critical in the 
future [14]. The hierarchical and simplified design helps 
minimize performance degradation without increasing 
cycle time. The result bypass logic is another critical 
problem, which is considered by the last one. 

The organization of the rest of this paper is as follows. 
Next section introduces the KIT COSMOS processor. 
Section 3 explains the high bandwidth instruction supply 
mechanism. The large instruction window and the oper-
and bypass logic are dealt with in Sections 4 and 5 r
spectively. Section 6 surveys related works. Finally, our 
conclusions are presented in Section 7. 
 
2 KIT COSMOS Processor 

This section explains a COSMOS processor model and 
our evaluation methodology. 
 
2.1 Processor model 

Figure 1 shows the block diagram of the COSMOS 
processor, which consists of one instruction supply 
mechanism and two instruction execution mechanisms 
(clusters). The number of the clusters is not necessary two. 
The instruction supply mechanism will be explained in 
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Section 3. The instruction buffer and the scheduling win-
dow will be described in Section 4. The detail of a func-
tional unit will be found in Section 5. These components 
contribute to high clock frequencies. On the other hand, 
this section focuses on the clustered architecture, which is 
combined with the value predictor. 
 

 
 

Figure 1: A dual-clustered COSMOS processor 
 

The delay of both the large register file and the long 
bypass busses is severe and is degrades processor clock 
frequencies [14]. The clustered architecture attacks this 
problem by distributing the register files and the func-
tional units across multiple clusters. Each register file 
becomes small and the bypass busses can be short. There-
fore, the clustered processor can operate at higher fre-
quencies than the superscalar processor with an equiva-
lent scale.  

In COSMOS processor microarchitecture, a register 
file is divided into multiple local register files and distrib-
uted across the clusters. There are not any copies of each 
register file nor any global register files. When an instruc-
tion is decoded, the steering logic decides in which clus-
ter it is to be issued. If any source operand of the instruc-
tion is not held in the local register file, it is required to 
move the operand from the remote cluster. This incurs 
penalties at least one cycle. The proposed microarchitec-
ture solves this problem by exploiting value prediction 
[9,13]. The instruction that requires any source operand 
located in the remote cluster uses its predicted value and 
executes speculatively. If the prediction is correct, the 
processor does not suffer the cycle penalty from moving 
the operand between clusters. Only when the prediction is 
incorrect, it suffers the penalty. One of the advantages of 
this value prediction strategy is that instructions held in 
the value prediction table are limited. Thus, the prediction 
table is efficiently utilized and its capacity can be reduced 
without performance loss. 

In the remaining of this paper, we assume a single-
clustered COSMOS processor as a representative for 
large-scale superscalar processors.  
 
2.2 Evaluation methodology 

An execution-driven simulator is used for this study. 
We implemented this simulator using the SimpleScalar 
tool set [2]. The SimpleScalar/PISA instruction set a
tecture (ISA) is based on the MIPS ISA. 

rchi-

The simulator models a realistic 8-way out-of-order 
execution superscalar processor. While register renaming 
is performed on register update unit (RUU) in the Sim-
pleScalar processor, it can easily model the MIPS 
R10000's register mapping hardware [26]. The renaming 
registers, the active list, and the instruction queue share a 
single structure, which is the RUU. Each functional unit 
can execute any operations. The latency for execution is 1 
cycle except in the case of multiplication (4 cycles) and 
division (12 cycles).  

The default memory hierarchy is as follows. A 4-port, 
non-blocking, 128KB, 32B block, 2-way set-associative 
L1 data cache is used for data supply. It has a load latency 
of 1 cycle after the data address is calculated and a miss 
latency of 6 cycles. It has a backup of an 8MB, 64B block, 
direct-mapped L2 cache which has a miss latency of 18 
cycles for the first word plus 2 cycles for each additional 
word. No memory operation can execute that follows a 
store whose data address is unknown. A 128KB, 32B 
block, 2-way set-associative L1 instruction cache is used 
for instruction supply and also has the backup of the L2 
cache which is shared with the L1 data cache.  

For control prediction, a 1K-entry 4-way set associa-
tive branch target buffer, a 4K-entry gshare-type branch 
predictor, and an 8-entry return address stack are used. 
The branch predictor is updated at instruction commit 
stage. 
 

 
 

Figure 2: Stride value predictor 
 

Value predictor used in this study is a 4096-entry di-
rect-mapped stride predictor [9]. Figure 2 depicts the pre-
dictor. It is indexed by instruction addresses and each 
entry has a tag field (tag), a previous value field 
(prev_value), a stride field (stride), and a confidence 
field (conf). The tag field is used for distinguishing indi-
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vidual instructions from each other. The previous value 
field holds the last value generated by the instruction. The 
stride field keeps a difference of the last two values gen-
erated by the instruction. The predicted value is produced 
as the sum of the previous value and the stride. The con-
fidence filed is a 2-bit up-down saturated counter and 
decides if the speculation using the predicted value 
should be initiated. When a prediction is correct, it is in-
cremented. Otherwise, it is decremented. When its most 
significant bit is 1, the speculation is initiated using the 
predicted value. 

In order to recover the processor state when a 
misspeculation occurs, an instruction reissue mechanism
is used. The instruction reissue re-executes only 
instructions dependent upon a misspeculated instruction
Those instructions are detected selectively and reissued in
instruction window. We implemented an instruction 
reissue mechanism by extending the RUU. It is found th
the reissue mechanism can be practically implemented 
without big hardware cost [2

 

. 
 

at 

3]. 
The SPECint92 and SPECint95 benchmark suites are 

used for this study. We focus on the performance of only 
integer programs because it tend to be difficult to obtain 
high levels of parallelism from these types of programs 
than from floating-point programs. The input files are 
modified in order that evaluation time is practical. For 
measuring performance, we use in this paper the commit-
ted instructions per cycle (IPC) as a metric. Only useful 
instructions are considered for counting the IPC. We do 
not count nop instructions. 
 
3 Instruction Supply Mechanism 

We propose a simpler trace cache [15,16], named non-
consecutive basic block buffer (NCB)[20]. The follow-
ings describe the NCB fetch mechanism and explain the 
difference between two mechanisms. 
 

 
 

Figure 3: NCB fetch mechanism 
 

The NCB is an extension of branch target buffer (BTB), 
and caches source basic blocks as well as target basic 
blocks, i.e. the NCB stores multiple non-consecutive ba-
sic blocks. Figure 3 indicates the NCB fetch mechanism. 

The instruction cache and the NCB are indexed by the 
program counter. The branch predictor is used for select-
ing an instruction sequence from the ones supplied by the 
instruction cache and the NCB. If the branch outcome is 
predicted taken, the instruction sequence (a trace) from 
the NCB is selected. Otherwise, the one from the instruc-
tion cache is selected. In the case that the trace is not 
cached in the NCB, instructions are provided from the 
instruction cache.  

Trace constructing process executed in the fill unit is as 
follows. Step 1: The fill unit temporary buffers instruc-
tions from the instruction cache in a line buffer. Step 2: If 
there is a branch instruction (both conditional and uncon-
ditional) in the instructions and the branch outcome is 
predicted taken, the instruction sequence reaching the 
branch instruction is stored in the line buffer. Step 3: 
After next instructions from the instruction cache are 
fetched, the former instructions stored in the line buffer 
and the latter instructions are combined into a trace. The 
trace constructing process is finished when 

1. The line buffer becomes full, or 
2. The trace contains two branches predicted taken 

(including indirect jump). 
And then, the constructed trace is stored in the NCB. 

This process resembles the one performed by the col-
lapsing buffer [6]. In the case of the collapsing buffer, 
Steps 1 - 3 have to be processed in one cycle. On the 
other hand, in the case of the proposed scheme, these 
steps can be pipelined because this process goes out from 
the instruction supplying process. Therefore, the compli-
cated fill unit structure does not have any impact on the 
processor cycle time.  

The differences between the trace cache and the NCB 
are summarized as follows. 

1. The NCB stores only those traces containing 
taken branches, eliminating unnecessary replica-
tion of trace and basic block. 

2. In the case of the NCB, a basic block can be split 
across two traces just like the trace packing [15]. 
And hence, starting addresses of traces do not al-
ways match with basic block boundary. 

3. A single indirect jump, return or trap instruction 
does not terminate trace construction, reducing 
unused instruction slots. 

4. The trace construction is based on predicted 
branch outcomes rather than actual ones. This de-
couples the NCB from the execution engine, re-
ducing hardware complexity. In addition, this en-
ables each trace to be constructed early. 

According to these characteristics, the NCB fetch mecha-
nism becomes simpler than the trace cache. 

Figure 4 compares processor performance. We simu-
late three models: the baseline model (64K I-cache), the 
baseline model whose instruction cache is doubled in 
capacity (128K I-cache), and the evaluated model (64K I-
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cache + 32K NCB). Results of the last two models are 
normalized by the first one. It can be easily found that the 
large cache model (denoted as 128) cannot contribute to 
processor performance. On the other hand, it is observed 
that the IPC of the NCB model (denoted as N) is in-
creased by 9.4% on average and a maximum of 13.7%.  
This confirms that the NCB can more efficiently supply 
instructions than the conventional instruction cache. 
 

 
 

Figure 4: Performance contribution of NCB 
 
4 Simple Instruction Window 

This section considers how to realize large instruction 
window. First, we decouple the instruction window into 
relatively small instruction scheduling windows and a 
large instruction buffer, which is a backup for the first 
one. Second, a simplified instruction wakeup logic util-
ized in the small scheduling window is proposed. This 
removes associative lookup and thus the scalability is 
improved. 
 
4.1 Decoupled instruction window 

COSMOS processor architecture relies on data specu-
lation technique as described in Section 2. The data 
speculation is a new technique removing serialization on 
a program execution caused by data dependences based 
on data value prediction [9,13]. When a predicted value is 
correct, it becomes possible to execute the predicted in-
struction and its dependent instructions simultaneously, 
thereby more instruction level parallelism (ILP) is ex-
tracted. Otherwise, it is necessary to revert processor state 
to a safe point where the speculation is initiated. Instruc-
tion reissue is such a technique recovering the processor 
state when a misspeculation occurs. It invalidates instruc-
tions dependent upon the misspeculated instruction selec-
tively and then reissues them in the instruction window. It 
is possible to realize the instruction reissue with a simple 
hardware structure [23]. However, the instruction reissue 
technique has a problem. In order to realize the instruc-
tion reissue, each instruction remains in the instruction 
window until it is not speculative. In other words, it can-
not release its entry in the instruction window until it is 
committed. Thus, effective capacity of the instruction 
window is reduced, diminishing the freedom of the in-

struction scheduling [5]. In order to maintain the freedom, 
it is necessary to increase the instruction window size. 

In order to realize a large instruction window, we pro-
pose to decouple the recovery mechanism for data specu-
lation from dynamic instruction scheduling structure [19]. 
As shown in Figure 1, the decoupled window consists of 
relatively small instruction windows for the scheduling 
and a large instruction buffer for the instruction reissue. 
The small scheduling windows are distributed across 
clusters. On the other hand, the large buffer is centralized. 
After an instruction is fetched and decoded, it enters both 
the scheduling window and the instruction buffer. When 
the instruction is dispatched to a functional unit, it leaves 
the scheduling window and releases its entry but remains 
in the instruction buffer. When it is committed, it leaves 
the instruction buffer and releases its entry. In the case 
that either the window or the buffer is full, instruction 
issuing stalls.  

The small instruction window works for dynamic in-
struction scheduling. Thus, most of the times each i
struction is dispatched from a small window. Since in-
structions are aggressively deallocated from the schedul-
ing window when they are dispatched, the problem reduc-
ing its effective capacity is solved. In addition, its rela-
tively small size does not have serious impact on proces-
sor cycle time. However, it is impossible to reissue mis-
speculated instructions inside the scheduling window. 
The large instruction buffer works as the backup for the 
small window and performs the instruction reissue. Each 
instruction remains in the buffer until it is committed. 
When a misspeculation occurs, reissued instructions are 
obtained from the instruction buffer. In order to aggres-
sively speculate instructions, the instruction buffer should 
be very large. Since it is difficult to access such a large 
buffer in one cycle, the wakeup and selection logic of the 
buffer is pipelined to maintain high clock frequencies. It 
is expected that the pipelining does not degrade processor 
performance, since the instruction buffer is active only 
when misspeculations are detected.  

n-

It is straightforwardly decided which structure dis-
patches an instruction to a functional unit. When an in-
struction is misspeculated, its dependent instructions that 
have already dispatched and thus which should be reis-
sued are obtained from the instruction buffer only. They 
have already left the scheduling window. The dependent 
instructions that have not been dispatched remain in both 
the scheduling window and the buffer. However, the in-
structions are obtained only from the scheduling window, 
because they are not candidates for reissue. 

Figure 5 presents the performance contribution of the 
decoupled instruction window. We evaluate three models. 
The first (denoted as B) is a conventional processor 
model, which has a 512-entry instruction window. The 
second (denoted as P) is the one whose instruction win-
dow is pipelined by 2 cycles. And the last (denoted as D) 
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is the decoupled instruction window model. The instruc-
tion buffer and the scheduling window have 512 and 256 
entries respectively. The buffer is pipelined by 2 cycles 
but the scheduling window is not pipelined. The 256-
entry instruction window is still too large to achieve high 
clock frequencies. This is resolved in the next subsection. 
Each model utilizes 4096-entry stride value predictor [9], 
and its performance is normalized by the baseline model 
without the value predictor. In this evaluation we use 
128K conventional instruction cache. It is observed that 
the pipelining of the instruction window is seriously de-
grades processor performance. However, it can be found 
that the performance degradation due to the pipelining is 
compensated by its decoupling. For all cases, processor 
performance is improved over the baseline model, 3.7% 
improvement on average. Compared with the conven-
tional model with the value predictor, performance of the 
decoupled model is lower. However, it is expected that 
the clock frequencies of the decoupling model is faster 
than that of the conventional one. Therefore, the proces-
sor performance of the decoupling model will be compa-
rable to that of the conventional one.  
 

 
 
Figure 5: Performance contribution of decoupled in-

struction window 
 
4.2 EDF Instruction Window 

Several definitions are given here to simplify future 
references in this section. Modern microprocessors fetch 
multiple instructions per cycle. Following instruction 
fetch, the instructions are decoded and issued into instruc-
tion window. We use the term issue to indicate the proc-
ess of placing the instructions into the instruction window. 
The instruction window consists of instruction queue and 
a buffer maintaining program order such as reorder buffer, 
and is operated as a FIFO buffer. The instructions remain 
in the instruction queue until their operands have been 
ready. Once their dependences have been resolved, in-
struction dispatch logic schedules the instructions and 
then dispatches them into functional units. The instruction 
queue entries containing the dispatched instructions are 
deallocated so that new instructions may be issued. We 
use the term dispatch to move the instructions from the 
instruction queue to the functional units, where they are 
executed. After completion of execution, the instructions 

still wait in the instruction window until their preceding 
instructions have been retired from the instruction win-
dow. When the instructions reach the head of the instruc-
tion window, they are retired from it. The instructions 
may be completed out-of-order but are retired in-order. 
We use the term instruction queue as the structure holding 
the instructions waiting for dispatch. On the other hand, 
the term instruction window is used as the structure hold-
ing the issued and completed instructions as well as the 
waiting ones.  

In order to eliminate anti- and output-dependences, 
modern dynamically scheduled processors perform regis-
ter renaming. There are two common ways to implement 
the register renaming. One is using separated renaming 
registers, which are usually constructed by reorder buffer. 
The other combines the renaming registers with architec-
ture registers in a single register file. We focus on the 
latter case, especially based on MIPS R10000 [26]. 
 

 
 

Figure 6: Dataflow management table 
 

In order to improve the scalability of the instruction 
window by reducing the delay of the instruction wakeup 
logic, we propose the explicit data forwarding (EDF) in-
struction window [21]. The main purpose of the EDF 
instruction window is using RAM, which has more 
scalability than CAM. The EDF instruction window 
consists of the RAM instruction window and a table 
named dataflow management table (DMT). In order to
replacing CAM by RAM, the dependences between 
instructions are definitely explained by any means. The 
DMT keeps the dependences. Figure 6 depicts the DMT 
with attached to the register mapping hardware. It is 
indexed by physical register number and each entry h
IDs indicating specified instruction window slots. In 
Figure 6, the number of IDs that are registered in each 
entry is one. However, it can be increased by analyzin
the tradeoff between performance and its hardware cost
The dependences between instructions are registered 
when every instruction is issued, and the DMT is referred 
when instructions complete. The registration process is as 
follows. As shown in Figure 6, the DMT is indexed by 
the physical operand register numbers and the ID 
associated with the instruction that requires the operands 

 

olds 

g 
. 

are registered. Since the instruction in the figure has two 
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the instruction in the figure has two operands, the ID cor-
responding to the instruction is registered in 2 entries. 
The identifiers (denoted as A and B), that tell which oper-
and for the instruction it is, are also held in the DMT. 

The reference process and its following instruction 
wakeup process are explained in Figure 7. When an i
struction completes, the DMT is indexed by the result tag
of the instruction, which is physical destination regist
number. From the table, instruction ID that requires 
execution result is obtained. Using the ID, the ready bit of 
an entry associated with the instruction is set. If all ready 
bits in the entry are set, the instruction is ready for ex
tion (wakeup). As can be seen, there are no associative 
lookup in the instruction wakeup logic. And thus, the 
instruction window is implemented using RAM.  

n-
 

er 
the 

ecu-

 

 
 

Figure 7: EDF instruction window 
 

It is important to mention how to handle branch mis-
predictions. When a branch is mispredicted, dependences 
held in the DMT are incorrect. Therefore, it is necessary 
to revert the table to a safe point where the speculation is 
initiated. This is easily handled. Every time a branch is 
predicted, a checkpoint of the DMT is made, just like the 
map table[26]. 

Next, we consider the delay of the instruction windows. 
In the case of the conventional instruction window, it is 
realized using CAM in order to the process of the wakeup 
logic. Since each entry of the window requires 2 * IW 
comparators, where IW is the instruction issue width, the 
CAM instruction window size is in the order of O(IW * 
WS), where WS is the instruction window size. From the 
detailed analysis by Palacharla et al.[14], the delay of the 
CAM window is in the order of O(IW2 * WS2). On the 
other hand, the delay of the proposed instruction window 
is estimated as follows. The sizes of the DMT imple-
mented using RAM and the RAM instruction window are 
both in the order of O(WS). Based on the analysis on the 
register renaming logic by Palacharla et al.[14], the delay 
of them are both in the order of O(IW2). Therefore, the 
EDF instruction window is more scalable than the con-
ventional instruction window. 

Figure 8 compares processor performance. Perform-
ance for the proposed RAM instruction window is nor-
malized by that of the conventional CAM instruction 
window. Every instruction window has 256 entries. For 
each group of three bars in the figure, the left, middle, 
and right bars indicate the results in the cases where the 
number of the ID field in the DMT is 1, 2, and 3, respec-
tively. 
 

 
 

Figure 8: Performance contribution of EDF instruc-
tion window 

 
It is found that the DMT with three ID slots is required 

for the EDF instruction window to achieve processor per-
formance comparable to that of the conventional CAM 
instruction window, except for the case of 124.m88ksim. 
On average, it attains 95.4% of that of the conventional 
case. It is interesting that in the case of 130.li, the proces-
sor performance of the RAM instruction window exceeds 
that of the CAM window. This is due to the indeterminate 
characteristics of out-of-order execution. For example, if 
the instruction issue stall reduces useless instructions that 
are executed on branch misprediction path, the perform-
ance is improved. When ID decreases to two, 92.7% of 
the conventional performance is achieved. If it still de-
creases to one, only 78.9% of the performance is achieved. 
Therefore, it is a good tradeoff point that the DMT has 
two ID slots. 
 
5 Variable Latency Pipeline 

The execution stage consists of execution latency and 
result drive time for the operand bypassing [11]. It is al-
most impossible to move the bypass logic from the execu-
tion stage to the issue stage, since the issue stage is al-
ready critical [26]. The delay of the bypass logic imposes 
the execution stage to be divided into several stages, in-
creasing the execution latencies. Pipelining is one of the 
techniques realizing the high-speed circuits and can im-
prove the throughput of a function. However, it also in-
creases the latency of the function and thus processor 
performance sometimes cannot be improved by the tech-
nique. Therefore, careful considerations are required for 
applying the pipelining to the bypass logic. On the other 
hand, asynchronous and pseudo-asynchronous circuits are 
the other techniques realizing high-speed circuits. How-
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ever, they have the following problems. The asynchro-
nous and pseudo-asynchronous circuits need a completion 
detector of each operation. The detector becomes the 
critical path of the circuits and increases processor cycle 
time. Furthermore, the throughput can be diminished for 
specific operands. From these considerations, techniques 
to reduce execution latencies including bypassing are 
required. 

In order to mitigate the constraints on the bypass logic, 
we exploit variable latency pipeline (VLP) structure [22]. 
Figure 9 shows the concept of the VLP [12]. A function 
can be implemented by several kinds of circuits whose 
design policy are different with each other. In Figure 8, 
two circuits are used for implementing the function. Cir-
cuit A is designed so that most of the longest path of each 
operation is shorter than a processor cycle time. Circuit B 
is designed so that the critical path of the circuit is shorter 
than the cycle time, and is pipelined. Combining these 
two kinds of circuits reduces the effective latency to exe-
cute the function and also maintains the throughput of the 
function even for the operations that are executed in two 
cycles. 
 

 
 

Figure 9: Variable latency pipeline structure 
 

In order to select one from two results, a completion 
detector for circuit A is required. The detector can be 
pipelined since the pipelined circuit B works as the 
backup of the circuit A. Thus, the detector does not in-
crease the critical path. From the above considerations, it 
can be seen that high frequencies and short latency func-
tion is implemented. It is true that the total transistor 
count increases in order to implement two circuits. How-
ever, it is possible to reduce the count if the circuits A and 
B share circuitry. 

Figure 10 depicts the impact of the VLP on processor 
performance. We evaluate integer ALUs that utilize VLP. 
The latency of the ALU utilizing the VLP is 2 cycle when 
a carry propagation over 16 bits occurs. Otherwise it is 1 
cycle. Candidate functions for the VLP include not only 
addition and subtract instructions but also load, store, and 
branch instructions. Multipliers and dividers do not utilize 

the VLP technique. For each group of four bars, the left 
bar is for the processor consisting of two latency pipe-
lined ALUs and the right bar is for that consisting of the 
variable latency pipelined ALUs. Every simulation result 
is normalized by the processor model whose ALUs have 
1 cycle latency. We can find that, utilizing the VLP, proc-
essor performance for most of the programs is compara-
ble to performance of the baseline processor. It achieves 
96.4% of the baseline.  
 

 
 

Figure 10: Performance contribution of VLP 
 
6 Related Work 

There are several studies on the clustered architecture 
[3,8,14], in which the register files, the instruction queue, 
and functional units are distributed across multiple clus-
ters. Its motivation is to increase the clock frequencies by 
reducing the size and complexity of each cluster. The 
motivation of COSMOS clustered microarchitecture is the 
same, while there are some differences from the previous 
proposals. First, there is not any global register file nor 
copies of local register files in COSMOS microarchitec-
ture. Second, COSMOS exploits the value prediction 
technique for the instruction assignment mechanism, 
which decides in which cluster an instruction is issued. 
Third, due to the introduction of the value prediction, the 
instruction window in a COSMOS processor has the hier-
archical characteristics. And last, each cluster in COS-
MOS is a relatively large-scale superscalar processor. In 
this paper, we have evaluated 256-entry local instruction 
queue. 

Trace processor architecture [17] is another related 
study. The NCB resembles the trace cache [15,16], while 
some differences have been explained in Section 3. The 
main difference from Trace processor is that Trace proc-
essor exploits both instruction and trace (thread) level 
parallelism, while a COSMOS processor explained in this 
paper only relies on ILP. And thus, the purpose of the 
value prediction in Trace processor is initiating thread 
level speculation, while that in COSMOS is supporting 
instruction assignment. In addition, Trace processor also 
has global registers and its instruction window is not hier-
archical.  

The EDF instruction window is strongly influenced by 
Dualflow architecture [10]. It owes the basic idea of ex-
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plicitly explaining data communication for Dualflow, 
which hybridizes control- and data-driven architectures. 
Instruction sequence is control-driven, while result for-
warding between instructions is data-driven. Destinations 
of a result are explicitly explained in each instruction, 
removing associative lookup in instruction wakeup logic 
while Dualflow performs out-of-order execution. One of 
the disadvantages of Dualflow is explosion of program 
code. It is reported [10] that the code size is increased by 
more than 100% and approximately 50% of dynamic in-
structions are useless. It also requires considerable 
changes in the instruction set architecture. On the other 
hand, the EDF instruction window maintains binary com-
patibility by translating implicit result forwarding into 
explicit ones dynamically.  

A dependence-based instruction window [14] consists 
of a small number of FIFO buffers. Dependent instruc-
tions are steered to the same FIFO. Instructions are dis-
patched from the FIFO buffers in-order, and hence only 
heads of the FIFOs monitor the result tags. One of the 
hurdles for realizing the dependence-based window is its 
steering policy. While several heuristics are proposed 
[3,8,14], their complexities also become critical for proc-
essor cycle time.  

Canal et al. [4] investigated first-use and distance 
schemes. The first-use scheme consists of Ready queue, 
where instructions that have available operands com-
pletely are issued, and First-use table, where the oldest 
instruction that reads each physical register. When every 
instruction finishes, the First-use table is referred and its 
corresponding instructions are issued to the Ready queue. 
This scheme eliminates the associative lookup, however 
performance degradation from the conventional instruc-
tion window is significant. In order to maintain the per-
formance, they propose to attach a content addressable 
queue, named I-buffer. Therefore, the associative lookup 
is revived. In addition, pointer chasing is used in the 
First-use table thus there is the impact of serialized look-
ups of the Fist-use table entries on processor cycle time. 
The distance scheme consists of Register Available table, 
which holds available time for each register value, Wait 
queue, where instructions whose execution latencies are 
unknown, and Issue queue, where VLIW-style instruction 
is constructed using instructions from the decoder and the 
Wait queue. Instructions are dispatched to functional 
units from the Issue queue, where the associative lookup 
is removed. However, The Wait queue is a content a
dressable queue, and hence the distance scheme still reli
on the associative lookup. On the other hand, the EDF 
instruction window eliminates the associative lookup
completely. In addition, they only evaluate 64-entry in-
struction window and do not mention how effective t
proposal is for larger windows. 

d-
es 
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7 Concluding Remarks 
This paper introduced COSMOS microarchitecture for 

realizing large-scale superscalar processors with high 
clock frequencies. The key features are the partitioned 
execution engine (clustered architecture), the high band-
width instruction supply mechanism (non-consecutive 
basic block buffer), the hierarchical (decoupled instruc-
tion window) and simplified (EDF instruction window) 
instruction scheduling mechanism, and the mitigated by-
pass logic (variable latency pipeline). The contributions 
on ILP of the components are 9.4% and 3.7% improve-
ments of the NCB and the decoupled instruction window 
and 4.6% and 3.6% degradations of the EDF instruction 
window and the VLP. The total ILP is improved by 4.3%. 
Since a processor based on COSMOS microarchitecture 
can operate at higher frequencies than the superscalar 
processor with an equivalent scale, the total processor 
performance can further improved. This confirms that 
COSMOS is one of the promising candidates for future 
superscalar processors.  

One of the primary future studies dealing with 
COSMOS microarchitecture is evaluating the cluster 
assignment mechanism based on the value prediction. 
This can affects the total processor performance. 
Currently, we expect that this is not a severe issue for 
COSMOS due to the following consideration. The 
degradation of ILP that is occurred by cluster partitioning 
is at most 6%[14]. The degradation in COSMOS cannot 
be worse, since we can remove the proposed cluster 
assignment strategy. Therefore, the total ILP including 
the clustering effect is only 1.3% degradation. This is 
easily compensated by COSMO
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