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Vaitraiusporadani(mikroanchitektura)

Architektura z pohledu navrhare

= navrh a usporadani funkcnich blok realizujici
konkrétni ISA

= kompozice funk¢nich celka
* nejde pod uroven logickych obvodu

Hlavni Casti
= datova cesta (data path)
= fizeni (control)



Eisllcovd sysiduy (1)

Booleova algebra
= algebraicky zapis
logickych vyrazi
= manipulace s vyrazy

Logicke obvody
= realizace logickych funkci

* hradla realizuji zakladni funkce
+ NOT, OR, AND




Eisllcoyvd sysidmy (2

Odvozené funkce

= hradla realizuji funkce
+ NOR, NAND, XOR

Prakticka realizace

= Booleova algebra

+ stadi NOT + 1 zakladni operace
* NAND/NOR zahrnuje negaci

= pouze hradla NAND/NOR
+ zavisi na technologii vyroby




Ei3licovd sysidmy ()

Kombinacni obvody
= funkce logickych proménnych

= vystup zavisi pouze na aktudlnim vstupu

Jednoduché funkcni bloky
= multiplexory, demultiplexory
= kodéry, dekodéry

o/ /

Slozitéjsi funk<ni bloky
= Casti ALU



Eizlicovd sysidmy (4

Sekvencni obvody
= kombinacni obvody + pamét'ové prvky
+ pameétoveé prvky udrzuji stav
+ vstup a aktualni stav urcuje vystup a nasledujici stav

Pamétovy Kombinacni Pamétovy
prvek 1 obvod prvek 2

= synchronni/asynchronni

+ zpusob a okamzik zmény stavu



dislicovd sysidmy ()

Synchronni sekvencni obvody

= hodinovy signal synchronizuje zmeény stavu

+ nabéznd/sestupna hrana, perioda

Hodinovy signal

= zmena stavu béhem jednoho cyklu

Pamétovy Kombinacni
. prvek — obvod ‘




Logicka realizace souctu (1)

Polovicni scitacka
= soucet dvou 1-bitovych disel
+ vstupy: operand a, operand b
+ vystupy: soucet s, prenos ¢
= bez prenosu z nizsiho radu
= soucet jako logicka funkce

+ s=aXORb
+ c=aANDD

a b S (d
0 (%] 0 0
%) 1 1 %)
1 (%] 1 %)
1 1 (%) 1
a b (o) AN
0 % 0 0
0 1 1 0
1 % 1 %)
1 1 0 1




Logicka realizace souctu (2)

Polovicni sCitacka
= funkcni blok = |logicky obvod

a b
a b

H = a8
H = &%




Logleld gamlizzica soude ()

Uplna scitacka
= soucet Cisel a prenosu z nizsiho radu
» 3 vstupy: Cisla a, b, prenos z nizsiho radu c

Naed

- 2 vystupy: soucet s, prenos do vyssiho radu c_

= realizuje soucet tri Cisel
+s=d+b+c=(a+b)+c

N

(o]

+ prenosy vznikaji pfi obou souctech
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Loygielal razilizzics souéi (4
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Logicka realizace souctu (5)

Uplnd s¢itacka
= funkdcni blok

» vnitrni struktura



Logiclal rezlizzica soudiy (§)

Uplnd s¢itacka
= |logicky obvod




Logleldl razllizzica souédiy (7)

Scitacka dvou n-bitovych disel
« funk&ni blok : 2

) .« A

= vnitrni struktura S

n1 n1

n-1 1 0



Logiele) razlizzies fozelilt

2-bitova sé’tac“:ka/odc“:itac“:ka
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Panddova gpeylay (1)

Klopny obvod typu R-S (latch)
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PAMETOVEIPIVAYAR)

VVVVVV

= R-S s hodinovym vstupem (clocked R-S latch)
= R-S master/slave (R-S flip-flop)
= J-K master/slave (J-K flip-flop)
+ umi invertovat vlastni stav
Odvozené obvody a znaceni
= D latch, D flip-flop, T flip-flop




Pamnddovd orvlay ()

n-bitovy registr
= blok klopnych obvod typu D fizenych stejnym
hodinovym signalem
= vstupy:datad_...d , hodiny clk,

= vystupy:dataq_ ...q_

Posuvny registr




Logielal raalizzicd rEisopanl (1)

32-bitova sekvencni nasobicka

Shift Right I .

- Write @




Logielal razlizzicd rElsopanl (2)

Ab - A-

31

o F

p63-32 p31 ............... pz p1 pe




Logielel razlizzies o d] =5

32-bitova sekvendni délicka

Shift Right

Shift Left

A mod B 64-bit




ARUNEN CROB OBIChal EUNOtRE

Vstupy
= operandy

V4

ni, odcitani, nasobeni, ..., porovnani

V4

= operace: sCit

QN

Vystupy
= priznaky:

v y B
prenos, nulovy
vysledek

- VYSlEdEk priznaky operace

vysledek




Hiavmtcastimikroarehtektumayaf)

Datova cesta
= usporadani funkcnich blokl umoZnujici
zpracovavat instrukce a data uvnitr procesoru

Navrh datové cesty
= vychazi z cilové instrukcni sady
= identifikace prvkl datové cesty
= propojeni prvkid a navrh fizeni



Procasor WIS (1)

Registry
= 32 general-purpose registrd (ro-r31)
* s0-s7, to-tg, zero, ao-a3, vo-vi, gp, fp, sp, ra, at
Operace
= aritmetika registr/registr, registr/immediate
= presuny registr/registr, registr/pamét’
+ load/store architektura

= nepodminené skoky, skoky do podprogramu
+ HW neimplementuje zasobnik

= specialniinstrukce



Procasor WIS (2)

Zakladni typy instrukci
= zakladni format (32-bit)

= r-format (aritmetické instrukce s registry)

= i-format (presuny, vétveni, pfimé operandy)

__op | s | rt | addess/immediste

= j-format (nepodminény skok)

“ target address



VPSS eVENEateoVEIGES LY

Obecny postup zpracovani instrukci
= precist instrukci z pameti
= precist 1di2 registry
= provést operaci odpovidajici instrukcnimu kodu
+ predist/zapsat registry z/do paméti
+ provest operaci s registry
+ podminény/nepodminény skok



WIPSs Prviey czitoy edsiy ()

Ctenf instrukce

Instruction

Instruction
Memory




WP Pryley czigoya edsiy (2)

Operace s daty v registrech

4.| ALU operation

Read
reg. 1

Read
reg. 2

Write  Registers > ALU
register Result

Write Read /
data data 2

RegWrite

—»

Zero




VI PSAPIVRAdatoVEICESTYAS)

Cteni/zapis z/do paméti

‘ MemWrite

Read
Data

Data Memory

—P

MemRead




VI PSSPRVEAdatoveElcEStyA)

Podmineny skok

PC+4 from Instruction Datapath —»

>
32 Branch
target

4 | ALU operation
Rd. reg. 1
Data 1

ALU

Rd. reg. 2
Registers > Zero —»

Wr. reg.

Data 2 To branch
Wr. data /control logic

RegWrite




MBS batoyvarcesta

-

N ext.]

Read addr.

Instruction

Instruction
Memory

Readreg. 1 Datal
Read reg. 2

Registers
Write reg.

Write data Data 2

| RegWrite

ALUSrc

ALU

Add
> Result

ALU operation

Zero

Result

| MemWrite

Address

Read Data
Data Memory

Write Data

MemRead

¢

MemToReg




MIBSHRIZEM G atoVEICES Y

R|,d|,C|, Slgnély PCSrc
= programovy citac negdst
. . RegWrite
= registrove pole MemRead
> Instruction _
= pameét pro data MemWrite
MemToReg
= ALU ALUSrc

ALU oper.

Podporovane instrukce
* |load word, store word, branch equal
= add/subtract, logical and/or, set on less than



WEven flzanf ckiggvd easiy (1)

Kombinacni obvod
= nastavuje ridici signaly datové cesty
» dekodér z instrukcniho kédu
Format instruk¢niho kodu

= vyznamne ovliviuje slozitost a rychlost dekodéru

+ pravidelnost, symetrie

Viceurovnoveé dekddovani

» rozdéleni ridiciho obvodu do vice bloku
+ podrizeny blok pro fizeni ALU

7 7

= zjednoduseni navrhu ridici casti



Hzpelié AL

3 rezimy prace v zavislosti na instrukci
= add, subtract, funct

address/immediate

target address

Operacni Funct Pozadovana ALU
kod Operace operace ALU | control ALUOp
F5(F4|F3|(F2|F1|FO Opl | Op2
LW load word X|X[X|X|X]|X|add 0010 0 0
N\ store word X|X|X|X|[X]|X|add 0010
BEQ branch equal X|X|X|X|X]|X |subtract 0110 X 1
R-TYPE add 1/10(0|0({0 |0 |add 0010
R-TYPE subtract 1(0/0|0(|1]|0 subtract 0110
R-TYPE AND 110(0|1(0]|0 |and 0000 1 X
R-TYPE OR 110({0|1(0]|1 | or 0001
R-TYPE setonlessthan (1 (0 |{1|0|1|0 setonlessthan| 0111




Micalroviioyd dalkdeovzind

Radi¢ ALU
= zjednodusSeni fizeni ALU ze 4 bitu na 2

+ podle typu instrukce, funkci nastavuje ALU Control

PCSrc
RegDst

RegWrite

MemRead
Instruction

MemWrite

MemToReg

ALUSrc

ALUOp ALU
operation




MIPS: Datova cesta s radicem ALU

[5:0]
®

Read addr.

Instr [31:0]

Instruction
Memory

[25:21]

[20:16]

[15:11]

RegDst

Readreg. 1

Read reg. 2 Datal

Write
register

Write data

Registers

Data 2

RegWrite

ALUSrc

Result

MemWrite

Address

Read Data
Data Memory

Write Data

MemRead

MemToReg




NEven rlvninie fzdiés (1)

Dekddovani instrukce

address/immediate

target address

= ridici signaly plné urceny operacnim kodem

(o10]

% S ® % — o

) O ‘- ) i o o

Instrukce 2| & E = nE= % S1 8|8

HAEIIEIHHEHEIE

| < | 2 | ¢ | 2| 2| o8|l <| <

R-format 1 0 0 1 0 0 0 1 0

LW 0 1 1 1 1 0 0 0 0

SW X 1 X 0 0 1 0 0 0

BEQ X 0 X 0 0 0 1 0 1




MIPS: Datova cesta s hlavnim radicem

Instr [15:0] (addr/imm)

Instr [5:0] (funct) ALU
L

control

Instr [25:21] (rs)
Read addr. Readreg. 1
Instr [20:16] (rt)

Instr [31:0] Read reg. 2 Data 1l
Zero MemWrite

Instruction . Write
Instr [15:11] (rd ., : Result Address
Memo * [ 1 (rd) register Registers

Read Data
Data Memory

®| Write data Data 2

RegWrite ALUSrc

» Write Data

RegDst MemRead

\ RegWrite 1]
ALUSrc MemToReg

MemToReg

Instr [31:26] p
MemRea

MemWrite




MIESSRstukcerypuiRerormat

Instr [5:0]

Read addr.

Instr [31:0]

Instruction
Memory

Instr [25:21] (rs)

Instr [20:16] (rt)

Readreg. 1

Instr [15:11] (rd)
®

Read reg. 2 Data 1l

Write
register Registers

Instr [31:26]

®| Write data Data 2

RegWrite

RegDstH1

ALU

control

MemRead

\ RegWrite=1
\ ALUSrc=0

MemToReg=0

MemToReg

MemRead=0

MemWrite

MemWrite=0

/ ALUOp=10

/ Branch=0




MipPSsinstrukceload\Word

Instr [15:0] (addr/imm)

ALU
control

Instr [25:21] (rs)
Read addr. Read reg. 1
Instr [20:16] (rt)
Instr [31:0] Data 1

Zero MemWrite

Registers Result Address

Instruction Write
Memory register

Read Data
Data Memory

™| Write data

RegWrite ALUSrc

Write Data

RegDst30 MemRead
\ RegWrite=1 -
\ ALUSrc=1 MemToReg

MemToReg=1
Instr [31:26]

Lt MemRead=1

MemWrite=0
/ ALUOpP=00
/ Branch=0




MIPS: Instrukce Branch Equal

Read addr.

Instr [31:0]

Instruction
Memory

Instr [15:0] (addr/imm)

Instr [25:21] (rs)

Instr [20:16] (rt)

Instr [31:26]

Readreg. 1

| Read reg. 2 Data 1l

Registers

Data 2

RegWrite=0

\ ALUSrc=0

RegWrite

MemToReg=X

ALU

control

ALUSrc

MemRead

MemToReg

Control MemRead=0

MemWrite

MemWrite=0

/ ALUOp=01

/ Branch=1




WEven nkivaino fidida (2

Jednocyklovy radic

* instrukce trva 1 takt

Vstup
nebo
vystup

Signal

= kombinacni obvod

Hlavni nevyhody
= delka cyklu odpovida

Vstupy

Op5

Op4

Op3

Op2

Op1l

Opo

délce nejdelsi
instrukce
+ ve sporu s “optimize
for common case”

= duplicitni prvky

Vystupy

RegDst

ALUSrc

MemToReg

RegWrite

W E L EED

MemWrite

Branch

ALUOp1

ALUOp?2

o|lr|lolojo|r|o|lo|r|o|o|o|o|o|o|R-format

OO 0I0OR R (RIRORKROIOCOCIRI|LW

OC0CI0O|R OO X KR (X|[R|= O Kk Ool|ISW

R|lOo|r|Oo|o|o|X|0o|X|o|o|r |0 |o(o|BEQ

v datové cesté




Viea-eyldou rzclié

Zakladni princip
= instrukce rozdélena do kroki
= v kazdem taktu proveden 1 krok

+ pocet taktl se pro ruzné instrukce lisi
+ instrukcni cyklus vs. strojovy cyklus

= nutno uschovavat mezivysledky
Hlavni vyhody
= vysSivykon a efektivita
+ aproximace promenné délky cyklu
+ neni nutné duplikovat nékteré funkcni prvky



M ESHERREPNVIGCEC I OV EIdatOVEICESTY

Instruction

register Readreg. 1
Address g Data

Read reg. 2 1
Instruction Write
> . ALUOut
or Data register
Memory Data

Write data Memory data - Write 2
register data Registers




MIESTVIGE=cyhd oValdatoydaicesta

lorD ‘ MemWrite

—» Address

Data
Write data

Memory

MemRead

IRWrite

Instruction
Register

[25:21]
[20:16]
[15:0]

RegWrite

Memory data
register

—{exr ] [(mxo }

Readreg.1
Data

Read reg. 2 1

Write
register Registers

Data
Write 2

data

MemToReg

ALU Zero

Result

ALUSrcB

ALUOut




NEVINVIGE=ERd OV eI At OV EICESTY

Rozdéleni instrukci do kroku

= sekvencni a paralelni casti vykonani instrukce

Instrukcni cyklus
= nacteni instrukce
= dekdédovaniinstrukce a precteniregistru

= vykonani instrukce, vypocet adresy, dokonceni
vétveni

= pristup do paméti a zapsani vysledku
= dokonceni cteni z paméti



MIBSSnstrkenreykius (@)

Nacteni instrukce
* IR <= Memory [P(]

+ precteniinstrukce do instrukcniho registru
= PC<=PC+4

+ posun PC na adresu dalsi instrukce



WIPSS Inserulednt evidus (2)

Dekddovani instrukce a precteni registru
= A<=Reg][IR.rs]

+ precteni obsahu zdrojového registru 1
» B<=Reg[IR.rt]
+ precteni obsahu zdrojového registru 2

= ALUOut <= PC + (sign-extend (IR.addr) << 2)

+ vypocet adresy podminéného skoku
+ pokud instrukce neni skok, nevadi



W32 [nseruleénf eyldus (3)

Vykonani, vypocet adresy, dokonceni vetveni
= Pristup do pameti
« ALUOut <= A + sign-extend (IR.addr])
+ obsah zdrojového registru + offset
= Aritmeticko-logicka operace
* ALUOut <= A funct B
= Podminény skok
+ if (A ==B) then PC <= ALUOut
+ adresa skoku z predchoziho kroku

= Nepodmineny skok



MIPSSstrvkeRifcykiis )

Pristup do pameéti, zapis vysledku
= Pristup do paméti (load)
* MDR <= Memory [ALUOut]
+ obsah paméti precten do pomocného registru
= Pristup do paméti (store)
« Memory [ALUOut] <=B
+ obsah registru zapsan do pameéti
= Aritmeticko-logicka operace
+ Reg [IR.rd] <= ALUOut
+ vysledek operace zapsan do cilového registru



WIS [nsieulednt eylidus (5,

Dokonceni Cteni z pameti
= Pristup do paméti (load)
+ Reg[IR.rt] <= MDR
+ zapis prectene hodnoty do registru



PSS Ferelid o lonadn 7 zionzie (1)

Hrubé schéma

Instruction fetch/decode and
register fetch

Memory access R-type Branch
instructions instructions instruction




WIPS: Herellé filco on=én g ziutonzie (2)

Instruction fetch & decode

Instruction Fetch
MemRead

ALUSrcA=0
lorD=0
IRWTrite

Instruction decode/
Register fetch

ALUSrcA=0

ALUSrcB=01
ALUOp=00
PCWrite
PCSource=00

Op='LW' or Op="'SW'

ALUSrcB=11
ALUOPp=00

Memory-

reference FSM R-type FSM

Branch FSM




PSS Beldid faildo Kon=dn g zuion ()

Memory reference FSM

Memory address computation

ALUSrcA=1
ALUSrcB=10
ALUOp=00

Memory Memory
access access

MemRead
lorD=1

Memory read
completion step

RegWrite
MemToReg=1
RegDst=0

To state
0




MIPSTRAdIc aRoIkon echyiattomaid)

R-type instruction

Execution

ALUSrcA=1
ALUSrcB=00
ALUOp=10

R-type

completion

RegDst=1
MemToReg=0
RegWrite=1

To state
0




W PSs Belddié il Kon=dndzioniz (5)

Branch instruction

Branch completion

ALUSrcA=1
ALUSrcB=00
ALUOp=01
PCWriteCond
PCSource=01

To state
0




MIPSIRadIC) aRoIkonechyiatitoma o)

Jump instruction

Jump completion

PCWrite
PCSource=10

To state
0




W PSs Belddié il <on=dn i ziuioniz (7

MemRead
ALUSrcA=0 Instruction Fetch

lorD=0

Instruction decode/

Register fetch

1 / ALUSrcA=0
»{ ALUSrcB=11
ALUOp=00

IRWTrite
ALUSrcB=01
ALUOP=00
PCWrite
PCSource=00

Op="LW' or Op="SW'

Memory address
computation

ALUSrcA=1
ALUSrcB=10
ALUOp=00

Op="sw'
Memory

op="LW'
access

Memory
access

MemRead MemWrite
lorD=1

lorD=1

Memory read
completion step

Op=R-type

Execution

ALUSrcA=1
ALUSFrcB=00
ALUOp=10

R-type
completion

RegDst=1
MemToReg=0
RegWrite=1

Op='BEQ op="'
Branch Jump
completion

completion

ALUSrcA=1
ALUSrcB=00
ALUOp=01
PCWriteCond
PCSource=01

PCWrite
PCSource=10

4 RegWrite
MemToReg=1
RegDst=0




Vyjimkyraiprerisen

Neocekavana zmena toku provadeni instrukci
= jind pficina nez jump/branch
= vnitfni (exception)
+ aritmetické preteceni
+ nedefinovana instrukce
+ vyvolani sluzby operacniho systému

+ selhani hardware

= vnéjsi (interrupt)
+ periferni zarizeni

+ selhani hardware



Pocdoorz vijimalez ofarusag

Hardware

= zastaveni vykonavani instrukce
+ dllezité je zachovat korektni stav procesoru
= zajistit moznosti identifikace priciny
+ priznak indikujiciho pricinu
+ pripadné dalsi upresnujici informace
= uschovat adresu instrukce, pfi které vyjimka nastala
= skok na adresu obsluzné rutiny
+ stejna adresa pro vsechny typy vyjimek

+ rtzné adresy pro rtizné vyjimky



WIPS: Rodoeorzl wijimale ofaiddar]

R-type instruction

Execution

ALUSrcA=1
ALUSrcB=00
ALUOp=10

R-type
completion

RegDst=1
MemToReg=0
RegWrite=1

Not
overflow

Overflow

To state
0

Arithmetic
overflow

IntCause=1
CauseWrite
ALUSrcA=0
ALUSrcB=01
ALUOp=01
EPCWrite
PCWrite
PCSource=11




WIPS: RPodoorz wijimals raolziinz nserilics

Undefined instruction

Undefined Instruction

IntCause=0
CauseWrite
ALUSrcA=0
ALUSrcB=01
ALUOp=01
EPCWrite
PCWRite
PCSource=11




Obsluha vyjimek a preruseni

Realizuje software

uschovani stavu puvodniho vypoctu
zjisténi priciny vyjimky/preruseni
obsluha prislusneého typu vyjimky

« muze dojit k ukonceni vypoctu
obnoveni stavu puvodniho vypoctu
navrat do puvodniho programu

+ pokracovat nasledujici instrukci
+ restartovat instrukci, ktera vyjimku vyvolala



Sleztejsitimstiukenicykdus

Indirection

Instruction

aperation
decoding

Dala
Operation

Instruction complete, Return for string
fercth next instruction or vector data

Indirection




Oyadnd sendpnzl fadida (1)

Direktivni radic

instrukce

ridici signadly

hodinovy signal Lo
. radic




OBECHESCHEMaNAWIGEN)

Zpetnovazebniradic

instrukce

ridici signadly

hodinovy signal

radic

vnejsi priznaky zpétnd vazba



Razllizzica viea-eyi<lovarie fziclids

Realizace konecného automatu
= sekvencni obvod
+ realizace zavisi na reprezentaci vnitfniho stavu

= obvodove reseni
+ stavovy registr, kombinacni logika
+ posuvny fetézec klopnych obvodu
= mikroprogramovani
= nanoprogramovaneé



Opvocelguy fzielié

Obvodova realizace konecneho automatu
= prechody stavovym diagramem
= standardni metody sekvencni logiky

Figure 7.9. Instruction fetch .
— state diagram Figure 7.10. Part of hard-wired controller



v

VKGO PIOS IOV

 Maurice V. Wilkes, 1951

Decoding tree

Matrix A i
————— -
!

Timing
pulse

Control .....

address
register

|
From operation

field of
microinstruction
register

Control lines
to gates in
arithmetic unit,
control
registers, etc.

Address for
next micro-
instruction

From
conditional
flipflop



Provdadentmkrokoedu

Conftrol
memaory
Control

address
register

Microinstruction l=

register Conditions Decnder

Control signal
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HonzZzontalmtrornat

Prima reprezentace
= mikroinstrukce obsahuje primo hodnoty ridicich
signall
= neni tfeba dekddovat =2 rychlost
= |libovolna kombinace = pruznost

= velké naroky na prostor
Control fields

Control lines



VaeeilAlnl formz:

Kédovana reprezentace

= nekteré kombinace se vylucuji navzajem = mozno
zakddovat = mensi objem

* nutno dekddovat = zpomaleni, zesloziténi
= pevny navrh = méne pruzné

Control fields Single control field

Control lines

Control lines



Format mikroinstrukce

Horizontalni

Control fields

Control lines

Control lines
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Dvojurovnova ridici pamet’
= horni Uroven pouzije vertikalni format pro indexaci
druhe urovné

= nanoprogram ve druhé urovni pouzije horizontalni
format

» silna redukce velikosti
= zpomaleni
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Total Area=nxw= Microprogram Area =n x k= 2048 =7
2048 x 41 = 83,968 bits = 14,336 bits
Nanoprogram Area = m =< w = 100 x 4]
= 4100 bits
Total Area= 14336 +4100= 15,436 bits
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Mark Smotherman - A Brief History of Microprogramming




Instrukcni sada

(00) load address
ACC <= memory [address]

(01) add address
ACC <= ACC + memory [address]

(10) store address
memory [address] <= ACC

(11) brz address
if (ACC == 0) PC <= address
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ACC in : ACC <= CPU internal bus

ACC out : CPU internal bus <= ACC

aluadd : addition is selected as the ALU operation
IR in : IR <= CPU internal bus

IR out : CPU internal bus <= address portion of IR
MAR in : MAR <= CPU internal bus

MDR in : MDR <= CPU internal bus

MDR out : CPU internal bus <= MDR

PC in : PC <= CPU internal bus

PC out : CPU internal bus <= PC

pcincr : PC <= PC + 1

read : MDR <= memory|[ MAR ]

TEMP out : CPU internal bus <= TEMP
write : memory[ MAR ] <= MDR



Milkroorogrzin vro inserinel lodel

e fetch
TO: PC out, MAR in
Tl: read, pcincr
T2: MDR out, IR in

e decode
T3: decode opcode in IR

* execute
T4: IR out(addr part), MAR in
T5: read

T6: MDR out, ACC in, reset to TO
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add & T7)

ACC in = (load & To6) + (
) + (add & To)

ACC out = (store & TS
aluadd = add & T6
IR in = T2
IR out = (load & T4) + (add & T4) + (store & T4)
+ (brz & acceqgl0 & T4)
MAR in = TO + (load & T4) + (add & T4) + (store & T4)
MDR in = store & TS5
MDR out = T2 + (load & To6)
PC in = brz & acceqO0 & T4
PC out = TO
pcincr = T1
read = Tl + (load & T5) + (add & T5)
TEMP out = add & T7/
write = store & T6



Control Store (16 x 20 bits)

MOR _out

PC_in

MDFE_in

ACC out

aluadd
IR_in
= Pe_out

peincr

IR _out

~| MAR_in
or-add ress-with-acceq

read

TEMP out
branch-via-table
next OS5 address

ACC in

decoding table
opcode  CS address
o1m
01 | 1000

10 [ 1100
11 [ 1111

causes branch to either
0000 (if acceqO=falze), or
0001 {if acceqO=true)

Control Store Control Store Instruction Register

Address Hegister or =— and =— acceql
AAAL
I
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