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ABREVIERI

ALM - Adaptive Logic Modules

ALU - Arithmetic Logic Unit

ASIC - Application Specific Integrated Circuit
BEQ - Branch if Equal

CLB - Configurable Logic Block

CPU - Central Processor Unit

DFF - D-Flip Flop

DIP - Dual Inline Package

EAB - Embedded Array Blocks

EX - Execute

FPGA - Field Programmable Gate Array
GPR - General Purpose Register

HDL - Hardware Description Language

HSE - Hardware Scheduler Engine

ID - Instruction Decode

IF - Instruction Fetch

IR - Instruction Registers

ISA - Instruction Set Architecture

J -Jump

JTAG - Joint Test Action Group

LAB - Logic Array Block

LB - Load Byte

LE - Logic Elements

LUT - LookUp Table

MEM - MEMory

MIPS - Microprocessor without Interlocked Pipeline Stages
MPRA - Multi Pipeline Register Architecture
PC - Program Counter

PIA - Programmable Interconnect Array
PLD - Programmable Logic Device

RAM - Random Access Memory

ROM - Read Only Memory

RTL - Register Transfer Level

RTS - Real-Time System

SB - Store Byte

SRAM - Static Random Access Memory
VHDL - Very high speed integrated circuit Hardware Description Language
WB - Write Back
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INTRODUCERE
MPRA a fost implementata pentru acest studiu, in prima faza, pe kit-ul din dotare
FPGA — Quartusll, Cyclone Ill. In acest Raport voi prezenta analizele implementarilor

etajelor pipeline ale microcontrolerului cu arhitectura multi pipeline (MPRA) pe acest FPGA.
Deoarece resursele nu sunt suficiente pentru a simula etajele pipeline (mai ales EXMEM, care
este cel mai lung datoritd ALU) multiplicate de 4 ori si de 8 ori (cum se propune in acest
studiu), voi realiza aceste simulari pe un kit Xilinx, Virtex6. Deocamdata am ,,fortat”
implementarea pe un Cyclone V, cu resurse suficiente pentru a putea testa codurile Verilog si
a elimina erorile.

1. ARHITECTURA MULTI PIPELINE REGISTER (MPRA)

Arhitectura Multi Pipeline Register utilizeaza numai structura organizatoricd a
arhitecturii MIPS (Microprocessor without Interlocked Pipeline Stages). Arhitectura include
un planificator functional intr-un bloc functional al procesorului si oferda posibilitatea de a
schimba contextul task-urilor in doar o jumatate de ciclu de ceas, eliminand astfel
dezavantajele planificatoarelor software. Performanta MPRA nu constd in puterea de
procesare, ci in viteza de comutare a contextelor task-urilor si viteza de executie a
algoritmului de planificare.

Modelul de baza pentru un procesor MIPS32 cu 5 stadii pipeline:
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Figura 1-1 MIPS32 cu cinci stadii pipeline

Fig. 1-1 prezinta cele cinci etape si cele patru registre care stocheaza date intre fiecare
etapa. Aceastd figurd aratd mai bine cum pot exista simultan cinci instructiuni in interiorul
procesorului, fard a fi nevoie sd astepte finalizarea pentru o singurd instructiune in fiecare
etapa. Fiecare registru stocheaza datele pentru o instructiune specifica, eliberand informatiile
necesare fiecdrei etape, pana cand a trecut prin intreagul procesor.

Registrele inter-stadii sunt bistabili D master-slave (fig. 1-2). Masterul primeste noile
date de la etapa anterioarda a instructiunii, in timp ce slave-ul furnizeaza datele urmatoarei
etape.
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Figurz;l 1-2 Registrele pipeline dintre stadii
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Tn cazul procesorului MIPS32 pipeline, la fiecare ciclu de ceas se initializeazi o noui
instructiune. Aici, fiecare ciclu de ceas inseamna unul dintre stadiile de pipeline. Tabelul 1-1
reprezinta structura pipeline tipica, fiecarei instructiuni luandu-i cinci clock-uri pentru a finaliza
executia, iar hardware-ul va porni o noua instructiune si va executa cate o parte in fiecare etapa.

Tabel 1-1 Structura MIPS pipeline

Instruction Clock number
number 1 2 3 4 5 6 7 8 9
Instruction i IF ID EX | MEM | WB
Instruction i+1 IF ID EX MEM | WB
Instruction i+2 IF ID EX MEM | WB
Instruction i+3 IF ID EX MEM | WB
Instruction i+4 IF ID EX MEM | WB

In MIPS exista trei tipuri diferite de instructiuni: tipul R, tipul I si tipul J:

Tabel 1-2 Formatul instructiunilor MIPS

Type 31 format (bits) 0
R opcode (6) rs (5) rs (5) rs(5) | shamt(5) | funct (6)
[ opcode (6) rs (5) rs (5) immediate (16)
J opcode (6) address (26)

1. Instructiunile de tipul R: prescurtarea pentru tipul register. Acestea utilizeaza trei
registri ca operanzi: doi ca sursa si unul ca destinatie.

2. Instructiunile de tipul I: prescurtarea pentru tipul immediate. Acestea utilizeaza doi
operanzi registri si un operand 16-bit immediate.

3. Instructiunile de tipul J: prescurtarea pentru tipul jump. Se utilizeaza numai cu
instructiunea jump si foloseste un singur operand 26-bit address.

rs: the first register source operand.

rt: the second register source operand.

rd: the register destination operand, da rezultatul operatiunii.

shamt: shift amount, este folosit in instructiunea shift sa mentina valoarea deplasata.
funct: function, selecteaza varianta specifica a operatiunii in campul op.

imm: the 16-bit address, care este utilizat in instructiunile de transfer de date.

addr: the 26-bit address, care este folosit 1n instructiunile jump.

Tabel 1-3 Etapele pipeline din MIPS pentru diferite tipuri de instructiuni

STORE INSTRUCTION
IF \ ID \ EX | MEM | NOP
LOAD INSTRUCTION
IF | ID ] EX | MEM |
R TYPE & ARITHMETIC | TYPE INSTRUCTION
IF | ID ] EX |  NoP |
BRANCH INSTRUCTION
IF | ID | EX | MEM | NOP
JUMP INSTRUCTION
IF \ ID | NOP | NOP | NOP
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Tabel 1-4 Operatiile pe fiecare stadiu pipeline in arhitectura MIPS (sursa: [1])

Stage Any instruction
IF/ID.IR «— Mem[PC] ;
IF IF/ID.NPC, PC « (1f (EX/MEM.opcode = = branch) & EX/MEM.cond) {EX/MEM.
ALUOutput} else {PC+4};
ID/EX.A « Regs [IF/ID.IR [rs] ] ; ID/EX.B « Regs [IF/ID.IR [rt] ] ;
ID ID/EX.NPC « IF/ID.NPC ; ID/EX.IR « IF/ID.IR ;
ID/EX.Imm « sign-extend(IF/ID.IR[immediate field]) ;
ALU instruction Load or Store instruction Branch instruction
EX/MEM.IR <« ID/EX.IR ; EX/MEM.IR to ID/EX.IR ;
EX/MEM.ALUOutput « EX/MEM.ALUOutput «— EX/MEM.ALUOutput «
ID/EX.A func ID/EX.B ; ID/EX.A + ID/EX.Imm ; ID/EX.NPC +
EX or (ID/EX.Imm « 2) ;
EX/MEM.ALUOQutput «—
ID/EX.A op ID/EX.Imm ; EX/MEM.B <« ID/EX.B ; EX/MEM.cond «
(IDIEX.A==0);
MEM/WB.IR «— EX/MEM.IR ; | MEM/WB.IR <« EX/MEM.IR ;
MEM/WB.ALUOutput «— MEM/WB.LMD <«
MEM EX/MEM.ALUOQutput ; Mem[EX/MEM.ALIOutput] ;
or
Mem[EX/MEM.ALIOutput] «
EX/MEM.B;
Regs[MEM/WB.IR [rd] « For load only:
MEM/WB.ALUOutput ; Regs[MEM/WBLIR [rt] | «—
WB or MEM/WB.LMD ;
Regs[MEM/WBL.IR [rt] ] <
MEM/WB.ALUOutput ;

Cercetarea prezentatd in aceastd lucrare se bazeaza pe o arhitectura functionald de

procesor cu registri multipipeline (MPRA), prezentata inError! Reference source not found.
[2] si [2], care prevede un timp foarte redus pentru operatiunile de comutare de context ca
urmare a arhitecturii multipipeline.

de registre pipeline.

Tabel 1-5 Instructiunile MPRA

MPRA este o arhitecturd multipipeline, ceea ce inseamna ca fiecare task are propriul set

. Cod Sursa 1 Sursa 2 Destinatie " o
Mnemonic (6 biti) (5 biti) (5 biti) 5 bigij Sbiti 6biti Obs.
Instructiuni Aritmetice
nop 000000 | XXXXX XXXXX XXXXX XXXXX XXXXXX
add 000001 |s1 2 D XXXXX XXXXXX TipR
Aduna operandul s2 cu sl si depune rezultatul in registrul d
sub | 000010 | sl | 52 | D [ xxxxx [ xxxxxx [ TipR
Scade operandul s2 din sl si depune rezultatul in registrul d
mul | 000011 |s1 | s2 D [ xxxxx | xxxxxx | TipR
Inmulteste operandul s2 cu sl si depune rezultatul in registrul d
div [ 000100 | sl | 52 D [ xxxxx [ xxxxxx [ TipR
Imparte operandul sl la s2 si depune rezultatul in registrul d
sadd | 000101 |s1 | s2 |D [ xxxxx | xxxxxx | TipR
Aduna cu semn operandul s2 si sl si depune rezultatul in registrul d
ssub | 000110 |s1 | s2 | D | Xxxxx | XXXXXX | TipR
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Scade cu semn rezultatul s2 din sl si depune rezultatul in registrul d

smul | 000111 |s1 | s2 |D [ xxxxx_ [ xxxxxx [ TipR
Inmulteste cu semn s2 si sl si depune rezultatul in registrul d

sdiv [ 001000 | sl | 52 |D [ xxxxx [ xxxxxx [ TipR
Imparte cu semn sl la s2 si depune rezultatul in d

addi | 001001 |s1 | d | Operand Imediat | Tip |
Adauga un operand imediat cu valoarea din s1 si depune rezultatul in registrul d

subi 001010 | sl [ d | Operand Imediat | Tip |
Scade un operand imediat din valoarea din s1 si depune rezultatul in registrul d

muli | 001011 |s1 | d Operand Imediat | Tip |
Inmulteste un operand imediat cu valoarea din sl si depune rezultatul in registrul d

divi [ 001100 | sl [ d | Operand Imediat | Tip |

Imparte valoarea din sl la un operand imediat si depune rezultatul in registrul d
Instructiuni Logice

and | 001101 | sl | 52 [ d [xxoxxx [ xxxxxx | TipR
Executa un si logic intre valorile registrilor s2 si sl si depune rezultatul in d

or [ 001110 sl | 52 [ d [ xxxxx | xxxxxx | TipR
Executd un sau logic intre valorile registrilor s2 si sl si depune rezultatul in d

xor | 001111 sl | 52 [ d [ xxxxx [ xxxxxx [ TipR
Executa un sau exclusiv intre valorile registrilor s2 si sl si depune rezultatul in d

nxor [ 010000 | s1 | 52 [ d [ xxoxxx [ xxxxxx | TipR
Executd un sau exclusiv negat intre valorile registrilor s2 si s1 si depune rezultatulin d

sir [ 010001 sl | 52 [ d [ xxxxx [ xxxxxx [ TipR
Deplaseaza spre stanga valoarea din s1 cu valoarea din s2 si depune rezultatul in registrul d

Srr | 010010 |s1 | s2 [d [ xxxxx_ [ xxxxxx [ TipR
Deplaseaza spre dreapta valoarea din sl cu valoarea din s2 si depune rezultatul in registrul d

andi | 010011 sl [ d | Operand Imediat | Tip |
Executa un si logic intre valorile registrului s1 si un imediat si depune rezultatul In d

ori | 010100 |s1 | d | Operand Imediat | Tip |
Executa un sau logic intre valorile registrului s1 si un imediat si depune rezultatul in d

sli [ 010101 [s1 [ d | Operand Imediat | Tip |

Executa o deplasare spre stanga a valorii registrului s1 cu valoarea operandului din instructiune §i
depunerezultatul in registrul d

sri | 010110 |s1 | d | Operand Imediat | Tip |
Executa o deplasare spre dreapta a valorii registrului s1 cu valoarea operandului din instructiune si
depunerezultatul in registrul d

Instructiuni pentru transferul datelor

Iw | 010111 |s1 | d | Operand Imediat -Offset | Tip |
Incarcd o valoare in registrul d de la adresa specificatd in registrul s1 + offset
sw [ 011000 | sl [ d | Operand Imediat -Offset | Tip |

Scrie in memorie la adresa specificata de registrul sl + offset valoarea din d
Instructiuni de salt conditionat

beq | 011001 |s1 | s2 | Operand Imediat —Offset | Tip |
Se sare dela PC curent la PC+offset dacd s1 = s2

bne [ 011010 |1 | 52 | Operand Imediat —Offset | Tip |
Se sare de la PC curent la PC+offset daca valorile celor doi registri sunt diferite

bgt | 011011 |s1 | s2 | Operand Imediat —Offset | Tip |
Se sare de la PC curent la PC+offset dacd sl > s2

Blt [ 011100 sl | 52 | Operand Imediat —Offset | Tip |
Se sare de la PC curent la PC+offset daca sl < s2

bsgt | 011101 [s1 | s2 | Operand Imediat —Offset | Tip |
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Se sare de la PC curent la PC+offset daca sl > s2 (comparatie cu semn)

bslt | 011110 |S1 | S2 | Operand Imediat —Offset | Tip|
Se sare de la PC curent la PC+offset daca sl < s2 (comparatie cu semn)

Instructiuni de salt neconditionat

j | 011111 | Operand Imediat -Offset |
Sare la adresa PC + offset

jr | 100000 |s1 | XXXXX |
Sare la adresa PC + sl

call | 100001 | Operand Imediat -Offset |
Sare la adresa PC + offset si salveaza adresa de retur si registrii speciali in mod automat
ret | 100010 | XXXXX |
Restaureaza PC la valoarea memorata in urma instructiunii call si restaureaza valorile anumitor
registri

Instructiuni speciale

clra | 100011 [ xxxxx [ xxxxx | XXXXX [ xxoxxx [ xoooxxx |
Reseteaza semnalele din ALU (divbyzero, ovfl) mai putin registrul de iesire

signaln [ 100100 | xxn7n6n5 | n4n3n2n1n0 | xxxxx oo [ xoooox |

Instructiune ce se insereaza la sfarsitul buclei principale a unui task pentru a semnaliza ca executia
acestuia s-a terminat
schedn | 100101 | cOxn7n6n5 | n4n3n2n1n0 | XXXXX [ xxxxx | xxxxx |
Cere planificatorului lansarea in executie a unui anumit task. Numarul task-ului ia valori cuprinse
intre 0 si 255. Executia acestei instructiuni de cdtre planificator poate fi sau nu guvernatd de regulile
prioritatilor prestabilite in planificator.
Nn7:n0 —task-ul ce trebuie ldsat in executie ia valori intre 0 5i 255
CO0 - 0 mod fortat

- 1 respecta regulile de planificare din planificator

eni | 100110 [ xxxxx | xxxxx | XXXXX [ xxxxx | Xxxxxx |
Activeaza sistemul general de intreruperi

disi [ 100111 [ xxxxx [ xxxxx [ XXxxx [ xxoaoxx [ xoooaxx |
Dezactiveaza sistemul general de Tntreruperi

scheden | 101000 | xxxxx | XXxxx | XXXXX [ xxoxxx [ xoooxxx |
Activeaza HSE

scheddis | 101001 [ xxxxx | xxxxx [ XXxxx [ xoxoaoxx [ xoooaxx |
Dezactiveaza HSE

schedenn | 101010 | xxn7n6n5 | n4n3n2n1n0 | xxxxx oo [ xooooxx |
Activeaza pentru planificare task-ul n

scheddisn | 101011 | xxn7n6n5 | n4n3n2n1n0 | XXXxXx | xxxxx | XxXxxxx |
Dezactiveazd pentru planificare task-ul n

debug | 101100 [ Hxn7n6n5 | n4n3n2n1n0 | | | |

Scrie valoarea n7:n0 pe portul de debug
H (Halt) - 1 opreste executia procesorului si activeazd modul debug. In acest mod se pot citi §i scrie
toti registrii din procesor prin comenzi trimise pe un port serial dedicat;

- 0 trimite valoarea pe portul de debug fara a opri executia procesorului

UNDEF | 101101 | XXXXX [
Instructiuni nedefinite. Executia unor astfel de instructiuni determinad plasarea in mod automat in
starea fail-safe

UNDEF | ......... XXXXX
UNDEF 111110 | XXXXX
nop 111111 | XXXXX

X — Valoare neimportantd, TIP I — Instructiune, TIP R — Registru
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MPRA a fost implementata, in prima faza, pe FPGA — Quartusll, Cyclone IlI.
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Figuri 1-3 Cyclone 111 de la ALTERA

Dispozitivele FPGA (Field Programmable Gate Array) oferd elemente integrate cu
complexitatea aplicatiei de circuite integrate orientate (ASIC - Application Specific Integrated
Circuit), cu avantajul de programabilitate sau, mai bine zis, de configurare [3]. Dispozitivele
mediului programabil ce poate fi implementat [4]. Pe baza acestor dispozitive, suporturile
hardware pentru RTOS pot fi usor puse in aplicare [6], [7]. Tn prezent, dispozitivele FPGA [7]
[8], [9], [10] sunt larg raspandite, sunt mult mai ieftine si au capacitati mai mari, echivalentul
a milioane de porti logiceError! Reference source not found.. Din acest motiv, acest studiu
propune un suport implementat hardware.

Multi Pipeline Register Architecture (MPRA), prezentata in [11] si [12], a fost
modificatd in [13] si transformat in n-task MPRA (nMPRA). Ideea de baza a fost de a replica
registrele pipeline si de a crea mai multe instante ale procesorului, numite semi CPU, pentru a
avea un semi-procesor pentru fiecare task i (SCPU;).

NMPRA constd dintr-o structurd hardware originald utilizata pentru planificarea task-
ului, static si dinamic, si ofera managementul unitar al evenimentelor. Scopul a fost de a
imbunatati prin hardware performantele RTOS pentru microcontrolere, pentru a comuta mai
rapid ntre task-uri, pentru a imbunatati timpul de raspuns la evenimente externe, pentru a
imbunatati comportamentul intreruperilor, care sunt tratate ca evenimente in acest caz si
pentru a oferi mai multe tipuri de baza de comunicare inter-task-uri (mesaje, mutex-uri etc.).
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PC-urile pentru fiecare SCPU; se vor incarca cu adresa unei celule capcana unde se va
transfera controlul, iar de aici se poate sari la software-ul specific fiecarie SCPU;. Fiecare
SCPU; va avea acces atat la o memorie locald cu date si instructiuni, cat si la o memorie
globala cu date si instructiuni.

1.1. nMPRA
Inhibit

nHSE

LA R A

[CTT )

32

Unitate detectare hazard
Figura 1-4 nMPRA (sursa:Error! Reference source not found.)

Arhitectura NMPRA este prezentata in Fig. 1-4. MPRA a fost transformata in NMPRA,
adicd a fost multiplicatd de n ori; pentru fiecare task avem cate un set de registrii pipeline
(IFID, IDEX, EXMEM, MEMWB), céate un Program Counter (PC) si cate un Banked Register
File. Datorita faptului ca fiecare task are propriul set de registre pipeline si propriul set de
registre generale comutarea de context se poate face intr-un ciclu procesor, iar raspunsul la un
eveniment extern poate fi intarziat maximum 1,5 cicli procesor. Din aceste motive arhitectura
este foarte rapida. Celelalte resurse sunt folosite in comun de cétre toate taskurile. O instanta a
acestui procesor o vom numi ,,semi CPU” (SCPU;) pentru task-ul i (i=0, ..., n-1) si va executa
un singur task (task;).

Toate SCPU; sunt identice cu exceptia SCPUy care va fi singura activa dupa reset, singura
care va executa instructiuni supervizor si singura care va avea acces la registrele de
monitorizare ale nMPRA. sCPUj are intotdeauna prioritatea 0 si este cea mai prioritara SCPU
[13] [14].

Arhitectura propusa constituie o metoda eficienta de optimizare a procesorului, avand
numeroase avantaje: reactia la un eveniment nu depaseste 1,5 cicli-procesor dacad evenimentul
apdrut este atasat unui task mai prioritar decat taskul curent; nu reseteaza banda de asamblare,
nu necesitd salvare/restaurare de context, accelereaza executia prin apeluri de subrutine cu

10
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copierea automatd a parametrilor si comutarea setului de registrii, stivd locala de mare viteza,
instructini puternice pentru partajarea resurselor, sincronizarea si comunicatia intre taskuri.

In arhitectura MPRA dimensiunea memoriei consumate pentru implementarea fisierului
de registri este direct proportionala cu numarul de task-uri.

O implementare a arhitecturii MPRA ce functioneaza la 50 MHz este capabild sa
realizeze o comutare a contextelor intr-un interval de timp cuprins intre 20 si 60ns.
Raspunsul la un eveniment extern este cuprins in acelasi interval.

1.2. [Etajele si registrii pipeline

MPRA utilizeaza o linie de asamblare cu 5 etaje pentru Imbunatatirea performantelor de
calcul:

- IF — Etapa de citire a instructiunii din memorie

- ID — Etapa de decodificare a instructiunii

- EX — Etapa de calcul aritmetic/logic sau a adresei de salt

- MEM - Ciclul de acces a memoriei de date (scriere/citire)

- WB — Etapa de scriere a rezultatelor in fisierul de registri

Acest lucru permite n acest caz rularea a pana la 5 instructiuni in paralel in mod
secvential pentru ca raportul de executie sa fie in final de 1 instructiune/ciclu-procesor. Acesta
este un caz ideal. Eficienta benzii de asamblare este insd diminuatd de fiecare datd cand
programul efectueaza un salt la o altd adresi. In acest caz toate instructiunile care sunt
incarcate in banda de asamblare trebuie ignorate pentru a nu schimba logica programului. Tn
etajul IF (Instruction Fetch) adresa din registrul PC (Program Counter) este folositd pentru a
adresa memoria program i pentru a citi urmatoarea instructiune ce urmeaza a fi executata.

Atunci cand are loc un eveniment, task-ul asociat devine gata pentru executie si, daca
are o prioritate mai mare decét task-ul in starea de executie, atunci registrul Program Counter
corespunzator SCPU; (PC;) (vezi fig. 1-5) este setat cu continutul registrului-capcana (adresa
rutinei asociate pentru evenimentul produs). Pentru a putea implementa redirectarea automata
catre rutinele de tratare a evenimentelor, PC; trebuie modificat astfel incat sa salveze intern
adresa de revenire dintr-o rutina de tratare a unui eveniment [16] [16].

lJ
PC+4 "
é PC in |PC out
5 PC in — PC out—
Addr Ev; =
I —_— Next E
ext Ev,
BackUp PC g
sCPU_Ev? A ret_esr

Figura 1-5 Arhitectura Program Counter (sursa: [16])

Tn interiorul PC; vom avea un registru, numit BackUp_PC, in care se salveazi adresa
curentd din PC; in momentul aparitiei unui eveniment ce trebuie tratat, semnalizat de semnalul
SCPU_Ev;. In PC; se va incirca automat, folosind registrul capcani corespunzitor, adresa
rutinei de tratare a evenimentului activ cel mai prioritar. Revenirea din rutina de tratare a
evenimentului este semnalizata prin executia instructiunii retesr (return from the event service
routine), care detemina activarea semnalului ret_esr ce semnalizeaza PC; sa incarce adresa de
revenire din registrul BackUp_PC, continuand astfel executia normald a programului.
Salvarea adresei de revenire in registrul BackUp_PC determind dezactivarea semnalului
NextEvj, indicand astfel ca se trateaza un eveniment si niciun alt eveniment nu mai poate fi

11
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tratat pana cand nu se termind tratarea evenimentului curent. Dupa revenirea din rutina de
tratare a evenimentului curent, semnalul NextEv; va fi reactivat pentru a semnala ca se poate
trece la tratarea evenimentului urmator [16]. n fig. 1-5 este prezentata structura PC;.

Registrii pipeline pe care arhitectura MPRA 1i foloseste sunt: IFID, IDEX, EXMEM,
MEMWSB. La acestea patru se adauga si PC care nu este considerat un registru de pipeline dar
este gestionat de catre HSE in aceesi maniera ca si registrii pipeline.

Scopul unui registru pipeline este de a captura date de la o etapd pipeline si de a le
furniza urmatoarei etape pipeline. Acest lucru creeaza cel putin un ciclu de ceas intarziere, dar
reduce lungimea pentru calea combinatorie a semnalelor, ceea ce permite viteze mai mari de
ceas.

La fiecare comutare a contextului, HSE remapeaza acesti 5 registri pentru a restaura
starea interna a procesorului corespunzatoare acelui task. La fiecare ciclu de ceas informatia
stocata in registrii pipeline trece prin logica etajului, este prelucrata si este depusa in urmatorul
registru de pipeline. Valoarea adresei instructiunii memoratd in registrul PC este folosita
pentru adresarea memoriei de cod. Rezultatul citit din memorie este depus apoi n registrul
intermediar IFID.

In registrul IDEX se regisesc urmatoarele date: instructiunea completa care este copiati
din registrul IFID, datele obtinute in urma adresarii Banked Register File si semnalele de
control pentru etajele EX, MEM, WB obtinute in urma decodificarii instructiunii.

In etapa ID are loc decodarea instructiunii si adresarea fisierului de registri indiferent de
tipul instructiunii. Informatia extrasa din fisierul de registri va fi valorificatd daca instructiunea
este de tipul R sau I, si va fi ignoratd daca este o instructiune de salt sau o instructiune
speciala.

In etapa EX de executie a instructiunilor are loc calculul operatiilor aritmetice, logice,
evaluarea conditiilor si generarea adreselor de salt pentru instructiunile de salt.

Rezultatul operatiilor de adunare este depus in registrul EXMEM pentru o stocare
temporara. La proiectarea sistemului trebuie luat n calcul ca pentru fiecare task din cele 256
posibile trebuie alocatd memorie pentru toti registrii pipeline. Semnalele destinate etajelor
MEM si WB sunt memorate in registrul EXMEM avand aceeasi consistentd ca in registrul
IDEX.

Tn etajul pipeline MEM are loc accesul memoriei de date pentru scriere sau citire.
Validarea operatiei de scriere sau citire este facuta de semnalele memread si memwrite ce
provin de la unitatea de control. Datele citite din memorie sunt depuse in registrul MEMWB
pentru stocare temporara (in eventualitatea cd HSE schimba contextele) si utilizare ulterioara.
Multiplexorul este folosit pentru selectia datei care este scrisi in fisierul de registri. In aceste
conditii, multiplexorul va selecta cAdmpul ALUout dacd instructiunea a fost o operatie
matematicd sau logicd sau RDData daca operatia a fost una de citire a memoriei. Adresarea
memoriei se face in permanenta cu rezultatul din unitatea ALU. Aceasta calculeaza adresa ca
fiind rezultatul citit din registrii de lucru la care se adauga un deplasament aliniat in prelabil pe
32 biti. Valoarea selectatd de multiplexor este folositd in etapa WB pentru adresarea si
stocarea datelor in Register File.

Blocurile de memorie sunt de fapt unul si acelasi. Accesul concurent pentru scrierea si
citirea datelor si instructiunilor in acelasi ciclu de ceas in etajele IF si MEM nu ridica
probleme deoarece memoria folosita Tn aceasta implementare este o memorie multiport ce
permite accese multiple. Tn implementarea actuali, memoria poate suporta doud citiri
simultane sau o citire si o scriere. Desi memoria este una mixta si contine atat date cat si cod
se realizeaza totusi o separare a celor doua.

12
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In arhitectura MPRA, ALU efectueazi urmitoarele operatii:

- operatii matematice cu si fara semn;

- operatii logice (incluzand operatii decizionale pentru instructiunile de salt conditionat);

- calculeaza deplasamentul in cazul instructiunilor de tip Iw sau sw.

ALU nu calculeazd adresa de salt pentru instructiunile de salt conditionat sau
neconditionat. Pentru aceste operatii MPRA utilizeazi doud sumatoare simple dedicate. In
tabelul 1-6 se prezintd codul generat de unitatea de control si operatia executata.

Tabel 1-6 Codul operatiilor ALU generate de unitatea de control
Cod Operatie
00001 | Adunare
00010 | Scadere
00011 | Inmultire
00100 | Impdrtire
00101 | Complementare

00110 | AND
00111 | OR
01000 | XOR
01001 | NXOR
01010 | SHL
01011 | SHR

01100 | sadd (adunare cu semn)

01101 | ssub (scadere cu semn)

01110 | smul (inmultire cu semn)

01111 | sdiv (impartire cu semn)

00000 | Pdastreaza iesirile ALU din operatia precedenta

10000 | Seteaza valorile implicite —toate iesirile unitatiiALU sunt setate pe valoarea ()
-------- lesiri implicite

11111 | lesiri implicite

Rezultatul pe 32 biti al operatiei aritmetice sau logice este depus in cdmpul ALUout din
registrul pipeline EXMEM de unde va fi ulterior preluat si depus fie in fisierul de registri daca
operatia a fost una matematicd, fie va fi folosit pentru adresarea memoriei de date daca
instructiunea a fost de tipul lw sau sw. Rezultatele operatiilor decizionale sunt evaluate Tn
etajul MEM 1n paralel cu semnalul branch generat de unitatea de control. Operanzii unitatii
ALU pot proveni fie din registrul IDEX, fie de la iesirea din memoria de date sau chiar de la
iesirea ALU dupa avansarea in prealabil a datelor de catre unitatile de forwarding.

In arhitectura MPRA rezultatul impirtirii la 0 este O si este semnalizat intotdeauna cu
exceptie de catre ALU. Exceptia poate fi sau nu tratata.

1.3. Banked Register File

Register File a fost special proiectat pentru a suporta comutarea rapida a contextelor
task-urilor. In arhitecturile clasice salvarea si restaurarea contextelor era materializati in ciclii
de acces la memoria externd. Durata schimbului contextelor era dependenta de numarul
registrilor salvati, dimensiunea lor si latimea magistralei de date ce interconecteaza procesorul
si memoria RAM. MPRA nu utilizeaza conceptul de stivd asa cum este el folosit in
arhitecturile existente, dar o parte din aceastd functionalitate este inclusa in Register File doar
pentru mentinearea unei ordini a apelului de functii. Fisierul de registri implementeaza 32 de
registri pe 32 biti pentru fiecare context al unei functii. Fiecare task suportd o inlantuire a
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apelurilor functiilor pana la 10 nivele. Contextul unei functii poartd numele de set de registri,
iar totalitatea registrilor unui task compun un bank de registri.

Fiecare sCPU; (fiecare task i) are un Register File organizat pe bancuri, care au fost
prevazute pentru a accelera procesul de apelare si revenire din procedurd. La un apel de
procedura se va folosi bancul imediat superior, iar la revenirea din procedura se va folosi
bancul imediat inferior. Un banc de registrii contine 32 de registri organizati ca 18 registrii de
uz general, 4 registrii speciali si 10 registrii pentru parametriiError! Reference source not
found.. Fisierul de registrii si memoria de program si date sunt ambele implementate in
tehnologie multi port ceea ce permite accese multiple in acelasi ciclu de ceas. Fisierul de
registril permite doud operatii de citire si una de scriere, in timp ce memoria de program si
date permite doar doud citiri simultane sau o citire si o scriere. Comutarea contextelor task-
urilor presupune atdt comutarea registrilor din fisierul de registri, cat si cea a fisierelor
pipeline, ambele actiuni fiind dirijate de unitatea HSE.

2. IMPLEMENTAREA ETAJELOR PIPELINE PE CYCLONE 111

2.1. Structura organizationala MIPS32 utilizata pentru MPRA

ID/EX
Controt EX/MEM
/D ||:{>,(I_]I MEMLAE

310 > 7 ;

& —
i L
Mem. Registru . ] Mem.
instruct. _,|  figier .jg > date
= — - > >
: 3 ’ -
Unitate
AVANSATEe
32
Unitate detectare hazard

Figura 2-1 Arhitectura MIPS32

Pentru implementare si analiza s-a utilizat codul verilog pentru procesorul MIPS32rl
latest [17].
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Saving if Restructured ; Registered ; Example Multiplexer Cutput
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s Virtual pins HELL H :
; I/0 pins ; 200 / 480 HEE =
; —— Clock pins ;4 7 12 ;33 E
; —- Dedicated input pins ;0 /11 ;0% :
; Global signals ;1 H :
; M10OK blocks 0/ 1,220 ;0% H
; Total MLAB memory bits ;0 H :
s Total block memory bits ;00 /12,492,800 ;0% :
; Total block memory implementation bits ;0 / 12,492,800 ;0% :
;s Total DSP Blocks ;0 F 342 ;0% :
; Fractiocnal PLLs ;0 /B 0% :
s Global clocks 1/ le HEE- H
; Quadrant clocks P 0/ BB s 0% :
s Horizontal periphery clocks 0/ 24 ;0% :
; SERIDES Transmitters ;0 /140 ;0% :
s SERIDIES Recelwvers 0/ 140 ;0% H
; JIAGs 071 ;0% H
; ASMI blocks ;0 /1 ;0% :
; CRC blocks 071 ;0% H
; Remote update blocks ;0 /1 ;0% :
s Qscillator blocks 071 ;0% H
; Impedance control blocks ;0 /3 ;0% :
; Hard Memory Contrellers ;072 ;0% :
; Average interconnect usage (total /H/V) ; 0.1% J 0.1% / 0.1% ; :
; Peak interconnect usage (total/H/V) ; 0.7% S OD.E6% S 1.3% :
; Maximum fan-out ; 98 H :
s Highest non-globkal fan-out ; ES H H
;s Total fan-out Hl iy H :
s Average fan-out ;o L.34 H H
——————————————————————————————————————————————————————————————————————————————————— Fmm—————i

IFID_Stage—RDuting Usage Summary
Routing Usage Summary report for IFID Stage
Tus Sep 22 23:08:25 2015
Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 3J Web Edition

e +
; Routing Usage Summary H
e e +
; Routing Resource Type ; Usage ;
e e +
; Block interconnscts ; 226 /S 721,028 (<=1 %) ;
; 212 interconnects ; 44 / 30,780 (£ 1 %) :
; 22 interconnects ; 153 / 303,248 (<1 % ) ;
; 24 interconnects ; 146 /S 140,620 ( < 1 % )
; D22 bus muxes s 0/ 35 (0 %) :
; DD3-18 I/0 buses ; 0/ 35 (0 %) H
; DOS-9 I/0 buses ; 0/ 35 (0 %) H
; Direct links ; 0/ 721,028 (0 %) :
; 3lobal clocks ;1 /S 1e (B8 %) H
; Horizontal periphery clocks ; 0 / %6 [ 0 % ) :
; Local interconnects ;1 F 227,120 (<€ 1 % ) H
; Cuadrant clocks ;0 /BB (0 %) :
; Rl4 interconnects ; 118 / 30,1le8 ( < 1 % ) ;
; R14/C12 interconnect drivers ; 148 / 53,952 (<1 % )} ;
; B3 interconnects ; leda J 331,920 (<1 %) ;
; Rf interconnects ; 176 / 622,512 (<=1 % ) ;
; Spine clocks ;04 / 480 (£ 1 %) H
; Wire stub REs ; 0/ 40,%%6 (0 % ) :
e e +
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E
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2.1.2. IDEX
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POSDRU 2007-2013 7-2013

IDEX_Stage—RDuting Usage Summary

Routing Usage Summary report for IDEX_Stage

T
Q

4w e e e e e me Te fe Te Te fe fe e e e e R

us Sep 22 23:02:00 20153

uwartus II €4-Bit Version 15.0.

Block interconnects

C12 interconnects

2 interconnects

C4 interconnects

DQS bus muxes

DQ3-18 I/0 buses

DQ3-% I/0 buses

Direct links

Global clocks

Horizeontal periphery clocks
Local interconnects
Quadrant clocks

R14 interconnects

R14/C12 interconnect drivers
R3 intesrconnescts

RE intesrconnects

Spine clocks

Wire stub REs

0 Build 145 04/22/20153 5J Web Edition

H
; Usage H

; 424 / 721,028 (=1 % ) ;
; 108 / 30,780 ( <1 %) ;
; 267 / 303,248 (=1 % )

; 381 / 140,820 (<1 % ) ;

; 0/ 35 (0%) ;
; 0/ 35 (0%) ;
; 0/ 35 (0%) ;
;18 / 721,028 (<1 %)
; 1/ 16 (6 %) ;
; 0/ %6 (0 %) ;
; 2/ 227,120 (<=1 %) ;
; 0/ 88 (0%) ;
; 14 / 30,168 ( <1 % )
; 21% / 53,9852 (<1 %)
; 219 / 331,920 (=1 % ) ;
; 224 / g22,312 (=1 % ) ;
; 6/ 480 (1 %) ;
; 0/ 40,9%¢ (0 %) ;

hult,iplexe: Restructuring Statistics (Restructuring Performed) report for IDEX Stage
Tue Sep 22 23:00:31 2015
Quartus II 64-Bit Version 15.0.0 Build 145 04/22/2015 5J Web Edicion

UNIVERSITAS

- ——
=5 A2
AR

KX XN
0.0

s Multiplexer Restructuring 5Statistics (Restructuring Performed)

; Multiplexer Inputs ; Bus Width ; Baseline Area ; Area if Restructured ; Saving if Restructured ; Registered ; Example Multiplexer Output

3:1
4:1

; 139 bits ; 278 LEs : 0 LEs ; 278 LEs : Yes ; |IDEX_Stage|EX_RestartPC[1]~regl ;
; 15 bits ; 30 LEs ; 0 LEs 7 30 LE= ; Yes ; |IDEX_Stage|EX_ALUCp[0]~regl ;

IDEX Stage—Post-Synthssis Netlist Statistics for Top Partition

Post—3ynthesis Netlist Stat
Tus Sep 22 23:00:38 2015
Quartus ITI €4-Bit Version 1

istics for Top Partition report for IDEX Stags

5.0.0 Build 145 04/22/2015 3J Web Edition

e +
; Post-Synthesis Netlist Statistics for Top Partition ;
e R e +
; Type ; Count H
e R e +
;j arriav_ff ;154 :
: ENA SCLR ; 154 :
j arriav_lcell comb ;3 :
H normal ; 3 E
; 2 data inputs ; 2 ;
; 3 data inputs ; 1 ;
; boundary port ; 339 E
H H H
; Max LUT depth ; 1.00 E
; Average LUT depth ; 0.03 :
e R e +
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IDEX Stage-Partition Statistics

Partition Statistics report for IDEX 5
Tue Sep 22 23:01:21 2015

15 57 Web Edition

; Logic utilization (ALMs nesded /
; AIMs needed [=R-B+(]
; [A] ALMs used in final placement [=atb+c+d]
; [a] AIMs used for LUT lecgic and registers
[b] AIMs used for LUT logic

[c] AIMs used for registers

[d] AIMs used for memory (up to half of total
[B] Estimate of ALMs recoverable by dense packing
[C] Estimate of ALMs unavailable [=atb+c+d]

[a] Du=s to location constrained logic

[b] Dus to LAB-wide signal conflicts

1 LAR input limits
virtual I/0s

total AIMs con device)

ALMs)

[c] Dus to

[d] Dus to

Difficulty packing design

Total LABs: partially or completely used
-- Logic LRBEs
—— Memory LRLBs (up to half of total LARs)

Combinational ALUT usage for logic
nput functions
—-— & input functions
ions

input functions
input functions
nal ALUT usage for route-throughs
Memory RLUT usage

-=- €4-address deep

-— 32-address deep

- 4

Dedicated logic registers
H -- By type:
; —— Primary logic registers

Page

Secondary logic registers

-- By function:
-— Design implementation registers
—— Routing cptimization registers

Virtual pins

I/C pins

I/C registers

Total block memory bits

Total block memory implementation bits
Clock enable block

Connections
—— Input Connections
—— Registered Input Connections
—-— QOutput Connections
—— Registered Qutput Connections

Internal Connections
-- Total Connections
-— Registered Connections

External Connections
—— Top
-- hard block:auto_gensrated_inst

Partition Interface
—— Input Ports
—— Qutput Ports
-- Bidir Ports

Registered Ports
—-— Registered Input Ports
—— Registered Output Ports

Port Connectivity

Input Ports driw
Qutput Ports dr.
Input Ports dri
Output Ports dr
Input Ports wi
Output Ports &
Input Ports with no Fanout

i
=

BO /

o/
!

Low

e 7
4g

R S N N ==

154

=

S G
[
w

oo

ooin
[=}r]

o

oo

113560 ( < 1 %

113560 (< 1 %

113560 (<1 %
113560 (0 % )

11356 (<1 %)

S 227120

MINISTERUL
EDUCATIEI §1
CERCETARII
STIINTIFICE

OIPOSDRU

————t

—t
hard block:auto_gensrated inst ;

—————t
(0%) :

S 113560

S 113560

(0%)

S 113560 |
/1135680

e o

]
o

Low

e O i

o

SN
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oo

SNS]
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2.1.3. EXMEM

EXMEM Stage—-Flow Summary

e +
; Flow Summary H
B e e e +
; Flow Status ; 2uccessful - Mon Sep 21 21:09%:04 20153 H
; Quartus II €4-Bit Version ; 15.0.0 Build 145 04/22/2015 8J Web Editicn ;
; Bevision Name ; EXMEM 3tage ;
; Top—lewel Entity Nams ; EXMEM Stage ;
; Family ; Cyclone ¥ ;
; Device ; SCGHBCSETEI1cCE ;
; Timing Models ; Final ;
; Logic utilization (in ALMs) ; 32 / 113,560 ({ < 1 %) ;
; Total registers ; 117 ;
; Total pins ; 242 / 536 ( 45 % ) ;
; Total wirtual pins ;0 ;
; Total block memory bits ; 0/ 12,492,800 (0 %) ;
; Total DSP Blocks ;0 /S 342 (0 %) ;
; Total HSSI RY PCSs ;0012 (0 %) ;
; Total HSSI PMA RX Dessrializers ; 0 / 12 (0 %) ;
; Total HSSI TX PCSs ;0012 (0 %) ;
; Total HSSI PMA TX Serializers ;0012 (0 %) ;
; Total PLLs ;0 /20 (0 %) ;
; Total DLLs ;0S4 (0% ;
————————————————————————————————— 4

Hultiplexer Restructuring Statistics (Restructuring Performed) report for EXMEM Stage
Tue Sep 22 22:53:18 2015
Quartus II 64-Bit Versiom 15.0.0 Build 145 04/22/2015 5J Web Edition

; Multiplexer Restructuring Statistics (Restructuring Performed)

; Multiplexer Inputs ; Bus Width ; Baseline Area ; Area if Restructured ; Saving if Restructured ; Registered ; Example Multiplexer Cutput

3:1 ; 112 bits ; 224 IEs : 0 LEs ; 224 LEs : Yes ; |EXMEM_Stage|M RestartPC[2]~regO
4:1 : 4 bits : 8 LEs : 8 LEs : 0 LE= : Yes ¢ |EXMEM Stage|M MemRead~regQ

EXMEM Stage-Post—3ynthesis Netlist Statistics for Top Partition
Post—3ynthesis Netlist Statistics for Top Partition report for EXMEM Stags
Tue Sep 22 22:533:26 2015
Quartus ITI 64-Bit Version 15.0.0 Build 145 04/22/2015 SJ Web Edition

P ~
; Post-3ynthesis Netlist 3tatistics for Top Partition ;
T e ~
; Type ; Count ;
e R it +
; arriav_ff ; 117 :
: ENL H H
: ENL 3CLR ; 112 H
: 3CLE ;1 H
; arriav_lcell comb ;7 :
: normal ;7 H
: 2 data inputs ; 1 :
: 4 data inputs ; 3 :
: 5 data inputs ; 1 :
; boundary port ; 242 H
H H H
; Max LUT depth ; 2.00 H
; Awverage LUT depth ; 0.10 H
Fmm e ~
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EXMEM Stage—Partition Statistics

Partition Statistics report for EXMEM Stage
Tus Ssp 22 2Z2:54:18 2015

Cuartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 8J Web Edition

[d] 2IMs used for memory (up to half

[k] Dus to LAB-wids signal conflicts
[c] Dus toc LAB input limits
[d] Due to wirtual I/Os

Difficulty packing design

Total TLABs: partially or completely used
-- Logic LABs
—— Memory LZBs (up to half of total L&Bs)

Combinational ALUT usage for logic

-- 7 input functions

-- & input functions

-- 5 input functicons

-- 4 input functicons

—— <=3 input functions
Combinational ALUT usage for route—throughs
Memory ALUT usage

—— €4-address deep

—-- 32-address deep

Dedicated logic registers
—-— By type:
—— Primary logic registsrs
—— Secondary logic registers

;
¥
H
;
;
V

-- By function:
—— Design implementation registers
-— Routing cptimization registers

Virtual pins

I/0 pins

I/0 registers

Total block memory bits

Total block memory implementation bits
Clock enable block

Connections
-- Input Connections
—— Registered Input Connsctions
—-—- Output Connsctions
-- Registered Cutput Connsctions

Internal Connections
-- Total Connections
-- Registered Connsctions

External Connsctions
—-— Top
-- hard block:autc gensrated inst

Partition Interface
—— Input Ports
—— Output Ports
-- Bidir Ports

Registersd Ports
-- Registered Input Ports
-- Begistersd Cutput Ports

Port Connectivity
—— Input Ports driven by GND
—-— Output Ports driven by GND
-— Input Ports driven by VCC
—-— Output Ports driven by VCC
-- Input Ports with no Sourcs
-- Output Ports with no Source
—— Input Ports with no Fancut
—-— Output Ports with no Fanout

of total Z2IMs) ; 0

; 0
H)
H)
Y

i

; Low

; 0
i

; B
; 0
;0
;1
-]
;2
; 63
;0
;0
;0
H
H)

; 117 / 227120
227120

; 0/
;

; 117
Bl

H

;

i 0

; 242
;0
Bl
]

;s 1/
;

;

;0
;0
]
Bl

;

;

; 913
; 118
H

H

;0
;0

;

;

; 125
; 117
;0

;

;

i 0

i 0

;

;

i 0

i 0

i 0

i 0

i 0
;0

i 0

i 0

1z8

Logic utilization (AIMs needed / total AIMs on device) ; 32 / 113560
LLM=s nssded [=R-B+C] ; 32
[2] ALMs used in final placsment [Sa+b+c+d] ; 61 / 113560
[a] RIMs used for LUT logic and registers ;3
[b] RIMs used for LUT logic ;2
[c] RIM=s used for rsgistsrs ; 5&

[B] Estimate of ALMs recoverable by dense packing ; 29 / 113560
[C] Estimate of ALMs unavailable [Za+b+c+d]
[a] Due to location constrained logic

; 0/ 113560

{

(<1
(<1
(<1
(0%)
5

{

; 1B / 11356 ( < 1
18
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0%

1%)

—

%
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R ill
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0
0/ 113560 (
0
0
0
0
0/ 113560 (
0/ 113580 (
(]
0
0
0

Low

0/ 11356 (0 %

0/ z2z7120 (
0 / 227120 (

0
0

0
0
0
0
0

oo

==t

0/ 128 (0 %

o
o
u
o

0
0

0
0

0
0
0

u
u

0
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0
0
0
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M_ALU_Resulfl]-regl21.0]

i M_IsBDS~0

M_IsBDS-reg0

> M_ALU_Resulz1.0]

-

M_KemelMode~regD

M_is8DS

M_MemiWrite-regd

9
4
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9
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-
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1
1
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M_MemioReg-ragl

T M_eminrs

£ _pemoeg

-
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of
of

0D
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1m0 4
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i
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.
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B
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-
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of
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.
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EX Trap [
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of
1

L

e

M_stall >

EX_TrapCond [
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.
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2.1.4. MEMWB

MEMWE Stage—Flow Sunmmary
Flow Summary report for MEMWE Stage
Tus Sep 22 23:11:58 2015
Quartus II 64-Bit Version 15.0.0 Build 145 04/22/2015 5J wek Editiomn

e +
; Flow Summary H
e e B it +
; Flow Status ; Successful - Mon Sep 21 21:54:36 2015 H
; Quartus II &€4-Bit Version ; 15.0.0 Build 145 04/22/2015 8T Web Edition ;
; Bevision Nams ; MEMWB Stage :
; Top-lewel Entity Names ; MEMWB Stage ;
; Family ; Cyclone V :
; Devics ; SCEFRASF31C7 :
; Timing Modsls ; Final :
; Logic utilization (in ALMs) ;019 / 113,560 (=1 %) H
; Total registers ; 71 :
; Total pins ; 147 / 480 ( 31 % ) H
; Total wirtual pins ;0 :
; Total block memory bits ; 0/ 12,482,800 (0 %) H
; Total DSP Blocks ; 0/ 342 (0 %) H
; Total HS3I RX PCSs ; 0 H
; Total HS3I PMZ RX Deserlalizers ; 0 :
; Total HS3I TX PCSs ; 0 H
; Total HS3I PMA TX Serializers ;0 :
; Total PLLs ; 0/ 8 (0% :
; Total DLLs ; 0/ 4 (0% :
————————— ————_—————— +

HMultiplexer Restructuring Statistics (Restructuring Performed) report for MEMWE_ Stage
Tue Sep 22 23:12:32 2015
Quartus II 64-Bit Version 15.0.0 Build 145 04/22/2015 5J Web Edition

s Multiplexer Restructuring Statistics (Restructuring Performed)

; Multiplexer Inputs ; Bus Width ; Baseline Area ; Area if Restructured ; Saving if Restructured ; Registered ; Example Multiplexer Cutput

: 3:1 ; 70 bits ; 140 LEs ; 0 LEs

140 LEs : Yes ; |MEMWE_ Stage |WE_ReadDatal[&]~regl »

MEMWE Stags—Post—3Synthesis Nstlist Statistics for Top Partition
Post—Synthesis Nstlist Statistics for Top Partition report for MEMWB Stage
Tus Sep 22 23:12:3% 2015
Quartus IT 64-Bit Version 15.0.0 Build 145 04/22/2015 3J Wek Edition

B e +
; Post-Synthesis Netlist 3tatistics for Top Partition ;
B e R it +
; Type ; Count H
B e R it +
; arriav_ff ; 71 ;
H ENLZ 3CLR HERY H
H 3CLE HE H
; arriav lcell comb ; 2 ;
H normal ; 2 H
; 2 data inputs ; 1 ;
; 5 data inputs ; 1 ;
; boundary port ;147 H
i H H
; Max LUT depth ; 1.00 ;
; Average LUT depth ; 0.05 H
B e R it +
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MEMWE_Stags-Partition Statistics

s report for MEMWB Stage
2015

Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 5J Wek Edition

Logic utilization
ALM= nseded [ZA-B
[R] ALMs used

[a2] ZIMs
[b] RIMs
[c] &aLMs
[d] RIMs

[B] Estimate
[C] Estimate
[a] Du=s t
[b] Due t
[c] Due t
[d] Due t

Difficulty packin

Total L&Bs: part
—— Logic L&Bs
—— Memory LRB

Combinational AL
—— 7 input fu
—-— & input fu
-— 5 input fu
—— 4 input fu
—— <=3 input
Combinational AL
Memory ALUT usage
—-— ©4-address
—-— 3Z-address

Dedicated logic r
—— By type:
—— Primar

—— Design

Virtual pins
I/0 pins
I/0 registers

Connections
—— Registered

—— Registered

-- Registersd

-- Top
—= hard block
—=— Input Port
-- Bidir Port
Registered Ports
-- Registersd

-— Registered

Port Connectivity
-- Input Port

-— Input Port

-- Input Port

—— Input Port

(21Ms needed / total AIMs on device)
+C]

in final placsment [=a+b+c+d]
used for LUT logic and rsgisters
used for LUT logic
used for registers
used for msmory (up to half of total ALMs)
of BIMs recoverable by dense packing
of ALMs unavailable [Ta+b+c+d]
o location constrained logic
o LEB-wide signal conflicts
o LAB input limits
o virtual I/Os

g design

ially or completely usesd

s (up to half of total LA&BEs)
T usage for logic

nctions

nctions

nctions

nctions

functions

T usage for route-throughs

desp
desp

=gisters

v logic r=gisters

—— 8scondary logic registers
-- By function:

implementaticn registers

—— Routing optimization registers

Total block memory bits
Total block memory implementation bits
Clock enable block

—-— Input Connsctions

Input Connections

—-— Output Connsctions

Output Connections

Internal Connections
-- Total Connections

Connections

External Connections

rauto_gensrated inst

Partition Interface

=

—— Output Ports

El

Input Ports
Output Ports

s driven by GND

—-— Output Ports driven by GND

s driven by VCC

—-— Qutput Ports driven by VCC

s with no Source

—-— Output Ports with no Scurce

s with no Fanout

19 / 113560 (

18

1

2

o

38 / 113560 ( < 1

19 / 113560 ( < 1
0 / 113560

o]
o]
o]
o]

Low

10 / 11356 ( < 1

10
o]

71/ 227120 ( <

o/ 227

71
o]

1/ 128

551

120

([ <

(0%)

(0%)

1%)

%

1%

H
H
H
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A

K X X ¥8
R ill

GALATIENSIS

hard_blmck:auto_gensrated_inst H

0 / 1135&0
0
0/ 1135&0
o]
)
0
0
0 / 1135&0
0/ 1135€0
0
o]
o
v}

Low

0/ zz71z20

0/ 227120

o/ 128 (

0

1]
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MEMWE Stags—Routing Usags Summary
Routing Usags Summary report for MEMWE 3tags
Tus Sep 22 23:13:50 2015
Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 SJ Web Edition

Bt +
; Routing Usage Summary H
B B e et e e +
; Routing Resource Type ;7 Usage H
B B e et e e +
; Block interconnects ; 163 J 721,028 ( <= 1 % ) ;
; 12 interconnects ; 0/ 30,780 (0 %) ;
; 2 interconnects ; 1llae J 303,248 (<1 % ) ;
; 4 interconnects ; 30/ 140,620 ( =1 %) ;
; D28 bus muxes ; 0/ 35 (0 %) ;
; DQS-18 TI/0 buses 0/ 35 (0 %) ;
; DQS-9 I/0 buses ; 0/ 35 (0 %) ;
; Direct links ; 0/ 721,028 (0 %) ;
; Glokal clocks ;L / 1le (& %) ;
; Horizontal periphery clocks ; 0/ 36 (0 %) :
; Local interconnects ; 0/ 227,120 (0 %) E
; Cuadrant clocks ; 0/ B8 (0 %) ;
; Rl4 interconnects ; 9/ 30,1e8 (<1 %) ;
; R14/C12 interconnect drivers ; 8 / 53,952 (<1 % ) :
; B2 interconnects ; 103 / 331,%20 (<1 %) ;
; RE interconnects ; 61 /f 622,512 ( =1 %) ;
; Spine clocks ;4 /S 480 (=1 %) ;
; Wire stub REs ; 0/ 40,9%6 (0 %) ;
e e +
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WB_MemtoReg~0

M_MemtoReg | -

WEB_MemtcReg~regl

{ " WB_MemioReg

WE_MemtoReg~1

1hi 1

B

M_ReadDataj21. 0] [

WE_RegWritz-0

M_Fhush
M_Stall

M_RegWrite [

WE_Stall |

WB_ReadData~{31.0]
1]
1

WE_ReadData~[E3_32]

WE_ReadData[0}-reg[31..0]

=] > WE_ReadData[21..0]

WE_RegWrite~2
0
1

WB_RegWirit=~3

WEB_RegWrite~regQ

| " WE_RegWrite

1Thi 4

M_RtRdfs 0|

WB_RtRd~[2..5]

WE_RtRd~[4..0]
0
1

reset

5ho

WE_RtRd[4..0]

clnc:k:

WE_RtRd[0]~reg[4..0]

Figura 2-8 RTL MEMWB
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Unitate detectare hazard
Figura 2-10 AMPRA
Source Clock(s) Destination Clock(s) Delay Added in ns

1 clock clock

3.7

PowerPlay Power Analyzer Status Successful - Sat Sep 26 21:28:27 2015
Quartus II 64-Bit Version 15.0.0 Build 145 04/22/2015 5] Web Edition
Revision Name Processord

Top-level Entity Name Processord

Family Cydone V

Device SCGXFCIETF31CE

Power Models Final

Total Thermal Power Dissipation 536.17 mW

Core Dynamic Thermal Power Dissipation 0.00 mW

Core Static Thermal Power Dissipation 518.57 mwW

I/O Thermal Power Dissipation 17.60 mw

Power Estimation Confidence

|Low: user provided insufficient toggle rate data
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Source Register Destination Register Delay Added in ns
1 Register:I0Dataln|Q[15] Register:I0DataReg|Q[15] 0.175
2 Register:10Dataln|Q[26] Register:10DataReg|Q[26] 0.166
3 Register:I0Dataln|Q[23] Register:I0DataReqg|Q[23] 0.161
4 Register:10Dataln|Q[0] Register:10DataReg|Q[0] 0.153
5 Register:I0Dataln|Q[28] Register:I0DataReqg|Q[28] 0.145
6 Register:I0Dataln|Q[18] Register:10DataReqg|Q[18] 0.143
7 Register:10Dataln|Q[7] Register:10DataReg|Q[7] 0.141
8 Register:I0Dataln|Q[25] Register:I0DataReqg|Q[25] 0.138
9 Register:10Dataln|Q[22] Register:10DataReg|Q[22] 0.138
10 Register:I0Dataln|Q[12] Register:I0DataReg|Q[12] 0.138
11 Register:10Dataln|Q[5] Register:10DataReqg|Q[5] 0.136
12 Register:10Dataln|Q[2] Register:10DataReg|Q[2] 0.133
13 Register:I0Dataln|Q[14] Register:I0DataReq|Q[14] 0.103
14 Register:10Dataln|Q[3] Register:10DataReg|Q[3] 0.103
15 Register:I0Dataln|Q[24] Register:I0DataReq|Q[24] 0.102
16 Register:10Dataln|Q[31] Register:10DataReg|Q[31] 0.100
17 Register:[0Dataln|Q[19] Register:10DataReg|Q[19] 0.100
18 Register:I0Dataln|Q[10] Register:I0DataReqg|Q[10] 0.100
19 Register:10Dataln|Q[9] Register:10DataReg|Q[9] 0.100
20 Register:I0Dataln|Q[20 Register:I0DataReqg|Q[20 0.100
21 Register:10Dataln|Q[17 Register:I0DataReg|Q[17 0.100
22 Register:10Dataln|Q[16] Register:10DataReg|Q[16] 0.100
23 Register:I0Dataln|Q[8] Register:I0DataReg|Q[8] 0.100
24 Register:10Dataln|Q[4] Register:I0DataReg|Q[4] 0.098
25 Register:I0Dataln|Q[30] Register:I0DataReqg|Q[30] 0.096
26 Register:10Dataln|Q[13] Register:10DataReg|Q[13] 0.096
27 Register:I0Dataln|Q[1] Register:10DataReqg|Q[1] 0.096
28 Register:I0Dataln|Q[21] Register:I0DataReqg|Q[21] 0.091
29 Register:[0Dataln|Q[11] Register:10DataReg|Q[11] 0.091
30 Register:I0Dataln|Q[29] Register:I0DataReqg|Q[29] 0.089
31 Register:10Dataln|Q[27] Register:10DataReg|Q[27] 0.089
32 Register:10Dataln|Q[6] Register:10DataReg|Q[6] 0.089

Processcord4—Flow Summary

Flow Summary report for Processord
Tue Sep 22 2Z:42:32 2015
Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 3J Web Edition

+

4 oms o ms ma mE s wE s wE s s M s WE s mE s W ws wg

Flow Status

Quartus II §4-Bit Version

Revision Name
Top—lewvel Entity Name

Family
Device

Timing Models

Logic
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total

utilizaticon (in ALMs)

registers

pins

virtual pins
bElock memory bits
DSP Blocks

HS3T R¥X PCS3s

H33I PML BX Dessrializers
H23I TX PC3s

HSSI PML T¥ Serializers
FLLs

DLLs

Successful - Sat
15.0.0 Build 145
Processord
Processord
Cyclone ¥
SCGKFCSETF3I1CSE
; Final
; 17 / 113,560
; 64
; 302
; O
; 342
; 12 |
; 12 |
12
(
(

0% )

12
20

[ Qe e o e [ o s e
T T T Ty Ty T Ty T

(<1 %)
/ 536 ( 56 % )

12,45%2,800 ( 0 %)

Sep 15 1%:01:43 2015
04/22/2015 8J Web Edition
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2.2.1. IFID4
1
2 module IFID4_Stage(
3
4 input sCPUO,
5 input sCPU1,
6 input sCPUZ,
7 input sCPU3,
8 input [ 1: O]selMIPS,
9 input clock,
10 input reset,
11 input IF_Flush,
12 input |F_Stall,
13 input ID_Stall,
14 Il Control Signals
15 input [ 31: O]IF_Instruction,
16 /I Data Signals
17 input [31: 0]IF_PCAdd4,
18 input [31: 0)IF_PC,
19
20 input IF_IsBDS,
21 /.
22 output [ 31: 0]ID_Instruction,
23 output [ 31: 0]ID_PCAdd4,
24 output [ 31: 0]ID_RestartPC,
25 output  ID_IsBDS,
26 output  ID_lsFlushed
27 )
28
29 sCPU_IFID_StagelFIDO(
30 if1(clock&sCPUO),
kR .if2(reset),
32 Af3(IF_Flush),
33 if4(IF_Stall),
34 if5(ID_Stall),
35 Il Control Signals
36 f6(IF_Instruction),
37 {I Data Signals
38 Af7(IF_PCAdd4),
39 if8(IF_PC),
40 Af9(IF_IsBDS),
41 I ammmme s
42 .id1(ID_Instruction0),
43 .id2(ID_PCAdd40),
44 .id3(ID_RestartPCO0),
45 .id4(ID_IsBDS0),
46 .id5(ID_lsFlushed0)
47 )
48
49 wire [ 31: 0]ID_Instruction0;
50 wire [ 31: 0]ID_PCAdd40;
51 wire [ 31: 0]ID_RestartPCO;
52 wire 1D_IsBDSO;
53 wire ID_IsFlushedO;
54
55 sCPU_IFID_StagelFID1(
56 .if1(clock&sCPU1),
57 if2(reset),
58 Af3(IF_Flush),
59 if4(IF_Stall),
60 if5(ID_Stall),
61 I/ Control Signals
62 {if6(IF_Instruction),

109
110
111
112
113
114
115
116
M7
118
119
120
121
122
123
124

Fe -
Fondul Social European Instrumente Structurale
POSDRU 2007-2013 2007-2013

I Data Signals
Af7(IF_PCAdd4),
if8(IF_PC),
if9(IF_IsBDS),

[/ p—
.id1(1D_Instruction1),
.id2(ID_PCAdd41),
.id3(ID_RestartPC1),
.id4(ID_IsBDS1),
.id5(ID_IsFlushed1)

)i

wire
wire
wire
wire
wire

[ 31: 0]ID_Instruction1;
[31: 0]ID_PCAdd41;
[ 31: 0]ID_RestartPC1;
ID_IsBDS1;
ID_IsFlushed1;

sCPU_IFID_StagelFID2(
if1(clock&sCPU2),
.if2(reset),

Af3(IF_Flush),
(if4(IF_Stall),
Af5(1ID_Stall),

If Control Signals
(if6(IF_Instruction),

I Data Signals
Af7(IF_PCAdd4),
if8(IF_PC),
if9(IF_IsBDS),

[ ammmmeaa.
.id1(1D_Instruction2),
id2(ID_PCAdd42),
.id3(ID_RestartPC2),
.id4(ID_IsBDS2),
.id5(ID_IsFlushed2)
)

wire
wire
wire
wire
wire

[ 31: 0]ID_Instruction2;
[31:0]ID_PCAdd42;
[ 31: 0]ID_RestartPC2;
ID_IsBDS2;
|ID_IsFlushed2;

sCPU_IFID_StagelFID3(
.if1(clock&sCPU3),
.if2(reset),
Af3(IF_Flushy,
.if4(IF_Stall),
Af5(ID_Stall),
I/ Control Signals
(if6(IF_Instruction),
I Data Signals
Af7(IF_PCAdd4),
if8(IF_PC),
Af9(IF_IsBDS),
[/ ——
.id1(1D_Instruction3),
.id2(ID_PCAdd43),
.id3(ID_RestartPC3),
.id4(ID_IsBDS3),
.id5(ID_IsFlushed3)

Codul verilog pentru IFID4

125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147

149
150
191
152
1583
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179

)%

wire
wire
wire
wire
wire

Muxd#( WIDTH(

Muxd#(.WIDTH(

Mux4#(.WIDTH(

Mux4#( WIDTH(

Muxd#(.WIDTH(
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[ 31: 0]ID_Instruction3;
[ 31: 0]ID_PCAdd43;
[ 31: 0]ID_RestartPC3;
ID_IsBDS3;
ID_IsFlushed3;

32)ID_Instruction_Mux(
sel(selMIPS),
.in0(ID_Instruction),
.in1(ID_Instruction1),
.in2(ID_Instruction2),
.in3(ID_Instruction3),
.out(ID_Instruction)

)

32))ID_PCAdd4_Mux(
sel(selMIPS),
.in0(ID_PCAdd40),
in1(ID_PCAdd4 1),
in2(ID_PCAdd42),
in3(ID_PCAdd43),
.out(ID_PCAdd4)

)

32))ID_RestartPC_Mux(
.sel(selMIPS),
.in0(ID_RestartPC0),
.in1(ID_RestartPC1),
.in2(ID_RestartPC2),
.in3(ID_RestartPC3),
.out(ID_RestartPC)

)

1))ID_IsBDS_Mux(
sel(selMIPS),
Jin0(ID_IsBDS0),
in1(ID_IsBDS1),
in2(ID_IsBDS2),
.in3(ID_IsBDS3),
.out(ID_IsBDS)

)

1))ID_IsFlushed_Mux(
.sel(selMIPS),
.in0(ID_lsFlushed0),
.in1(ID_IsFlushed1),
.in2(ID_IsFlushed2),
.in3(ID_lsFlushed3),
.out(ID_IsFlushed)

)

endmodule
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IFID4_Stage-Flow Summary
Flow summary report for IFID4_Stage
Tue Sep 22 22:05:23 2015
Quartus II 64-Bit version 15.0.0 Build 145 04/22/2015 51 web Edition

Bt e e T T e +
; Flow Summary :
o B ettt e +
; Flow Status ; Successful - sat Ssep 19 11:37:15 2015

; Quartus II 64-Bit version ; 15.0.0 Build 145 04/22/2015 53 web Edition ;
7 Revision Name ; IFID4_Stage H
; Top-level Entity Name ; IFID4_Stage :
; Family ; Cyclone v :
; Device 7 SCGXBCY9E7F31C8 H
; Timing Models ; Final :
; Logic utilization (in ALMS) ;1 /113,560 ( < 1 % ) :
; Total registers ;0 H
; Total pins ; 206 / 536 ( 38 %) :
; Total wirtual pins ;0 :
; Total block memory bits ;0 / 12,492,800 C 0 % ) H
; Total DSP Blocks 0/ 342 (0 %) :
; Total HSSI RX PCSs ;0 /12 C0 %) :
; Total HSSI PMA RX Deserializers ; 0 / 12 ( 0 % ) H
; Total HSSI TX PCSs 0 /12 C0% D) :
; Total HSSI PMA TX Serializers ;0 /12 C0 %) :
; Total PLLs ;0 /20 C 0% ) H
; Total DLLs 0 /4 (0% :
o Bt it +

IFID4_Stage-Partition Statistics
Partition Statistics report for IFID4_Stage
Tue Sep 22 22:07:29 2015
Quartus IT 64-Bit version 15.0.0 Build 145 04/22/2015 53 web Edition

: Fitter Partition Statistics H
oo o e
Statistic H

v 1/ 113560 ( < 1% )
1
1/ 113560 ( < 1% )

Logic utilization (ALMs needed / total ALMs on device)
: ALMs needed [=A-B+4C]
[A] ALMs used in final placement [=a+b+c+d]
[a] ams used for LUT logic and registers
[h ALMs used for LUT logic
c] ALMs used for registers

/ 113560 C 0 % )
/113560 C 0 % )

[d] ALMs used for memory (up to half of total ALMs) ;
[B] Estimate of ALMs recoverable by dense packing H
[c] Estimate of ALMs unavailable [=a+b+c+d]

a] Due to location constrained logic

+
+
10/ 113560 ( )
b] Due to LAB-wide signal conflicts E

0 % / 113560 (
J/ 113560 C 0 % )

0% )
/ 113560 ( 0 % )

[c] Due to LAB input limits
[d] Due to virtual I/Os

(=l=l=lelelelele] -]

; Difficulty packing design 7 Low
; Total LABs: partially or completely used

i Y1/ 11356 ( <1 %)
H -- Logic LABs A

(=]

-- Memory LABs (up to half of total LaBs)

; Combinational ALUT usage for Jlogic

-- 7 input functions

-- 6 input functions

-- 5 input functions

-- 4 1input functions

-- <=3 1input functions
; Combinational ALUT usage for route-throughs
; Memory ALUT usage

-- b4-address deep

-- 32-address deep

; Dedicated logic registers
-- By type:
-- Primary logic registers
-- Secondary logic registers
-- By function:

oo O COoOoOrFOoOOoOH

J 227120 C 0O /227120 (0 % )
J 227120 C O 0%)

/227120 (
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-- Design implementation registers
-- Routing optimization registers

oo
(=Y =]

virtual pins

I/0 pins

I/0 registers

Total block memory bits

Total block memory implementation bits

ocooNO
coooo

Connections
-- Input Connections
-- Registered Input Connections
-- Output Connections
-- Registered output Connections

oooo
cocoo

Internal Connections
-- Total Connections
-- Registered Connections

206
0

(=J=)

External Connections

oo
(=]=]

-- Top
-- hard_block:auto_generated_inst

partition Interface
-- Input Ports
-- Output Ports
-- Bidir Ports

108

(= =F=]

Registered Ports
-- Registered Input Ports
-- Registered Output Ports

oo
(=]=]

Port Connectivity
-- Input Ports driven by GND
-- Output Ports driven by GND
-- Input Ports driven by vCC
-- Output Ports driven by wCC
-- Input Ports with no Source
-- OQutput Ports with no Source
-- Input Ports with no Fanout
-- Output Ports with no Fanout
o o e

[=jelelelels]le]s)
coocococOoOoo

e e e e N e e e A e N e A S e W WA e NN WU e e e

IFID4_Stage-Resource Usage Summary
Resource Usage Ssummary report for IFID4_sStage
Tue Sep 22 22:07:18 2015
Quartus IT 64-Bit version 15.0.0 Build 145 04/22/2015 53 web Edition

; Fitter Resource Usage Summary H
e et e +
Resource ;
_____________________________________________________________ +
Logic utilization (ALMs needed / total ALMs on device) ;
ALMs needed [=A-B+C] ;
[A] ALMs used in final placement [=a+b+c+d]
[a] ALMs used for LUT logic and registers
[b] ALMs used for LUT logic :
[c ALMs used for registers
d] ALMs used for memory (up to half of total ALMs) ;
[B] Estimate of ALMs recoverable by dense packing ;
[c] Estimate of ALMs unavailable [=a+b+c+d] :
[a] Due to location constrained logic

1/ 113,560
1
1/ 113,560

/ 113,560
/ 113,560

[b] Due to LAB-wide signa1 conflicts
[c] Due to LAB input 1imits
d] bue to virtual I/0s

cCoOCOoCooOoOoOHO

Low

1/ 11,356

Difficulty packing design

Total LABs: partially or completely used
-- Logic LABs
-- Memory LABs (up to half of total LABs)

o

Combinational ALUT usage for logic
-- 7 input functions
-- 6 input functions
-- 5 input functions
-- 4 dnput functions
-- <=3 dinput functions
Combinational ALUT usage for route-throughs
Dedicated logic registers
-- By type:
-- Primary logic registers
-- Secondary logic registers
-- By function:
-- Design implementation registers
-- Routing optimization registers

/227,120
[/ 227,120

virtual pins
I/0 pins
-- Clock pins

0 536

NG OO0 00 OOoOHRCOOoOoOH

[

T L R R T
B L R I e
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-- Dedicated input pins

; Global signals

; M10OK blocks

; Total MLAB memory bits

; Total block memory bits

; Total block memory implementation bits

; Total DSP Blocks

: Fractional PLLs

; Global clocks

; Quadrant clocks

; Horizontal periphery clocks

; SERDES Transmitters

; SERDES Receivers

» JTAGs

; ASMI blocks

; CRC blocks

; Remote update blocks

; Oscillator blocks

; Standard RX PCSs

; HSSI PMA RX Deserializers

; Standard TX PCSs

; HSSI PMA TX Serializers

; Channel PLLs

; Impedance control blocks

; Average interconnect usage (total/H/V)
; Peak interconnect usage (total/H/V)
: Maximum fan-out

; Highest non-global fan-out

: Total fan-out

: Average fan-out

+ _____________________________________________________________

sCPU_IFID_StageFID1

o310
IF_PcAdd431.0] [T
reset
IF_Flush
IF_Stall
1D_Stall
IF_isBDS [
comb~0
F_rcit.o [
comb-~1
sCPU1[>— ||
clock [ _—3
saMIPS[1..0] [
comb-~2
scPU2[_—
comb~3
sCPU3|

Instrumente Structurale
2007-2013

e

MINISTERUL
EDUCATIEI §1
CERCETARIT
STIINTIFICE

OIPOSDRU

/35

1,220

12,492,800
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IE_nstruction[31.0]

ID_IsFlushed

ID_PCAdd4[31.0]

ID_RestarntPC[31.0]

ID_IsBDS
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1*hd

!

ID_RestartPC t
T'he [8]~outpu

[=]

ID_RestartPC[8]-output
e [E]~outp!
10_OBUF
IDTREEtartF'C[Sﬂmmmul

§

10_OBUF
IF_PCAdd4[0}~input

[

IF_PCAdd4[10]~input

IF_PCAdd4[1]~input

H

I0_IBUF
IF_PCAdd4[11]~input

i

I0_IBUF
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i
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IF_PC[7l~input

ﬁ

I0_IBUF

o
e
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g

I0_IBUF
IF_PCla]~input

IF_Stall

clock

scPU..3] [

i

IF_Stall~input

i

clock~input

I0_IBUF

reset~input

I0_IBUF

w
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i
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Figura 2-12 Partial Tehnology map IFID4
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2.2.2. IDEX4

module IDEX4_Stage(
input sCPUO,
input sCPU1,
input sCPUZ,
input sCPU3,
input [ 1: OlselMIPS,
input clock,
input reset,
input |D_Flush,
input |D_Stall,
input EX_Stall,
Il Control Signals
input ID_Link,
input ID_RegDst,
input ID_ALUSrclmm,
input [4: 0]ID_ALUOp,
input ID_Movn,
input ID_Movz,
input ID_LLSC,
input |D_MemRead,
input 1D_MemWrite,
input |D_MemByte,
input ID_MemHalf,
input ID_MemSignExtend,
input |D_Letft,
input ID_Right,
input |D_RegWrite,
input ID_MemtoReg,
input |D_ReverseEndian,
ff Hazard & Forwarding
input [4: 0]ID_Rs,
input [4: O]ID_Rt,
input ID_WantRsByEX,
input ID_NeedRsByEX,
input ID_WantRtByEX,
input ID_NeedRIByEX,
I Exception Control/Info
input ID_KernelMode,
input [ 31: 0]ID_RestartPC,
input ID_IsBDS,
input ID_Trap,
input ID_TrapCond,
input ID_EX_CanErr,
input |D_M_CanErr,
[/ Data Signals
input [ 31:0]ID_ReadData1,
input [ 31: 0]ID_ReadData2,
input [ 16: 0]ID_SignExtimm,
L
output  EX_Link,
output [ 1: O]JEX_LinkRegDst,
output  EX_ALUSrclmm,
output [ 4: OJEX_ALUOp,
output  EX_Mown,
output  EX_Movz,
output EX_LLSC,
output EX_MemRead,
output  EX_MemWrite,
output  EX_MemByte,
output  EX_MemHalf,
output  EX_MemSignExtend,
output  EX_Left,

108

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
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output  EX_Right, 125
output  EX_RegWrite, 128
output  EX_MemtoReg, 127
output  EX_ReverseEndian, 128
output [ 4: O]JEX_Rs, 129
output [ 4: D]JEX_RY, 130
output  EX_WantRsByEX, 131
output EX_MNeedRsByEX, 132
output  EX_WantRtByEX, 133
output EX_NeedRtByEX, 134
output  EX_KernelMode, 135
output [ 31: 0]JEX_RestartPC, 136
output EX_IsBDS, 137
output  EX_Trap, 138
output EX_TrapCond, 139
output  EX_EX_CanErr, 140
output  EX_M_CanErr, 141
output [ 31: 0]JEX_ReadData1, 142
output [ 31: 0]JEX_ReadData2, 143
output [ 31: O]JEX_SignExtlmm 44
output [ 4: 0]JEX_Rd, 145
output [ 4: 0]JEX_Shamt 146
) 147
148

149

150

151

152

sCPU_IDEX_StagelDEXzero( 153
.id1(clock&sCPUD), 154
Jid2(reset), 155
.id3(ID_Flush), 156
.id4(ID_Stall), 157
id5(EX_Stall), 158
I/ Control Signals 159
.idB(ID_Link), 160
.id7(ID_RegDst), 161
.idB(ID_ALUSrclmm), 162
.id9(ID_ALUOP), 163
.id10(1D_Movn), 164
.id11(ID_Movz), 165
.id12(ID_LLSC), 166
.id13(ID_MemRead), 167
.id14(1D_MemWrite), 168
.id15(ID_MemByte), 169
.id16(ID_MemHalf), 170
.id17(ID_MemSignExtend), 171
.id18(ID_Left), 172
.id19(ID_Right), 173
.id20(ID_RegWrite), 174
.id21(ID_MemtoReg), 175
.id22(1D_ReverseEndian), 176
Il Hazard & Forwarding 177
.id23(ID_Rs), 178
.id24(ID_Rt), 179
.id25(1D_WantRsByEX), 180
.id26(ID_NeedRsByEX), 181
id27(ID_WantRiByEX), 182
.id28(ID_NeedRtBYEX), 183
I Exception Control/Info 184
.id29(1D_KernelMode), 185
.id30(ID_RestartPC), 186
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.id31(ID_IsBDS),
.id32(ID_Trap),
.id33(ID_TrapCond),
.id34(ID_EX_CanErr),
.id35(ID_M_CanErr),

Il Data Signals
.id36(ID_ReadData1),
.id37(ID_ReadData2),
.id38(ID_SignExtimm),

L
.ex1(EX_Link0),
.ex2(EX_LinkRegDst0),
.ex3(EX_ALUSrclmm0),
.exd(EX_ALUOpD),
.ex5(EX_Mown0),
.exB(EX_Movz0),
.ex7(EX_LLSCO0),
.exB(EX_MemRead0),
.ex9(EX_MemWrite0),
.ex10(EX_MemByte0),
.ex11(EX_MemHalf0),
.ex12(EX_MemSignExtend0),
.ex13(EX_Left0),
.ex14(EX_Right0),
.ex15(EX_RegWrite0),
.ex16(EX_MemtoReg0),
.ex17(EX_ReverseEndian0),
.ex18(EX_Rs0),
ex19(EX_Rt0),
.ex20(EX_WantRsByEX0),
.ex21(EX_NeedRsByEX0),
.ex22(EX_WantRtByEX0),
.ex23(EX_NeedRtByEX0),
.ex24(EX_KernelMode0),
.ex25(EX_RestartPC0),
.ex26(EX_IsBDS0),
.ex27(EX_Trap0),
.ex28(EX_TrapCond0),
.ex29(EX_EX_CanErr0),
.ex30(EX_M_CanErr0),
.ex31(EX_ReadData10),
.ex32(EX_ReadData20),
.ex33(EX_SignExtimma0),
.ex34(EX_Rd0),
.ex35(EX_Shamt0)

);

wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

EX_Link0;

[ 1: O]JEX_LinkRegDst0;
EX_ALUSrcimmO;

[ 4: 0]JEX_ALUOPpO;
EX_Mowvn0;
EX_Movz0;
EX_LLSCO;
EX_MemRead0;
EX_MemWriteQ;
EX_MemByteO;
EX_MemHalfo;
EX_MemSignExtend0;
EX_Left0;

EX_RightO;
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187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
228
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248

wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

EX_RegWrite0;
EX_MemtoReg0;
EX_ReverseEndian0;

[ 4: 0]JEX_RsO;

[ 4: O]EX_RItO;
EX_WantRsByEXO;
EX_NeedRsByEXO0;
EX_WantRiByEXO;
EX_NeedRtByEXD;
EX_KernelMode0:;

[ 31: 0]JEX_RestartPCO;
EX_IsBDSO;

EX_Trap0;
EX_TrapCond0;
EX_EX_CanErr0;
EX_M_CanErr0;

[ 31: 0]JEX_ReadData10;
[ 31: 0]EX_ReadData20;
[ 31: O]EX_SignExtimm0;
[ 4: O]EX_RdO;

[ 4: 0]JEX_ShamtO;

sCPU_IDEX_StagelDEXunu(
.id1(clock&sCPU1),
.id2(reset),
.id3(ID_Flush),
.id4(1D_Stall),
.id5(EX_Stall),
/I Control Signals
.id6(1D_Link),
.id7(ID_RegDst),
.id8(ID_ALUSrclmm),
.id9(ID_ALUOp),
.id10(ID_Mown),
.id11(ID_Movz),
.id12(ID_LLSC),
.id13(ID_MemRead),
.id14(ID_MemWrite),
.id15(ID_MemByte),
.id16(ID_MemHalf),
id17(ID_MemSignExtend),
.id18(I1D_Left),
.id19(ID_Right),
.id20(ID_RegWrite),
.id21(1D_MemtoReg),

.id22(ID_ReverseEndian),
/I Hazard & Forwarding
id23(ID_Rs),
.id24(ID_Rt),
.id25(ID_WantRsByEX),
.id26(I1D_NeedRsByEX),
Aid27(ID_WantRtByEX),
.id28(ID_NeedRtByEX),
Il Exception Control/Info
.id29(ID_KernelMode),
.id30(ID_RestartPC),
.id31(ID_IsBDS),
.id32(ID_Trap),
.id33(ID_TrapCond),
.id34(ID_EX_CanErr),

249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
2094
205
296
297
208
299
300
301
302
303
304
305
306
307
308
309
310

e
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.id35(ID_M_CanErr),
/I Data Signals
id36(ID_ReadData1),
id37(ID_ReadDataz2),
.id38(1D_SignExtimm),

ex1(EX_Link1),
.ex2(EX_LinkRegDst1),
ex3(EX_ALUSrcimm1),
.exd(EX_ALUOp1),
ex5(EX_Maovn1),
ex6(EX_Movz1),
ex7(EX_LLSC1),
ex8(EX_MemRead1),
ex9(EX_MemWrite1),
ex10(EX_MemByte1),
ex11(EX_MemHalf1),

.ex12(EX_MemSignExtend1),

ex13(EX_Left1),
.ex14(EX_Right1),
.ex15(EX_RegWrite1),
ex16(EX_MemtoReg1),

.ex17(EX_ReverseEndian1),

ex18(EX_Rs1),
ex19(EX_Rt1),
ex20(EX_WantRsByEX1),
ex21(EX_NeedRsByEX1),
ex22(EX_WantRtByEX1),
ex23(EX_NeedRtByEX1),
.ex24(EX_KernelMode1),
.ex25(EX_RestartPC1),
ex26(EX_IsBDS1),
ex27(EX_Trap1),
.ex28(EX_TrapCond1),
.ex29(EX_EX_CanErr1),
.ex30(EX_M_CanErr1),
.ex31(EX_ReadData11),
.ex32(EX_ReadData21),
.ex33(EX_SignExtimm1),
ex34(EX_Rd1),
ex35(EX_Shamt1)

)i

wire
wire

EX_Link1;
[ 1: 0]JEX_LinkRegDst1;

wire EX_ALUSrcimm1;
wire [ 4: 0]JEX_ALUOPp1;
wire  EX_Mowvn1;

wire  EX_Movz1;

wire EX_LLSC1;

wire  EX_MemRead1;
wire  EX_MemWrite1;
wire EX_MemByte1;
wire EX_MemHalf1;

wire  EX_MemSignExtend1;

wire EX_Left1;

wire  EX_Right1;

wire EX_RegWrite1;
wire EX_MemioReg1;

wire EX_ReverseEndian1;

wire [4: 0]EX_Rs1;

3N
312
313
314
315
316
37
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339

341
342

344
345

347
348

350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
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wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

[4: O]JEX_Rt1;
EX_WantRsByEX1;
EX_NeedRsByEX1;
EX_WantRtIByEX1;
EX_NeedRtByEX1;
EX_KernelModed;

[ 31: D]JEX_RestartPC1;
EX_IsBDS1;

EX_Trap1;
EX_TrapCond1;
EX_EX_CanErr1;
EX_M_CanErr1;

[ 31: 0]JEX_ReadData11;
[ 31: 0]JEX_ReadData21;
[ 31: 0]JEX_SignExtimm1;
[ 4: 0]JEX_Rd1;

[ 4: 0]JEX_Shamt1;

sCPU_IDEX_StagelDEXdoi(
.id1(clock&sCPU2),
.id2(reset),
.id3(ID_Flush),
.id4(ID_Stall),
.id5(EX_Stall),
Il Control Signals
.id6(ID_Link),
.id7(ID_RegDst),
.id8(ID_ALUSrclmm),
.id9(ID_ALUOP),
.id10(ID_Movn),
.id11(ID_Movz),
id12(ID_LLSC),
.id13(ID_MemRead),
.id14(1D_MemWrite),
.id15(ID_MemByte),
.id16(ID_MemHalf),
.id17(ID_MemSignExtend),
.id18(ID_Left),
.id19(ID_Right),
.id20(ID_RegWrite),
.id21(1D_MemtoReg),

.id22(1D_ReverseEndian),
// Hazard & Forwarding
.id23(ID_Rs),
.id24(ID_Rt),
.id25(ID_WantRsByEX),
.id26(ID_NeedRsByEX),

.id27(ID_WantRiByEX),
.id28(ID_NeedRtByEX),
I Exception Control/Info
.id29(1D_KernelMode),
.id30(ID_RestartPC),
.id31(ID_IsBDS),
.id32(ID_Trap),
.id33(ID_TrapCond),
.id34(ID_EX_CanErr),
.id35(1D_M_CanErr),

/I Data Signals
.id36(ID_ReadDatat),
.id37(ID_ReadData2),
.id38(ID_SignExtimm),

j/—
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373 .ex1(EX_Link2),
374 .ex2(EX_LinkRegDst2),
375 .ex3(EX_ALUSmImm2}, 435 wire EX KernelMode?:
376 -ex4(EX_ALUOp2), 436 wire [31: 0JEX_RestatPC2: 497 _ex5(EX_Movn3),
377 .ex5(EX_Movn2), 437 wire EX_IsBDS2: 408 .ex8(EX_Movz3),
378 -ex6(EX_Movz2), 438 wire EX_Trap2; 499 _ex7(EX_LLSC3),
379 -ex7(EX_LLSC2), 439 wire  EX_TrapGond2; 500 ex8(EX_MemRead3),
380 -ex8(EX_MemRead2), 440 wire EX_EX_CanEr2; 501 ex9(EX_MemWrite3),
381 ex9(EX_MemWirite2), 441 wire EX_M_CanErr2; 502 .ex10(EX_MemByte3),
382 -ex10(EX_MemByte2), 442 wire [ 31: 0JEX_ReadData12; 503 ex11(EX_MemHalf3),
383 .ex11(EX_MemHalf2), 443 wire [ 31: 0]JEX_ReadData22; 504 .ex12(EX_MemSignExtend3),
384 .ex12(EX_MemSignExtend2), 444 wire [ 31: 0]JEX_SignExtimm2; 505 .ex13(EX_Left3),
385 ex13(EX_Left2), 445 wire [ 4: 0]EX_Rd2; 506 .ex14(EX_Right3),
386 .ex14(EX_Right2), 446 wire [ 4: 0]JEX_Shamt2; 507 .ex15(EX_RegWrite3),
387 .ex15(EX_RegWrite2), 447 508 .ex16(EX_MemtoReg 3?,
388 .ex16{EX_MemtoReg2), 448 509 .ex17(EX_ReverseEndian3),
389 .ex17(EX_ReverseEndian2), ~ 449  sCPU_IDEX_StagelDEXtrei( 510 -ex18(EX_Rs3),
390 .ex18(EX_Rs2), 450 Jid1(clock&sCPU3), 511 ex19(EX_RL3),
191 exl Q(EX:RtZ), 451 id2(reset), 512 .ex20(EX_WantRsByEX3),
452 id3(ID_Flush), 513 .ex21(EX_NeedRsByEX3),
ggé :Zig?gg—w:enégzgz%}}" 453 .id4(ID_Stall), 514 .ex22(EX_WantRIByEX3),
294 ex22(EX_WanthByEX2) 454 Jid5(EX_Stall), 515 .ex23(EX_NeedRtByEX3),
) 7 ' 455 // Control Signals 516 -ex24(EX_KernelMode3),
395 ex23(EX_NeedRIByEX2) g
08 S2AEX K Mg 2, 456 id6(ID_Link) 517 ex25(EX_RestartPC3),
ex _Kerne e2), - — d
397 ex25(EX_RestartPC2) 457 id7(ID_RegDs!), 218 EX2GEX 5BDS3).
— ' : 519 ex27(EX_Trap3)
458 AidB(ID_ALUSrclmm), — d
398 ex26(EX_IsBDS2)
399 Lex2?(E}(—Tra 2) . 459 id9(ID_ALUOp), 520 .ex28(EX_TrapCond3),
400 -eXZB(EX_TraECcIJnda 460 M10(D_Movn), 5;; “*"iﬁﬁ—ﬁ"a"a“f?'
401 \ex29(EX_EX_CanErr2) 461 Ad11(1D_Movz), 295 "ZimEEx_REa;Satg%)
: - = ' 462 id12(ID_LLSC), . — '
402 .ex30(EX_M_CanErr2), 463 id13(ID_MemRead) 524 .ex32(EX_ReadData23),
403 .ex31(EX_ReadData12), 464 ‘id1 40D MemWrite ’ 525 .ex33(EX_SignExtimma3),
404 ex32(EX_ReadData22), 465 P 5EID:MemBy1e)?‘ 526 SAEX RAD),
:gg ~e"g‘3‘fg—g$}5‘“mmzl 466 id16(ID_MemHalf), ol ; X35(EX_Shamt3)
o a2, 467 id17(ID_MemSignExtend), :
407 ex35(EX_Shamt2) 468 .id18EID_Left), ’ ) o
408 ; id19(ID_Ri
409 ) 470 ‘:g;gﬂg_gggh\g‘lrite) 231 wire  EX_Link3;
410 471 k'd21 D MemioR ' 532 wire [ 1: 0]JEX_LinkRegDst3;
411 472 h:d22£ID_R::;:se§gni!'ian) 533 wire  EX_ALUSrcimms3;
412 wire EX_Link2; 473 / Hazard & Forwarding I 534 wire [4: U]EX_ﬂ_\LUOpS;
. ) ) 535 wire EX_Movn3;
413 wire [ 1:0)EX_LinkRegDst2; 474 .id23(ID_Rs), 536 wire EX Movz3:
414 wire EX_ALUSrcimm2; 475 .id24(ID_Rt), 537 wire EX_LLSC.’:‘I'
415 wire [4:0]EX_ALUOpZ; 476 .?dZﬁ(ID_WantRsByEX), 538 wire EX:MemRead3;
416 wire Ex_Movnz; 477 |d2B(ID_NeedRSByEX), 539 wire EX_MemWrite3:
417 wire EX_MOVZQ; 478 .idZ?(ID_WanthByEX). 540 wire EX Memay‘te3;
418 wire EX_LLSC2: 479 .id28(ID_.NeethByE}<), 541 wire EX_MemHalf3:
419 wire EX_MemRead?2: 480 Il Exception Control/Info 542 wire  EX_MemSignExtend3;
420 wire  EX_MemWrite2; 481 id29(ID_KernelMode), 543 wire EX_Left3;
421 wire EX_MemByte2; 182 ‘!gg?ﬂg—r{g%as’)'m)' 544 wire  EX_Right3;
422 wire EX_MemHalf2; » 15 ' 545 wire EX_RegWrite3;
B e BT D Tapow S e xRowmsscadns
wire eft2; » - ' . :
495 wire EX_Right2: 486 {id34(ID_EX_CanErr), 548 wire [4: DJEX_Rs3;
426 wire E}(—RegWriteZ' 487 .id35(ID_M_Cankrr), 549 wire [ 4: 0]EX_Rt3;
497 wire EX MemtoRe '2. 488 // Data Signals 550 wire  EX_WantRsByEX3;
428 wire EX_ReverseE?ld‘ianZ 489 d36(1D_ReadDatar), 951 wire  EX_NeedRsByEX3;
429 wire [ 4'_U]EX Rs2- ' 490 .id37(ID_ReadData2), 552 wire EX_WantRIByEX3;
X : - 491 .id38(ID_SignExtimm), 553 wire EX_NeedRtByEX3:
:g? w!re E;l( %Exgté' Ex2 492 L 554 wire EX_KernelMode3;
wire, WanIsSHyEAZ, 493 .ex1(EX_Link3), 555 wire [ 31: 0]EX_RestartPC3;
432 wire  EX_NeedRsByEXZ; 494 .ex2(EX_LinkRegDst3), 556 wire EX_IsBDS3;
433 wire  EX_WantRIByEX2; 495 ex3(EX_ALUSrclmm3), 557 wire EX_Trap3:
434 wire  EX_NeedRtByEX2; 496 ex4(EX_ALUOPp3), 558 wire EX_TrapCond3;

44



EH O

UNIUNEA EUROPEANA

559 wire EX_EX_CanErr3;

560 wire EX_M_CanErr3;

561 wire [ 31: 0]EX_ReadData13;
562 wire [ 31: 0]JEX_ReadData23;
563 wire [ 31: 0]JEX_SignExtimm3;
564 wire [ 4:0]EX_Rd3;

565 wire [ 4: 0]JEX_Shamt3;

566

567 Mux4#( WIDTH(  1))EX_Link_Mux(
568 .sel(selMIPS),

569 InO(EX_Link0),

570 Ain1(EX_Link1),

571 {in2(EX_Link2),

572 .In3(EX_Link3),

573 Out(EX_Link)

574 )

575

576 Mux4#( WIDTH(  2))EX_LinkRegDst_Mux(
577 .sel(selMIPS),

578 .in0(EX_LinkRegDst0),
579 .in1(EX_LinkRegDst1),
580 .in2(EX_LinkRegDst2),
581 .in3(EX_LinkRegDst3),
582 .out(EX_LinkRegDst)
583 %

584

585 Mux4#( WIDTH(  1))EX_ALUSrelmm_Mux(
586 .sel(selMIPS),

587 ANO(EX_ALUSrcimmo),
588 Ain1(EX_ALUSrclmm1),
589 Jin2(EX_ALUSrcimm2),
590 in3(EX_ALUSrcimm3),
591 .out(EX_ALUSrclmm)
502 )%

503

594 Mux4#( WIDTH(  5))EX_ALUOp_Mux(
595 .sel(selMIPS),

596 nO(EX_ALUOPO),

597 An1(EX_ALUOp1),

508 An2(EX_ALUOP2),

509 Ain3(EX_ALUOP3),

600 LOUt(EX_ALUOPp)

601 )%

602

603 Mux4#( WIDTH(  1))EX_Movn_Mus(
604 .sel(selMIPS),

605 in0(EX_Movn0),

606 [in1(EX_Movn1),

607 Ain2(EX_Mown2),

€08 .in3(EX_Movn3),

609 .out(EX_Movn)

610 )%

611

612 Mud#( (WIDTH({  1))EX_Movz_Mux(
613 .sel(selMIPS),

614 Lin0(EX_Movz0),

615 [in1(EX_Movz1),

616 in2(EX_Movz2),

617 In3(EX_Movz3),

618 .out(EX_Movz)

619 )%

620

621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674

676
677
678
679
680
681
682

S
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Muxd#( WIDTH(  1))EX_LLSC_Mux(
sel(selMIPS),
JnO(EX_LLSCO),
Jn1(EX_LLSC),
Jn2(EX_LLSC2),
Jn3(EX_LLSC3),

Out{EX_LLSC)

)

Muxd#(.WIDTH(  1))EX_MemRead_Mux(
.sel(selMIPS),
in0(EX_MemRead0),
in1(EX_MemRead1),
in2(EX_MemRead2),
.in3(EX_MemRead3),

.out(EX_MemRead)

)

Muxd#( WIDTH(  1))EX_MemWrite_Mux(
.sel(selMIPS),
in0(EX_MemWrite0),
Ain1(EX_MemWrite1),
(n2(EX_MemWrite2),
(in3(EX_MemWrite3),
-.out(EX_MemWrite)

)

Muxd# WIDTH({  1))EX_MemByte_Mux(
_sel(selMIPS),
(in0(EX_MemByte0),
in1(EX_MemByte1),
.in2(EX_MemByte2),
in3(EX_MemByte3),

.out(EX_MemByte)

)

Muxd#(WIDTH(  1))EX_MemHalf_Mux(
.sel(selMIPS),
Lin0(EX_MemHalfQ),
in1(EX_MemHalf1),
in2(EX_MemHalf2),
Lin3(EX_MemHalf3),

.out(EX_MemHalf)

)

Muxd# WIDTH(  1))EX_MemSignExtend_Mux{
sel(selMIPS),
(in0(EX_MemSignExtend0),
(in1(EX_MemSignExtend1),
.in2(EX_MemSignExtend2),
(in3(EX_MemSignExtend3),

.out(EX_MemSignExtend)

);

Muxd#( WIDTH({  1))EX_Left_Mux(
sel(seMIPS),
in0(EX_Left0),
in1(EX_Left1),
in2(EX_Left2),
in3(EX_Left3),

OUt(EX_Left)

)

683
684
685
686
687
688
689
690
691

693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
71
712
713
714
715
716
77
718
719
720
721
722
723
724
725
726
727
728
729
730
73
732
733
734
735
736
737
738
739
740
741
742
743
744

Musxd#( WIDTH(

Mux4#(WIDTH(

Mux4#( WIDTH(

Musxd#( WIDTH(

Mux4#(WIDTH(

Mux4#( WIDTH(

Musd#( WIDTH(
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1))EX_Right_Mux(
sel(selMIPS),
inO(EX_Right0),
.in1(EX_Right1),
.in2(EX_Right2),
.in3(EX_Right3),
out(EX_Right)

%

1))EX_RegWrite_Mux(
.sel(selMIPS),
.inD(EX_RegWrite0),
.in1(EX_RegWrite1),
{in2(EX_RegWrite2),
Ain3(EX_RegWrite3),
.out(EX_RegWrite)

X

1))EX_MemtoReg_Mux(
.sel(selMIPS),
.inD(EX_MemtoReg0),
.in1(EX_MemtoReg1),
.in2(EX_MemtoReg2),
.in3(EX_MemtoReg3),
.out{EX_MemtoReg)

%

1))EX_ReverseEndian_Mux(
.sel(selMIPS),
Ain0(EX_ReverseEndian0),
.in1(EX_ReverseEndian1),
.in2(EX_ReverseEndian2),
.in3(EX_ReverseEndian3),
.out(EX_ReverseEndian)

%

5))EX_Rs_Mux(
.sel(selMIPS),
.inD(EX_Rs0),
in1(EX_Rs1),
in2(EX_Rs2),
in3(EX_Rs3),
(OUt(EX_Rs)

%

S)HEX_Rt_Mux(
sel(selMIPS),
AnO(EX_RIO),
in1(EX_Rt1),
An2(EX_Rt2),
An3(EX_R13),
OUut(EX_Rt)

)

1)) EX_WantRsByEX_Mux(
.sel(selMIPS),
An0(EX_WantRsByEXO0),
An1(EX_WantRsByEX1),
An2(EX_WantRsByEX2),
Lin3(EX_WantRsByEX3),
.out(EX_WantRsByEX)
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745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
77
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792

794
795
796
797
798
799
800
801
802
803
804
805
806

807
808

)
809

Mux4#(WIDTH(  1))EX_NeedRsByEX_Mux 10
sel(selMIPS), 811
.inO(EX_NeedRsByEX0), 812
in1(EX_NeedRsByEX1), 813
in2(EX_NeedRsByEX2), 814
In3(EX_NeedRsByEX3), 815
.Out(EX_NeedRsByEX) g;?
)

818

Muxd#(.WIDTH(  1))EX_WantRtByEX_Mux( 819
sel(selMIPS), 820
InO(EX_WantRtByEX0), 821
Jin1(EX_WantRtByEX1), 822
In2(EX_WantRIByEX2), 823
JIn3(EX_WantRtByEX3), 824
LOUt(EX_WantRtByEX) 825
% 826

827

Muxd#((WIDTH(  1))EX_NeedRIByEX_Mux( 828
sel(selMIPS), 829
Jin0(EX_NeedRtByEXO0), 830
Jin1(EX_NeedRIByEX1), 831
in2(EX_NeedRIByEX2), 832
Jin3(EX_NeedRiByEX3), 833
.out(EX_NeedRtByEX) 834
)i 835

Muxd#(\WIDTH(  1))EX_KernelMode_Mux( gg?
sel(selMIPS), 838
in0(EX_KernelMode0), 839
.in1(EX_KernelMode1), 840
.in2(EX_KernelMode2), 841
.in3(EX_KernelMode3), 842
j ut(EX_KernelMode) 843
' 844

Muxd#(.WIDTH(  32))EX_RestartPC_Mux( 22
sel(selMIPS), 847
.inD(EX_RestartPC0), 848
.in1(EX_RestartPC1), a49
.in2(EX_RestartPC2),
in3(EX_RestartPC3), gg?
.out(EX_RestartPC)

Muxd#(WIDTH(  1))EX_IsBDS_Mux( 854
sel(selMIPS), 835
Jin0(EX_IsBDS0), 856
in1(EX_IsBDS1), 857
Jin2(EX_IsBDS2), 858
Jin3(EX_IsBDS3), 859
Out(EX_IsBDS) 860
); 861

862

Muxd#( WIDTH(  1))EX_Trap_Mux( 863
sel(selMIPS), 864
inQ(EX_Trap0), 865
in1(EX_Trap1), 866
in2(EX_Trap2), BB7
in3(EX_Trap3), 868

Figura 2-13 Codul verilog pentru IDEX4
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.out(EX_Trap)

Muxd#(.\WIDTH(
.sel(selMIPS),
.in0(EX_TrapCond0),
.in1(EX_TrapCond1),
.in2(EX_TrapCond2),
.in3(EX_TrapCond3),
.out(EX_TrapCond)
)

Muxd#( WIDTH(
.sel(selMIPS),
.in0(EX_EX_CanErr0),
.in1(EX_EX_CanErr1),
.in2(EX_EX_CanErr2),
.in3(EX_EX_CanErr3),
.out(EX_EX_CankErr)

)

Muxd#( WIDTH(
.sel(selMIPS),
in0(EX_M_CanErr0),
in1(EX_M_CanErr1),
.in2(EX_M_CanErr2),
in3(EX_M_CanErr3),
.out(EX_M_CanErr)
)

Muxd#( WIDTH(
.sel(selMIPS),
.in0(EX_ReadData10),
.in1(EX_ReadData11),
.in2(EX_ReadData12),
.in3(EX_ReadData13),
.out(EX_ReadData1)

)

Muxd#(.\WIDTH(
.sel(selMIPS),
.in0(EX_ReadData20),
.in1(EX_ReadData21),
.in2(EX_ReadData22),
.in3(EX_ReadData23),
.out(EX_ReadData2)

)

Mux4#(.WIDTH(
.sel(selMIPS),
in0(EX_SignExtimm0),
in1(EX_SignExtimm1),
.in2(EX_SignExtimm2),
.in3(EX_SignExtimm3),
.out(EX_SignExtlmm)
)

Muxd# WIDTH(  5))EX_Rd_Mux(
sel(selMIPS),
inO(EX_Rd0),
in1(EX_Rd1),
in2(EX_Rd2),

1))EX_TrapCond_Mux(

1))EX_EX_CanErr_Mux(

1))EX_M_CanErr_Musx(

32))EX_ReadData1_Mux(

32))EX_ReadData2_Mux(

32))EX_SignExtimm_Mux(

869
870
a7
872
873
874
875
876
877
878
879
880
881
882

884
885
886
887
888
889

Mux4#(.WIDTH(
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in3(EX_Rd3),
.Out(EX_Rd)

)

5))EX_Shamt_Mux(
.sel(selMIPS),
.in0(EX_Shamt0),
.in1(EX_Shamt1),
.in2(EX_Shamt2),
.in3(EX_Shamt3),
.out(EX_Shamt)

%

endmodule
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IDEX4_Stage-Flow Summary
Flow Summary report for IDEX4_Stage
Tue Sep 22 21:43:29 2015
Quartus II 64-Bit version 15.0.0 Build 145 04/22/2015 531 web Edition

e +

; Flow Summary :

et etttk ettt +

; Flow Status ; successful - sat Sep 19 11:26:48 2015 :

» Quartus II 64-Bit version » 15.0.0 Build 145 04/22/2015 S1 web Edition ;

: Revision Name ; IDEX4_Stage :

; Top-level Entity Name ; IDEX4_Stage :

3 Family ; Cyclone v H

: Device : SCGXBC7D7F31C8 :

3 Timing Models : Final :

; Logic utilization (in ALMs) » 285 / 56,480 ( <1 % ) H

; Total registers : 616 :

; Total pins 345 /522 ( 66 % ) :

; Total wirtual pins 2 0 :

; Total block memory bits 0/ 7,024,640 (0 %) :

: Total DsSP Blocks 0 /156 C0 %) :

; Total HSSI RX PCSs 0 /9 C0%) :

: Total HSSI PMA RX Deserializers ; 0 / 9 ( 0 % ) :

: Total HSSI TX PCSs 0 /9 C0% ) :

; Total HSSI PMA TX Serializers 0 /9 C0%) :

: Total PLLs 0 /16 CO0 %) :

: Total DLLs 0/ 4 C0%) :

i e i e +
Multiplexer Restructuring statistics (Restructuring performed) report for IDEx4_stage
Tue Sep 22 21:52:17 2015
quartus IT &4-Bit version 15.0.0 Build 145 04,/22/2015 53 web Edition
; Multiplexer Restructuring Statistics (Restructuring Performed) H
; Multiplexer Inputs ,I Bus width ,I Baseline Area ; Area if Restructured : saving if Restructured : Registered ,I Example Multiplexer output :
HEEF S ; 616 bits ; 1232 LEs ; O LEs 7 1232 LEs i Yes ; |IDEX4_stage|sCPU_IDEX_Stage:IDEXdoi|ex7? H
;41 ; 153 bits ; 306 LEs ; 306 LEs ; O LEs 7 No ; |IDEX4_stage|Muxd :EX_MemSignExtend Mux|Mux0 ;

IDEX4_Stage-Post-Synthesis Netlist sStatistics for Top Partition
Post-Synthesis Netlist statistics for Top Partition report for IDEx4_Stage
Tue Sep 22 21:47:32 2015
Quartus II 64-Bit version 15.0.0 Build 145 04/22/2015 s3] web Edition

Bt ettt +
; Post-Synthesis Netlist Statistics for Top Partition ;
B e - +
i Type ; Count H
B et e e oo - +
;o arrijav_ff : 616 H
; ENA SCLR ;616 H
;o arriav_lcell_comb v 177 H
; extend 1 H
: 7 data inputs ; 1 :
; normal : 176 H
; 2 data inputs ; 8 H
: 3 data inputs ; 15 :
; 6 data inputs ; 153 H
; boundary_port 1 345 H
; Max LUT depth : 2.00 H
; Average LUT depth : 0.87 H
dmm e o m +
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IDEX4_Stage-Resource Usage summary
Resource Usage Summary report for IDEX4_Stage
Tue Sep 22 21:49:15 2015

Quartus IT 64-Bit version 15.0.0 Build 145 04/22/2015 51 web Edition

Logic utilization (ALMs needed / total ALMs on device)
ALMs needed [=A-B+C]
[A] AaLms used in final placement [=a+b+c+d]

[a ALMs used for LUT logic and registers

b] ALMs used for LUT logic

[c] ALMs used for registers

[d] ALms used for memory (up to half of total ALMs)

[B] Estimate
[C] Estimate
[a Due
b] Due
[c] Due
[d] Due

of ALMs recoverable by dense packing
of ALMs unavailable [=a+b+c+d]
to location constrained logic
to LAB-wide signal conflicts
to LAB input Timits
to virtual I/0s
pifficulty packing design
Total LABs: partially or completely used
-- Logic LABs
-- Memory LABs (up to half of total LABs)

Combinational ALUT usage for logic
-- 7 input functions
-- 6 input functions
-- 5 input functions
-- 4 dinput functions
-- <=3 input functions
combinational ALUT usage for route-throughs
Dedicated logic registers
-- By type:
-- Primary logic registers
-- Secondary logic registers
-- By function:
-- Design implementation registers
-- Routing optimization registers

virtual pins
I/0 pins
-- Clock pins
-- Dedicated input pins

Global signals
M10K b10cEs

Total MLAB memory bits

Total block memory bits

Total block memory implementation bits
Total DSP Blocks

Fractional PLLs

Global clocks

Quadrant clocks

Horizontal periphery clocks

SERDES Transmitters

SERDES Receivers

JITAGS

ASMI blocks

CRC blocks

Remote update blocks

oOscillator blocks

Standard RX PCSs

HSSI PMA RX Deserializers

Standard TX PCSs

HSSI PMA TX Serializers

Channel PLLs

Impedance control blocks

Average interconnect usage (total/H/v)
pPeak interconnect usage (total/H/V)
Maximum fan-out

Highest non-global fan-out

Total fan-out

Average fan-out

285 / 56,480
285
386 / 56,480
81

79
226

0

114 / 56,480
13 / 56,480
0

1
12
0

Low

102
102
0

178
1

153
0

0
24
260
616

613
3/

616
0

/ 5,648

/112,960
112,960

0
345 / 522

686

7,024,640
7,024,640

156

TR R TR TS S T TR S T RS
—

CooooooDooooooooooo O coooo
LD D LD WD LD et el el et

8% / 0.6% 4%

617
4235
2.43

/ 1.
10.3% / 10.7% / 9.2%
617

STIINTIFICE
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Multiplexer Bus | Baseline Area if Saving if Registered | Example Multiplexer Output
Inputs Width Area Restructured Restructured

113:1 616 bits [1232LEs [0 LEs 1232 LEs Yes IDEX4 Stage|
CPU_IDEX_Stage:|DEXdoilex?

241 153 bits [306 LEs |306 LEs 0 LEs No EjDEM_Stagﬂ
uxd:EX_MemSignExtend_Mux|
ux0

Resource Usage

1 Estimate of Logic utilization (ALMs needad) 387

2

3 Combinational ALUT usage for logic 177

1 — 7 input functions 1

2 — & input functions 153

3 - 5 input functions 0

4 — 4 input functions 0

5 — <=3 input functions 23

r]

15 Dedicated logic registers 616

/0 pins 5

8

2] Total DSP Blocks 0

10

11 Maximum fan-out node reset~input

12 Maximum fan-out 617

13 Total fan-out 3975

14 Average fan-out .68
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module EXMEM4_Stage(
input sCPUO,
input sCPU1,
input sCPU2,
input sCPU3,
input [ 1: 0]selMIPS,
input clock,
input reset,
input EX_Flush,
input EX_Stall,
input M_Stall,
ff Control Signals
input EX_Movn,
input EX_Movz,
input EX_BZero,
input EX_RegWrite,
input EX_MemtoReg,
input EX_ReverseEndian,
input EX_LLSC,
input EX_MemRead,
input EX_MemWrite,
input EX_MemByte,
input EX_MemHalf,
input EX_MemSignExtend,
input EX_Left,
input EX_Right,
I Exception Control/Info
input EX_KernelMode,
input [ 31: D]JEX_RestartPC,
input EX_IsBDS,
input EX_Trap,
input EX_TrapCond,
input EX_M_CanErr,
/f Data Signals
input [31: D]JEX_ALU_Result,
input [31: 0]JEX_ReadData2,
input [4: 0]JEX_RtRd,
output  M_RegWrite,
output  M_MemtoReg,
output  M_ReverseEndian,
output  M_LLSC,
output  M_MemRead,
output  M_MemWrite,
output  M_MemByte,
output  M_MemHalf,
output  M_MemSignExtend,
output  M_Left,
output  M_Right,
output  M_KernelMode,
output [ 31: 0]JM_RestartPC,
output  M_IsBDS,
output  M_Trap,
output  M_TrapCond,
output  M_M_CanErr,
output [ 31: 0]JM_ALU_Result,
output [ 31:0]M_ReadData2,
output [ 4: 0]M_RtRd
)
sCPU_EXMEM_StageexmemO(
.ex1(clock&sCPUD),

If Future Co
If Future Co

<

Social European Instrumente Structurale
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.ex2(reset),
.ex3(EX_Flush),
.ex4(EX_Stall),
.ex5(M_Stall),

/f Control Signals
.exB(EX_Movn),
.exT(EX_Movz),
.exB(EX_BZerg),
.ex9(EX_RegWrite),
.ex10(EX_MemtoReg),
.ex11(EX_ReverseEndian),
ex12(EX_LLSC),
.ex13(EX_MemRead),
.ex14(EX_MemWrite),
.ex15(EX_MemByte),
.ex16(EX_MemHalf),
.ex17(EX_MemSignExtend),
ex18(EX_Left),
.ex19(EX_Right),

/i Exception Control/Info
.ex20(EX_KernelMode),
.ex21(EX_RestartPC),
.ex22(EX_|sBDS),
.ex23(EX_Trap),
.ex24(EX_TrapCond),
.ex25(EX_M_CanErr),

I Data Signals
.ex26(EX_ALU_Result),
.ex27(EX_ReadData2),
.ex28(EX_RtRd),

I mmmmm e
.mem1(M_RegWrite0),
.mem2(M_MemtoReg0),
.mem3(M_ReverseEndian(),
.memd4(M_LLSCO),
.mem5(M_MemRead0),
.mem6&(M_MemWrite0),
.mem7(M_MemByte0),
.mem8(M_MemHalf),
.mem8(M_MemSignExtend0),
.mem10(M_Left0),
.mem11(M_Right0),
.mem12(M_KernelMode0),
.mem13(M_RestartPC0),
.mem14(M_IsBDS0),
.mem15(M_Trap0),
.mem16(M_TrapCond0),
.mem17(M_M_CanErr0),
.mem18(M_ALU_Result0),
.mem19(M_ReadData20),
.mem20(M_RtRd0)

)

wire  M_RegWrite0;

wire  M_MemtoReg0;

wire M_ReverseEndian0;
wire M_LLSCO:;

wire  M_MemRead0;

wire  M_MemWriteQ;

wire  M_MemByte0;

wire  M_MemHalf0;

wire  M_MemSignExtend0;

—_—
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126
127
128
129
130
131
132
133
134
135
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137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
183
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155
156
157
158
159
160
161
162
163
164
165
166
167
168
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170
171
172
173
174
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176
177
178
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wire  M_LeftO;

wire  M_RightO;

wire  M_KernelMode(;

wire [ 31: 0]M_RestartPCO;
wire  M_IsBDSO;

wire  M_Trap(;

wire  M_TrapCond0;

wire  M_M_CanEr0;

wire [ 31: 0]M_ALU_Result0
wire [ 31: 0]M_ReadData20;
wire [ 4: 0]M_RtRdO;

sCPU_EXMEM_Stageexmem1(

ex1(clock&sCPU1),
.ex2(reset),
ex3(EX_Flush),
.ex4(EX_Stall),
.ex5(M_5tall),

I Control Signals
.exB6(EX_Movn),
ex7(EX_Movz),
.ex8(EX_BZero),
ex9(EX_RegWrite), |
ex10(EX_MemtoReg), /
.ex11(EX_ReverseEndian),
ex12(EX_LLSC),
ex13(EX_MemRead),
ex14(EX_MemWrite),
ex15(EX_MemByte),
.ex16(EX_MemHalf),
ex17(EX_MemSignExtend),
ex18(EX_Left),
ex19(EX_Right),

I Exception Control/Info
ex20(EX_KernelMode),
ex21(EX_RestartPC),
ex22(EX_IsBDS),
ex23(EX_Trap),
.ex24(EX_TrapCond),
ex25(EX_M_CankErr),

/ Data Signals
ex26(EX_ALU_Result),
ex27(EX_ReadData2),
ex28(EX_RtRd),

.mem1(M_RegWrite1),
.mem2(M_MemtoReg1),
.mem3(M_ReverseEndian1),
.mem4(M_LLSC1),
.mem5(M_MemRead1),
.mem6(M_MemWrite1),
.mem7(M_MemByte1),
.mem8&(M_MemHalf1),
.mem3(M_MemSignExtend1),
.mem10(M_Left1),
.mem11(M_Right1),
.mem12(M_KermelMade1),
.mem13(M_RestartPC1),
.mem14(M_IsBDS1),
.mem15(M_Trap1),
.mem16(M_TrapCond1),
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187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
21
212

214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248

.mem17(M_M_CanErr1),

.mem18(M_ALU_Result1),
.mem19(M_ReadData21),
.mem20(M_RtRd1)

)

wire  M_RegWrite1;

wire  M_MemtoReg1;

wire M_ReverseEndiant;
wire  M_LLSC1;

wire  M_MemRead1;

wire  M_MemWrite1;

wire  M_MemByte1;

wire  M_MemHalf1;

wire  M_MemSignExtend1;
wire  M_Left1;

wire  M_Right1;

wire  M_KernelMode1;

wire [ 31: 0]M_RestartPC1;
wire  M_IsBDS1;

wire  M_Trap1;

wire  M_TrapCond1;

wire  M_M_CanErr1;

wire [ 31: 0]M_ALU_Result1;
wire [ 31: 0]M_ReadData21;
wire [ 4: 0]M_RiRd1;

sCPU_EXMEM_Stageexmem2(

.ex1(clock&sCPU2),
.ex2(reset),

.ex3(EX_Flush),
.ex4(EX_Stall),
.ex5(M_Stall),

{f Control Signals
.exB(EX_Movn),
.ex7(EX_Movz),
.ex8(EX_BZero),
.ex9(EX_RegWrite), i
.ex10(EX_MemtoReg), 1
.ex11(EX_RewverseEndian),
ex12(EX_LLSC),
.ex13(EX_MemRead),
.ex14(EX_MemWrite),
.ex15(EX_MemByte),
.ex16(EX_MemHalf),
.ex17(EX_MemSignExtend),
.ex18(EX_Left),
.ex19(EX_Right),

Il Exception Control/Info
.ex20(EX_KernelMode),
.ex21(EX_RestartPC),
ex22(EX_IsBDS),
.ex23(EX_Trap),
.ex24(EX_TrapCond),
.ex25(EX_M_CanErr),

I/ Data Signals
.ex26(EX_ALU_Result),
.ex27(EX_ReadData2),
ex28(EX_RIRd),

[
.mem1(M_RegWrite2),

249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
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.mem2{M_MemtoReg2),
.mem3(M_ReverseEndian2),
.mem4(M_LLSC2),
.mem5(M_MemRead2),
.mem&(M_MemWrite2),
.mem7(M_MemByte2),
.mem8(M_MemHalf2),
.mem9(M_MemSignExtend2),

.mem10(M_Left2),
.mem11(M_Right2),
.mem12(M_KernelMode2),
.mem13(M_RestartPC2),
.mem14(M_|IsBDS2),
.mem15(M_Trap2),
.mem16(M_TrapCond2),
.mem17(M_M_CanErr2),
.mem18(M_ALU_Result2),
.mem19(M_ReadData22),

)

wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

.mem20(M_RitRd2)

M_RegWrite2;
M_MemtoReg2;
M_ReverseEndian2;
M_LLSCZ;
M_MemRead2;
M_MemWrite2;
M_MemByte2;
M_MemHalf2;
M_MemSignExtend2;
M_Left2;

M_Right2;
M_KernelMode?2;

[ 31: 0]M_RestartPC2;
M_IsBDS2;

M_Trap2;
M_TrapCond2;
M_M_CanErr2;

[ 31: O]M_ALU_Result2;
[ 31: 0]M_ReadData22;
[4: 0IM_RtRd2;

sCPU_EXMEM_Stageexmem3(
.ex1(clock&sCPU3),
.ex2(reset),
.ex3(EX_Flush),
.ex4(EX_Stall),
.ex5(M_Stall),
/I Control Signals
.ex6(EX_Movn),
ex7(EX_Movz),
.ex8(EX_BZero),

.ex9(EX_RegWrite),
ex10(EX_MemtoReg),

.ex11(EX_ReverseEndian),
.ex12(EX_LLSC),

I

.ex13(EX_MemRead),
.ex14(EX_MemWrite),
.ex15(EX_MemByte),
.ex16(EX_MemHalf),
.ex17(EX_MemSignExtend),

31
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337

356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
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ex18(EX_Left),
ex19(EX_Right),

Il Exception Control/Info
ex20(EX_KernelMode),
ex21(EX_RestartPC),
ex22(EX_IsBDS),
ex23(EX_Trap),
ex24(EX_TrapCond),
ex25(EX_M_CanErr),

Il Data Signals
ex26(EX_ALU_Result),
ex27(EX_ReadData2),
ex28(EX_RtRd),
S ————
.mem1{M_RegWrite3),
.mem2(M_MemtoReg3),
.mem3(M_ReverseEndian3),
.memd(M_LLSC3),
.mem5(M_MemRead3),
.mem6&(M_MemWrite3),
.mem7({M_MemByte3),
.mem8(M_MemHalf3),
.mem9(M_MemSignExtend3),
.mem10(M_Left3),
.mem11(M_Right3),
.mem12(M_KernelMode3),
.mem13(M_RestartPC3),
.mem14(M_IsBDS3),
.mem15(M_Trap3),
.mem16(M_TrapCond3),
.mem17(M_M_CanErr3),
.mem18(M_ALU_Result3),
.mem19(M_ReadData23),
.mem20(M_RtRd3)

);

wire M_RegWrite3;

wire  M_MemtoReg3;

wire M_ReverseEndian3;
wire M_LLSC3;

wire M_MemRead3;

wire  M_MemWrite3;

wire M_MemByte3;

wire  M_MemHalf3;

wire M_MemSignExtend3;
wire  M_Left3;

wire M_Right3;

wire  M_KernelMode3;

wire [ 31: 0]M_RestartPC3;
wire M_IsBDS3;

wire M_Trap3;

wire M_TrapCond3;

wire  M_M_CanErr3;

wire [ 31: 0]JM_ALU_Result3
wire [ 31: 0]JM_ReadData23;
wire [ 4: 0]M_RtRd3;

sel(selMIPS),
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497 )
498
373 in0(M_RegWriteD), 499
374 .in1(M_RegWrite1), 500 Muxd#(.\WIDTH(  1))M_Trap_Mux(
375 in2(M_RegWrite2), 501 .Isvel(seIMIPS),
376 .in3(M_RegWrite3), 435  Mux4#(WIDTH( 1))M_MemHalf_Mux( 502 An0(M_Trap0),
37 -out{M_RegWrite) 436 sel(selMIPS), 503 An1(M_Trap1),
378 ); 437 inO(M_MemHalf0), 504 in2(M_Trap2),
379 438 in1(M_MemHalf1), 505 in3(M_Trap3),
380 Mux4#(\WIDTH({ 1))M_MemtoReg_Mux( 439 .in2(M_MemHalf2), 506 .out(M_Trap)
381 sel(seMIPS), 440 in3(M_MemHalf3), 507 )
382 in0(M_MemtoReg0), 441 .out(M_MemHalf) 508
383 Jin1(M_MemtoReg1), ﬁi % 509
384 in2{M_MemtoReg2), . 510 Muxd# .WIDTH(  1))M_TrapCond_Mux(
385 in3(M_MemtoReg3), ﬁ: Mux4#(.W\E:\:gll-(léelh;lgg)fl\u‘lem&gnExlendfMux( 511 sel(selMIPS),
386 Out(M_MemtoReg) 446 in0{M_MemSignExtendo) 512 -in0(M_TrapCond0),
gg; X 447 in1(M_MemSignExtend1). :13 -?rggm_?apgong;;.
. 448 in2(M_MemSignExtend2), Ain2(M_TrapCond2),
389 Muxd#( .WIDTH(  1))M_ReverseEndian_Mux( ,,q in3(M_MemSignExtend3), 515 .in3(M_TrapCond3),
390 selselMPS), 450 .out(M_MemSignExtend) 516 .out(M_TrapCond)
391 .in0(M_ReverseEndian0), 451 % 517 )
392 .in1(M_ReverseEndian1), 452 ' 518 ‘
393 {n2(M_ReverseEndian2), 453 519 Muxd#(WIDTH{ 1))M_M_CanErr_Muyx
394 in3(M_ReverseEndian3), 454 Mux4#(WIDTH( 1))M_Left_Mux( 520 X Se,(iewdz).s)‘ - o
395 .out{M_ReverseEndian) 455 sel(selMIPS), 521 :inO(M M Car:lErrO)
o ! p pistypety 622 m1(M_M_CanErr),
398 Muxd#(WIDTH( 1))M_LLSC_Mux( 458 in2(M_Left2), ggi ‘!”i(m—m—ga“?g)'
309 sel(selMIPS), 459 in3(M_Left3), 2 «in (M—M— Caner ).
400 in0(M_LLSCO), 460 .out(M_Left) 525 -Out{M_M_CanEir)
401 in1(M_LLSC1), 461 % 525 )
402 in2(M_LLSC2), 462 , 527
403 Jin3(M_LLSC3) 463 Mux4#{ WIDTH(  1))M_Right_Mux( 528
= ' 464 sel(selMIPS), 529
404 out(M_LLSC : .
405 ) (MLLLSC) 485 {in0{M_Right0), 530 Muxd#( WIDTH( 32))M_ALU_Result_Mux(
406 466 Ain1(M_Right1), 531 sel(selMIPS),
407 Mux4#{(WIDTH( 1))M_MemRead Mux( prok ::ifﬁ;:g:g; 532 .in0(M_ALU_Result0),
408 sel(selMIPS), 469 CCM_RIGD 533 n1(M_ALU_Resuit1),
409 in0(M_MemReado), 470 [ g 534 {in2(M_ALU_Result2),
410 in1(M_MemRead1), 471 Muxd#(WIDTH( 1))M_KemelMode Mux( 535 Jin3(M_ALU_Result3),
411 .in2(M_MemRead2), 472 sel(selMIPS), 536 .out{M_ALU_Result)
412 Jin3(M_MemRead3), 473 inD(M_KernelModeD), 537 )
413 .out{M_MemRead) 474 in1(M_KernelMode1), 538
414 ) 475 .in2(M_KernelMode2), 539
415 476 in3(M_KernelMode3), 540 Mux4#(.WIDTH( 32))M_ReadData2 Mux(
416 477 .out(M_KernelMode) 541 .sel(selMIPS),
417 Muxd#( \WIDTH({  1))M_MemWrite_Mux( j;g )i 542 .in0(M_ReadData20),
418 .sel(selMIPS), . 543 .in1(M_ReadData21),
419 in0(M_MemWirite0), 480 Muxd#( .\WIDTH(  32))M_RestartPC_Mux( 544 in2(M ReadData22
i i 481 sel(selMIPS) (M_| ),
420 An1(M_MemWrite1), 462 ‘inO(M Restali-tPCO) 545 .in3(M_ReadData23),
421 in2(M_MemWrite2), 483 i1 (M_RestartPC1 )‘ 546 .out{M_ReadData2)
422 n3(M_MemWiite3), 484 in2(M_RestartPC2), 547 )
423 .out{M_MemWrite) Y ~ : 548
; 485 .in3(M_RestartPC3),
:gg ) 486 ‘out(M_RestartPC) 549 Muxd#(\WIDTH( 5))M_RIRd_Mux(
487 )i 550 .sel(selMIPS),
426 Mux4#(.WIDTH({  1))M_MemByte_Mux( 488 551 inO(M_RtRdO0),
427 sel(selMIPS), 489 552 in1(M_RtRd1),
428 in0(M_MemByte0), 490 Mux4# WIDTH( 1))M_IsBDS_Mux( 553 in2(M_RtRd2),
429 An1(M_MemByts1), 491 sel(selMIPS), 554 .in3(M_RtRd3),
430 in2(M_MemByte2), 492 .in0(M_IsBDS0), 555 oUt(M_RIRd)
431 in3(M_MemByte3), 493 in1(M_IsBDS1), 556 Y
432 .out(M_MemByte) 494 in2(M_IsBDS2), 557 '
433 ¥ 495 Jin3(M_IsBDS3),
434 496 .out(M_IsBDS) 558 endmodule

Figuri 2-17 Codul verilog pentru EXMEMA4
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EXMEM4_Stage-Flow Summary
Flow summary report for EXMEM4_Stage
Tue Sep 22 21:26:14 2015
Quartus II 64-Bit version 15.0.0 Build 145 04,/22/2015 53 web Edition

Flow Status ; successful - sat Sep 19 18:42:46 2015
Quartus II 64-Bit version 15.0.0 Build 145 04]22/2015 5] web Edition
Revision Name EXMEM4_Stage

Top-level Entity Name EXMEM4_Stage

Family Cyclone V

Device S5CGXBCI9ETF31C8

Timing Models Final

Logic utilization (in ALMs) 220 / 113,560 ( < 1 % )
Total registers 468

; Total pins

248 / 536 ( 46 % ) ;

Total wvirtual pins 0
Total block memory bits 0/ 12,492,800 ( 0 % )
Total DSP Blocks 0/ 342 (0 %)
Total HSSI RX PCSs 0/12 C0 %)
Total HSSI PMA RX Deserializers 0/ 12 (0% )
Total HSSI TX PCSs 0/12 C0 %)
Total HSSI PMA TX Serializers 0/12 C0 %)
Total PLLs 0/ 20 C0%)
Total DLLs 0/4C0%)
B e P B e +

mMultiplexer Restructuring statistics (Restructuring performed) report for EXMEM4_stage
Tue Sep 22 21:30:27 2015
Quartus II 64-git version 15.0.0 Build 145 04,/22/2015 53 web Edition

; Multiplexer Restructuring Statistics (Restructuring Performed)

; Multiplexer Inputs ; Bus width ; Baseline aArea ; area if Restructured ; saving if Restructured ; Registered ; Example Multiplexer Output

HEERE ; 468 bits ; 936 LEs ; 0 LEs ; 936 LEs ; Yes 7 |EXMEM4_Stage|sCPU_EXMEM_Stage:exmeml |mem8 ;
;41 ; 117 bits ; 234 LEs ; 234 LEs ; 0 LEs ; No 3 |EXMEMA_Stage |Muxd :M_Memwrite_Mux|Mux0

EXMEM4_Stage-Post-Synthesis Netlist Statistics for Top Partition
Post-Synthesis Netlist Statistics for Top Partition report for EXMEM4_Stage
Tue Sep 22 21:54:46 2015
Quartus II 64-Bit version 15.0.0 Build 145 04/22/2015 53 web Edition

oo - +
; Post-Synthesis Netlist statistics for Top Partition ;
B o +
7 Type ; Count
fmmmmmm e o m e
arriav_ff : 468
ENA SCLR ; 468
arriav_lcell_comh 127
normal 127

: 2 data inputs :
: 3 data inputs ; 4

6 data inputs 118
boundary_port 248
Max LUT depth 1.00
Average LUT depth 0.85

A S
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Figuri 2-18 Logic exmem1l
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Multiplexer Bus Baseline Area if Saving if Registered | Example Multiplexer Output
Inputs Width | Area | Restructured | Restructured
15:1 468 bits  [936 LEs 0LEs 936 LEs es EXMEM4_Stage|
CPU_EXMEM_Stage:exmem|
emB
241 117 bits  [234 LEs F:‘M LEs 0 LEs Mo EXMEM4_Stage|
uxd:M_MemWrite Mux|MuxO
Resource Usage
1 Estimate of Logic utilization (ALMs needed) 294
2
& Combinational ALUT usage for logic 127
1 - 7 input functions 0
2 - 6 input functions 113
& - 5 input functions 0
4 — 4 input functions 0
5 — <=3 input functions 5
4
5 Dedicatad logic registers 463
]
7 IO pins 245
3
9 Total D5P Blacks 0
10
11 Maximum fan-out node resstrinput
12 Maximum fan-out 459
13 Total fan-out 2957
14 Average fan-out z.72
Property Setup Hold
1 lllegal Clocks 1 0
2 Lnconstrained Clocks 1 0
3 IUnconstrained Input Ports 126 126
4 Unconstrained Input Port Paths 1690 1690
5 IUnconstrained Output Ports 117 117
6 IUnconstrained Output Port Paths 702 702
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Figura 2-19 Partial RTL EXMEM4
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2.2.4. MEMWB4

<& Chip Planner - D:/doctorat/refer 1t C5/MIPS32/MEMWEA Stage - MEMWB4.S [E=rmE
Fle Edit view Tools window Hep 5 Search altera.com )
| 28 x| Coordnate: Editing Mode: [ECO - SCGXFCIETFIICH ~]  [pevice Properties 15 x
Repartn
E] Selected elements: -
& [« General |
-
- Device SCGXFCIETF31CE* -
& . Family Cydone v
ia ALMs 113560
Total 1/0s 536
g GPIOs 430
:ﬁ GXB Channel PMA 12
GXB Channel PCS 12
} a ’:I s PCle Hard IP Blocks 2
2 Memory Controllers 2
4l REX Memory Bits 12492800
» b DSP Blocks 392
= M FractionalPLLs &
rd | DLls 4
' — Global Clocks 16
Y HPSCPUCores O
=
g B
Rm =
aa
[0
i
el
2 “E ‘ b
i - ol -

Figura 2-21 Chip planner MEMWB4

sCPU_MEMWE_Stage:memwb(

B , |-
wib3[0]-reg[31..0]
wb3~[31..0]
mema1. 0]
1
woaps1.0)
L wib4]0]~reg[31..0]
whd~[31_0]
mema.g]
mems 1
w5~[4.0] whi[0j~reg(4..0]
mem10f. 0] 0 Joosis.0)
1
mem2
| | whb1~regld
whbi-2 et
]
1
wh2~regl
mem7 gu2

Figuri 2-22 Logic memwb0

61



UNIUNEA EUROPEANA

module MEMWB4_Stage(

input sCPUO,

input sCPU1,

input sCPU2,

input sCPU3,

input [ 1: 0]selMIPS,

input clock,

input reset,

input M_Flush,

input M_Stall,

input WB_Stall,

/Il Control Signals

input M_RegWrite,

input M_MemtoReg,

/I Data Signals

input [ 31: 0]M_ReadData,
input [ 31: 0]M_ALU_Result,
input [4: 0]M_RtRd,

[/ ———

output  WB_RegWrite,

output  'WB_MemtoReg,
output [ 21: 0]WB_ReadData,
output [ 31: 0]WB_ALU_Result,
output [ 4: 0]JWB_RtRd

.mem1(clock&sCPUOQ),
.mem2(reset),
.mem3(M_Flush),
.memd({M_Stall),
.mem5(WB_Stall),

/I Control Signals
.mem6&(M_RegWrite),
.mem7(M_MemtoReg),
/I Data Signals
.mem8(M_ReadData),

)
sCPU_MEMWB_Stagememwb0(

.mem3(M_ALU_Result),

.mem10(M_RIRd),

wb1(WB_RegWrite0),

wb2(WB_MemtoReg0),

wb3(WB_ReadData0),

wb4(WB_ALU_Result0),

Wb5(WB_RtRd0)
)

wire
wire
wire
wire
wire

WB_RegWrite0;

.mem1(clock&sCPU1),
.mem2(reset),
.mem3(M_Flush),
.memd4{M_Stall),
.mem5(WB_Stall),

/f Control Signals
.mem6&(M_RegWrite),

.mem7(M_MemtoReg),

WB_MemtoReg0;

[ 31: 0]WB_ReadData0;
[31: 0]WB_ALU_ResultO;
[ 4: 0]JWB_RtRdO;

sCPU_MEMWB_Stagememwb1(

118
119
120
121
122
123
124

Fondul Social European

e

POSDRU 2007-2013

/I Data Signals
.mem8&(M_ReadData),
.mem3(M_ALU_Result),
.mem10(M_RtRd),

Instrumente Structurale
2007-2013

|/ —— 125
.whb1(WB_RegWrite1), 126
wb2(WB_MemtoReg1), 127
wb3(WB_ReadData1), 128
wb4(WB_ALU_Result1), 129
wb5(WB_RtRd1) 130
); 131
wire WB_RegWrite1; 132
wire  WB_MemtoReg1; 133
wire [ 31: 0]WB_ReadDatal; 134
wire [ 31: 0]WB_ALU_Result1; 135
wire [ 4:0]JWB_RtRd1; 136
137

sCPU_MEMWB_Stagememwb2( 138
.mem1(clock&sCPU2), 139
.mem2(reset), 140
.mem3(M_Flush), 141
.mem4(M_Stall), 142
.memb5(WB_Stall), 143
{/ Control Signals 144
.mem&(M_RegWrite), 145
.mem7(M_MemtoReg), 146
Il Data Signals 147
.mem8&(M_ReadData), 148
.mem3(M_ALU_Result), 149
.mem10(M_RtRd), 150
[ — 151
.wb1(WB_RegWrite2), 152
.wb2(WB_MemtoReg2), 153
.wb3(WB_ReadData2), 154
.wb4(WB_ALU_Resull2), 185
.wb5(WB_RtRd2) 156
) 157
158

wire  WB_RegWrite2; 159
wire WB_MemtoRegZ2; 160
wire [ 31: 0]WB_ReadData2; 161
wire [ 31: 0]WB_ALU_Result2; 1g2
wire [ 4: 0]WB_RtRd2; 163
164

sCPU_MEMWB_Stagememwb3( 165
.mem1(clock&sCPU3), 166
.mem2(reset), 167
.mem3(M_Flush), 168
.memd4(M_5Stall), 169
.mem5(WB_Stall), 170
/I Control Signals 171
.mem6(M_RegWrite), 172
.mem7(M_MemtoReqg), 173
{/ Data Signals 174
.mem8&(M_ReadData), 175
.mem3(M_ALU_Result), 176
.mem10(M_RtRd), 177
Jf memmmmmneee 178
wb1(WB_RegWrite3), 179
.wb2(WB_MemtoReg3), 180
wb3(WB_ReadData3), 181
.wb4(WB_ALU_Resull3), 182

Muxd#(. WIDTH(

Muxd#(.WIDTH(

Muxa#(.WIDTH(

Musxd#(.WIDTH(

Muxd#( WIDTH(

)

wire
wire
wire
wire
wire
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Wb5(WB_RtRd3)

WB_RegWrite3;
WB_MemtoReg3;

[31: 0]WB_ReadData3;
[31: 0]WB_ALU_Result3;

[ 4: 0]WB_RtRd3;

.sel(selMIPS),
in0(WB_RegWrite0),
.in1(WB_RegWrite1),
in2(WB_RegWrite2),
in3(WB_RegWrite3),
.out{WB_RegWrite)
)

.sel(selMIPS),
in0(WB_MemtoReg0),
in1(WB_MemtoReg1),
in2(WB_MemtoReg2),
in3(WB_MemtoReg3),
.out{WB_MemtoReg)

)X

.sel(selMIPS),
.in0(WB_ReadData0),
.in1(WB_ReadData1),
.in2(WB_ReadDataZ),
.in3(WB_ReadData3),
.out{WB_ReadData)

)X

.sel(selMIPS),
.inD(WB_ALU_Result0),
in1(WB_ALU_Result1),
.in2(WB_ALU_Result2),
.in3(WB_ALU_Result3),
.out{WB_ALU_Result)

)X

sel(selMIPS),
inO(WB_RIRdO),
in1(WB_RtRd1),
in2(WB_RtRd2),
iN3(WB_RIRd3),
_out{WB_RIRd)
)X

endmodule

Figura 2-23 Codul verilog pentru MEMWBA4

Multiplexer Restructuring Statistics (Restructuring Performed) report for MEMWB4_sStage
Tue Sep 22 22:17:33 2015
qQuartus II 64-Bit Vversion 15.0.0 Build 145 04/22/2015 531 web Edition

1))WB_RegWrite_Mux(

1))WB_MemtoReg_Mux(

32))WB_ReadData_Mux(

32))WB_ALU_Result_Mux(

5))WB_RtRd_Mux(

; Multiplexer Restructuring Statistics (Restructuring Performed)

; Multiplexer Inputs ;

Bus width ; Baseline Area ; Area if Restructured ; saving if Restructured ; Registered ; Example Multiplexer output

3:1
4:1

3 284 bits
3 71 bits

; 568 LEs
; 142 LEs

LES
142 LEs

; 568 LES

; O LEs

Yes
No

5 |IMEMWB4_Stage | sCPU_MEMWB_Stage :memwbl |wb3[2]

; |MEMWB4_Stage |Mux4 :wWB_ReadData_Mux|Mux31
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MEMWB4_Stage-Flow Summary

Flow Summary report for MEMWB4_Stage
Tue Sep 22 22:16:41 2015
Quartus II 64-Bit version 15.0.0 Build 145 04/22/2015 S3 web Edition

e e e e e e e e e e e e e e +
; Flow Summary )
e e e e e e +
; Flow Status ; Successful - sat Sep 19 11:53:43 2015 :
; Quartus IT 64-Bit version ; 15.0.0 Build 145 04/22/2015 sJ web Edition ;
; Revision Name ; MEMWB4_Stage )
; Top-level Entity Name ; MEMWB4_sStage ;
; Family ; Cyclone v )
; Device ; SCGXFCO9E7F31C8 ;
; Timing Models ; Final )
; Logic utilization (in ALMS) ; 132 / 113,560 ( < 1 % ) ;
; Total registers ; 284 :
; Total pins ; 153 /536 (29 % ) ;
; Total wvirtual pins 7 0 :
; Total block memory bits ; 0/ 12,492,800 ( 0 % ) ;
; Total DSP Blocks 0/ 342 C0 %) )
; Total HSSI RX PCSs ;0 /12 C0O0 %) ;
; Total HSSI PMA RX Deserializers ; 0 / 1 0% )
; Total HSSI TX PCSs ;0 /12 CO0 %) ;
; Total HSSI PMA TX Serializers ;0 /12 C0 %) ;
; Total PLLs ;0 /20 C0O0 %) ;
; Total DLLs 0/ 4 C0%) :
Bt e T T B T +

Tu

MEMWB4_Stage-Post-Synthesis Netlist Statistics for Top Partition
Post-Synthesis Netlist Statistics for Top Partition report for MEMWB4_Stage

e Sep 22 22:17:48 2015

Quartus II 64-Bit version 15.0.0 Build 145 04/22/2015 SJ web Edition

o +
; Post-Synthesis Netlist Statistics for Top Partition ;
B et ettt o +
; Type ; Count H
Fommmmmmmm———mm e e +
; arriav_ff 1 284 H
H ENA SCLR ; 284 H
;oarriav_lcell_comb v 77 H
H normal i H
H 2 data inputs ; 5 H
H 3 data inputs ; 1 H
H 6 data inputs ; 71 H
; boundary_port ;153 H
; Max LUT depth » 1.00 H
» Average LUT depth  0.84 H
Fommmmmmmm e m e o m e m e +

oo e e e e
Routing Resource Type

e —

Block 1interconnects
C12 interconnects
C2 interconnects

C4 interconnects
DQS bus muxes
DQS-18 I/0 buses
DQS-9 I/0 buses
Direct links

Global clocks

Horizontal periphery clocks

Local interconnects
Quadrant clocks
R14 interconnects

R14/C12 interconnect drivers

R3 interconnects
R6 interconnects
Spine clocks
wire stub REs

MEMWB4_Stage-Routing Usage Summary

Routing Usage Summary report for MEMwWB4_Stage

Tue Sep 22 22:19:15 2015

Quartus IT 64-Bit version 15.0.0 Build 145 04/22/2015 SJ web Edition

________________________________________________________ +
Routing Usage Summary ;
e —————————— +
; Usage ;
e +
; 764 / 721,028 ( < 1 % )
;21 / 30,780 ( <1 %) ;
; 235 /303,248 ( < 1 % ) ;
; 169 / 140,620 ( < 1 % ) ;
;0735 C0%) ;
;0 /35 C0% ) ;
;3 0/ 35 C0%) ;
7 22 /721,028 (< 1% )
: 0/ 16 C0%) ;
; 0/9 (0%) ;
; 6/ 227,120 (< 1 %) ;
; 0/ 88 (0% ) ;
; 143 / 30,168 ( < 1% )
; 143 /53,952 (< 1% )
7 375 /331,920 ( < 1 % )
; 766 / 622,512 (< 1 % ) ;
; 0 /480 C 0 % ;
; 0/ 40,99 (0 %) ;
e +
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MEMWB4_Stage-Resource Usage Summary

esource Usage Summary report for MEMwWB4_Stage

Tue Sep 22 22:18:24 2015
Quartus II 64-Bit version 15.0.0 Build 145 04,/22/2015 s3 web Edition

Logic utilization (ALMs needed / total ALMs on device)
ALMs needed [=A-B+C]
[A] ALms used in final placement [=a+b+c+d]
[a] ALMs used for LUT logic and registers
ALMs used for LUT Tlogic
ALMs used for registers
] ALMs
timate of ALMs recoverable by dense packing
timate of ALMs unavailable [=a+b+c+d]
] Due to Tocation constrained logic
Due to LAB-wide signal conflicts
Due to LAB input 1imits
Due to virtual I/Os

[e]
[cl

1M M=
OMnTubnnon o

pifficulty packing design
Total LABs: partially or completely used
-- Logic LABs
-- Memory LABs (up to half of total LABs)

Combinational ALUT usage for logic
7 input functions
-- 6 input functions
-- 5 input functions
-- 4 input functions
-- <=3 input functions
Combinational ALUT usage for route-throughs
Dedicated logic registers
-- By type:
-- Primary logic registers
-- Secondary logic registers
-- By function:
-- Design implementation registers
-- Routing optimization registers

Vvirtual pins
I/0 pins
-- Clock pins
-- Dedicated input pins

Global _signals
M10K b10cEs

Total MLABE memory bits

Total block memory bits

Total block memory implementation bits

Total DSP Blocks

Fractional PLLsS

Global clocks

Quadrant clocks

Horizontal periphery clocks
SERDES Transmitters

SERDES Receivers

JTAGS

ASMI blocks

CRC blocks

Remote update blocks
0Oscillator blocks

Hard IPs

Standard RX PCSs

HSSI PMA RX Deserializers
Standard TX PCSs

HSSI PMA TX Serializers
Channel PLLs

Impedance control blocks
Hard Memory Controllers
Average interconnect usage (total/H/V)
pPeak interconnect usage (total/H/V)
Maximum fan-out

Highest non-global fan-out
Total fan-out

Average fan-out

<

used for memory (up to half of total ALMs)

S ——

Instrumente Structurale
7-2013

132 / 113,560
132

182 / 113,560
34
39
109

0
55 / 113,560
5 / 113,560

(=% ==

Low

50 / 11,356
50
0

78
0
71
0

0

7
138
284

284 / 227,120
0/ 227,120

284
0

0
153 / 536

1,220

12,492,800
12,492,800

342

2% &8
~

T IR I e T

@)\ MINISTERUL

OIPOSDRU

%
%
%
%
%
%
P I
%
%
%
B
%
%
da
PR
%
%
%
%
%
%
da
%

-

coocooooocooooooocoooe o oo o
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sCPU_MEMWE_Stage:memwb1

M_ALU_Resultf31.0][C»

reset[
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M_Flush [

W
JLE.
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e
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Mux4:WB_ReadData_Mux

M_Stan [ >

WE_Stal [

M_n B" L |_/

M 3 [

WE_ReadData[31..0]

WE_MemtoReg

WB_RiRd[4..0]

comb~0
SCPUD [ —
clock [ —1
seMIPs[1. 0] —
M_RiRd[4. 0]
comb~2
sCPUZ [ _—
comb~3

sCPUA | >;.

WE_ALU_Resul31.0]

> WE_RegWrite

Figura 2-24 RTL MEMWB4
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2.2.5. PC4
1 module PC4(
2 input [ 1: O]selPC,
3 input en_MIPS,
4 input  clock,
5 input  reset,
6 input  enable,
7 input [ 31: 0]JIF_PCIn,
8
9 output  sCPUO,
10 output sCPU1,
11 output sCPU2,
12 output sCPU3,
13 output [ 31: 0]IF_PCOut
14
15 );
16
17 wire [31:0]Q0,Q1,Q2,Q3;
18
19
20 /*** Program Counter (MIPS spec is 0xBFC00000 starting address) ***/
21 Register#(.WIDTH( 32))PCO(
22 .clock(clock),
23 .reset(reset),
24 /l.enable (~IF_Stall), // XXX verify. HERE. Was 1 but on stall latches PC+4, ad
nauseum.
25 .enable((enable&sCPUO0)),
26 .D(IF_PClIn),
27 .Q(Qo)
28 );
29
30
31 /*** Program Counter (MIPS spec is 0xBFC00000 starting address) ***/
32 Register#(.WIDTH( 32))PCA(
33 .clock(clock),
34 .reset(reset),
35 /l.enable (~IF_Stall), // XXX verify. HERE. Was 1 but on stall latches PC+4, ad
nauseum.
36 .enable((enable&sCPU1)),
37 .D(IF_PClIn),
38 .Q(Q1)
39 );
40
41 /*** Program Counter (MIPS spec is 0xBFC00000 starting address) ***/
42 Register#(.WIDTH( 32))PC2(
43 .clock(clock),
44 .reset(reset),
45 /l.enable (~IF_Stall), // XXX verify. HERE. Was 1 but on stall latches PC+4, ad
nauseum.
46 .enable((enable&sCPU2)),
47 .D(IF_PClIn),
48 .Q(Q2)
49 )i
50
51 /*** Program Counter (MIPS spec is 0xBFC00000 starting address) ***/
52 Register#(.WIDTH( 32))PC3(
53 .clock(clock),
54 reset(reset),
55 /l.enable (~IF_Stall), // XXX verify. HERE. Was 1 but on stall latches PC+4, ad
nauseum.
56 .enable((enable&sCPU3)),
57 .D(IF_PClIn),
58 .Q(Q3)
59 )%
60
61
62
63 /*** PC Source Non-Exception Mux ***/
64 Muxd#( WIDTH({  32))PCsCPUI_Mux(
65 .sel(selPC),
66 .in0(Q0), I(IF_PCout0),
67 in1(Q1), Il (IF_PCout1),
68 .in2(Q2), Il (IF_PCout2),
69 .in3(Q3), I{IF_PCout3),
70 .out(IF_PCOut)
71 )%
72
73 endmodule
74
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PC4-Flow Summary
Flow Summary report for PC4
Tue Sep 22 22:23:56 2015
Quartus II 64-Bit version 15.0.0 Build 145 04/22/2015 53 web Edition

et ettt +
; Flow Summary ;
o B it L +
; Flow Status ; Successful - sat sep 19 17:50:15 2015 ;
; Quartus II 64-Bit Version ; 15.0.0 Build 145 D4j22/2015 5] web Edition ;
; Rewvision Name 7 PC4 :
; Top-level Entity Name 7 PC4 :
; Family ; Cyclone v ;
; Device 7 SCGXFC9E7F31C8 :
; Timing Models 7 Final :
; Logic utilization (in ALMs) 1 /113,560 ( < 1 %) ;
; Total registers ;0 :
; Total pins 74 /536 (14 %) :
; Total wirtual pins 0 ;
; Total block memory bits 0/ 12,492,800 C O %) :
; Total DSP Blocks 0/ 342 C 0 %) :
; Total HSSI RX PCSs 0 /12 C0 %) ;
; Total HSSI PMA RX Deserializers ; 0 / 12 ( 0 % ) :
; Total HSSI TX PCSs 0 /12 C0 %) ;
; Total HSSI PMA TX Serializers 0 /12 C0 %) ;
; Total PLLs 0 /20 C0 %) :
; Total DLLs 0/ 4 C0%) :
e et e i T +

PC4-Post-3ynthesis Netlist 3tatistics for Top Partiticon
Post—3ynthesis Netlist Statistics for Top Partition report for PC4
Tus Sep 22 22:24:43 2015
Quartus II &4-Bit Version 15.0.0 Build 145 04/22/2015 3J Web Edition

e +
; Post-3ynthesis Netlist 3tatistics for Top Partition ;
B et TRt e e +
; Type ; Count H
B et TRt e e +
; arriav_lcsll comb ;1 ;
H normal ;1 H
; 0 data inputs ; 1 ;
; boundary port ;T4 H
H H H
; Max LUT depth ; 0.00 ;
; Awverages LUT depth ; 0.00 ;
B et TRt e e +
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IF_PCIn[0]~input

i

10_IBUF
IF_PCIn[10}~input

:

IF_PCIn[1]~input

i

10_IBUF
IF_PCIn[11]~input

:

IF_PCIn[12]~input

i

10_IBUF
IF_PCIn[2]~input

L

IF_PCIn[13]~input

i

10_IBUF
IF_PCIn[14]~input

:

IF_PCIn[3]~input

L
!

IF_PCIn[15]~input

i
"F

10_IBUF
IF_PCIn[16]~input

i

IF_PCINn[17]~input

i

20072013

en_MIPS

enable

Figura 2-26 Tehnology map PC4

clock~Input

en_MIPS~input

10_IBUF
enable~input

reset~input

IF_PCOut[0]~output
TR0

!

10_OBUF
F_PCoul[1]~output

:

IF PCOuZ]-output

i

10 OBUF
F_PCOUt[3]-output

!

IF_PCOutf4]~output
b

i

10" 0B0F
I PCOulS}-output
O_0BU

I 1F gcomm 0J-output

10_OBUF
IF_PCOut[1 1]-output
1M

!

O_0BU
IF_PCOut[12]~output
I [12]~outp

0
o]
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2.2.6. Register file4

1 module RegisterFiled(
2
3 input  sCPUO,
4 input  sCPU1,
5 input  sCPU2,
6 input  sCPU3,
7 input [ 1: O]selMIPS,
8 input  clock,
9 input  reset,
10 input [ 4: 0JReadReg1,
11 input [ 4: 0JReadRegZ2,
12 input [ 4: 0]WriteReg,
13 input [ 31: 0]WriteData,
14 input  RegWrite,
15
16 output [ 31: 0]ID_ReadDatal_RF,
17 output [ 31: 0]ID_ReadData2_RF
18
LI
20
21 wire [ 31:0]ID_ReadDatal_RFO0;
22 w?re [ 31: 0]ID_ReadData2_RFO; 63 WriteReg(WriteReg)
23 wire [31:0]ID_ReadDatal_RF1; o WiiteD ? Wit D-‘{ '
28 v [31:010 Readbata? RF1 cs Reghiie(Regniio),
5 wire [31:0 eadData1 ; - '
26 wire { 31: O%lD_ReadDataZ_RFZ 66 .ReadDala1(lD_ReadDala1_RF2),
27 wire [ 31: O]lD_ReadData1_RF3. 67 ) .ReadData2{ID_ReadDalaZ_RFZ)
28  wire [31:0]ID_ReadData2_RF3: gg )
gg 70 [*** Register File ***/
- ; . 71 RegisterFileRegisterFile_sCPU3(
31 /*** Register Fil /
ogmeryye 72 clock(clock&sCPU3),
32 RegisterFileRegisterFile_sCPUO( 73 reset(reset)
33 «clock(clock&sCPUO), 74 .Rea dReg? {IRea dReg1)
34 ressi{reset), 75 'ReadReg2(ReadReg2)
35 .ReadReg1(ReadReg1), 76 \WriteReg(WriteReg)
36 .RengegZ(RgadRegZ). 77 WiriteData(WriteData),
37 WriteReg(WriteReg), 78 _RegWrite(RegWrite)
b ‘E:;'tﬁﬁg‘*(g"ﬁafé?)' 79 ‘ReadData1(ID_ReadDatal_RF3),
-"eg gvrie), 80 ReadData2(ID_ReadData2_RF3)
40 .ReadData1(ID_ReadData1_RF0), 81 ):
41 .ReadData2(ID_ReadData2_RF0) a2 !
3% ) 83 [*** ID Rs Forwarding/Link Mux ***/
4/ RogterFie ™ B MuOMDTH 52)RegFle Datal
45 RegisterFileRegisterFile_sCPU1( 86 -inO(ID G dlt')ata 1_RFO)
46 clock(clock&sCPU1), a7 :in1(ID_ReadData1_RF1}‘
47 ressi(reset), 88 in2(ID_ReadDatal_RF2),
48 ‘ReadReg1(ReadReg1), 89 :inSEID:ReadDataCRFSg:
49 .ReadReg2(ReadReg2), 90 .out(ID_ReadData1_RF)
50 WriteReg(WriteReg), g1 ) - -
51 WriteData(WriteData), 92 '
52 ‘RegWrite(RegWrite), a3 /*** ID Rs Forwarding/Link Mux ***/
53 .ReadData1(ID_ReadData1_RF1), a4 Mux4#(WIDTH( 32 ))RegFile_Data2(
54 .ReadDataZ(ID_ReadData2_RF1) a5 sel(selMIPS), -
95 ) 96 in0(ID_ReadData2_RF0),
56 L 97 in1(ID_ReadData2_RF1),
57 /"** Register File ***/ 98 in2(ID_ReadData2_RF2),
58 RegisterFileRegisterFile_sCPU2( ag in3(ID_ReadData2_RF3),
59 clock(clock&sCPU2), 100 .out(ID_ReadData2_RF)
60 reset(reset), 101 )
61 .ReadReg1(ReadReg1), 102
62 .ReadReg2(ReadReg2), 103 endmodule

Figura 2-27 Codul verilog pentru Register file4
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Source Clock(s) Destination Clock(s) Delay Added in ns
1 /O clock 421.9
2 clock,1/O,clock clock 184.0
3 clock clock 180.0

RegisterFiled4-Flow Summary
Flow Summary report for RegisterFiled
Tue Ssp 22 22:33:39 2015
Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2013 SJ Webk Edition

e +
; Flow Summary H
e B +
; Flow 3tatus ; Successful - Sat Sep 19 15:28:12 2015 H
; Quartus II €4-Bit Version ; 15.0.0 Build 145 04/22/2015 37 Web Edition ;
; Bevision Nams ; RegisterFiled :
; Top-level Entity Name ; RegisterFiled ;
; Family ; Cyclone V :
; Device ; SCGXFCOSETFI1CSE :
; Timing Models ; Final :
; Logic utilization (in ALMs) ; 4,247 / 113,560 ( 4 %) :
; Total registers ; 3968 :
; Total pins ; 120 / 536 ( 22 %) :
; Total wirtuazl pins ; 0 :
; Total block memory bits ; 0/ 12,492,800 (0 %) :
; Total D3P Blaocks 0/ 342 (0 %) :
; Total H33I RX PCSs ;0 S 12 (0% ) :
; Total HSSI PML EBX Dessrializers ; 0 / 12 (0 % ) :
; Total HSSI TX PCSs s 0/ 12 (0 %) H
; Total HSSI PMR TX Serializers s 0/ 12 (0 %) H
; Total PLLs ; 0/ 20 (0 %) H
; Total DLLs - T H
e B +

RegisterFile4-Post-Synthesis Netlist Statistics for Top Partition
Post—3ynthesis Netlist Statistics for Top Partition report for RegisterFiled
Tus Sep 22 22:34:57 2015
Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 SJ Web Edition

R i e +
; Post-Synthesis Netlist Statistics for Top Partition ;
B R e +
; Type ; Count H
B R e +
; arriav ff ; 3968 ;
H ENA 3CLE ; 35968 ;
; arriav_lcsll comb ; 4115 ;
H extend ; 64 H
; 7 data inputs ; 64 ;
H normal ; 4051 H
; 2 data inputs ; 42 ;
; 3 data inputs ; € ;
; 4 data inputs ; 2 ;
; 5 data inputs ; 258 ;
; & data inputs ; 3743 ;
; boundary port ; 120 :
H H H
; Max LUT depth ; 4.00 ;
; Average LUT depth ; 3.56 H
e P +
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RegisterFile4-Routing Usage Summary
Routing Usage Summary report for RegisterFiled
Tue Sep 22 22:36:35 2015
Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 3J Web Edition

+--— +
; Routing Usags Summary ;
+--— +--— +
; Routing Rescurce Type ; Usage ;
+--— +--— +

19,964 / 721,02
312 / 30,780 (

Block interconnects
212 interconnects

8,450 / 331,920 ( 2 %)
13,601 / 622,512 ( 2 % ) ;

R3 interconnscts
R& interconnscts

; C2 interconnscts ; 6,354 / 303,248 (2 %) ;
; C4 interconnscts ; 3,578 / 140,620 ( 2 %) ;
; DOS bus muxes ;0 /35 (0% H
; DOS-18 I/0 buses ;0 /35 (0% H
; DOS-% I/0 buses ;0 /35 (0% H
; Direct links ; 66& J/ 721,028 (<1 %)
; Global clocks ;0 1e (0% H
; Horizeontal periphery clocks ; 0/ %6 (0 % ) :
; Local interconnects ; 3,283 / 227,120 (1 %) H
; Quadrant clocks ;0 /88 (0 %) H
; Rl4 interconnects ; 733 / 30,1e8 (2 %) H
; R14/C12 interconnect drivers ; 801 / 53,952 (1 % ) :
+

Spine clocks o/ 480 (0 %) H
Wire stulk REs 0/ 40,996 (0 %) :
et +
RegisterFie-RegisterFile_sCPUD
ReadReg1(4.0] [
Readreg2i4.0] [
RegWrite >
WritzData[21..0] [
writeRegl4..0] [
reset [
comb-~0
SCPUD
samiPs.0 [ Muxd:-RegFie_Data1
ID_ReadDatai_RF[31.0]
comb~1
SCPUT[ —
chock [_—y
I0_ReadData2_RF[31.0]
comb~2
sCPU2 [ —
comb~3
SCPU3

Figuria 2-28 RTL Register file4
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RegisterFile:RegisterFile_sCPUO

ReadReq1[0._4]-input
ReadReg2[0_4]-input

RegWrite-input
RegisterFile-RegisterFile_sCPU1-registersj4][6}~4|

RegisterFile:RegisterFile_sCPU1-registers(s]18]-5
RegisterFile:RegisterFile_sCPU1-registers[10]71-6
RegisterFile:RegisterFile_sCPU1-registers[12][3}-7|

RegisterFileRegisterFile_sCPU1 registers[13]1271-5|

RegisterFile:RegisterFile_sCPU1:registers[15](5]-|
RegisterFile-RegisterFile_sCPU1-registers|21][20}-2|
RegisterFile-RegisterFile_sCPU1-registersi24]1161-0)
RegisterFile:RegisterFile_sCPU1-registers|28]19]-1

RegisterFileRegisterFile_sCPUT registersi3111101-3|
RegisterFile:RegisterFile_sCPU2registers[2][14]-3|
RegisterFile:RegisterFile_sCPU2-reqisters[11]21]-4]

RegisterFileRegisterFile_sCPUZ registers[14]122]-5|
RegisterFile:RegisterFile_sCPU2registers/16][71-0|
RegisterFile-RegisterFile_sCPU2registers[19]20]~1

RegisterFile:RegisterFile_sCPU2 registersi23][3-2|
RegisterFileRegisterFile_sCPU3 registersI1][271-13)
RegisterFile-RegisterFile_sCPU3 registers[18]2]-12|

[Equalt~0
Equaiz~0
isters[1[0.31]
[20.31]
[
heostesi-|7
eqisters327 31
[
Jogstorioyn 20
heostesoie-a

egsters[oPT 31

6o
Jregisters[6[12]~ | 5
egierois 31

Jregstersryo 27
heostersmzr-fo

jsters[728 31

Jegsterop 21
registersigif21)~|6
egistersio22. 31
Jegstersjiopo 1
sters[11][0. 31
D}

Mux0~40
Mux1~40

Mux2~40

; Muwx3-40
- Muxa-~a0

Mux5~40

Mux6~40

Jeasesiop 4
—
"
0_31
031

Mux7~40

Mux8~40

Mux9~40

Mux10~40

Mux11~40

1

Mux12~40
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ID_ReadData2_RF[22]~output

10_OBUF
ID_ReadData2_RF[21]~output

10_OBUF
ID_ReadData2_RF[20]-output

10_0B0F
ID_ReadData2_RF[19]~output

10_0BUF
ID_ReadData2_RF[18}~output

10_0BUF
ID_ReadData2_RF[17]~output
0 g

Jegstersprp 4
Jegsterspayo o
jregisters[22)[25}t 11

Mux13~40

Mux14-~40

fegcerzae by

Mux15~40

10_OBUF

ID_ReadData2_RF[16}~output
1 of

Mux16~40

2
1][0..:

i
i

Mux17~44

Mux18~40

10_OBUF

ID_ReadData2_RF[15]~output
1 O]

registersizsie)

eqisters2E][10..31

Mux19~40

Mux20~40

isters[36][0. 16]
Jregisters[26][16)~10
eqistersD|[17. 31

Mux21~40

Mux22~40
Mux23~40

stersPr[0._28)
registers[27][26]~-13

Mux24~40

Mux25~40
Mux26~40

Mux27~40
registerspa)[14}-9

RegisterFile-RegisterFile_sGPU3:registers[20](12}-11
\WriteData[0. 31} -input|

\WriteReg[0. 4]-inpu|

comb-~3|

reset-input

Mux28~40

egisters[2][15. 31

egisters30][0. Mu26-40

registersa0)[71~ 12

Mux30~40
Mux31~40

registers-30
registers-42
registers-54
registers-66
registers-78

registers-~90
registers~102

10_0BUF
ID_ReadData2_RF[14}-output

10_0BUF
ID_ReadData2_RF[13]~output

10_0BUF
ID_ReadData2_RF[12]~output

10_OBUF
ID_ReadData2_RF[11]}~output

10_OBUF
ID_ReadData2_RF[10}~output

10_OBUF
ID_ReadData2_RF[9]-output

10_0BUF
ID_ReadData2_RF[8]-output

registers~114
registers~126
registers~133

U 3]
10_0BUF
ID_ReadData2_RF[7]~output

registers~150
registers~162
registers~174

[s]
10_OBUF

ID_ReadData2_RF[6]-output
1 of

registers~186
registers~198
registers-210

registers-222

10_OBUF
ID_ReadData2_RF[5]-output
1 O]

registers-234
registers-246

registers-258

10_0BUF
ID_ReadData2_RF[4]-output

registers-270
registers-262
registers-294

O]
10_OBUF

ID_ReadData2_RF[3]~output
I 0

registers-306
registers-318
registers-330
registers-242

10_0BUF
ID_ReadData2_RF[2]-output

Jregisters~354
registers-366
registers-378

0]
10_OBUF
ID_ReadData2_RF[1]~output

registers-390

of
10_OBUF

ID_ReadData2_RF[0]~output
1 0]
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Figura 2-31 8SMPRA
PowerPlay Power Analyzer Status Successful - Sat Sep 26 22:37:13 2015
Quartus II 64-Bit Version 15.0.0 Build 145 04/22/2015 S1 Web Edition
Revision Name Processord
Top-level Entity Name Processord
Family Cydone V
Device SCGXFC7D7F31CE
Power Models Final
Total Thermal Power Dissipation 365.20 mW
Core Dynamic Thermal Power Dissipation 0.00 mw
Core Static Thermal Power Dissipation 348.96 mW
I/O Thermal Power Dissipation 16.24 mW

Power Estimation Confidence

|Low: user provided insufficient toggle rate data

Source Clock(s)

Destination Clock(s)

Delay Added in ns

1 clock dlock

3.8
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Source Register Destination Register Delay Added in ns
1 Register:I0Dataln|Q[27] Register:I0DataReq|Q[27] 0.154
2 Register:[0Dataln|Q[23] Register:10DataReg|Q[23] 0.154
3 Register:I0Dataln|Q[22] Register:I0DataReq|Q[22] 0.151
4 Register:10Dataln|Q[18 Register:I0DataReg|Q[18 0.151
5 Register:I0Dataln|Q[26 Register:I0DataReqg|Q[26 0.151
6 Register:I0Dataln|Q[15] Register:I0DataReqg|Q[15] 0.149
7 Register:10Dataln|Q[8] Register:I0DataReg|Q[8] 0.149
8 Register:I0Dataln|Q[29] Register:I0DataReqg|Q[29] 0.148
9 Register:[0Dataln|Q[5] Register:10DataReg|Q[5] 0.147
10 Register:I0Dataln|Q[28] Register:I0DataReg|Q[28] 0.146
11 Register:I0Dataln|Q[11] Register:I0DataReq|Q[11] 0.145
12 Register:[0Dataln|Q[13] Register:10DataReg|Q[13] 0.144
13 Register:I0Dataln|Q[12] Register:I0DataReq|Q[12] 0.144
14 Register:10Dataln|Q[6] Register:10DataReg|Q[6] 0.144
15 Register:I0Dataln|Q[2] Register:I0DataReg|Q[2] 0.144
16 Register:10Dataln|Q[0] Register:10DataReqg|Q[0] 0.142
17 Register:10Dataln|Q[4] Register:I0DataReg|Q[4] 0.141
18 Register:I0Dataln|Q[17] Register:I0DataReg|Q[17] 0.124
19 Register:[0Dataln|Q[10] Register:10DataReg|Q[10] 0.124
20 Register:I0Dataln|Q[1] Register:I0DataReg|Q[1] 0.119
21 Register:[0Dataln|Q[25] Register:10DataReg|Q[25] 0.084
22 Register:10Dataln|Q[7] Register:10DataReg|Q[7] 0.082
23 Register:I0Dataln|Q[31] Register:I0DataReqg|Q[31] 0.082
24 Register:[0Dataln|Q[14] Register:10DataReg|Q[14] 0.082
25 Register:I0Dataln|Q[3] Register:I0DataReg|Q[3] 0.082
26 Register:10Dataln|Q[30] Register:10DataReg|Q[30] 0.079
27 Register:I0Dataln|Q[21] Register:10DataReg|Q[21] 0.079
28 Register:I0Dataln|Q[20] Register:I0DataReqg|Q[20] 0.079
29 Register:[0Dataln|Q[19] Register:10DataReg|Q[19] 0.079
30 Register:I0Dataln|Q[9] Register:I0DataReqg|Q[9] 0.079
31 Register:[0Dataln|Q[16] Register:10DataReg|Q[16] 0.077
32 Register:[0Dataln|Q[24] Register:10DataReg|Q[24] 0.074

ProcesscrB-Flow Summary
Flow Summary repcrt for ProcesscrB
Wed Sep 22 14:46:36 2015
Quartus II &€4-Bit Version 15.0.0 Build 145 04/22/2015 3J Web Editicn

R e e +
; Flow Summary H
e e +

Flow 3tatus Successful — Tue Ssp 22 01:12:45 2015

; CQuartus II 64-Bit Version ; 15.0.0 Build 145 04/22/2015 8J Web Editicn ;
; Bevision Name ; ProcessorB ;
; Top—level Entity Nams ; FProcessori H
; Family ; Cyclone ¥ ;
; Device ; SCGHEFCTDTE21cCE ;
; Timing Models ; Final ;
; Logic utilization (in ALMs) ; 17 / 5E,4B0 [ <1 %) ;
; Total registers ; &4 ;
; Total pins ; 302 / 522 (58 %) ;
; Total wirtual pins ;0 ;
; Total block memory bits ; 0/ 7,024,640 (0 %) :
; Total DSP Blocks ; 0/ 156 (0 %) ;
; Total HSSI RY PCSs ;009 (0 %) ;
; Total HSSI PML RX Dessrializers ; 0 / 9 (0 % ) ;
; Total HSSI TX PCSs ;009 (0 %) ;
; Total HSSI PMA TX Serializers ;009 (0 %) ;
; Total PLLs ;0016 (0 %) ;
; Total DLLs ;0 4 (0 %) ;
+
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ProcessorS8-Routing Usage Summary
Routing Usage Summary report for Processor§
Wed Sep 23 14:48:42 2015
Quartus II £€4-Bit Version 15.0.0 Build 145 04/22/2015 3J Web Edition

+--— +
; Routing Usags Summary ;
+--— +-- +
; Routing Rescurce Type ; Usage H
+--— +-- +

Block interconnects 103 / 374,484 (<= 1 %) ;

; Cl2 interconnects ;1 / le,664 [ <= 1 % ) H
; C2 interconnscts ;5 71 J 155,012 ( <= 1 % ) :
; C4 interconnscts ; 31/ 72,600 ( <1 %) ;
; DQS bus muxes s 0/ 30 (0 %) :
; DQS-18 I/0 buses s 0/ 30 (0 %) :
; DOS-% I/0 buses ;0 /30 (0 %) ;
; Direct links ;0 374,484 (0 %) :
; Global clocks ;s 1 /16 (€ %) B
; Horizontal periphery clocks ; 0/ 72 (0 % ) :
; Local interconnects ; 31/ 112,960 ( < 1 % ) :
; Quadrant clocks ; 0/ 8 (0 %) :
; Rl4 interconnects ;B /15,868 (<1 %) :
; R14/C012 interconnect drivers ; 8 / 27,256 ( < 1 % ) ;
; B3 interconnscts ; B4 J 169,2%6 ( <= 1 % ) H
; Bf interconnscts ; 31 / 330,800 ( < 1 %) H
; 3pine clocks ;03 / 430 (=1 %) ;
; Wire stub REs ; 0/ 20,824 (0 %) :
e e +

2.3.1. IFID8

IFIDS_Stage-Flow Summary
Flow Summary report for IFIDS_Stage
Wed Ssp 23 14:12:35 2015
Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 SJ Web Edition

B +
; Flow Summary H
e e +

Flow Status

Quartus II €4-Bit Version
Revision Name

Top-level Entity Names

Successful - Mon Sep 21 23:22:47 2015
15.0.0 Build 145 04/22/2015 3J Web Edition
IFIDE 3tage

IFIDE 3tage

; Family ; Cyclone V :
; Devics ; SCGEFPCTDTF31C8 ;
; Timing Models ; Final ;
; Logic utilization (in ALMs) ;1 / 56,480 (=1 %) H
; Total registers ; 0 ;
; Total pins ; 210 / 522 ( 40 %) ;
; Total wirtuzl pins ; 0 ;
; Total block memory bits ; 0/ 7,024,640 (0 %) ;
; Total DSP Blocks ; 0/ 156 (0 %) ;
; Total H33I RX PCSs ;09 (0 %) ;
; Total HSSI PMZ RX Dessrializers ; O / 9 (0 %) :
; Total HSSI TX PCSs ;0S8 (0 %) ;
; Total HSSI PMR TX Serializers ;0S8 (0 %) ;
; Total PLLs ;0 /S 1le (0 %) ;
; Total DLLs ;0S4 (0% ;
+ +
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2 module IFID8_Stage(
3
4 input sCPUO,
5 input sCPU1,
6 input sCPU2,
7 input sCPU3,
8 input sCPU4,
9 input sCPUS5,
10 input sCPUS,
11 input sCPU7,
12 input [ 1: OlselMIPS,
13 input clock,
14 input reset,
15 input IF_Flush,
16 input IF_Stall,
17 input ID_Stall,
18 /I Control Signals
19 input [ 31: O]IF _Instruction,
20 /I Data Signals
21 input [31: 0]IF_PCAdd4,
22 input [31: 0]IF_PC,
23
24 input IF_IsBDS,
25 /R ——
26 output [ 31: O]ID_Instruction,
27 output [ 31: 0]ID_PCAdd4,
28 output [ 31: 0]ID_RestartPC,
29 output  ID_IsBDS,
30 output  ID_IsFlushed
31 ¥
32
33 sCPU_IFID_StagelFIDO(
34 .if1{clock&sCPUO),
35 (if2(reset),
36 Af3(IF_Flush),
37 if4({IF_Stall),
38 .if5{ID_Stall),
39 /I Control Signals
40 [if6(IF_Instruction),
41 /I Data Signals
42 Af7(IF_PCAdd4),
43 if8{IF_PC),
44 Af9(IF_IsBDS),
45 [ mmmm s
46 .id1(ID_Instruction0),
47 .id2(1D_PCAdd40),
48 .id3(ID_RestartPC0),
49 .id4(1D_IsBDS0),
50 .id5(1D_IsFlushed0)
51 %
52
53 wire [ 31: 0]ID_Instruction(;
54 wire [ 31: 0]ID_PCAdd40;
55 wire [ 31: 0]ID_RestartPCO;
56 wire |D_|sBDSO;
57 wire  1D_IsFlushed0;
58
59 sCPU_IFID_StagelFID1(
60 .if1{clock&sCPU1),
61 .if2(reset),
62 Af3(IF_Flush),

63

73

m

116
17
118
119
120
121
122
123
124

Fe -
— ¥4

Jf4(IF_Stall),

Jif5(1D_Stall),

/I Control Signals
(f6(IF_Instruction),

/I Data Signals
Af7(IF_PCAdd4),
if8(IF_PC),
Af(IF_IsBDS),
A ———
.id1(1D_Instruction1),
.id2(ID_PCAdd41),
.id3(ID_RestartPC1).
.id4(ID_IsBDS1),
.id5(1D_IsFlushed1)

)

wire [ 31: 0]ID_Instruction1;

wire [ 31: 0]ID_PCAdd41;

wire [ 31: 0]ID_RestartPC1;

wire 1D_IsBDS1;
wire ID_lsFlushed1;

sCPU_IFID_StagelFID2(
.if1(clock&sCPU2),
.if2(reset),
if3(IF_Flush),
if4(IF_Stall),
AfS(ID_Stall),

/I Control Signals
(f6(IF _Instruction),

// Data Signals
AfT(IF_PCAdd4),
if8(IF_PC),
if9(IF_IsBDS),

fl —mmmmeremm e
.id1(ID_Instruction2),
.id2(ID_PCAdd42),
.id3(ID_RestartPC2),
.id4(ID_IsBDS2),
.id5(1D_IsFlushed2)

)i

wire [ 31: 0]ID_Instruction2;

wire [ 31: 0]ID_PCAdd42;

wire [ 31:0]ID_RestartPC2;

wire 1D_IsBDS2;
wire 1D_IsFlushed?2;

sCPU_IFID_StagelFID3(
.if1(clock&sCPU3),
.if2(reset),
f3(IF_Flush),
(if4(IF_Stall),
if5(1ID_Stall),
{/ Control Signals
f6(IF_Instruction),
// Data Signals
Af7(IF_PCAdd4),
if8(IF_PC),
f9(IF_IsBDS),
R ———
.id1(1D_Instruction3),

125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
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id2(ID_PCAdd43),
Jid3(ID_RestartPC3),
Jid4(ID_IsBDS3),
.id5(ID_IsFlushed3)
)i

wire [ 31: 0]ID_Instruction3;
wire [ 31: 0]ID_PCAdd43;
wire [ 31: 0]ID_RestartPC3;
wire 1D_IsBDS3;

wire 1D_lsFlushed3;

sCPU_IFID_StagelFID4(
.if1({clock&sCPU4),
.if2(reset),

F3(IF_Flush),
[if4(IF_Stall),
.if5(ID_stall),

I/ Control Signals
(if6(IF_Instruction),

il Data Signals
f7(IF_PCAdd4),
f8(IF_PC),
f9(IF_IsBDS),

| ——
.id1{ID_Instructiond),
.id2(ID_PCAdd44),
.id3(ID_RestartPC4),
.id4(ID_IsBDS4),
.id5(ID_IsFlushed4)

)

wire [ 31: 0]ID_Instructiond;
wire [ 31: 0]ID_PCAdd44;
wire [ 31: 0]ID_RestartPC4;
wire 1D_IsBDS4;

wire |D_IsFlushed4;

sCPU_IFID_StagelFID5(
.if1{clock&sCPUS5),
if2(reset),
f3(IF_Flush),
f4({IF_Stall),
if5(ID_Stall),

I/ Control Signals
(f6(IF_Instruction),
il Data Signals
Uf7(IF_PCAdd4),
f8(IF_PC),
Uf9(IF_IsBDS),
e
.id1{ID_Instructions),
.id2(ID_PCAdd45),
.id3(ID_RestartPC5),
.id4(ID_IsBDSS),
.id5(ID_IsFlusheds)

)i

wire [ 31: 0]ID_Instruction5;
wire [ 31: 0]ID_PCAdd4s;
wire [ 31: 0]ID_RestartPC5;
wire 1D_IsBDS5;
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187 wire |D_IsFlushed5;

188 249 .in5(ID_Instruction5),

189 sCPU_IFID_StagelFID&( 250 .inB(ID_Instruction®),

190 if1(clock&sCPUE), 251 .in7(ID_Instruction7),

191 if2(reset), 252 .out(ID_Instruction)

192 {if3(IF_Flush), 253 )

193 {if4(IF_Stall), 254

122 }:rf!(S:(ID?SItaSII_). | 255  Mux8#(.WIDTH( 32))ID_PCAdd4_Mux(

ontrol Signals 256 sel(selMIPS),

196 Af6(IF_Instruction), 257 in0(ID_PCAdd40),

197 Il Data Signals 258 .in1(ID_PCAdd41),

198 if7(IF_PCAddd), 259 .in2(ID_PCAdd42),

;gg ~5;gg£_rg)68} 260 .in3(ID_PCAdd43),
if9(IF_IsBDS), 261 .ind(ID_PCAdd44),

201 [ e 262 .in5(ID_PCAdd45),

202 .!d1(ID_Instruction6), 263 inB(ID_PCAdd46),

203 {id2(ID_PCAdd46), 264 in7(ID_PCAdd47),

ggg .!gigg_:?esegasrg;l?(i). 265 .out(ID_PCAdd4)

i 1S h 266 );

206 id5(ID_lsFlushedt) 267
;‘gg )i ggg Muxﬁ#{.WlDT:—(I{ | 'ﬁi)égn_ﬂestanpc_nnux(
.sel(se .
209 wire [ 31: 0]ID_Instruction; 270 .in0(ID_RestartPC0),
210 wire [ 31: 0]ID_PCAdd46; 271 .in1(ID_RestartPC1),
g}; wire [E:|0g3§§esmpcs; 272 in2(ID_RestartPC2),
wire 1D_ls ; 273 .in3(ID_RestartPC3),
g}i wire  1D_IsFlushed®; 274 in4(ID_RestartPC4),
275 .in5(ID_RestartPC5),
215 SCPU_|F|D_SIEQE|F|D7( 276 .inS(ID_ReslartPCG),
2 T {clockSsCPUT). 277 in7(ID_RestartPC7),
o ~:f3g§sglﬂsh} 278 .out(ID_RestartPC)
. _ . 279 )
219 {if4(IF_Stall), 280
220 AfS(ID_Stall, 281 MuxB#(WIDTH( 1))ID_IsBDS_Mux(
221 /I Control Signals 289 sel(selMIPS)
222 Jif6(IF_Instruction), 283 linD(ID IsBDéD}
223 /I Data Signals p - '

: 284 .in1(ID_IsBDS1),
ggg _:gﬂ:;_ﬁgf\ddﬂ. 285 .in2(ID_IsBDS2),
Zo s, 257 o
228 id1(ID_Instruction?), 288 n5(10_IsBDSS),
526 \G2(1D_PCAGM4T) 289 .in6(ID_IsBDS6),

oy N : 290 .in7(ID_IsBDST),
230 {id3(ID_RestartPC7), 201 (1D 15BDS
231 {id4(ID_IsBDS7), 502 out(ID_lsBDS)

232 id5(ID_IsFlushed7) 503 )

ggi ) 204  Mux8#(.WIDTH( 1))ID_IsFlushed_Mux(
235 wire [ 31: 0]ID_Instruction7; ggg .ge[jll(;sgll:dI;S).h 40
236 wire [ 31: 0]ID_PCAQ4T: o n (ID—ISFI“She d1)'
237 wire [ 31: 0]ID_RestartPCT: 7 in1(ID_tsFlushed1),
238 wire ID_IsBDST7; ggg -!“ggg—:si:usnegg'
239 ire  ID_IsFlushedT: .in3(ID_lsFlushed3),
40 wire To_iskiusne 300 ind(ID_IsFlushed4).
241 301 .in5(ID_IsFlusheds),
242 Mux@#(WIDTH( 32))ID_Instruction_Mux( 302 in6(ID_IsFlushedt),
243 sel(seIMIPS), 303 in7(ID_IsFlushed7),
244 in0(ID_Instruction0), 304 -oui(ID_IsFlushed)
245 in1(ID_Instruction1), 305 )

246 .in2(ID_Instruction2), 306

247 .in3(ID_Instruction3), 307 endmodule

248 .in4(ID_Instruction4), 308

Figura 2-32 Codul verilog pentru IFID8
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IFIDS_Stags—Partition Statistics

Partition Statistics resport for IFIDB_Stage
Wed Sep 23 14:13:41 2015
Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 3J Wsb Edition

; hard block:auto_generated inst

H

Logic utilization (RIMs ne=dsd / total AIMs on device) J 56480 (<1 % ) ; 0 / 56480 (0 % ) ;
AIMe nesded [=R-B+C] ; 0 H
[A] ALMs used in final placement [Satbtctd] / 56480 (<1 % ) ; 0 / 56480 (0 % ) ;
[2] AIM=s used for LUT logic and rsgisters ;0
[b] ZIMs used for LUT logic ;0 :
[c] ALM=s ussd for rsgistsrs ;0 ; 0 H
[d] AIMs used for memory (up to half of total ARIMs) ; O ; 0 H
[B] Estimate of RLMs rscoverable by dsnse packing 56480 (0 %) ; 0/ 56480 ( 0 % ) ;
[0] Estimate of ALMs unavailable [=atbtctd] 56480 (0% ) ;O / 56480 { 0 % )
[2] Due to location constrainsd logic ;0 ; 0 ;
[b] Due to LAB-wide signal conflicts ;0 ;0 ;
[c] Due to LAB input limits ;0 ; 0 ;
[d] Due to wirtual I/Os ;0 ; 0 H
i H
Difficulty packing design ; Low ; Low ;
i H ;
Total LABs: partially or completely used ;1 / 5648 (=1 %) ; 0/ 5648 (0 % ) ;
—-— Loglc LABs ;1 ;0 ;
—— Memory L&Bs (up to half of total LABs) v} ; 0
i H H
Combinational ALUT usage for logic ;1 ;0 ;
—— 7 input functions ;0 ;0 ;
—— & input functions o ;0 ;
—-— 5 input functions v} ;0

; —— 4 input functions ;0 ;0 ;

H 3 input functions ;1 ; 0 ;

; Combinational ALUT usage for route-throughs ;0 ; 0 H

; Msmory ALUT usags o ; 0 H

; —— G4-address d=sep ;0 ; 0 H

H —— 3Z2-address dssp H ; 0 H

; ; ; ;

; Dadicatsd logic rsgistsrs ;0 ;0 ;

; -— By typs: i H ;

-- Primary logic rsgistsrs ; 0/ 112%6€0 (0 %) ; 0/ 112%&80 (0 % )

; —— 8escondary logic registers ; 0/ 112%60 (0 %) ; 0/ 112%60 (0 % ) ;
: -— By function: ; : ;
; —— Design implementation rsgisters v} F) ;
; —- Routing optimization reglsters o] ; 0 ;
; H i v
i ; i H
; Virtual pins v} : 0 ;
; 1/0 pins ; 2lo ;i 0 ;
; I/0 registers ;0 ; 0 ;
; Total block memory bits ;0 ;0 ;
; Total block memory implementation bits o] P H
i i H
; Connections ; i ;
H -- Input Connections H ;0 ;
; -— Registered Input Connections ;0 ; 0 ;
H -—- Output Connections [u] : 0 H
H -—- Registersd OQutput Connections o] ; 0 ;
i H i H
; Internal Connections ; ; ;
; -— Total Connsctions ; 210 ;0 ;
; -- Registered Connscticns ;0 ; 0 ;
; H i v
; External Connections ; H H
H -= Top Pu iu i
; —— hard block:auto_gensrated_inst v} ; 0 ;
; B i i
; Partition Interface ; ; ;
H —-— Input Ports ; 112 ; 0 H
H —— Output Ports 98 ; 0 ;
H —— Bidir Ports v} ; 0 ;
H H i B
H Registe:e:l Ports ; ; ;
H -- Registersd Input Ports o ; 0 H
H -— Registersd Cutput Ports ;0 ;i 0 H
i H i H
; Port Connectivity ; H ;
; —— Input Ports driven by GND ;0 ; 0 H
; -— Output Ports driven by GND o] ; 0 ;
H -— Input Ports driven by VCC Hl H) H
H -— output Ports driven by VCC ;0 : 0 H
H -— Input Ports with no Sourcs ;0 ; 0 H
; —— Output Ports with no Sourcs ;0 ; 0 H
; -— Input Ports with no Fanout ;0 ; 0 ;
; -— Output Ports with nc Fancut ;0 ; 0 ;
o R
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2.3.2. IDEX8

{4 Chip Planner - Dy/doctoratirefers

Fle Edit View Took Window Help Search altera.com @
] 08 x| Coordinate: Editing Mode: |ECO - SCGXFCTD7F31C8 ~ | |Device Properties e x|
i Repart n
@ seeceddenene: [ -]
2 |a General |
N
Lol K™ Device SCGXFCTDFF31CE* =~
& Famiy Cydone ¥
] ALMs 56430
L Total 1/0s 522
| - GPIOs 480
K = GXB Channel PMA 9
= GXB Channel PCS 9
= = PCle Hard IP Blocks 2
S .= Memary Controlers 2
i Memory its 7024640
» DsP Blocks 156
= FractionalPLls 7
& Dlls 4
W i Global Clocks 16
i HPSCPUCorss 0
26
bl am 1 1
i -]
kY
]

Figura 2-35 Chip Planner IDEX8

IDEXE8 Stage-Flow Summary
Flow Summary report for IDEXES Stage
Wed Sep 23 14:03:12 2015
Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 SJ wek Edition

P ~
; Flow Summary H
o B ~
; Flow 3tatus ; Successful - Mon Ssp 21 23:18:22 2015 H
; Quartus IT 64-Bit Version ; 15.0.0 Build 145 04/22/2015 2J W=k Edition ;
; Bevision Nams ; IDEXB 3tage :
; Top-lewvel Entity Name ; IDEXB_3tage ;
; Family ; Cyclone V :
; Device ; SCGXFCTDTR31CE :
; Timing Models ; Final :
; Logic utilization (in ALMs) ; 286 / 56,480 (<=1 %) :
; Total registers ; 6le :
; Total pins ; 249 J 522 (&7 %) H
; Total wvirtual pins ; 0 :
; Total block memory bits ; 0/ 7,024,640 (0 %) H
; Total DSP Blocks ; 0/ 156 (0 %) H
; Total HSSI RX PCSs s 0/ % (0 %) H
; Total HSSI PMAZ BX Dessrializers ; 0 7/ 9 (0 %) :
; Total H33I TX PCSs s 0 9 (0 %) :
; Total H3SI PML TX Serializsrs s 0 9 (0 %) :
; Total PLLs ;0 16 (0% ) :
; Total DLLs s 0 S 4 (0% :
o B ~

Multiplexer Restructuring Statistics (Restructuring Performed) report for IDEXE_Stage
Wed Sep 23 14:03:50 2015
Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 3J Web Edition

; Multiplexer Restructuring Statistics (Restructuring Performed)

; Multiplexer Inputs ; Bus Width ; Baseline Area ; Area if Restructured ; Saving if Restructured : Registered : Example Multiplexer Output

=1 ; 616 bits ; 1232 LEs ; 0 LE= ; 1232 LEs ; Yes ; |IDEXS_Stage|sCPU_IDEX_ Stage:IDEXdoi|ex7 H
4:1 ; 153 bits ; 306 LEs ; 306 LE=s ; 0 LEs ; Ho ; |IDEXS_ Stage|Mux8:EX MemSignExtend Mux|Mux0 ;
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1 module IDEX8_Stage( 63 output  EX_MemByte,
2 input sCPUO, 64 output  EX_MemHalf,
3 input sCPUA, 65 output  EX_MemSignExtend,
4 input sCPU2, 66 output  EX_Left,
5 input sCPUS3, 67 output  EX_Right,
6 input sCPU4, 68 output  EX_RegWrite,
7 input sCPUS, 69 output  EX_MemtoReg,
8 input sCPUS, 70 output  EX_ReverseEndian,
9 input  sCPU7, 71 output  [4: O]JEX_Rs,
10 input [ 1: 0]selMIPS, 72 output [ 4: OJEX_RY,
11 input clock, 73 output  EX_WantRsByEX,
12 input reset, 74 output  EX_NeedRsByEX,
13 input ID_Flush, 75 output  EX_WantRtByEX,
14 input ID_Stall, 76 output EX_NeedRtByEX,
15 input EX_Stall, 77 output EX_KernelMode,
16 /f Control Signals 78 output [ 31: 0]JEX_RestartPC,
17 input ID_Link, 79 output  EX_IsBDS,
18 input  ID_RegDst, 80 output  EX_Trap,
19 input  ID_ALUSrcimm, 81 output  EX_TrapCond,
20 input [ 4: 0]ID_ALUOP, 82 output EX_EX_CanErr,
21 input ID_Movn, 83 output EX_M_CanErr,
29 input ID_Movz, 84 output [ 31: 0]JEX_ReadDatat,
23 input ID_LLSC, 85 output [ 31: 0]JEX_ReadData2,
24 input ID_MemRead, 86 output [ 31: O]EX_SignExtimm,
25 input  ID_MemWrite, 87 output [ 4: OJEX_Rd,
26 input ID_MemByte, 88 output [ 4: 0]JEX_Shamt
27 input ID_MemHalf, 89 )%
28 input ID_MemSignExtend, 90
29 input ID_Lett, 91
30 input ID_Right, 92
31 input ID_RegWrite, 93 sCPU_IDEX_StagelDEXzero(
32 input ID_MemtoReq, 94 id1{clock&sCPUD),
33 input ID_ReverseEndian, 95 .id2(reset),
34 I/ Hazard & Forwarding 96 id3(ID_Flush),
35 input [4: O]ID_Rs, a7 .id4(ID_Stall),
36 input [4: O]ID_Rt, 98 id5(EX_Stall),
37 input ID_WantRsByEX, 99 /i Control Signals
38 input ID_NeedRsByEX, 100 id6(1D_Link),
39 input ID_WantRIByEX, 101 id7(ID_RegDst),
40 input ID_NeedRtBYEX, 102 Ad8(ID_ALUSrclmm),
41 Il Exception Control/Info 103 Ad9(ID_ALUOD),
42 input ID_KernelMode, 104 .id10(ID_Mowvn),
43 input [31:0]ID_RestartPC, 105 id11(ID_Movz),
44 input ID_IsBDS, 106 id12(ID_LLSC),
45 input ID_Trap, 107 id13(ID_MemRead),
46 input ID_TrapCond, 108 id14(ID_MemWrite),
47 input ID_EX_CanErr, 109 id15(ID_MemByte),
48 input ID_M_CanErr, 110 .id16(ID_MemHalf),
49 /i Data Signals 111 Ad17(ID_MemSignExtend),
50 input [ 31: 0]ID_ReadData1, 112 id18(ID_Left),
51 input [ 31: 0]ID_ReadDataZ2, 113 .id19(ID_Right),
52 input [ 16: 0]ID_SignExtimm, 114 .id20(ID_RegWrite),
53 W = 115 .id21(ID_MemtoReg),
54 output  EX_Link, 116 .id22(ID_ReverseEndian),
55 output [ 1: OJEX_LinkRegDst, 117 /i Hazard & Forwarding
56 output  EX_ALUSrclmm, 118 .id23(ID_Rs),
57 output  [4: OJEX_ALUOP, 119 .id24(ID_R#),
58 output  EX_Movn, 120 .id25(ID_WantRsByEX),
59 output  EX_Movz, 121 .id26(ID_NeedRsByEX),
60 output  EX_LLSC, 122 id27(1ID_WantRiByEX),
61 output  EX_MemRead, 123 id28(ID_NeedRIByEX),
62 output  EX_MemWrite, 124 /| Exception Control/info

Figura 2-36 Partial codul verilog pentru IDEXS8

84



UNIUNEA EUROPEANA-

Te

Fondul Social E:

uropean
POSDRU 20072013

-

? v

Instrumente Structurale OIPOSDRU
20072013

MINISTERUL
EDUCATIEI §1
CERCETARIT
STIINTIFICE

IDEXS_Stage—Routing Usage Summary

Routing Usage Summary report for IDEX8 Stage

Wed Sep 23 14:05:23 2015

Cuartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 SJ Web Edition
e +
; Routing Usage Summary ;
e e +
; Routing Rescurce Type ; Usage ;
B T +
; Block interconnects ; 1,671 / 374,484 ( < 1 % ) ;
; Cl2 interconnects ; 453 / le,eg4 [ 3 & ) H
; T2 interconnects ; €39 / 155,012 ( <= 1 % ) ;
; T4 interconnects ; 1,246 / 72,800 ([ 2 %) ;
; D23 bus muxes ;0 /30 (0% :
; DOS-18 I/0 buses ;s 0/ 30 (0 %) H
; DO3-% I/0 buses ;0 /30 (0% :
; Direct links ; 43 / 374,484 (=1 %) H
: Global clocks s 0/ 16 (0 %) :
; Horizontal periphery clocks ; 0 / 72 (0 %) H
; Local interconnscts ; 10/ 112,960 ( <1 %) ;
; Quadrant clocks ;0 /88 (0% ) H
; Rl4 interconnects ; 378 / 15,868 ( 2 % ) H
; R14/C12 interconnect drivers ; €%4 / 27,256 ( 32 % ) :
; R3 interconnects ; B51 / 169,296 ( <1 % ) H
; RE interconnects ; 1,337 / 330,800 ( <1 %) ;
; Spine clocks ; 0/ 480 (0 % ) H
; Wire stub REs ; 0/ 20,834 (0 %) H
S e +

IDEXE Stage—Post—3ynthesis Nstlist Statistics for Top Partition
Fost—Synthesis Nstlist Statistics for Top Partition report for IDEXS8 Stags

Wed Sep 23 14:04:04 Z015

Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 3J Web Edition

R i e +
; Post-Synthesis Netlist Statistics for Top Partition ;
B R e +
; Type ; Count H
B R e +
; arriav ff ; 616 ;
H ENL 3CLE ; 6le ;
; arriav_lcsll comb ; 177 ;
H extend ;1 H
; 7 data inputs ; 1 ;
H normal ; 176 ;
; 2 data inputs ; B ;
; 3 data inputs ; 15 ;
; & data inputs ; 153 ;
; boundary port ; 349 :
H H H
; Max LUT depth ; 2.00 ;
; Average LUT depth ; 0.87 H
B R e +

PowerPlay Power Analyzer Status

Successful - Sat Sep 26 21:50:05 2015

Quartus II &64-Bit Version

15.0.0 Build 145 04/22/2015 S Web Edition

Revision Name IDEX8_Stage
Top-level Entity Name IDEX8_Stage
Family Cyclone V

Device SCGXFC7DYF31C8
Power Models Final

Total Thermal Power Dissipation 368.56 mW

Core Dynamic Thermal Power Dissipation 0.00 mW

Core Static Thermal Power Dissipation 348.97 mW

I/O Thermal Power Dissipation 19.59 mwW

Power Estimation Confidence

|Low: user provided insufficient toggle rate data
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2.3.3. EXMEMS8

.. P8 % Coordinate: Editing Mode: | ECO - SCGXFCTDF3LCE | [peviem Properties [X-E3

@ Reportng
o Selected elements: -
& - Genaral
o I 0
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] Farily Cydonz ¥
iglom Al 55450
Taotal e 522
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Figura 2-39 Chip planner EXMEM8

EXMEMS Stage-Flow Summary
Flow Summary report for EXMEMB Stage
Wed Sep 23 13:54:32 2015
Quartus II €4-Bit Versicn 15.0.0 Build 145 04/22/2015 SJ Wek Editicn

e +
; Flow Summary ;
e e e e +
; Flow Status ; Buccessful - Mon Sep 21 23:12:32 2015 H
; Quartus II €4-Bit Version ; 15.0.0 Build 145 04/22/2015 3J Web Edition ;
; Revision Name ; EXMEMS_ Stage H
; Top-level Entity Nams ; EXMEMS Stage H
; Family ; Cyclone V :
; Device ; SCGXFCTDTF31CE H
; Timing Models ; Final H
; Logic utilization (in ALMSs) ; 216 / 56,480 (<=1 %) H
; Total registers ; 468 :
; Total pins ; 252 / 522 ( 48 % ) H
; Total virtual pins ; 0 H
; Total block memory bits ; 0/ 7,024,640 (0 %) H
; Total DSP Blocks ;0 /156 (0 %) :
; Total HSSI RX PCSs ;09 (0 %) ;
; Total HS3I PMA RX¥ Deserializers ; O / 9 (0 % ) H
; Total HSSI TX PCSs ;0 /8 (0 %) ;
; Total HSSI PMA TX Serializers ;0 /S8 (0%) :
; Total PLLs 0/ 18 (0 %) :
; Total DLLs ;0S4 (0% H

+ +

Multiplexer Restructuring Statistics (Restructuring Performed) report for EXMEMS_Stage
Wed Sep 23 13:55:12 2015
Quartus IT 64-Bit Version 15.0.0 Build 145 04/22/2015 5J Web Edition

; Multiplexer Restructuring Statistics (Restructuring Performed)

; Multiplexer Inputs ; Bus Width ; Baseline Area ; Area if Restructured ; Saving if Restructured ; Registered ; Example Multiplexer Qutput

r 31 ; 468 bits ; 936 LE= ; 0 LE= : 936 LEs : Yes ¢ |EXMEMB Stage|sCPU_EXMEM Stage:exmeml |mem8 ;
P4l ; 117 bits ; 234 LE= ; 234 LEs ; 0 LEs ; No 7 |EXMEMB Stage |Mux8:M MemWrite Mux|Mux0
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module EXMEMBE_Stage(

input sCPUO,

input sCPUA1,

input sCPUZ,

input sCPU3,

input sCPU4,

input sCPUS5,

input sCPUB,

input sCPU7,

input [ 1: 0]selMIPS,

input clock,

input reset,

input EX_Flush,

input EX_Stall,

input M_Stall,

f Contral Signals

input EX_Movn,

input EX_Movz,

input EX_BZero,

input EX_RegWrite, /f Future Control to WB
input EX_MemtoReg, //Future Control to WB
input EX_ReverseEndian,
input EX_LLSC,

input EX_MemRead,

input EX_MemWrite,

input EX_MemByte,

input EX_MemHalf,

input EX_MemSignExtend,
input EX_Left,

input EX_Right,

I Exception Control/lnfo

input EX_KernelMode,
input [ 31: 0]JEX_RestartPC,
input EX_IsBDS,

input EX_Trap,

input EX_TrapCond,

input EX_M_CanErr,

/I Data Signals

input [31: 0]JEX_ALU_Result,
input [ 31: 0]JEX_ReadData2,
input [4: 0]JEX_RtRd,

[

output  M_RegWrite,

output  M_MemtoReqg,

output  M_ReverseEndian,
output  M_LLSC,

output M_MemRead,

output  M_MemWrite,

output  M_MemByte,

output  M_MemHalf,

output M_MemSignExtend,
output  M_Left,

output  M_Right,

output  M_KernelMode,

output [ 31: 0]JM_RestartPC,
output  M_IsBDS,

output  M_Trap,

output M_TrapCond,

output  M_M_CanErr,

output [ 31: 0JM_ALU_Result,
output [ 31: 0]M_ReadData2,
output [ 4: 0]M_RtRd

103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
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sCPU_EXMEM_Stageexmem0(

.ex1(clock&sCPUQ),
.ex2(reset),
.ex3(EX_Flush),
.exd(EX_Stall),
.ex5(M_Stall),

/I Control Signals
.ex6(EX_Movn),
.ex7(EX_Movz),
.ex8(EX_BZero),
.ex9(EX_RegWrite),
.ex10(EX_MemtoReg),
.ex11(EX_ReverseEndian),
.ex12(EX_LLSC),
.ex13(EX_MemRead),
.ex14(EX_MemWrite),
.ex15(EX_MemByte),
.ex16(EX_MemHalf),
.ex17(EX_MemSignExtend),
.ex18(EX_Left),
.ex19(EX_Right),

/I Exception Control/Info
.ex20(EX_KernelMode),
.ex21(EX_RestartPC),
.ex22(EX_|IsBDS),
.ex23(EX_Trap),
.ex24(EX_TrapCond),
.ex25(EX_M_CanErr),

/I Data Signals
.ex26(EX_ALU_Result),
.ex27(EX_ReadData2),
.ex28(EX_RtRd),

fl —mmmmmemm e
.mem1({M_RegWrite(),
.mem2(M_MemtoReg0),
.mem3(M_ReverseEndian0),
.mem4(M_LLSCO),
.mem5({M_MemRead0),
.mem&(M_MemWrite0),
.mem7{M_MemByte0),
.mem8(M_MemHalf0),
.mem3({M_MemSignExtend0),
.mem10(M_Left0),
.mem11(M_Right0),
.mem12(M_KermelMode0),
.mem13(M_RestartPC0),
.mem14{M_IsBDS0),
.mem15(M_Trap0),
.mem16(M_TrapCond0),
.mem17(M_M_CanErr0),
.mem18(M_ALU_Result0),
.mem19(M_ReadData20),
.mem20(M_RtRd0)

)i

wire M_RegWrite(;

wire  M_MemtoReg0;
wire  M_ReverseEndian0;
wire M_LLSCO;

wire  M_MemRead0;

/I Future Control to WB
/I Future Control to WB

Figura 2-40 Partial codul verilog pentru EXMEMS$
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EXMEMS_Stags-Rout ing Usage Summary

Routing Usage Summary report for EXMEME_Stags

Wed Sep 23 13:56:49 2015

Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 SJ Web Edition
e +
; Routing Usage Summary H
B e B +
; Routing Rescource Type ; Usages H
o e +
; Block interconnects ;1,27 / 374,484 (= 1 %) ;
; Cl2 interconnects ; 4le / le,ee4 (2 % ) H
; 02 interconnscts ; 498 / 155,012 ( <1 % ) ;
; 04 interconnscts ; 541 / T2,e00 (<1 % ) ;
; D02 bus muxes ;0 /30 (0 %) ;
; DOs-18 I/0 buses ;0 /30 (0 %) ;
; DR8-% I/0 buses ;0 /30 (0% ;
; Direct links ;23 / 374,484 (<1 %) ;
; Global clocks ;0 /18 (0 %) ;
; Horizontal periphery clocks ; 0 / 72 (0 % ) ;
; Local interconnects ; 8/ 112,960 ( <1 % ) ;
; Quadrant clocks ;0 /88 (0 %) :
; Rl4 interconnects ; 414 / 15,868 ( 3 % ) H
; R14/C12 interconnect drivers ; 713 / 27,236 ( 3 % ) H
; R3 interconnects ; 736/ 169,29 (<= 1 %) H
; RE interconnects ;1,052 / 230,800 (=1 %) ;
; Spine clocks ;0 / 480 (0 %) :
; Wire stub REs ;0 / 20,824 (0 %) :
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PowerPlay Power Analyzer Status Successful - Sat Sep 26 21:43:24 2015
Quartus 11 b4-Bit Version 15.0.0 Build 145 04/22/2015 S1 Web Edition
Revision Name EXMEM8_Stage

Top-level Entity Name EXMEMS_Stage

Family Cydone V

Device SCGXFC7D7F31CE

Fower Models Final

Total Thermal Power Dissipation 365.17 mwW

Core Dynamic Thermal Power Dissipation 0.00 mW

Core Static Thermal Power Dissipation 348.96 mW

1/0 Thermal Power Dissipation 16.22 mW

Power Estimation Confidence Low: user provided insufficient toggle rate data

SCPU_EXMEM_Stageexmens

comb-& »

SCPUG[
cloct D—:.
EX_RestarPC[31.0] [k
EX_aLu_Resulta1_o)Cp

EX_ReadData2[31 0] [
Ex_RiRoE. 0[O

UNIVERSITAS
A 3

GALATIENSIS

EX_MemHait
=X_WemSignSxtend
EX_Latt
EX_Right
EX_Kemelhode [
EX_IsB03Z |

EX_Trap|

EX_TrapCond

EX_M_CanErm

SCPU_EXMEM_Stage:exmem2

awrarza
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w
MuxB:M_Left Mux
[
M_ALU_Result[31..0]
»
»
[
+ > M_MemWrite
»
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Muxg:M_ReadDatal_Mux

!

ki 0-o0
< M_ReadData2[20]~output

L

M_ReadData2]18]~output

L

M_ReadData2]13]~output

L

hdunS-0
hiux10-0

M_ReadData2(17]~output

b1 1~0

YM_ReadData]18]~output

mem 18[0..31]
SG?H.__}EXMEM_ 23

M_ReadData2[15]~output

EEE“iTEXMEM_S'.BZHmEmEZmEI'M

@0_2205,0_ 2217 Y———

menmﬁ:% U
n-z]
mem 18[0..31]

1-2]

-2

M_ReadDatal14]~output

M_ReadDatal13]~output

Y_ReadDatal12]~output

M_ReadData]11]~output

300
L M_ReadData2[10]~output

M3 ~0

Figuri 2-42 Tehnology map EXMEM8

2.3.4. MEMWBS

PowerPlay Power Analyzer Status Successful - Sat Sep 26 21:59:35 2015
Quartus II 64-Bit Version 15.0.0 Build 145 04/22/2015 51 Web Edition
Revision Name MEMWES_Stage

Top-level Entity Mame MEMWBS8_Stage

Family Cyclone V

Device SCGXFC7D7F31C8

Power Models Final

Total Thermal Power Dissipation 360.70 mw

Core Dynamic Thermal Power Dissipation 0.00 mwW

Core Static Thermal Power Dissipation 348.94 mwW

1/O Thermal Power Dissipation 11.77 mwW

Power Estimation Confidence |Low: user provided insufficient toggle rate data

hultiplexer Restructuring Statistics (Restructuring Performed) report for MEMWBS_Stage
Wed Sep 23 14:20:19% 2015
Quartus II 64-Bit Version 15.0.0 Build 145 04/22/2015 57 Web Edition

: Multiplexer Restructuring Statistics (Restructuring Performed)

; Multiplexer Inputs ; Bus Width ; Baseline Area ; Area if Restructured ; Saving if Restructured ; Registered ; Example Multiplexer Output

;31 ; 284 bits ; 568 LEs ; 0 LEs ; 568 LEs ; Yes
s o4l r 71 bits ;142 1Es r 142 LEs : 0 LEs : No

; |MEMWEE_Stage|sCPU MEMWE Stage:memwbl|wb3[2] ;
; |MEMWBE Stage|Mux®:WB_ReadData Mux|Mux3l
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module MEMWBS_Stage(

input sCPUO,
input sCPU1,
input sCPU2,
input sCPU3,
input sCPU4,
input sCPUS5,
input sCPUB,
input sCPU7,

input [ 1: O]selMIPS,

input clock,

input reset,

input M_Flush,

input M_Stall,

input WEB_Stall,

/I Control Signals

input M_RegWrite,

input M_MemtoReg,

/I Data Signals

input [ 31: 0IM_ReadData,
input [31: 0IM_ALU_Result,
input [ 4: O]M_RtRd,

WB_RegWrite,
WB_MemtoReg,

[ 31: 0]WB_ReadData,

[ 31: 0]WB_ALU_Result,
[4: 0]WB_RtRd

);
sCPU_MEMWB_Stagememwb0(
.mem1(clock&sCPUD),
.mem2(reset),
.mem3(M_Flush),
.memd4(M_Stall),
.mem5(WB_Stall),
I Control Signals
.mem6&(M_RegWrite),
.mem7(M_MemtoReg),
/I Data Signals
.mem8(M_ReadData),
.mem3(M_ALU_Result),
.mem10(M_RtRd),

wb1(WB_RegWrite0),
wb2(WB_MemtoReg0),
.wb3(WB_ReadData0),
wb4(WB_ALU_Result0),
wb5(WB_RtRd0)

)

wire  WB_RegWrite0;

wire  WB_MemtoReg0;

wire [ 31: 0]WB_ReadData0;
wire [ 31: 0]WB_ALU_Result0;
wire [4: 0]WB_RtRdO;

sCPU_MEMWB_Stagememwb1(
.mem1(clock&sCPU1),
.mem2(reset),
.mem3(M_Flush),
.memd4(M_Stall),

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
17
118
119
120
121
122
123
124

S
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.mem5(WB_Stall),

[l Control Signals
.mem6(M_RegWrite),
.mem7(M_MemtoReg),
[/ Data Signals
.mem8(M_ReadData),
.mem3(M_ALU_Result),
.mem10({M_RtRd),

.wb1(WB_RegWrite1),
.wb2(WB_MemtoReg1),
.wb3(WB_ReadData1),
.wb4(WB_ALU_Result1),
.wb5(WB_RtRd1)

¥

wire  WB_RegWrite1;

wire  WB_MemtoReg1;
wire [31:0]WB_ReadDatat;
wire [31:0]WB_ALU_Result1;
wire [ 4: 0]WB_RtRd1;

sCPU_MEMWB_Stagememwb2(
.mem1(clock&sCPU2),
.mem2(reset),
.mem3(M_Flush),
.mem4(M_Stall),
.mem5(WB_Stall),
[l Control Signals
.mem&(M_RegWrite),
.mem7(M_MemtoReg),
[/ Data Signals
.mem8(M_ReadData),
.mem3(M_ALU_Result),
.mem10(M_RtRd),

.wb1(WB_RegWrite2),
.wb2(WB_MemtoReg2),
.wb3(WB_ReadData2),
.wb4(WB_ALU_Result2),
.wb5(WB_RtRd2)

¥

wire  WB_RegWrite2;

wire  WB_MemtoReg2;

wire [31:0]WB_ReadData2;
wire [ 31: 0]WB_ALU_Result2;
wire [ 4: 0]WB_RtRd2;

sCPU_MEMWB_Stagememwb3(
.mem1(clock&sCPU3),
.mem2(reset),
.mem3(M_Flush),
.mem4(M_Stall),
.mem5(WB_Stall),
[l Control Signals
.mem6&(M_RegWrite),
.mem7(M_MemtoReg),
[/ Data Signals
.mem8(M_ReadData),
.mem3(M_ALU_Result),
.mem10(M_RtRd),
f ememmmeeemeeanee

125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
187
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
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wb1(WB_RegWrite3),
wb2(WB_MemtoReg3),
wb3(WB_ReadData3),
wb4(WB_ALU_Result3),
wb5(WB_RtRd3)

)i

wire  WB_RegWrite3;

wire  WB_MemtoReg3;

wire [31: 0]WB_ReadData3;
wire [31: 0]WB_ALU_Result3;
wire [ 4: 0]WB_RtRd3;

sCPU_MEMWE_Stagememwb(

.mem1(clock&sCPU4),
.mem2(reset),
.mem3(M_Flush),
.mem4(M_Stall),
.mem5(WB_Stall),

I Control Signals
.mem6(M_RegWrite),
.mem7(M_MemtoReg),
/{ Data Signals
.mem8(M_ReadData),
.mem3(M_ALU_Result),
.mem10(M_RtRd),

[ ——
wh1(WB_RegWrited),
wh2(WB_MemtoReg4),
wh3(WB_ReadData4),
wh4(WB_ALU_Result4),
wh5(WB_RtRd4)

)

wire  WB_RegWrite4;

wire  WB_MemtoReg4;

wire [ 31: 0]WB_ReadData4;
wire [31: 0]WB_ALU_Result4;
wire [ 4: 0]WB_RtRd4;

sCPU_MEMWE_Stagememwb5(

.mem1(clock&sCPUS5),
.mem2(reset),
.mem3(M_Flush),
.memd4(M_5Stall),
.mem5(WB_Stall),

I{ Control Signals
.mem&(M_RegWrite),
.mem7(M_MemtoReg),
I/ Data Signals
.mem8(M_ReadData),
.mem9(M_ALU_Result),
.mem10(M_RtRd),

L
wh1(WB_RegWrite5),
wh2(WB_MemtoReg5),
wb3(WB_ReadData5),
wh4(WB_ALU_Result5),
wb5(WB_RtRd5)

)i

wire  WB_RegWrite5;
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187 wire  WB_MemtoReg5;
188 wire [31: 0]WB_ReadData5;
189 wire [31: 0]JWB_ALU_Result5; 219 InO(WB._RegWrite0)
190 ire [ 4: 0]WB_RtRd5; oot
191 wire  [4: 0JWB_ 250 in1(WB_RegWrite1),
192 sCPU_MEMWB_Stagememwb6( 251 N2(WB_RegWrite2),
252 .in3(WB_RegWrite3),
193 .mem1(clock&sCPUE), . .
194 mem2(reset) 253 .ind(WB_RegWrited),
’ ' 254 .in5(WB_RegWrite5),
132 ::xgm—gaﬁ;‘) 255 in6(WB_RegWrites),
: — . 256 .in7(WB_RegWrite7),
197 mem5(WB_Stall), 257 out(WB_RegWrite)
198 /I Control Signals 258 )
199 .mem6(M_RegWrite), 259
200 .mem7(M_MemtoReg), 260  Mux8#{WIDTH( 1))WB_MemtoReq Mux(
201 /l Data Signals 261 sel(selMIPS),
202 .mem8(M_ReadData), 262 in0(WB_MemtoReg0),
203 .mem3(M_ALU_Result), 263 .in1(WB_MemtoReg1),
204 .mem10(M_RtRd), 264 .in2(WB_MemtoReg2),
205 J mmmmemeeme e 265 in3(WB_MemtoReg3),
206 wb1(WB_RegWrite6), 266 .ind(WB_MemtoRegd),
207 wb2(WB_MemtoReg6), 267 .in5(WB_MemtoReg5),
208 Wb3(WB_ReadData6), 268 in6(WB_MemtoReg),
209 wh4(WB_ALU_Reslt6), 269 .in7(WB_MemtoReg7),
210 Wb5(WB_RtRd6) ;’?0 iclul{‘-"v‘E!_I'~!I~=crlntoFieg)
211 ) 71 ;
212 272
213 wire WB_REQWI’“EB: 273 MU){B#{.W|DTH( 32))WB_ReadData_Mux(
214 wire WB_MemtoReg6; 274 sel(selMIPS),
215 wire [ 31: 0]WB_ReadData6; ;—’;g -!n?(‘«ﬂ-'g_geaggai?},
216 wire [ 31: O]WB_ALU_Result6: 4n1(WB_ReadDeta1),
217 wire [ 4: 0]WB_RtRd6:; 217 In2(WB_ReadData2),
218 - ’ 278 .in3(WB_ReadData3),
219 sCPU_MEMWB_Stagememwb7( 279 nd(WB_ReadDatad),
280 .in5(WB_ReadData5),
220 .mem1(clock&sCPUT), 281 in6(WB_ReadData6)
221 .mem2(reset), 282 in7(WB_ReadData7),
§§§ -memgm—gﬂﬁ;‘)' 283 OUt{WB_ReadData)
me | . 284 ):
224 .mem5(WB_Stall), 285
225 /I Control Signals 286  Mux8#(WIDTH( 32))WB_ALU_Result_Mux(
226 mem6&(M_RegWrite), 287 sel(selMIPS),
227 mem7(M_MemtoReg), 288 in0(WB_ALU_Result0),
228 Il Data Signals 289 .in1(WB_ALU_Result1),
229 .mem8(M_ReadData), 290 .in2(WB_ALU_Result2),
230 mem8(M_ALU_Result), 291 .in3(WB_ALU_Result3),
231 .mem10(M_RIRd), 292 ind(WB_ALU_Result4),
232 ] R — 293 .in5(WB_ALU_Result5),
233 wb1(WB_RegWrite7), 294 in6(WB_ALU_Result6),
234 Wwh2(WB_MemtoReg7), 295 An7(WB_ALU_Result7),
235 Wb3(WB_ReadData7), 296 -out(WB_ALU_Result)
236 Wbd(WB_ALU_Result7), gg; X
237 Wb5(WB_RtRd7
238 ): (WB] ) 299  MuxB#.WIDTH( 5))WB_RIRd_Mux(
239 300 sel(selMIPS),
) o 301 in0(WB_RRAO0),
240 wire WB_RegWrite7; X
. - . 302 in1(WB_RtRd1),
241 wire  WB_MemtoRegT; .
242 wire [ 21: 0]WB_ReadData7; 303 An2(WB_RIRd2),
. ; 304 in3(WB_RtRd3),
243 wire [ 31: 0]WB_ALU_Result7; .
244 wire [ 4: O]WB_RtRd7: 305 And(WB_RiRd4), 311
: — : 306 .in5(WB_RIRd5), 312
245 307 inB(WB_RIRd6),
246 ‘ 308 in7(WB_RIRd7), 313
247 MU){B#{WlDTH( 1 ))WB_REQWFI[E_MUX( 309 .out{WB_RtRd) 314 endmodule
248 sel(selMIPS), 310 ) - 315

Figura 2-43 Codul verilog pentru MEMWBS
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w4z Chip Planner - Di/doctorat/referat3/procesomd _Stage - MEMWBS.S ol
File Edit View Tools Window Hep 5 Search altera.com @
o [l B & x| Coordinate: Editing Mode: (ECO - SCGHFCTDF31CE v | [pevice Properties ngx|
- Report ne
o seectegdements: [ 7]
&, [« General |
N
a Device SCGXFCTDFFIICE®  ~
&= Family Cydone V
E. 1ax ALMs 56480
- Total If0s 522
.a ‘_ GPIOs 480
B ( GXB Chamnel PMA 9
== GXB Channel PC5 9
=Y O PCle Hard IP Blocks 2
2 = Memary Contrallers 2
+! PR Memory Bits 7024640
e DSP Blocks 158
— Fractional PLLs 7
& DLLs 4
o Global Clocks 16
w PR HPS CPU Cores 0
z0 .
L) 1 ] 1
2
#
™
p
)

4 Chip Planner - D:/doctorat

Location Assignment No

Fle Edt Vew Tools Window Hep ) Search altera.com @
o e 28 x| Coordinate: Editing Mode: Node Properties 18 x
= Report ne
o Selected elements: [wb1 ]
L), -
> = = =
& - f
- = :
) K™ E .
8. %8x -
>~
e » — = =
K =04
EN O |
} ; 23 -
g i
- f
= < » Q
ny |
& Properties/Modes Values
4B Full Name IMEMWBS_Stage |sCPU_MEMWB_Stage:memwb0|wb1
] Coordinate (6,3
% Resource Type Register cel
g = Location FF_X36_Y3_N31
N
#
Y

Figura 2-44 Chip planner MEMWBS8

MEMWES Stags—Post—Synthesis Netlist Statistics for Top Partition
Post—3ynthesis Nestlist Statistics for Top Partition report for MEMWBS Stags
Wed Sep 23 14:20:32 2015
Quartus IT 64-Bit Version 15.0.0 Build 145 04/22/2015 3J Wek Edition

B e +
; Post-Synthesis Netlist 3tatistics for Top Partition ;
B e R it +
; Type ; Count H
B e R it +
; arriav_ff ; Zie4 ;
H ENLZ 3CLR ; 284 H
; arriav lcell comb ; 77 ;
H normal HE N H
; 2 data inputs ; 3 ;
; 3 data inputs ; 1 ;
; & data inputs ; 71 ;
; boundary port ;s 137 H
i H H
; Max LUT depth ; 1.00 H
; Average LUT depth ; 0.B84 H
B e R it +
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MEMWBS Stags—Routing Usage Summary
Routing Usage Summary rsport for MEMWBS Stags
Wed Sep 23 14:21:47 2015
Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2013 SJ Webk Edition

e +
; Routing Usage Summary H
B B e +
; Routing Resource Type ; Usage H
B B e +
; Block interconnects ; 708/ 374,484 ([ < 1 % ) ;
; Cl2 intercconnects ; 20 / lg,6684 ( < 1L %) ;
; T2 interconnects ; 207 / 155,012 (< 1 % ) ;
; T4 interconnects ; leg / 72,00 (=1 %) H
; D23 bus muxes ;0 /S 30 (0 %) H
; Do3-18 I/0 buses ;0 /S 30 (0 %) H
; DO3-9 I/0 buses ; 0/ 30 (0 %) ;
; Direct links ;26 / 374,484 ( <=1 %) ;
; Glabal clocks ;0 /16 (0 %) H
; Horizental periphery clocks ; 0/ 72 (0 % ) ;
; Local interconnects ;4 / 112,960 ( <= 1 %) ;
; Quadrant clocks ;0 /S B8 (0 %) H
; Rl4 interconnscts ; 158 / 15,868 (<=1 % ) ;
; R14/C12 interconnect driwvers ; 158 / 27,256 (<1 %) ;
; B3 interconnects ; 367 / les, 286 (< 1 %) ;
; BRf interconnects ; €837 / 330,800 (<=1 %) ;
; Zpine clocks ; 0/ 480 (0 %) ;
; Wire stub REs ; 0/ 20,8324 (0 %) ;
B B e +

MEMWBE Stage—-Flow Summary
Flow Summary report for MEMWES Stage
Wed Sep 22 14:15:47 2015
Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 8J Web Editicn

R e e +
; Flow Summary H
e e +

Flow Status

Quartus II §4-Bit Version
Revision MNams

Top—level Entity Name

Successful - Mon Ssp 21 23:30:02 2015
15.0.0 Build 145 04/22/2015 SJ Web Editicn
MEMWES Stage

MEMWES Stage

Family Cyclone ¥

Device SCGEXFCTDTF31CH

Timing Modsls Final

Logic utilization (in ALMs) 134 / 56,480 (< 1 % )
Total registers 284

157 / 522 ( 30 % )

H

H

H

r

B

B

B

B

B

; Total pins
; Total wirtual pins
B

r

H
H
H
H
H

H

Total block memory bits o/ 7,024,640 (0 %)
Total DSP Blocks 0/ 156 (0 %)
Total HSSI EX PCSs a/ 9 (0%)

Total H3SI PMA RX Deserializers o0/ 9 (0%)

Total HSSI TX PCSs a/ 9 (0%)

Total HSSI PMA TX Serializsrs o0/ 9 (0%)

Total PLLs 0/ 16 (0 %)

Total DLLs o/ 4 (0%

4 e e e e e e me fe fe fe Te fe Te Te e e e e R
4 e e e e e e me fe fe fe fe Te fe Te Te e e e R
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SCPU_MEMWB_Stage:memwhl

comi~0

SCPU1 l_)—:.

MuxB:WE_MemtoReg_Mux

sCPU2 Df.:.

{ » WE_MemtoReg

B_ReadData_Mux

WEB_ReadData[31.0]

sCPU3 D—:.

sCPUs[ >—

o

WE_ALU_Result{31.0]

SCPUS[—
clock [_—4
tesulti31.0] [
M_Flush [_»

comb~3
crus D)

comb-T

<o)

Data[31..0] [
|_RtRd4.0] [
reset[ >
M_stall[_r
Wa_stall [
A_RegWrita[_»
MemioReg[ >

amiPs[1.0] [

Figura 2-45 RTL MEMWB8S
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M_ALU Resul]0]~input

M_ALU_Resultfo. 311 [

Y-

|
i|

A

M ALU Result[1[]]~|nput

. l
M_ALU Result[11]~|nput

Le

11

A

0 _IBU
M ALU Result[12]~input

A

M_ALU Result[13]~|nput
13

0 _IBU
M ALU Result[14]~input

M_ALU Result[15]~|nput
15

0 _IBU
M ALU Result[16]~input

M_ALU Result[ﬂ’] input
17

0 _IBU
M ALU Result[18]~input

M_ALU Result[1'3]~|nput
19

M OAITT Pacull 1t
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4
L_# |
WB_ Stall~input
WB_Stall | 1 ]
clock~input |

clock comb~2

U 1BU DATAA  COMBOUT]

sCPU1~input DATAB
-
016U sCPU2~input
— .

reset~input

M_ReadData[8]~input
M_ReadData[0..31] [} > ] o

M_ReadData[9]~input
- O
O_IBU
M_ReadData[0]~input
P 0
0 _IBU
M_ReadData[1]~input

- I
0 1BU

M_ReadData[10}~input

F—1__2

O IBU
M_ReadData[11}~input

F—_=
0_IBU
M_ReadData[12]}~input

0_IBU
M_ReadData[13}~input
o p——

0_IBU
M_ReadData[ 14]}~input

0_IBU
M_ReadData[15}~input
&

0_IBU
M_ReadData[ 16]~input

T e 1
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sCPU_MEMWB_Stage:memwhb2
|
sCPU_MEMWB
£PU_MEMWE_

comb~1

DATAA  COMBOUT)| *‘
DATAB

oo eheo

SCPU_MERIWB_Stage:menwbl-wh1~0)
sCPU_MEMWB_Stage:memwb wb3[2]-0

M AL

sCPU_MEMWB_Stage:memwb1

M R

sqPU_MEIWE_Stdge:
sCPYU_MEMWE_Stage:

CPY_MEM!

Figura 2-46 Partial Tehnology map MEMWBS

2.3.5. PC8

PC8-Flow Summary

Flow Summary report for PCB
Wed Sep 23 14:28:16 2015
Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 8J Wek Edition

e

B T T TR T L L TR TR T

Flow 3
Quartu
Eevisi
Top—le
Family
Device
Timing
Logic
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total

_______________________________________________________________________ +
ummary H
—————————————————————————— et
tatus ; Successful - Mon Ssp 21 23:45:30 2015 H
s IT 64-Bit Version ; 15.0.0 Build 145 04/22/2015 2J W=k Edition ;
on Nams ; PCB H
vel Entity Name ; BCB :

; Cyclone WV H

; 5CGXFCTDTRILCE :
Models ; Final :
utilization (in RALMs) ; L/ 56,480 ( = 1 %) H
regilsters ; 0 :
pins ; 78 / 522 (15 % ) H
virtual pins ; 0 :
block memory bits ; 0/ 7,024,640 (0 %) H
DSP Blocks ; 0/ 156 (0 %) H
H3SI RX PCS8s s 0/ % (0 %) H
H3SI PMR RX Deserializers ; 0 / 9 (0 %) H
HSST TX PCSs 0/ 95 (0% ) :
H35I PML TX Serializsrs s 0 9 (0 %) :
PLLs ;0 16 (0% ) :
DLLs s 0 S 4 (0% :
—————————————————————————— et
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module PCB8(
input [ 1: O]selPC,
input  en_MIPS,
input  clock,
input  reset,

input  enable,
input [ 31: 0]IF_PCln,

output  sCPUO,
output  sCPU1,
output  sCPU2,
output  sCPU3,
output sCPUA4,
output  sCPUS,
output  sCPUE,
output  sCPU7,
output [ 31: 0JIF_PCOut

)%
wire [ 31: 0]Q0,Q21,02,03,04,Q05,06,Q7;

/*** Program Counter (MIPS spec is 0xBFC00000 starting address) ***/
Registers#( .\WIDTH( J2y)pPco(
.clock{clock),
reset(reset),
fl.enable (~IF_Stall), /f XXX verify. HERE. Was 1 but on stall latches PC+4, ad
nauseum.
.enable({enable&sCPUQ)),
.D(IF_PCIn),
.Q(Qo)

/*** Program Counter (MIPS spec is 0xBFC00000 starting address) ***/
Registers#( .\WIDTH( J2)npPc(
.clock{clock),
reset(reset),
fl.enable (~IF_Stall), /f XXX verify. HERE. Was 1 but on stall latches PC+4, ad
nauseum.
.enable((enable&sCPU1)),
.D(IF_PCIn),
Qan)
)

/*** Program Counter (MIPS spec is 0xBFC00000 starting address) ***/
Registers#( .\WIDTH( a2)pPcz(
.clock{clock),
reset(reset),
fl.enable (~IF_Stall), /f XXX verify. HERE. Was 1 but on stall latches PC+4, ad
nauseum.
.enable((enable&sCPU2)),
.D(IF_PCIn),
.Q(Qz2)
)

/*** Program Counter (MIPS spec is 0xBFC00000 starting address) ***/
Register#( \WIDTH( 32)PC3(
.clock{clock),

MINISTERUL
EDUCATIEI §1
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reset(reset),
/l.enable (~IF_Stall), // XXX verify. HERE. Was 1 but on stall latches PC+4, ad
nauseum.
.enable((enable&sCPU3)),
.D(IF_PClIn),
.Q(Q3)

/*** Program Counter (MIPS spec is 0xBFC00000 starting address) ***/
Register#(.WIDTH( 32))PC4(
.clock(clock),
reset(reset),
/l.enable (~IF_Stall), // XXX verify. HERE. Was 1 but on stall latches PC+4, ad
nauseum.
.enable((enable&sCPU4)),
.D(IF_PClIn),
Q(Q4)

/*** Program Counter (MIPS spec is 0xBFC00000 starting address) ***/

Register#( . WIDTH( 32))PCs(
.clock(clock),
reset(reset),
/l.enable (~IF_Stall), // XXX verify. HERE. Was 1 but on stall latches PC+4, ad

nauseum.

.enable((enable&sCPUS5)),
.D(IF_PCIn),
.Q(Q5)

)

[*** Program Counter (MIPS spec is 0xBFC00000 starting address) ***/
Register#(.WIDTH( 32))PC8(
.clock(clock),
reset(reset),
/l.enable (~IF_Stall), // XXX verify. HERE. Was 1 but on stall latches PC+4, ad
nauseum.
.enable((enable&sCPUE)),
.D(IF_PCin),
.Q(Q6)
)

/*** Program Counter (MIPS spec is 0xBFC00000 starting address) ***/
Register#(.WIDTH( 32))PCT(
.clock(clock),
reset(reset),
/l.enable (~IF_Stall), // XXX verify. HERE. Was 1 but on stall latches PC+4, ad
nauseum.
.enable((enable&sCPUT)),
.D(IF_PClIn),
Q(Q7)
)

f*** PC Source Non-Exception Mux ***/
Mux8#(.WIDTH(  32))PCsCPUI_Mux(

.sel(selPC),

in0(Q0), I(IF_PCout0),
in1(Q1), I (IF_PCout1),
in2(Q2), Il (IF_PCout2),
in3(Q3), I(IF_PCout3),
ind(Q4), I(IF PCout4),
in5(Q5), I/ (IF_PCouts),
inB(Q6), I (IF_PCout6),
Ain7(Q7), I(IF_PCout7),

.out(IF_PCOut)
)

endmodule

Figura 2-47 Codul verilog pentru PC8

104



UNIUNEA EUROPEANA

Fondul Social European

Fe -

Instrumente Structurale

POSDRU 2007-2013 2007-2013

OIPOSDRU

MINISTERUL

W EDUCATIEI 1

CERCETARII
STIINTIFICE

BCB-Post-3ynthesis Netlist 3tatistics for Top Partition
Post—3ynthesis Netlist Statistics for Top Partition report for PCB

Wed Sep 23 14:29:16 2015

Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015

3J Wek Editiomn

T +
; Post—-Synthesis Netlist 3tatistics for Top Partition ;
Fom e +
; Type ; Count :
it e +
; arriav_lecell comb ;1 E
H normal ;1 H
; 0 data inputs ; 1 :
; boundary port : 78 H
H H H
; Max LUT depth ; 0.00 ;
; Rhwerage LUT depth ; 0.00 H
e T +

Partition Statistics report for PCB
Wed Sep 23 14:2%:56 2015

Quartus II 64-Bit Version 15.0.0 Build 145

PC2-Partition Statistics

04/22/2015 8J Web Edition

Logic utilization (ALMs nesdsd / total AIMs on device) ; 1 / 56480
A1Ms nesded [=R-B+Z] ;1
[A] AIMs used in final placement [Satbtct+d] ; 1 / 56480
[2] AIM=s used for LUT logic and rsgistsrs ;0

[b] ZIM= used £o
[c] ALMs used £
[d] AIM= used fo

r LUT logic
r registers

r memory (up to half of total ALMs) ;

[B] Estimate of ALMs recoverable by dense packing ; 0/ 56480
[C] Estimate of ALMs unavailable [=a+b+c+d] ; 0/ 58480
[a] Due to location comnstrained logic ;0
[b] Due to LAB-wide signal conflicts ;0
[c] Due to LAE input limits ;0
[d] Due to wirtual I/Os ;0
Difficulty packing design ; Low

Total LABs: partially or complstely used
-- Logic LABs
-- Memory LEBs (up to half of total LABs)

Combinational ALUT usage for logic

-— 7 input functions

—— & input functions

-- 5 input functicns

—— 4 input functions

-- <=3 input functions
Combinational RLUT usage for route—throughs
Memory ALUT usage

-- 64-address deep

—- 3Z-address dsep

Dedicated logic registers
—-— By type:
—— Primary legic registers
-- S=condary logic registers

1]

0

hard_block:autu_g&nerated_inst H

;1 / 5648 (<1 %)

;1
;i 0

;1
i o
;0
i 0
;0
;1
;0
i 0
;0

iU

iU

; 0/ 112560
; 0/ 112560

==

oo

0
0
0
0
0
0
0
0
0
0
0
0

0

/ 56480

/ 56480

/ 56480
/ 5€480

Low

/ 5648 [

/ 112360
/112960

(
(

(
(

oo

%

0
o

®

)
)
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-- By function:
T~ Design implementation registers
-- Routing cptimization registers

Virtual pins

1/0 pins

I/0 registers

Total block memory bits

Total block memory implementation bits

Connections
—— Input Connsctions
—— Registersd Input Connections
—— OQutput Connecticns
-— Registered Output Connsctions

Internal Connecticns
—— Total Connsctions
-— Registered Connections

Extsrnal Connsctions
- Top
-- hard_block:auto_gencrated_inst

Partition Interface
-- Input Ports
—— Output Ports
-- Bidir Ports

Registersd Ports
-— Registersd Input Forts
-— Registered Cutput Ports

Port Connectivity

-- Input Ports driven by GND

—— Output Ports driwen by GND
Input Ports driven by vCC
-- Output Ports driwven by VCC
-- Input Ports with no Source
—— Cutput Ports with no Source
-- Input Ports with no Fanout
—— Cutput Ports with no Fanout

RegisterPCO

en_MIPS[ >

enable[ >

IF_PCin[21..0] [y
clock [ >

selPCl1..0]

[ Structurale
20072013
0 ;0
[t} ;i 0
o ; 0
8 ;i 0
0 ;0
[t} ;i 0
o ;i 0
i
0 ;0
o ;i 0
o ; 0
[t} ;i 0
78 ;i 0
0 ;
0 ;0
o ;i 0
38 ;i 0
40 ;i 0
o : 0
0 ;0
[t} ;i 0
;
[t} ;i 0
0 ;0
o ;i 0
o ;i 0
[t} ;i 0
0 ;0
[t} ;i 0
o ;i 0

OIPOSDRU

MINISTERUL
EDUCATIEI §1
CERCETARIT
STIINTIFICE

1ml:) sCPUD
MO scput
[ scPuz
THO s scRuz
"M scrus
[ scrus

1""E'|:> sCPUB

1'h0,
(=

1h0,

1h0,

Mux8:PCsCPUI_Mux

IF_PCOu21.0]

reset| >——4

RegisterPC5

resel

RegisterPCA

Figura 2-48 RTL PC8
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IF_PCIn0..31]) [y

IF_PCiIn[0]~input

i

10_IBUF
IF_PCIn[10]~input

:

IF_PCiIn[1]~input

i

10_IBUF
IF_PCIn[11]~input

i

10_IBUF

IF_PCIn[12]~input

i

I0_IBUF
IF_PCIn[2]~input

L

IF_PCIn[13]~input

;

IF_PCIn[14]~input

i

I0_IBUF
IF_PClIn[3]~input

i

10_IBUF
IF_PCIn[15]~input

:

IF_PCIn[16]~input

:

IF_PCIn[17]~input

i

I0_IBUF
IF_PCin[4]~input

i

10_IBUF
IF_PCIn[S]~input

i

10_IBUF
IF_PCIn[18]~input

:

IF_PCIn[18]~input

i

10_IBUF
IF_PCIn[20]~input

i

10_IBUF
IF_PCin[E]~input

i

I0_IBUF
IF_PCiIn[7]~input

IF_PCIn[21]~input

e

Fondul Social European
POSDRU 2007-2013

selPC[0.. 1] [

<

Instrumente Structurale
2007-2013

]

sCPU3~cutput

=
=
'D

. sCPU4~cutput

?

10_0BUF

sCPUS~cutput
1'h0

F

10_OBUF
sCPUGS~cutput

=
=
'D

10_OBUF
sCPUT~output

-
=
'G

0_oBU
selRPC[0]~input

i

10_IBUF
selPC[1]~input

i

j

10_IBUF

Figura 2-49 Tehnology map PC8
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2.3.6. Register file8
module RegisterFile8(
input  sCPUO,
input  sCPU1,
input sCPU2,
input sCPU3,
input sCPU4,
input  sCPUS5,
input  sCPUB,
input sCPU7,
input [ 1: 0]selMIPS,
input  clock,
input  reset,
input [ 4: 0]ReadReg1,
input [ 4: 0]JReadReg2,
input [ 4: 0]WriteReq,
input [ 31: 0]WriteData,
input  RegWrite,
output [ 31: 0]ID_ReadDatal_RF,
output [ 31: 0]ID_ReadData2_RF
wire [ 31: 0]ID_ReadDatal_RFO;

wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

[ 31: D]ID_ReadData2_RFO;
[ 31: 0]ID_ReadData1_RF1;
[ 31: 0]ID_ReadData2_RF1;
[ 31: 0]ID_ReadDatal_RF2;
[ 31: 0]ID_ReadData2_RF2;
[ 31: 0]ID_ReadDatal_RF3;
[ 31: 0]ID_ReadData2_RF3;
[ 31: 0]ID_ReadData1_RF4;
[ 31: 0]ID_ReadData2_RF4;
[ 31: 0]ID_ReadDatal1_RF5;
[ 31: 0]ID_ReadData2_RF5;
[ 31: 0]ID_ReadDatal_RF6;
[ 31: 0]ID_ReadData2_RF6;
[ 31: 0]ID_ReadDatal_RFT7;
[ 31: 0]ID_ReadData2_RFT7;

*** Register File ***/
RegisterFileRegisterFile_sCPUO(

)

.clock(clock&sCPUO),
.reset(reset),
.ReadReg1(ReadReqg1),
.ReadReg2(ReadReg2),
WriteReg(WriteReg),
WiriteData(WriteData),
.RegWrite(RegWrite),
.ReadData1(ID_ReadData1_RF0),
.ReadData2(ID_ReadData2_RF0)

[*** Register File ***/
RegisterFileRegisterFile_sCPU1(

.clock(clock&sCPU1),
.reset(reset),
.ReadReg1(ReadReq1),
.ReadReg2(ReadReg2),
WiriteReg(WriteReg),
WriteData(WriteData),
.RegWrite(RegWrite),

Figura 2-50 Codul verilog pentru Register file8
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.ReadData1(ID_ReadData1_RF1),
.ReadData2(|D_ReadData2_RF1)

)

f*** Register File ***/
RegisterFileRegisterFile_sCPU2(
.clock(clock&sCPU2),

reset(reset),
.ReadReg1(ReadReg1),
.ReadReg2(ReadReg2),
WriteReg(WriteReg),
WriteData(WriteData),
.RegWrite(RegWrite),

.ReadData1(ID_ReadData1_RF2),
.ReadData2(|D_ReadData2_RF2)

)

f*** Register File ***/
RegisterFileRegisterFile_sCPU3(
.clock(clock&sCPU3),

reset(reset),
.ReadReg1(ReadReg1),
.ReadReg2(ReadReg2),
WriteReg(WriteReg),
WriteData(WriteData),
.RegWrite(RegWrite),

.ReadData1(ID_ReadData1_RF3),
.ReadData2(ID_ReadData2_RF3)

)

/*** Register File ***/
RegisterFileRegisterFile_sCPU4(

.clock(clock&sCPU4),
reset(reset),
.ReadReg1(ReadReg1),
.ReadReg2(ReadReg?2),
WriteReg(WriteReg),
WriteData(WriteData),
RegWrite(RegWrite),

.ReadData1(ID_ReadData1_RF4),
.ReadData2(ID_ReadData2_RF4)

)

/*** Register File ***/
RegisterFileRegisterFile_sCPUS(

.clock(clock&sCPUS),
reset(reset),
.ReadReg1(ReadReg1),
.ReadReg2(ReadReg?2),
WriteReg(WriteReg),
WriteData(WriteData),
RegWrite(RegWrite),

.ReadData1(ID_ReadData1_RF5),
.ReadData2(ID_ReadData2_RF5)

)

/*** Register File ***/
RegisterFileRegisterFile_sCPU8(
.clock(clock&sCPUB),
reset(reset),
.ReadReg1(ReadReg1),
.ReadReg2(ReadReg2),

125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

)
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OIPOSDRU

WriteReg(WriteReg),
WriteData(WriteData),
.RegWrite(RegWrite),
.ReadData1(ID_ReadData1_RF6),
.ReadData2(ID_ReadData2_RF&)

/*** Register File ***/
RegisterFileRegisterFile_sCPU7(

)

.clock(clock&sCPUT),
reset(reset),
.ReadReg1(ReadReg1),
.ReadReg2(ReadReg2),
WriteReg(WriteReg),
WriteData(WriteData),
.RegWrite{RegWrite),
.ReadData1(ID_ReadData1_RF7),
.ReadData2(ID_ReadData2_RF7)

/*** ID Rs Forwarding/Link Mux ***/

Mux8(.WIDTH(
sel(selMIPS),
.in0(ID_ReadData2_RFO0),
.in1(ID_ReadData2_RF1),
.in2(ID_ReadData2_RF2),
.in3(ID_ReadData2_RF3),
.in4(ID_ReadData2_RF4),
.in5(ID_ReadData2_RF5),
.in6(ID_ReadData2_RF8),
.in7(ID_ReadData2_RF7),

.out{|D_ReadData2_RF)
)

endmodule
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Post—Synthesis Netlist Statistics for Top Partition report for RegisterFileB

Fondul Social European
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e

RegisterFileB-Flow Surmmary

Flow Summary report for RegisterFileSB

Wed Sep 23 14:35:45 2013

Quartus II €4-Bit Version 15.0.0 Build 145 04/22/2015 8J Web Edition

S

OIPOSDRU

; Flow Summary
N

Flow 3tatus

Quartus II €4-Bit Version
Revision Nams

Top—level Entity Name
Family

Device

Timing Models

Logic utilization (in AIMs)
Total registers

Total pins

Total virtual pins

Total block memory bits
Total DSP Blocks

Total HSSI RX PC3s

Total HSSI TX PC3s

Total PLLs
Total DLLs

T

Total HS3I FPMA RX Deserializers ; 0

Total HSSI PMA TX Serializers ;0

; Successful - Mon Sep 21 23:56:54 2015

; 15.0.0 Build 145 04/22/2015 SJ Web Edition ;

; RegisterFiles
; RegisterFiles
; Cyclone ¥V

; SCGXFCTDTEF31CE

; Final
; 4,218 / 56,480 (7 %)
; 2568
; 124 / 522 ( 24 %
; 0/ 7,024,640 (0 %)
; 0/ 156 (0% )
;0 /9 (0%)
/5 (0% )
; 0/ 9 (0% )
/9 (0% )
;0 /16 (0 %)
; 0/ 4 (0% )

MINISTERUL

W EDUCATIEI 1

CERCETARII
STIINTIFICE

RegisterFileS8-Post-Synthesis Netlist Statistics for Top Partition

Wed Sep 23 14:36:34 20135
CQuartus II 64-Bit Version 15.0.0 Build 145 04/22/2015 53J Web Edition

Post-Synthesis Netlist Statistics for Top Partition ;
Type ; Count H
arriav_f£f ; 3968 H
ENAZ SCLR ; 3968 ;
arriav_lecell comb ; 4115 H
sextend ; €4 B

7 data inputs ; €4 H

normal ; 4051 H

2 data inputs ; 42 H

3 data inputs ; & H

4 data inputs ; 2 H

5 data inputs ; 258 H

& data inputs ; 3743 ;
boundary_port ; 124 H
Max LUT depth ; 4.00 H
Averags LUT depth ; 3.5 H

Routing

Wed Sep 23 14:37:47 2015
uartus I[I €4-Bit Version 15.0.0

Q

.

Jome ome ome me ma me me s me o me ws oms me e e e we e

Usage Summary report for

RegisterFile8-Routing Usage Summary

RegisterFile8

Build 145 04/22/2015 8J Web Edition

______ S —
Routing Usage Summary H

—————— + - ——+
Routing Resource Type ; Usage ;

—————— + - ——+
Block interconnects 20,100 / 374,484 ( 5 % ) ;
Cl2 interconnects 374 / le,e64 (2 %) H
C2 interconnects 6,399 / 155,012 ( 4 % ) H

C4 interconnects

D28 bus muxes

DosS-18 I/0 buses

DeS-% I/0 buses

Direct links

Global clocks

Horizeontal periphery clocks
Local interconnscts
Quadrant clocks

R14 interconnects

R14/Cl2 interconnect drivers
R3 interconnects

R& interconnects

Spine clocks

Wire stub REs

3,588 / 72,600 ( 5 %) H

0/ 30 (0%) H
0/ 30 (0%) H
0/ 30 (0%) H
698 / 374,484 (<1 %) ;
0/ 1le (0%
o/ 72 (0%

)
)
3,267 / 112,960 ( 2 %)
o/ 88 (0%)

711 / 15,868 ( 4
846 / 27,236 ( 3
8,420 / 1€9,2%¢ (3 %) ;
13,1%9 / 330,800 ( 4 % ) ;

%)
%)

Gome o v e e e e e e e e e we e e e e

0/ 480 (0 %) ;
0/ 20,832 (0 %) i
______ ——— —t
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RegisterFilef-Resource Usage Summary

Resource Usage Summary report for RegisterFile8
Wed Sep 23 14:37:15 2015

CQuartus II £4-Bit Version 15.0.0 Build 145 04/22/2015 SJ W=k Editicn

I

OIPOSDRU

&\ MINISTERUL

B EDUCATIEI §1
CERCETARII
STIINTIFICE

; Fitter Rescurce Usage Summary
o

; Resource
o

Logic utilization (RIMs nseded / total AIMs on device)
ATMs nesded [=R-B+C]
[2] ALMs used in final placement [Zatb+c+d]
[a] 2RIMs used for LUT logic and registers
[b] ALMs used for LUT logic
[c] ALMs used for registers

[d] ALMs ussd for memory (up to half of total ALMs)

B] Estimate of LLMs recoverable by dense packing
[C] Estimate of ALMs unavailable [=atb+c+d]

[2] Due to location constrained logic

[b] Due to LAB-wide signal conflicts

[c] Due to LEB input limits

[d] Due to wirtual I/Os

Difficulty packing design

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

i

; Total LABs: partially or completely used
; —- Logic LABs

H —— Memory LABs (up to half of total LaBs)
i

; Combinational ALUT usage for logic

; —- 7 input functions

H & input functions

; —- 5 input functions

; 4 input functicns

; =3 input functions

; Combinational RALUT usages for route-throughs
; Dedicated logic regilsters

H -- By type:

; —- Primary logic registers

; —- Secondary logic registers

; —-- By function:

; —- Design implemsntation registsrs
; —- Routing optimization registers
i

Virtual pins
I/0 pins
—- Clock pins
-— Dedicated input pins

Global signals

M10K blocks

Total MLAB memory bits

Total block memory bits

Total block memory implementation bits

Total DSP Blocks

Fracticnal PLLs
Global clocks
Quadrant clocks
Horizontal periphery clocks
SERDES Transmitters
SERDEZ Receivers

LGz
BESMI blocks
CRC blocks
Remote update blocks
Oscillator blocks
Hard IPs
3tandard RX PC3s
H3S3I PML R¥ Deserializers
3tandard TX PC3s
HS3I PMA TX Serializers
Channel PLLs
Impedance control blocks
Hard Memory Controllers
Lvsrage intsrconnsct usage (total/H/V)
P=ak interconnsct usags (total/H/V)
Maximum fan-ocut
Highest non-global fan-out
Total fan—out
ILverages fan-out

4,218 / 56,480

5,062 / 56,480

980 / 56,480
136 / 56,480

Low

831 / 5,648
831
]

4,116
64
3,743
258
49
1,659
3,968

3,534 / 112,960
34 / 112,960

3,968
v}

v
124 / 522

o/ z

[0}

0/ €86

]

0/ 7,024,640
o/ 7,024,640

o/ 158

0
o
0
0
0
0
0
0
0
0
0
0
0
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RegisterFie:RegisterFile_sCPUD

comb-~1

sCPUT | )—:.

comb~2

sCPUZ D—:. Muxd:RegFile_Datal

ID_ReadDatal_RF[31..0]

comb~3

sCPU3 D—:.

Mux8:RegFile_Data2

ID_ReadData2_RF[31..0]
comb-4

sCPU4 | )—:.

seMiPs1.01 [

comb~5

sCPUS [—

ReadRegi[4..0] [ —
ReadRegz2i4..0] [

comb-~7

sCPUT| >—

RegWrite [ >
WriteData[21..0] [
writeRegl4..0] [

reset[ >

sCPUB| >—
clock [

Figuria 2-51 RTL Register file8
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selMIPS[0]~input

selMIPS[0.. 1] [

@0_20665,0_20669
10_IBUF [1-2]

selMIPS[1]~input
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ID_ReadDalal RF]2T)-cugps

ID_ReadDalal RFJ21)-cugps

W)=l

ID_ReadDalal RF]30)-cujs

1D_Readlatal HF:1EI- LT
o

ID_ReadDatal RF]1E]-cups

Wal

ID_ReadDatal RF]1T]-cuspas

—

ID_ReadDatal RF[1E]-cugpas

—

ID_ReadDatal RF]1E]-cugpas

Lt =

ID_FeadDalal RFE[14]-cugms

Lt =

ID_ReadDalal RF]13)-cujs

W=

10_Readlalal RF1Z]-cuips

I0_ReadDaia2 RF[T]-ouspa

W=l

ID_ReadDatal RF]C]-cusps

Figura 2-52 Tehnology map Register file8

3. CONCLUZII

Tabel 3-1 Analizi implementare MPRA, MPRA4, MPRAS

=]

Cyclone V

ECGXECIETF31CS MPRA MPRA4 MPRAS
Delay added (ns) 19,3 3,7 3,8
Total thermal power dissipation (mW) 530,98 536,17 365,20
Core static thermal power dissipation (mW) 518,51 518,57 348,96
I/0 thermal power dissipation (mW) 12,47 17,60 16,24
Total pins 180 (34%) | 302 (56%) 302 (56%)
Total registers design implementation 1858 64 64
Logic utilization (in ALMs) 2957 (3%) 17 (1%) 17 (1%)
Clock pins 7 (44%) 9 (56%) 12 (80%)
Global clocks 1 (6%) 1 (6%) 1 (6%)
Maximum fan-out 1858 64 64
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Highest non-global fan-out 1798 64 64
Total fan-out 27305 607 608
Difficulty packing design low low low
Combinational ALUT usage for logic 3778 1 1
Tabel 3-2 Puterea consumati de implementarile MPRA pentru 4 si 8 task-uri
Arhitectura Ceas | Logica | Semnale 10 MMCM | DSP | Quiescent | Total Urgg:fgge
mwW mwW mwW mwW mwW mwW mW mwW
Blocuri logice
MPRA4 59,8 56 67 30 83 2,8 3430 3731 12%
MPRAS 230 151 207 58 77 6,1 3444 4175 22%

Quiescent power reprezinta puterea consumatd de FPGA la pornire, cand dispozitivul
este configurat cu logica de lucru, dar fara nici o activitate de clock. Aceasta marime este o
suma dintre static power, care este puterea consumata de dispozitiv la pornire, dar fara logica
aplicatiei si design static power, care reprezinta puterea consumata a logicii implementate fara
activitate de ceas-referinta.

Tabel 3-3 Analiza implementare EXMEM, EXMEM4, EXMEMS

Cyclone V

5CGXFCIETF3LCS EXMEM EXMEM 4 | EXMEMS
Total pins 242 (45%) 248 (46%) 252 (48%)
Total registers design implementation 117 468 468
Logic utilization (in ALMs) 32 220 (1%) 216 (1%)
Clock pins 6 (38%) 7 (44%) 11 (73%)
Global clocks 1 0 0
Maximum fan-out 118 469 469
Highest non-global fan-out 118 469 469
Total fan-out 913 3172 3170
Logic LABs 18 85 (1%) 90 (2%)
Combinational ALUT usage for logic 8 128 128

La o frecventda de SOMHz, nMPRA utilizeaza 606 biti; replicarea registrelor pipeline la
n=8 cere 0,59 kB de RAM, memoria necesara registrelor generale este de 256 B, deci
memoria totala ceruta de replicarea resurselor n=8 este de 0,84 kB, ceea ce este mai mult
decat acceptabil tinand seama cd sunt arhitecturi de microcontroler care folosesc pentru uzul
general 2,6 MB RAM, fara a mai lua in considerare memoria necesara la implementarea
procesorului si a altor componente hardware integrate pe chip [13]. Desi nMPRA este 0
arhitectura cu resurse partajate, totusi costul este mult mai eficient decét al altor arhitecturi
comerciale.

Un alt mare avantaj al NMPRA este implementarea hardware, care elimina dezavantajele
implementarii HW/SW. Viteza foarte mare de comutare de context a task-urilor (1-3 cicli-
procesor) este intdlnitd doar la nMPRA.
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