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Outline

The job of the Microarchitecture
— Changes the state of the machine, based on the instruction

Wilkes’ original diode matrix

An example: The LC-3b
— State machine, Data Path, Microsequencer, Control Signals

Tradeoffs

Pipelining



Job of the Microarchitecture

The machine is in a state

|
Vv

_3%3: Cod € m%rﬁ
|

V

The machine is in a new state



Wilkes original diode matrices
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DR<-SR1 XOR OP2*
set CC

To 18

set CC

To I8 DR<—PC+LSHF(off, 1) m
M

set CC

To 18

DR<-SHF(SR,A,D,amt4)

NOTES

B+off6 : Base + SEXToffset6]

PC+off® : PC + SEXT[offset9]

*OP2 may be SR2 or SEXT[imm3]

** [15:8] or [7:0] depending on
MAR[0]
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Signal Name

Signal Values

LD.MAR/L:
LD.MDR/I:

LD.IR/:
LD.BEN/1:

LD.CC/L:
LD.PC/1:

GatePC/l:
GateMDR/1:
GateALU/L:
GateMARMUX/1:
GateSHF/1:

PCMUX/72:

DRMUX/I:

SRIMUX/L:

ADDRIMUX/1:

ADDR2MUX/2:

MARMUX/1:

LSHFI/1:

NO, LOAD
NO, LOAD
NO. LOAD
NO, LOAD
NO, LOAD
NO, LOAD
NO, LOAD

NO, YES
NO, YES
NO, YES
NO, YES
NO. YES

PC+2 select pe+2
BUS sselect value from bus

ADDER sselect output of address adder

1t9 :destination IR[11:9]
R7 sdestination R7

11.9 ssource [R{11:9]
m.o %c:?lﬂxdm

PC, BaseR

ZERO :select the value zero

offset sselect SEXT{IR[S:0]]
PCoflset9 :select SEXT]IR{S:0]]
PCoffsctl]  :select SEXT{IR]10:0]]

7.0 sselect LSHF(ZEXT[IR[7:0}].1)
ADDER ;select output of address adder

ADD, AND, XOR, PASSA

NO. YES
RD, WR
BYTE, WORD
NO. YES

Table C.1: Data path control signals



Signal Name  Signal Values

Je6:
COND/2: CONDg :Unconditional
COND;  ;:Memory Ready
COND3  ;Branch
COND3  :Addressing Mode

IRD/1:  NO, YES

Table C.2: Microsequencer control signals
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Tradeoffs

» Vertical vs Horizontal Microcode (.| <l

— Selective (generally one micro-op pertnicto-op)
— Constructive (many fields, each specified

* One level vs Two level Microcode
= mxm.SEm the Nanodata QM-1 (360 bit nanoinstructions)

.@ v P<Qm time (or, X_\m :,mwAm:nE

* |In-order vs out-of-order execution
* |ssue width

* Use of chip real estate
— Better branch predictor, accelerators, microcode

 Unified vs separate instruction and data caches
« On-chip interconnect (cost, contention, latency)
* Prefetching



\\N\,@m&ﬂ\wa xﬁm{, ﬂ;\qﬁvu

S Eeouid e Vs S—ranp Arouws Awo WAIT

PrRoOGCRAM CondTKOL
)

SRS s e

o [ pecivE DEICTH N\:.ﬂth:\y c?’r vs. Cycee 71

: ﬁ,\*m,iw\ S72uL<7TURES ;
\(\N\N\\\w%ﬂ Co Mmun 1 CAT ! Qtv

O «Ciptr LATENY A\/\cﬁﬁ

o

s @\\Nﬂ FAUCT 7Tol&rANCE N\v

AMak KeT m\h. NP

ERitokS Sreco Macr (NE S
=
» RECEAT

VAL ABILITY

M N CoR6S 7Y (i S7er

L
LNeE T

- Tobay To Moo v Y
i : ‘
> \Q\Q mwu\m.o\u. /N NBD.AM&P\\ Q\N Ex&ecvrs V2T

o ﬂhl\naw is\th%N \Nm\biib\Tlﬂ\

& \\.N*\Ql:v.(,\?\ﬁm \Q)\*\P N\/\\\\W\Zv



A Simple Pipeline AST By
C(JC
* Four stage pipeline (each stage takes one cycle)
) (instruction fetched from on chip storage)
— Decode (instruction decoded)
— Address Generation & Execute (result latched)
— Memory access (loads and stores to on chip storage)

Cyclel Cycle2 Cycle3 WVSE Cycle5 Cycle6 Cycle7
Decode AG/EX EmS
Dmno&m AG/EX | 'Mem
| Decode AG/EX Mem
Decode AG/EX Mem
M, \ T<Tcd ¢ DT

,M,c\mmzy
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Pipeline Problems

* Flow dependency
— Instruction 1: ADD R1,R2,R3 (R1 loaded at end of cycle 3
— Instruction 2: ADD R4,R1,R5 (R4 loaded at end of cycle 4
— Instruction 3: hb@p (R1 loaded at end of cycle 6)
— Instruction 4: ADD mn@m\hv«mﬂ read at start of cycle 6)
Incorrect data read from R1 !!! |

e Conditional branches
_ Instruction 1: ADD R1,R2,R3 (cc loaded at end of cycle 3)
— Instruction 2: BRz A
— Instruction 3: Fetch address needed at start of cycle 3)
Microarchitecturre does not know the fetch address !!!



“\\\M,F\\,\mmr \“\N&V\ﬁ%\iu A.ﬂ..@}&tp

o Flow Perenpevay

ADD R} R2 R3 HNU =
o \F“ @ e P\ AVAILCABLE FROM
A DD \Nﬁ\.& \\ A * - f D . @ 32 (NSTIICTION
= :
L> Ri A _ D |pc |[BD] 7
poD R NO R4 E | ) @ #
f

2| Neeped Folt
Aﬁﬂi \,Zmﬂﬁchﬂ_ol

TIONAL 24 nNCHES

. Cowpytiona) F8V T s

By A



MIPS SoLd7I10M

N\SA}& VT /u \kahonxwv

ADD g1 R 3
ADD i\m\\t\
LD N\\>

NoP

ADD L 2l 14

D J




E E \\1@ t\rﬁ\z@agm\n v

N Bir (o4 Every [Kesovees

ADp RE, AL \D;

EXAAPEE

R T G T ]
it e T ] ReGUTER
_\\\\.\N\\. ,“;\R \

P

AFTOL 4| ¢
D\\QOYM

R



Shukraan jazilaan!



