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Ao tnv Atertadn EvtoAwv — YALKO
otnv YAomolnon tng ApXLTEKTOVLIKNC
>eT EvtoAwv (ISA)

The MIPS way

IBM 360-370 (2019) =T

L3

Control

9.2 billion transistors, 12-core design
Up to 190 cores (2 spare) per system
5.2 GHz, 14nm CMOS technology

64-bit virtual addressing
¢ Original 360 was 24-bit; 370 was a 31-bit extension

Superscalar, out-of-order

e 12-wide issue

¢ Up to 180 instructions in flight
16K-entry Branch Target Buffer

* Very large buffer to support commercial workloads
Four Levels of caches

e 128KB L1 I-cache, 128KB L1 D-cache

¢ 4MB L2 cache per core

¢ 256MB shared on-chip L3 cache

* 960MB shared off-chip L4 cache

e Up to 40TB of main memory per system
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Apxelo Kataywpntwv

‘Evag kataxwpntig

Cloc

k WE
b

rsi

ReadSell

e rdif—— ReadDatal

file

ReadSel2 ——s> Register | ReadData2

WriteSel
WriteData ——{wd

WS

2R+1W

Kavéva mpoBAnua otav ypadetat kat Stapaletat o (5log kataxwpntng

YAomnoinon Apxetlou Katoxwpntwy

ws ck wd rdl rdz2
g 32 32 32
=
_L reg 0
—= P P
we—-» . 8 reg 1
= Py |
—1 reg 31
P Iy |

* Eva apxeio kataxwpntwy PE HEYAAo aplBuo noptwy eivatl SUoKoAo va

oxeblaotel

* HmoAumAokotnta (kat o amapaitnTog xwpog) e§aptdtat and tov aptBuo Bupwv oto

TeETPAywWvO!

* To apxeio kataxwpntwv tou Intel’s Itanium €xeL 128 registers pe 8 read ports kal 4

write ports!!
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Movtelo Mvrunc

WriteEnable
C‘Iock

Address ——

MAGIC |——. ReadData

WriteData — RAM

* OLavayvwoeLlg Kal eyypadEg yivovtal o€ €va KUKAO poAoyLloU

* Otav evepyornolnBel to enable yLa tnv eyypaodr, n anmobrAKeLon GTOV KOTAXWENTH
yivetal otnv Betikn akpun tou pohoytou (n dtevBuvon kat ta Sedopéva yla eyypadn
TPEMEL VAL £XOUV 0TOOEPN TIUA OTNV KU TOU poAoyLloU)

* H avayvwon ivol cuvSUOTIKO KUKAWO KO UITOPEL vaL YIVEL OTIOLASTIOTE OTIYUNA

H ISA tou MIPS

* Processor State
* 32 32-bit GPRs, RO always contains a 0
* 32 single precision FPRs, may also be viewed as
* 16 double precision FPRs
* FP status register, used for FP compares & exceptions
* PC, the program counter
* Some other special registers

* Data types
* 8-bit byte, 16-bit half word
* 32-bit word for integers
* 32-bit word for single precision floating point
* 64-bit word for double precision floating point
* Load/Store style instruction set
* Data addressing modes: immediate & indexed

* Branch addressing modes: PC relative & register indirect
* Byte-addressable memory, big-endian mode
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Exteleon EvtoAng

* H ektéAeon (oG eVToAng meplhapBavet:
* 1. Instruction fetch
* 2. Decode
* 3. Register fetch
* 4, ALU operation
* 5. Memory operation (optional)
* 6. Write back

* KOUL TOV UTtOAOYLOMO TG SlevBuvong tng emopevng evioAng (PC)

Datapath: evtoAec Reg-Reg ALU

RegWrite

clk l
. ]
inst<25:21=> we
MS=20. 16> rs1

rs2
inst<15:11> rd1

ws

—*|wd rd2] z

GPRs

inst<5:0= ALU

opcode

[S) 5 5 5 5 6
I o] s |t ] rd ] of funcl
31 26 25 2120 1615 11 5 0

* (rd) € (rs) func (rt)
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Datapath: evtoAec Reg-Imm ALU

RegWrite
clk l
]
inst<25:21> v we
g
rs
addr inst inst=20"16= ws rd1
—+{wd rd2| z
clk :\:St- GPRs
emor
L inst<15:0=> | mm ]
Lt |
inst<31:26>
Control
OpCode ExtSel
6 5 5 16 * (rd) < (rs) op immediate
[opcode] rs | rt | immediate |
31 26 25 2120 16 15 0

MpofAnuata otn 2upntnén twv Datapath

RegWrite
Introduce
clk
1 l muxes
inst<25:21> v we
3
I
addr inst<20:16> rd1
inst] . ws
SIS ) ool .
clk :\;ﬂ- GPRs
emor
L inst<15:0=> | mm |
L |
inst<31:26>
inst<5:0> Control
OpCode ExtSel

5 5 5 (&)
rt Jrd |0 | func |

rt | immediate |

6 5
[ o | rs

|opcode| rs

10
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Datapath yia EvtoAec ALU

RegWrite
clk
<2521> 1W9
<20-16> !
rs2
addr I_.D rd1
inst ws
—
Inst <15:11> B2 wd rd.
clk : GPRs
Memory
<150= mrm
L B

<31:26>_45 )=

|Control

OpCode RegDst ~ ExiSel  OpSel BSrc
rt/rd Reg/ Imm

6 5 5 5 5 6
|0|r5|rt|rd|0|func|

|opcode| rs | it | immediate |

11

Datapath yio EvtoAec MpooPaonc otn MvAun

* [p€meL 1o MPOypappa Kal ta dedopéva va Bplokovtal o€ XWPLOTEC
MVAREG ?

* To mpoypappa ypadeTOL OTNV UVAN EVTOAWV Kal ival Read Only
KQTA TNV EKTEAEDN

* Yta dedopéva enitpénovral Asttoupyieg Read / Write

* H ektéAeon pLag evtoAng Load r Store amattel mpoofacn otnv UvhAun
TiapaATAvwW amno pia dopeg

12
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EvtoAgc Load / Store

RegWrite MemWiite
WBSrc
ALU /Mem

Memory

OpCode RegDst ExtSel OpSel  BSrc
5 5 16

[opcode] rs | rt | displacement ] Mode dieuBuvolodotnong: (rs)+displacement

31 26 25 2120 16 15 ]
rs elvat o katoxwpntrg Baong

rt eivat o mpoopLopog yia to Load Kkat o Kataxwpntrig mnyng ya to Store

13

EvtoAec EAeyyou

6 5 5 16
|opcode| rs | |  offset | BEQZ, BNEZ
6 5 5 16
[opcode| rs | | | JR, JALR
26
|opcode| target | 1, JAL

14
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EvtoAec EAEyxou umo ZuvBnkn

RegWrite

rs2
rd1
ws
vd_rd

Memory

A

clk
1

MemWrite

Vowe
addr

rdatz

Data
Memory

OpCode RegDst ExtSel

wdata

OpSel

BSrc

zero?

15

EvtoAec Ahpatoc Register-Indirect (JR)

PCSrc
l br RegWrite MemWrite
nngd
pc+4
Ox4
Add
}Add
clk
|
:’S‘IWE clk
2
L addr rs rd1 |\ ‘!, e
NS oy ws addr
LU
—wd_rd J—
clk Inst. GPRs F4 rdate
Memory » Data
I mm I_ Memory
d wdata
| 2 |
LControll
OpCode RegDst ExtSel OpSel BSrc zero?

16
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‘EAeyxoc (ALY, ...)

[ ExtSel Inst<5:0> (Func)
BSre Inst<31:26> (Opcode) AU
opSel | A-op
op code ——j ) .
combinational - MemWrite - —
. N 7 |
serg? —) logic WBSrc
—— RegDst
» RegWrite OpSel
» PCSrc (Func, Op. +,07)
Decode Map
ExtSel
( sExts, UEXt;,
High,g)

17

ExteAleon oe 1 KUkAo PoAoylou
I

* H Baoikr uméBeon yLa tnVv eKTEAEON ULAG EVIOANG Evav KUKAO
poAoyLoU Tou SLapKeL EMOPKN XPOVO yLa TNV EKTEAEON:
* 1. Instruction fetch
* 2. Decode
* 3. Register fetch
* 4. ALU operation
* 5. Memory operation (optional)
* 6. Write back

m=) {C > tIFetch + tRFetch + tALU+ tDMem+ tRWB

18
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MpoBAnua: Structural Hazard

* Moo MPOPANUA TTPOKUTITEL OTAV EVTOAEG Kol Sedopéva
enetepyalovtal otov i6lo KUKAO poAoylov otav Bpilokovtal otnv Sla
HvAun?

* H mpookoutlon tng evtoAng (touAdxLotov) kot to Load (Store) dev
ITopoUV va ekTeAecTOUV OTOV 1810 KUKAO poAoyLou

Structural Hazard (@€pa doung)

19

[MANpec Movornatt Aedopevwy

IF ID EX MEM WB
instruction instruction decode/ execute/ memory write
fetch register fetch address calculation access back
Zero
Test
|n]5.g0 — datin
—{ xtnd | - Data
Xtnd << 2 Mem. M)
. datOut
25:21
A
st reg datA aluA addr
- regB
Instr. Ererg. ~
Mem. e W v ALU
~~ =
20:130 1 regw datB aluB
——]
4.0 |r—] / Wdest
25:21
IncrPC LJ
+4
4&9 -
Wdata

20
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