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Abstract

Experiment on a CPU system development is a good method to learn the detail of the software behavior and it is required in recent years
with popularity of the programmable logic But the development requests learners a broad area of knowledge that cannot be acquired in the
usual lectures Therefore we selected the PBL(Project-Based Learning) for the development to get the knowledge of the covering area
We executed the education program for the students who have the fundamental knowledge of the computer science to propose the system
exhibiting at the ASIC design contest of PARTHENON society The proposition of the system is excellent method to learn the foundation
of the development and the principle of the CPU for students
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Table1 Execution process

October The composition of SN/X is understood
Making to the pipeline is scheduled

Simulation on the desk
Finding of data hazard problem

November Understanding of yacc and lex
Find the problem of the register

December The member is grouped into CPU and the compiler
Parthenon Verification

January Completion of each pipeline
February Improvement of logic synthesis tool

Verification of system
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5.1 CPU

CPU

5.1.1 SN/X

SN/X (IF) (EX) (ME) 3

SN/X 1
1

2
(Table2 Fig1)

Table2 Each pipeline comparison beforee it modifies it

Number of clocks Consumption energy Cycle Performance
(sort) { µ W/MHz } {nS} order

Four step pipeline 16074 7917.6 45.8816 3
Three step pipeline 12522 5702.9 58.0425 2
Two steps Pipelline 9014 5002.9 62.9483 1

Normal SN/X 26216 5680.1 63.6 4

5.1.2 Parallel Prefix Adder

Han-Carlson Adder(Fig2) Han-
Carlson Adder

SFL
(Fig2)
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Cycle [nS]Number of clocks [clock]

Number of clocks [clock] Cycle [nS]
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Fig1 Each pipeline comparison beforee it modifies
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Fig2 Composition of adding machine

5.1.3
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(Fig.3)
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   IF  :processing time of instruction fetch
   ID  :processing time of instruction decode
   EX  :processing time of execution
   RW  :processing time of register writing

RWEX

ID

Processing
     time

Improved

Fig3 Change in processing time
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to the array "Buf"
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i++

False

True

End

Fig4 Flow of assembler code optimization
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5.3 PARTHENON

PARTHENON AUTO
AUTO DEMO

ons ons

ons

5.4

(Fig5 Fig6)

• (recur.sc)
• (sort.sc)�

�

�

�

1: n=20;
2: for(i=0; i<n; i++) z[i]=n-i;
3: for(i=0; i<n-1; i++)
4: for(j=n-1; j>i; j−−)
5: if(z[j]<z[j-1]) {
6: w=z[j];
7: z[j]=z[j-1];
8: z[j-1]=w;
9: }
10: halt;

Fig5 (sort.sc)

�

�

�

�

1: int foo(arg) {
2: if(arg<2) return arg;
3: else return foo(arg-2)+foo(arg-1);
4: }
5: foo(10);
6: halt;

Fig6 (recur.sc)

5.5

T [s]

{

T =
√

A × B × D[s] (1)

E[J ]
{

E = T × (P/D)[J ] (2)

M [J s]

{

M = T × E (3)

CPU
0.0962[J·s]

3.06[J·s] 31.8 (Table3 Table4
Fig7)

Table3 Comparison of numbers of clocks

”recur.sc” Number of clocks ”sort.sc” Number of clocks
Before SN/X 347 26216
After SN/X 155 3985

Table4 Comparison of performances

Power consumption[ µ W/MHz ] Delay time[nS] Energy time product[j·s]
Before SN/X 5680.1 63.6 3.06
After SN/X 5074.5 30.69 0.0962

347 155

26216

3985

5074.5 5680.1

30.69

63.6

Number of clocks(sort.sc) [clock]

Number of clocks(recur.sc) [clock]

Consumption energy [ uW/MHz]

Cycle [nS]

Fig7 Flow of assembler code optimization
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