Department of Computer Science
Course number: CSC.T341

OvEa—2imIEERE
Computer Logic Design

10. RLFH AT Oy H OBRETEEE
Design and Implementation of a Multi-cycle Processor

SR [FHRIFER
Kenji Kise, Department of Computer Science
kise _at_ c.titech.ac.jp www.arch.cs.titech.ac.jp/lecture/CLD/

i AMEH 10:45-12:25, KEEH 10:45-12:25

Ver. 2023-05-15a



m_proc07 N—ZX5A/>DFTAtyP (T I A9)L)

\
o @RIV FAF), TA—FEARZTURFTIYF(ID), EIT(EX), AEUTI7EA(MEM), 5’”*\
N (WB) OAEBEHTESadd, addi, sll, srl, lw, sw, beq, bne@wIZxEL=F0tEyH

IF i ID . EX MEM . WB
w_npc !
32 E s E E
s | sl e | |
S ! 30 ! !
32 3 | w_imm
~ 3 ,
4 :l ] ’l 9 I |
S |
w_rsl
- /5 w_rrsl |
12 m_amemory w_ir! W_rs2 ; Z - |
—>r_pc 52 m_imem §2 ' 5’ mn;rerg;lsle 32 | z w_rslt2
r_pc[13:2 i = S|l ! |
(32b|t X 4096) 2 W_rd (32b|t X 32) /W_rrSZ CC(J w_ain , ; >C< 32
5 % ! , g m_amemory J !
: | W_ITS IS¢ m_dmem w_Idd
codel61l.v ; - : (32bit x 4096) |32
_ 31 30 25 24 21 20 19 15 14 12 11 8 7 6 0
f = 60MHZz | funct? [ rs2 | sl [ funct3 | rd | opcode | R-type
IPC = 1.000
imm|[11:0 rsl funct3 rd opcode | I-type
Perf = 60.00 | L —r I e [
| imm[11:5] ‘ rs2 | sl | funct3 | imm|[4:0] | opcode | S-type

@ [ imm[12] [ imm([10:5] | rs2 | rs1 [ funct3 [imm[4:1] [ imm[11] | opcode | B-type
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Clock rate is mainly determined by

« Switching speed of gates (transistors)
* The number of levels of gates

« The maximum number of gates cascaded in series in any
combinational logics.

« In this example, the number of levels of gates is 3.
«  Wiring delay and fanout

B

Register B
Register A -
AND gate

OR gate _:>_

L Register C .
: _ Register B
Register A I
AND gate

. Ag_a' OR gate :>_
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Growth in processor performance

S e ———
Performance = f x IPC

f: frequency (clock rate)

IPC: retired machine Instructions Per Cycle
100,000

Intel Core 2 Extreme 2 cores, 2.9 GHz =

................... AB‘DN'"O
AMD Athlon
Intel Xeon EE 3.2 GHz

Intel VC820 metherboard, 1.0 GHz Pentium il precessor
Professional Woerkstation XP1000, 667 MHz 21264A

Performance (vs. VAX-11/780)

IBM RSE6000/540, 30 MHz
MIPS M2000, 25 MHz
MIPS M120, 16.7 MHz

13
{if) sebaissae i A T AR S A R SR AT A s N aR Rt oisdbaniandaraes s SRUANNU RO G E SRRt .. . . .. . :

1 #

Intel Xeon 6 cores, 3,3 GHz (boost 1o 3.6 GHz)
Intel Xecn 4 cores, 3.3 GHz (boost to 3.6 GHz)
Intel Core i7 Extreme 4 cores 3,2 GHz (boost to 3.5 GHz)

- 24128
Intel Core Duo Extreme 2 cores, 3.0 GHz 'fg'.- ?1,871
4,387..
n 64, 2 8 GHz .= ¥ senaeenun .
26 GHz <-"3 1 568

1000 - ovovremeii rvvevrieerrrnnn.. Digital AlbhaServer 8400 6/575, 575 MHz 21264 o - ,...,?:?."j ............................................................

Foadernanmssunir R EUEI SR 100, 0 Wil e S .. .
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m_proc05 add, addi, lw, sw ZEY 570ty

A

s @MmRI7TVFAF), TaA—FEXRSURTZYF(ID), EIT(EX), ABIVTIVEX(MEM), 5
ANy (WB) DIEBH 74 Sadd, addi, lw, swaEnsICRELizFOty4
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IF ID EX MEM WB
w_imm g | w_imm32
4 32 > 9 I
=}
32 w_rsl !
1% w_rrsl |
12 m_amemory w_ir w_rs2 i ! w_rslt :
—r_pc /[’ ] m_imem % ' 5’ mn;r‘ig;'sle 32 w ain V| ——emm— T z w_rslt2
r_pc[13:2 2bit x 4 — 2= 32 L :
(3 bit x 096) y W_rd (32bItX32) W_rrSZ g ﬁ 12 T x 32
5 25 ! m_amemory
L wrrs2 32 m_dmem 7‘—| w_ldd
(32bit x 4096) |32 |
31 30 25 24 21 20 19 15 14 12 11 8 7 6 0
| funct7 | rs2 \ rsl ] funct3 \ rd [ opcode | R-type
| imm[11:0] | sl | funct3 | rd | opcode | I-type



m_proc05 add, addi, lw, sw Z 0¥

g 5T )L A4 ILER

\

module m_proce5 (w_clk, w_ce, w led);

input wire w_clk, w_ce;
output wire [31:0] w_led;

reg [31:0] r_pc = 0;
wire [31:0] w_ir;
wire [4:0] w_op5
wire [4:0] w_rsl
wire [4:0] w_rs2

w_ir[6:2];
w_ir[19:15];
w_ir[24:20];

wire #4 w we = w_ce & (w_op5==5'b@1100 || w_op5==5'b00100 || w_op5==5'beooeo);
wire [31:0] w_imm, w_rrsl, w_rrs2, w_ain, w_rslt, w_ldd, w_rslt2;

m_amemory m_imem (w_clk, r_pc[13:2], 1'de, 32'do, w_ir);

m_immgen m_immgen® (w_ir, w_imm);

m_regfile m_regs (w_clk, w_rsl, w rs2, w rd, w_we, w_rslt2, w rrsl, w_rrs2);
assign #3 w_ain = (w_op5==5'b01100) ? w_rrs2

assign #9 w_rslt = w_rrsl + w_ain;

m_amemory m_dmem (w_clk, w_rslt[13:2], (w_op5==5'b01000), w_rrs2, w_ldd);
: w_rslt;

: w_imm;

wire [4:0] w rd = w_ir[11:7]; assign #3 w_rslt2 = (w_op5==5'boooo0) ? w_ldd
always @(posedge w_clk) #5 if(w_ce & r_pcl!=24) r_pc <= r_pc + 4;
reg [31:0] r_led = ©;
codel71.v alw:.;]ys @(posedge w_clk) if(w_ce & w_we & w_rd==30) r_led <= w_rslt2;
assign w_led = r_led;
endmodule
g | w_imm
4 32 1o
+ A 0
32 w_rsl
% w_rrsl
12 m_amemory w_ir W_rs2 . \IW rslt
r_pc # m_imem % /5’ mn;rerg;'sle 32 w ain |+ =2
r_pc[13:2]{ " (32bit x 4096 — = ) 32
( ) ), wrd | (sabitx32) | wrs2 [T
S 32
W_Irs2

12

w_rslt2

XNIA

32

m_amemory
m_dmem
(32bit x 4096)

7L(—9 32
w_ldd

32
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m_proc05 add, addi, Iw, sw Z0%

g 5T )L A4 ILER

\

Signals
Time 186 ns 260 ns 368 ns 4808 ns 5688 ns BEB ns ‘
_clk -
r pcl31:0] I
w ir[31:0] I
w imm[31:8] I
w_rrs1[31:0] I
W rrs2[31:0] I
w ain[31:0] I
w rslt[31:0] I
w rslt2[31:0] I
st E——
r_led[31:0] 5 I
cm_ram[@]={7'de, 5'de, 5'de, 3'beed, 5'de, 7'be11eell}; // add x@, x0, x0 // NOP
cm_ram[1]={12"'d55, 5'de, 3'beed, 5'd4, 7'beeleell}; // addi x4, x0, 55 // x4 = 55 codel71.v
cm_ram[2]={7'de, 5'd4, 5'de, 3'bele, 5'dl6,7'bo1eeo1l}; // sw x4, 16(x0) // m[16] = x4 ¢
cm_ram[3]={12"'d16, 5'de, 3'be10, 5'd7, 7'beeeeell}; // lw  x7, 16(x0) // x7 = m[16] pr'ogr‘am,txt
cm_ram[4]={12"d9, 5'de, 3'beeo, 5'd2, 7'beeileeil}; // addi x2, x0, 9 // x2 =9
cm_ram[5]={7'de, 5'd2, 5'd7, 3'beee, 5'd3, 7'beilleell}; // add x3, x7, x2 // x3 = X7 + x2
cm_ram[6]={7'de, 5'd3, 5'de, 3'bee0, 5'd30,7'be110011}; // add x30,x0, x3 // led = x3
cm_ram[7]={7'de, 5'de, 5'de, 3'beeo, 5'de, 7'bl1eee11}; // L: beq x@, x0, L
w_imm g | w_imm32
4 32 o) l
+ =]
32 w_rsl
5 w_rrsl
N 12 m_amemory w_ir wW_rs2 m_regfile 32 \lw rslt
r_pc [ s m_imem % Z m fn W ain + = z w_rslt2
r_pc[13:2]| " (32bit x 4096 - 2|l —= ) 32 g |
( ) wrd | (@2bitx32) | w2 |g 12 JES
5 32 m_amemory J
w_rrs2 32 m_dmem w_ldd
(32bit x 4096) |32




m_proc05 add, addi, Ilw, sw 20335200 LY AU ILAR

codel71.v
mainl5.xdc
50MHz clock freq.

U
1
=)
|
|
|
—
—
[}
=)
—
1
O

m_proc05 2T LY AU LR

BOMHz WNS TNS  LUT  FF LUTRAM  BRAM
2458 66 2164 0
3.4132 0.000 3080 1215 2184 0

60MHz  WNS TNS LUT FF LUTRAM ERAM
2458 66 2164 0

0,361 0,000 3081 1215 2184 0

7OMHz WNS TNS  LUT  FF LUTRAM  BRAM
2458 66 2164 0

-0.023 -0,023 32081 1215 2184 0

I0MHz B TEMERKBEE L LSE TRELES
D= DENEEIREIE 60MHz



Single Cycle Processor

i«— one clock period —»}

Program
axecution . 200 400 600 '-.__:80[) 1000 1200 1400 1600 1800
order Time ] T T 1 | T T T ™
(in instructions)
Iw x1, 16(x0) |™ o "Reg| AL | D% |Reg
< ™ | Instruction Data
1w x2, 32(X@) 800 ps fetch |79 ALY access | o8
h 800 ps v lnsgﬁm

——— een

lw x3, 48(x0)
800 ps
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m_procO8 (multi-cycle processor) Y ILFH AL

. &HTTYF(IF), ¥

« 2YAJILTIGS

HR—k

O—kEARSURTYF(ID),
AEYTIEA(MEM), A4\ (WB) DALIEZEIH AV )L TUEBS HTILFHAI)ILDOTOtyY
Z L9 % IPC (instructions per cycle) = 0.5 ®7FOtvY, add, addi, lw, sw &

EIT(EX) 219100,

10

IF | ID EX MEM . WB
w_imm g | W_imm32
’ 2 = |8 = e e
: > l ! :
32 w_rsl
1% w_rrsl | : !
12 m_amemory w_ir ! w_rs2 ; ! \IW rslt I r_rslt !
—1r_pc A m_imem % : 5’ mn;rerg;'sle 32 b [ A = > worsitz
r_pc[13:2]| " (32bit x 4096 | L i) % | \
( ) . w_rd 5| (32bitx 32) w_rrs2 |§ [ ! 12 N S
L3 32 | ; m_amemory
! L wrrs2 I 32 m_dmem w_ldd
5 ! rrrs2 | (32bitx 4096) |32 |
. = =X i ; s i
IO BOEEEHEET S, | ; | |
cm_ram[@]={7'de, 5'de, 5'de, 3'beeo, 5'de, 7'bo11e011}; // add x@, x0, x0 // NOP
cm_ram[1]={12"'d55, 5'de, 3'bee0, 5'd4, 7'bee1eell}; // addi x4, x@, 55 // x4 = 55
cm_ram[2]={7'de, 5'd4, 5'de, 3'bele, 5'd16,7'be16ee11}; // sw x4, 16(x@) // m[16] = x4
cm_ram[3]={12'd16, 5'de, 3'be10, 5'd7, 7'beeeeell}; // lw  x7, 16(x8) // x7 = m[16]
cm_ram[4]={12°d9, 5'de, 3'bee0, 5'd2, 7'bee1eell}; // addi x2, x0, 9 // x2 =9
cm_ram[5]={7'd@, 5'd2, 5'd7, 3'beeo, 5'd3, 7'beileeil}; // add x3, x7, x2 // x3 = x7 + x2
cm_ram[6]={7'de, 5'd3, 5'de, 3'beee, 5'd30,7'be116011}; // add x30,x8, x3 // led = x3
cm_r‘am[7] {7'do, 5'de, 5'de, 3'beeo, 5'do, 7'blleeell}; // L: beq x@, x0, L
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m_procO8 (multi-cycle processor) Y ILFH AL

208 ns 308 ns 60O ns 808 ns 900 ns us 1188 ns 1208 ns 1388 ns 1468 ns

Time
w clk=
r state=
r led[31:8]=
r pc[3l:0]=
w ir[31:0]=
w_imm[31:0]=
w_rrsl[31:0]=
W _rrs2[31:0] =
r rrs2[31:0]=
w_ain[31:0]=
w rslt[31:0] =
r rslt[31:0]=
w_rslt2[31:0]=
w_ldd[31:0]= 9437459
W we=
cm_ram[@]={7'de, 5'de, 5'de, 3'beee, 5'de, 7'belleell}; // add x@, x@, x@ // NOP
cm_ram[1]={12"'d55, 5'de, 3'boed, 5'd4, 7'boe1ee1l}; // addi x4, x0, 55 // x4 = 55 codel72.v
cm_ram[2]={7'de, 5'd4, 5'de, 3'bole, 5'dl6,7'beleeell}; // sw x4, 16(x0) // m[16] = x4
cm_ram[3]={12"d16, 5'de, 3'b010, 5'd7, 7'beeeeell}; // 1w  x7, 16(x8) // x7 = m[16] program.txt
cm_ram[4]={12"d9, 5'de, 3'boeo, 5'd2, 7'bee1eel1l}; // addi x2, x0, 9 // x2 =9
cm_ram[5]={7"'de, 5'd2, 5'd7, 3'beeo, 5'd3, 7'bo11ee1l}; // add x3, x7, x2 // x3 = X7 + x2
cm_ram[6]={7'd®@, 5'd3, 5'de, 3'boe@, 5'd30,7'b0116011}; // add x30,x0, x3 // led = x3
cm_ram[7]={7'de, 5'do, 5'de, 3'beeo, 5'do, 7'bl1ee01l}; // L: beq xO, x0, L
w_imm g \ w_imm32
4 32 o I
=}
32 w_rsl
ya
’5 w_rrsl
H V4
/7
L. 1/2 m_an_1emory W/_II’ W_rs2 m_regfile 32 \|W_I’S|t r_rslt
" pc 7 m_imem §2 z m. regs W ain + A z w_rslt2
r pc[13:2 i L z| = ;) 32 =
5 Z 7 m_amemory
32 2 32
W_Irs I A m_dmem w_ldd

rrrs | (32bitx 4096) |32

.. _ 11
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m_procO8 (multi-cycle processor) Y ILFH AL

module m_proco8 (w_clk, w_ce, w led);
input wire w_clk, w_ce;
output wire [31:0] w_led;

reg [31:0] r_pc =

wire [31:0] w_ir;
wire [4:0] w_op5
wire [4:0] w_rsl
wire [4:0] w_rs2
wire [4:0] w_rd

reg [31:0] r_rslt

reg r_state = 0;
always @(posedge w_clk) #5
if(w_ce) r_state <= r_state + 1;

9;

, P_rrs2;

w_ir[6:2];
w_ir[19:15];
w_ir[24:20];
w_ir[11:7];

—|r_pc

wire #4 w we = w_ce & (w_op5==5'b01100 || w_op5==5'bo0100 || w_op5==5'be000V);

wire [31:0] w_imm, w_rrsl, w_rrs2, w_ain, w_rslt, w_1ldd, w_rslt2;

always @(posedge w_clk) if(w_ce & r_state==0) r_rslt <= w_rslt;

always @(posedge w_clk) if(w_ce & r_state==0) r_rrs2 <= w_rrs2;

m_amemory m_imem (w_clk, r_pc[13:2], 1'de, 32'de, w_ir);

m_immgen m_immgen® (w_ir, w_imm);

m_regfile m_regs (w_clk, w_rsl, w_rs2, w_rd, w_we & r_state, w_rslt2, w_rrsi,
assign #3 w_ain = (w_op5==5'b01100) ? w_rrs2 : w_imm;

assign #9 w_rslt = w_rrsl + w_ain;

m_amemory m_dmem (w_clk, r_rslt[13:2], (w_op5==5'b01000 & r_state), r_rrs2, w_ldd);
assign #3 w_rslt2 = (w_op5==5'bo0oeo) ? w_ldd : r_rslt;

always @(posedge w_clk) #5 if(w_ce & r_state & r_pcl!=24) r_pc <= r_pc + 4;

w_rrs2);

reg [31:0] r_led = 0;
always @(posedge w_clk) if(w_ce & w_we & r_state & w_rd==30) r_led <= w_rslt2;
assign w_led = r_led;

endmodule
f_] codel72.v
g
32 w_rsl
é > w_rrsl
m_amemor i e
12 E.‘ imem y Wl_lr // W_r52 m_l’egfile 32 +\| W_r§|t I r_rSIt W rslt2
— 1 / —
r_pc[13:2]| " (32bitx 4096) | 32 > m_regs z| 220 ) 32 =t
( ) wrd | (32bitx 32) w_Irs2 | € i 12 2| 37
- L yARN
5 32 O 72| m_amemory
w_rrs2 I ?,2 m_dmem w_ldd
r_rrsz (32b|t X 4096) 32
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m_proc08 (multi-cycle processor) R JLFH AU
\

codel72.v (m_procos) m_proc05 2T LY A ILER Perf = 60 x 1.0 = 60.0
mainl5.xdc 60MHz WNS NS LUT  FF LUTRAM  BRAM
80MHz clock freq. 2458 66 2164 0
0.361 0.000 3081 1215 2184 0
70MHz WNS  TNS  LUT  FF LUTRAM  BRAM
2458 66 2164 0
0,023 -0.023 3081 1215 2184 0

m_proc08 2Bk DTIILFH 1)Lk Perf = 110 x 0.5 = 55.0

OOMHz  wns TNS LUT  FF LUTRAM BRAM

2461 219 2164 0
1.306 0,000 3084 1368 2184 0

[ 100MHz wns  Tns LUT  FF LUTRAM  BRAM

R 2461 219 2164 0

s 0.284 0,000 3083 1368 2184 0

=

=

=

= 110MHz WNs  TNS LUT  FF LUTRAM  BRAM

= 2461 219 2164 0

()

, 0.229 0.000 3084 1368 2184 0

120MHz  wns TNS LUT FF LUTRAM ERAM

2461 219 2164 0
-0.027 0,071 3091 1368 2184 0
SN'g 10MHz 8 TEIE R M E Z b &€ TRIEL B S DRBOBER KL 110MHz
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TILFH AU IO TBEYY Multi-cycle Processor

IF ID EX MEM WB IF ID

<« oneclock -» \ : :
. \ ,
period , : <« oneclock —»
\ \ 1 -
\ / \ ! period i
! 1
! / : | |
\ I’ ! 1 1
] l ! ! 1
! ! | | |
! ! ! ! !
1 — 1 L} I
: - ﬂ i !
| - ! L )
1 1 -
1 1
l | } [y——
| d | e e
1 [RE LRIt
: II'\BKI'I.[JS“I.ODI}
! . s
1
1
1
1
1
1
1
1

—E===d -

State Machine Diagram

EIREIRCINCIRCY
\

0.1 x 3 +0.1 x5+ 0.8x4=4.0
@%dapfzd from Computer Organization and Design, Patterson & Hennessy, © 2005 14
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m_proc09 (multi-cycle processor) Y ILFH AL

BH AV TIMRENIET S IPC= 0.2 DIILFHAIILDOTAtYY, add, addi, lw, sw ZHR—k

RLEZEORMERVWEEZEYT D) ATy TOEyY OEERREERDD.

r_pc

w_imm g | w_imm32 |
4 32 i 7l o ! !
! > : H
32 w_rsl |
Vi ! |
i /5 W_rrsll !
m_amemor w_ir . '
}/2 S = imemy _ I » w_rs2 m_regfile 32 +\|w_£§ltl r_rsit
r_pc[13:2]( (32bitx 4006) | 32 ¥ | ° Mo < PR
( ) DL wrd f (32bitx32) | wors2|E . L 12
5 %2 ; r_an ; 7 m_amemory
: I | 32 m_dmem
W_ITs2 r_rrs2 : (32bit x 4096)
i | w_rslt2
’— =
oo EDIETHERT 5.
cm_ram[@]={7'de, 5'de, 5'de, 3'beeo, 5'de, 7'bo1le011}; // add x@, x0, x0 // NOP
cm_ram[1]={12"'d55, 5'de, 3'beeo, 5'd4, 7'beeleeil}; // addi x4, x@, 55 // x4 = 55
cm_ram[2]={7'de, 5'd4, 5'de, 3'bele, 5'd16,7'beleeell}; // sw x4, 16(x0) // m[16] = x4
cm_ram[3]={12"'d16, 5'de, 3'bele, 5'd7, 7'boeeeell}; // lw  x7, 16(x0) // x7 = m[16]
cm_ram[4]={12°d9, 5'de, 3'beee, 5'd2, 7'beeleell}; // addi x2, x0, 9 // x2 =9
cm_ram[5]={7'de, 5'd2, 5'd7, 3'beeo, 5'd3, 7'beileeil}; // add x3, x7, x2 // x3 = x7 + x2
cm_ram[6]={7'de, 5'd3, 5'de, 3'beee, 5'd3@,7'belleel1l}; // add x30,x0, x3 // led = x3
cm_ram[7]={7'de, 5'de, 5'de, 3'beee, 5'de, 7'b1100011}; // L: beq x0, x0@, L

<
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JERH#A(asynchronous)*E!) &[F £ (synchronous) *E!)

module m_amemory (w_clk, w_addr, w_we, w_din, w_dout); // asynchronous memory
input wire w_clk, w_we;
input wire [11:0] w_addr;
input wire [31:0] w_din;
output wire [31:0] w_dout;

reg [31:0]

cm_ram [0:4095]; // 4K word (4096 x 32bit) memory

always @(posedge w_clk) if (w_we) cm_ram[w_addr] <= w_din;

assign #20 w_dout

cm_ram[w_addr];

“include "program.txt"

endmodule

module m_memory (w_clk, w_addr, w_we, w_din, r_dout); // synchronous memory
input wire w_clk, w_we;
input wire [11:0] w_addr;
input wire [31:0] w_din;

[31:0] r_dout;

output reg
reg [31:0]

cm_ram [0:4095]; // 4K word (4096 x 32bit) memory

always @(posedge w_clk) if (w_we) cm_ram[w_addr] <= w_din;
always @(posedge w_clk) r_dout <= cm_ram[w_addr];
“include "program.txt"

m_amemory
m_imem
(32bit x 4096)

JERIEAAE!)

m_memory
m_imem
(32bit x 4096)

m_memory
m_imem
(32bit x 4096)

EIHAAE)

endmodule
. 1
IF i ID ; EX | MEM ;
1 1
w_npc n ' ! :
- : +\| 32 1 | :
g | / w_tpc r_tpe |
= ' 32 ' ! |
| | ! |
32 ! - g w_imm I w_taken i i
. : > 3 H r_taken :
+ \ > ! (T} !
i | 1 i
1
i w_rsl | i :
! z wrrsl ! w_rslt !
32 m_memor ir! - I ) i
12 | y w_ir w_rs2 - 1 r_rslt
r_pc[13:2] (32bit x 4096) ' w_rd (32bit x 32) w_rrs2 W_ain 32 I |12 1
: 5 £ 1 m_memory :
: > ! w_ITs2 ' 32 m_dmem I w
! ! lumz (32bit x 4096) |32 1
1
1

m_memory
m_imem
(32bit x 4096)

WB

w_rslt2
S ‘
) 32
_Idd
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S — R gy, —
« CLB (Configurable Logic Block)
« BRAM (Block RAM, embedded memory, synchronous memory)
« DSP (Digital Signal Processing)
* CMT (Clock Management Tile)
« Routing fabric

Artix-7 Architecture Overview X
—— \

W cis

B R

| 11O

] — 48-Bit Accumulator/Logic Unit I CMT

_ [ I |
FIFO Logic s
| O
> BUFG : :
+ B B

® o

. > BUFIO & BUFR
DSP Slice

| + |

P
P =
i 1
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m_proclO (multi-cycle processor) %L FHA4I)L

IF i ID . EX i MEM
E w_imm g | w_imm32 i i
i P I | > QI E |
S| ! > : |
32 i w_rsl i i
i /5 w_rrsll i
12 m_amemory w_ir W_rs2 . \I rslt It
r_pc 7 m_imem §2 I Z mrﬁreig;ge 32 + W_/ I S
r_pc[13:2] it x 4096 - L = _I_>) 3 1
(A5 L wrd I (32bitx32) | w2 g 1 EY)
- v | 7 m_amemory
| 32 ! —
: I :/3,2 m_dmem
W_Irs2 r rrs2 : (32bit x 4096)
: i ! 1owrslt2
codel74.v (m_proclo)
IF | ID . EX ! MEM | WB
w_imm g | w_imm32
4 32 ; >l o I I i |
! =} | ! |
| ! BEHIAE!) m_memory ZFIFTES.
32 ! w_rsl | ! |
L Z W_Irslg i !
12 m_memory W_ir w_rs2 : \IW rsit @ r_rslt !
r_pc[13:2] | (32bit x 4096 L = | & | g
(32bit x 4096)° y, wrd  (32bitx32) | wors2|E . Lo(12 ' ") 32
: 5 %2 > @ rain §/2 m_memory
EHIAEY m_memory ZF|IFATES. > ’ m_dmem I wdd
: W_Irs2 r_rrs2 | (32bit x 4096) 32
| ! | w_rslt2
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Optimization for Multi-cycle Processors

@) () (oo (uew) (us)
k\\\\‘\-___;

Simple State Machine Diagram

ADD, ADDI

ALL ALL M
‘ ADD, ADDT, LW

Optimized State Machine Diagram

0.1 Xx 3 +0.1 x5 +0.8x4-=24.0
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Comparison of the two processor architectures
m_proc05 (codel71.v)

w_imm g | w_imm32
Ay ]
+ |~ g
32 w_rsl
5 w_rrsl
or ir . 7
> pe }/2 mr_nar?rir:m y VZ,—' » w_rs2 m_regfile | 32 +\|W_r§|t
— - 1 /
r_pcl13:2]|  (32bitx4096) | 32 | ° L UG sl % -
SRR P wrd I (32bitx32) | woms2|g 12 =] 32
5 %2 7 m_amemory J
w_rrs2 32 m_dmem w_ldd
"1 (32bit x 4096) |32
w_rslt2
m_procl0 . , .
IF | ID . EX ! MEM | WB
w_imm g | w_imm32
4 32 i o I i ! :
| S ! : :
32 w_rsl
' Z W_rrslg E i
=1 pc }’2 > mn;nzfnn;cr:y I el 4 1% m_regfile | 32 . +\|W—r§|t' r_rsit
— L /
r_pc[13:2]|  (32bit x 4096) | 32 ° m_regs z ) 32 | S
(32bit x 4096) P wrd  (32bitx32) | wors2|E . R EY; ' JE
: 5 %2 1 r_ain 7 m_memory
l : 32 m_dmem I w_lIdd
: W_Irs2 r_rrs2 | (32bit x 4096) 32
| ! i w_rslt2
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m_proc05 add, addi, Ilw, sw 20335200 LY AU ILAR
\

codel71.v X, FEREAAEYZFESILSITm_proc05 ZELB L THEAE) LG DHIHE
mainl5.xdc AlE, REAAE)ZEESKIITm_proc0b ZiEiL T BRAM &4515E

50MHz clock freq.

XO0¥2

sssssasssagEasam

[
[ =
[} =
[} [}
= =
[} [
] 0
0

[
= =
= =

O
0,
B

codel71lv MEAFAE)ET—EAEYZE m_memory
[CZEEELT=hk
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An overview of pipelining (topic of the next lecture)

* Non plpelmlng EPM 7 8 9 10 11 12 1 2 AM X

(Multi-cycle) B e e e e e e e e e o = s e B

order ﬂ %l -
Jo=M

=

m

& PM i 8 9 10 11 12 1 2 AM
Time—] | | | | "

Task l
order —
» o=l

* Pipelining

(A=
c Jo=l

| o ne= |

@@;dapfzd from Computer Organization and Design, Patterson & Hennessy, © 2005 29
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4 Z :Vivado O &#EEA T3>

Settings -> Synthesis -> Strategy : Vivado Synthesis Defaults
Settings -> Implementation -> Strategy: Vivado Implementation Defaults

Settings

Settings

Project Settings
General
Simulation
Elaboration
Synthesis
Implementation
Bitstream

> IP

Tool Settings

Project

IP Defaults

Board Repository
Example Project Repository
Source File

Display

‘WebTalk

Help

Text Editor

3rd Party Simulators

v

Colors

w

Selection Rules
shortcuts
Strategies

v

Remote Hosts
‘window Behavior

v

Synthesis

Specify various settings associated to Synthesis

Constraints

Default constraint set:

Report Options

constrs_1 (active)

Strategy: I Vivado Synthesis Default Reports (Vivado Synthes... «

Options

() write Incremental Synthesis

Incremental synthesis:

Mot set

[]

Strategy: Vvivado Synthesis Defaults (vi..,

Description:

~Synth Design (vivado)

Vivado Synthesis Defaults

tcl.pre

tclpost

flatten_hierarchy rebuilt
-gated_clock_conversion off
-bufg 12
fanout_limit 10,000
-directive Default

to see & descrip

1 of it

((E:lE:l

<

Project Settings
General
Simulation
Elaboration
Synthesis
Implementation
Bitstream

> IP

Tool Settings

Project

IP Defaults

Board Repository
Example Project Repository
Source File

Display

WebTalk

Help

Text Editor

3rd Party Simulators

Colors
Selection Rules
Shortcuts
Strategies
Remote Hosts

‘Window Behavior

Implementation
Specify various settings associated to Implementation

Constraints

Default constraint set: constrs_1 (ac -
Report Options
Strategy: |G Vivado Implementation Default Reports (Vivado ...~
Options
-~

Incremental implementation: Mot set

[]

Strategy: % Vivado Implementation ... +

Description:
*Design Initialization (init_design)
tclpre
tcl post
~0Opt Design (opt_design)

is_enabled %

tel.pre
tcl.post

verbose O

-directive Default

More Options

ct an option &l o see & description of it

Default settings for Implementation.

H
32|

HH|
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4 Z :Vivado O &#EEA T3>

A
JOvyHOEEREIED=ODOHEA T avIEROBEY. THA2aTART 2%
X, Sh5DVivadoDA T a wBULEEDICERBLTEHLLY.

« Sefttings -> Synthesis -> Strategy :
Flow_PerfOptimized_high

« Settings -> Implementation -> Strategy:
Performance_ExplorePostRoutePhysOpt

+ FEL CheOBEILA 7L aVE L ET 58, REARERERRO KA
E<GAOT, BYITHELS T ERENBS.
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