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ABSTRUCT

The cyber-physical systems (CPS) refers to a new generation of embedded systems,
which integrate the computational, network and physical processes. The embedded
computing and networks manage the physical processes, and the feedback loops link the
physical processes to computing system. Therefore, the implementation of CPS’s system
requires a significant harmonization and synchronization between these three different
types of systems.

The use of general-purpose processors with their well-known architecture in the
design of CPS systems will not be feasible, due to its inability to capture the time
specifications of CPS. This research includes the study of the modification of the structure
of processors through the study of replacement cache memory with scratchpad memory
SPM, because the SPM’s specification conforms to the time requirements of CPS. In
addition, the ability to development a new scheduling and replacement algorithms as
application requirements.

The two memories will be compared by designing and simulating two modules for
processors, that the first processor includes cache memory and the second includes SPM
using QUARTUS and ModelSim.
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EN SPM=1
RST=0 AND EN=1 Load Th To SPM _

Move Tn To ALU |}

RST=1

RST=0 AND EN=1

WE=1 AND RST=0 EN_ALU=1

RST=1
Remove Th1

Store Resu|ME=1 AND RST=0
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MR=1 AND TD=1
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~ OR MI=FM)
WP=0 AND & AND HIT=0 AND
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ANDOD=1  wpaq) OD!=1
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lepu_spm/clk 0 I I i I i I_!
Icpu_spm/reset o ; : : :
Icpu_spmiinstruction |1010001010001000011 [TST000T0T000 TO000TT. ¢ ‘
lcpu_spm/selA 00010 00010 ! ¥ P '
lcpu_spmiselB 00011 ioon i i : :
lcpu_spm/d_a 0000000000000011 +0000000000000011__;
lepu_spm/d_b 0000000000000100 e | . ' '
lcpu_spm/dataA 0000000000000011 H ,0000000000000011 ¢ ' '
/cpu_spm/dataB 0000000000000100 H 10000000000000100 ¢ i [
lcpu_spm/RES 0000000000110000 H H $0000000000110000 _* i
lcpu_spm/res_reg 00101 ' ! [ 100101 H
/cpu_spm/result 0000000000110000 ' ! : J2000000000110000
B _laia A daf) (V) Jeid
lcpu_spmiclk 0 I ; I : I I I_
lcpu_spm/reset 0 : : : i i
lepu_spm/instruction |o101001100000000001 [0101001100000000001 ‘ ‘
prU_SpmeElA 00000 ,m N : i i
lcpu_spmiselB 00001 ! 00001 : ! i i
Icpu_spm/d_a 0000000000000101 1 0000000000000101 &
Icpu_spm/d_b 0000000000000 [ 1 D000000000000TT0 ! ' : :
lcpu_spm/dataA 0000000000000101 ; 10000000000000101_ ' i
Icpu_spm/dataB 0000000000000110 H L 0000000000000110  © i i
lcpu_spm/RES MII1111010 ; H $1111111111111010 ¢ i
lcpu_spmires_reg 00110 ! ! i 100110 H
jcpu_spmiresult 11111111010 v i i L
A Qail NOT (ahial) (uSal) dles (1Y) JSal)
lcpu_spmiclk 0 I : I : I ; I i I
Icpu_spm/reset 0 i ' i : ;
Iepu_spm/instruction [0100001110001000011 [T0000TT00010000TT ¢ :
lepu_spm/selA 00010 + 00010 ' ' : :
lcpu_spm/selB 00011 ToonT v ' i i
lcpu_spm/d_a 0000000000000001 +0000000000000001 ;
lepu_spm/d_b 0000000000000010 10000000000000070 ! ' ' '
lepu_spm/dataA 0000000000000001 H 10000000000000001 [ [
lcpu_spm/dataB 0000000000000010 H 1 0000000000000010 ¢ ! '
/cpu_spm/RES 0000000000000000 ' H *0000000000000000 1 1
lcpu_spm/res_reg 00111 1 1 i L0011 H
/cpu_spm/result 0000000000000000 i i i 10000000000000000

By A (el AND ahiall gaall doles (V1) Sl
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Icpu_spmiclk 0 I | ; I : I _I_
lcpu_spm/reset 0 i ; : '
Icpu_spmiinstruction |0000001000000000001 [5000007000000000007

lcpu_spm/selA 00000 /20000

lepu_spm/selB 00001 700001

/cpu_spm/d_a 0000000000000011 10000000000000011

Icpu_spm/d_b 0000000000000101 +0000000000000107

lcpu_spm/dataA 0000000000000011 H ,0000000000000011

/cpu_spm/dataB 0000000000000101 £0000000000000101

/cpu_spm/RES 0000000000001000 30000000000001000
/cpu_spm/res_reg 00100 ; 00100
/cpu_spmiresult 0000000000001000 ;uuuuummuuum 000
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CPS ol b aalatial aabiil llaa b Lajilss canlsll Jag yall aal (he 1385 <SPM 813 aumy xllas

J<al)l & gviall abhie miage s LSy laadl 58031 (g W mlleall arasi (o S
(1Y) ISally callaad) e dadad) ZalY) dabee (V1) JSEN g Cuma ¢ 4l 5Klaall didee eyl Sige()0)
el maall ddee (14) JSaNy (AND ahid) peal) ddee (VA) JSally ¢ NOT ahaial &) didec
.ADD
Instruction_Decoder Operands_Fetch

Instruction_Fetch Instruction_Execution ! Result_WriteBack

re
we en_alu
—<es—] Cache —_— RES
‘ —>
en_dec selA Memory dataA
= selB
dataB
en_ins Instruction Decoder se(I’D ALU cats e on
—|F4]F3|F2|F1 [T ] opcode opcode AND | we
) en_we
E tlof [l e, _enve JoATE[
HEEREREE
i ] e| E| 2| E|e| E|E
en_ins HEEE
[ trol enr_:lec
contro
reset en _alu > it Main
== Memory

Bl 3813 (ggiay (51 llaall Bgaiiall Jabdal) (1 ©) Sl

ARY



‘_,JL.&:._@ 13 @A.Lﬁ_.’ 3 @LAA_.\

SPM 5813 dlaie b Ao gaall Al 5l alail B8 dalad) () 28 cilallea aladid

By A (iadll AND (i)l panll dules (1A) JSa

; I 3 i } I L I f | |
Icachelclk 1 I ! ! E | | : : : I_.: : | ‘ l |
1 1
] I
Icachelrst 0 E | | I : : : : : | ‘
[cachefinstruction 1010001110001000011 [Erowrrommet i ! ! H : H : : : !
T T T T 'l
Icachelen_dec 0 : I : | ! : ! : | | [
IcachelselA 00010 J00010 ! | | ! 1 ! i ! ‘ !
IcachelselB 00011 Tho011 | T H | ! ) ! 1 ¥ !
T t t I
lcachelre 0 ! 1 | | : | ! ! ! . ‘
Icache/douta 0000000000000011 1 | | | i iooununm}ouounuﬂ 1 | I | |
fcacheldouth 0000000000000100 | T 1 ! ] : 100 ! ! L l
Icachelen_alu 0 H 1 | : : | | | i I |
feachelRES 0000000000110000 ! ! [ | ! i 10000000000110000; I | |
Icachelen_we 1 5 5 | i j ! 1 f T T I
Icachelwe_loc ; | | | 1 ! ! J | }
icachelresult 00111 1 1 1 ! | \ j ! | 1 T oot
0000000000110000 ! | \ | \ 1 ' ] A i | 0000000000110000
' ' ' : ] 1 | ! ! 1
B Jlska A daj (V1) Jea
; I I ! b I k I I | |
Ieachelclk 1 I ! | ! | E | | I_: I_: |_: |_1' I_: | | | |
1 1
| 1
Icachelrst 0 I | 1 : : : : : : | ‘
h : ; . : |
[cachefinstruction  0101000010010000101  [0101000070010000101" I ! H H ) ; : H | I
— | 1
Icachelen_dec 0 ! | ! I ! | ! | ! | |
lcachelselA 00100 T00100 [ ! I I H I | 1 ! !
IcachelselB 00101 00101 | [ i | 1 | T H y !
fcachelre 0 1 i | : ! : i ! : !
Icacheldouta 0000000000000101 T 1 1 | f 1 o i i ; I
Icacheldoutb 0000000000000110 | ! H 1 1 ! 10, ! ! | |
Icachelen_alu 0 i | | : : 1 ] ] ; | |
feache/RES 1010 ! ! ! H | i lmmtot | I [
icachelen_we 1 | i | | \ . | ‘ T T \
) i i) | ] J ! L
Icachelwe_loc 00001 | | | Y | j | T ! i 00001
Icachelresult 1111111111010 A | j | i ! ! | ] | | 100
l ) | 1 | \ ! ! !
A Loil NOT akaial) (pusal) dles (1Y) JSAl)
o b - b I L I L} | |
feachelclk 1 I [ | ! | E | ) I : | 1' : | | l
1 1
[ [ | | [ 1 \
lcacheirst 0 | | | ] 1 1 ‘
I 1] X L L 1,
Icachelinstruction 0100001100001000044  [01000011000010000111 | ! ) H H H I J
T T T N
lcachefen_dec 0 1 | | ! ! ! | | I
L i 1 ) 1 |
Icachel/selA 00010 00010 ! : I ! I ! ' I
fcachelselB 00011 T00011 I I H ) | H ' y
T t T |
leacheire 0 ; 1 [ [ ! 1 | ) |
Icachefdouta 0000000000000011 : i i Toooonooou000un | i i | !
Icache/doutb 0000000000000100 | T i T0000000000000100 | 1 \ |
Icachelen_alu 0 i [ | | | | ; \ |
Icache/RES 0000000000000000 1 1 1 | 1 0000000000000000 ¢ | | |
Icachelen_we 1 | | i ! X . . ! ‘
1) 1) 1) L
Icachelwe_loc 00110 ) | | | ! T I i [ 00110
Icachelresult 0000000000000000 ‘l “ “ 1 I I | ; | 0000000000000000
' 1
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L '
leachelclk 1 [ ; | | | ! | i ! ! | I
1 I I i i | i I I
Icacheirst 0 E | ! 1 ] ] 1 ‘
Icachelinstruction 0000000000010000010  |FO0C00RORORTROROGTO! 1 T H H 1 ; : J
Icachelen_dec 0 ! : i : ! : i | [
IcachelselA 00100 100100 ! ! | ! i | ! !
IcachelselB 00010 T00010 I [ ! ] T H X y
Icacheire 0 1 i i | ] ! : !
Icachel/douta 101 1 | | I 0000000000000101 ! | I | |
Jeacheldoutb 11 | T 1 | 0000000000000011 | ! I |
Icachelen_alu 0 H I | I | ] i I |
Icache/lRES 0000000000001000 ! ! ! H 10000000000001000 1 I I
Icachelen_we 1 | i E ! ! f ! : |
Icacheiwe_loc 00001 | I i \ \ ! I ] [ 00000
Icachelresult 0000000000001000 ] " : | 1 1 1 : | 0000000000001000
) ! !
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