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EDSAC

 Accumulator based
e Absolute addressing of memory

— No index registers

* Use self-modifying code for indirect accesses and
subroutine calls



EDSACjr

* Asimplified version of EDSAC instruction set

Opcode Description

ADD n Accum < Accum + M[n|
SUB » Accum <« Accum - M[n]
LD n Accum « M[n]

STn M[n] < Accum

CLEAR Accum < 0

OR n Accum <« Accum | M[n]
AND n Accum < Accum & M[n]
SHIFTR n Accum < Accum shiftr »
SHIFTL » Accum <« Accum shiftl »
BGE n If Accum > 0 then PC < n
BLT n If Accum < 0 then PC «—»n

END

Halt machine




Programming with EDSACjr

LOOP LD N
BGE DONE
A ADD ONE
ST N
F1 LD A
B F2 ADD B
F3 ST C
LD F1
c ADD ONE
ST F1
LD F2
ADD ONE
ST F2
LD F3
ADD ONE
ST F3
CLEAR
BGE LOOP
DONE END
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Programming with EDSACjr

e Subroutine call in EDSACjr

_argl :
_result :
_returnptr :
_return :

_ONE .
TMPI:
TMP2:
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CALL F

argl

return

Rest of the
program

_Fptr.

Subroutine F

Just before jumping to

The callee stores the
return address.

the subroutine, the
caller loads the return
address into the
accumulator.
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MIPS 5-Stage Pipeline

Instruction Fetch Decode & Register Fetch Execute

Ox4 HIHH

D

Memory

M

Write-back

B
>

r31

i

e

v

rsi

addr

I

3/5/2015

h 4

Inst
Mem

inst

ory

v

rs2
rdl

»jwd rd2

GPRs

v

il 1

6.823 Spring 2015



Pipeline Hazards

e Structural Hazard

— An instruction in the pipeline may need a resource being
used by another instruction in the pipeline

e Data Hazard

— An instruction’s read depends on the data produced by an
earlier instruction

e Control Hazard

— Next PC calculation depends on the instructions in the
pipeline (branches, exceptions)



Pipeline Hazards

e Structural Hazard

— An instruction in the pipeline may need a resource being
used by another instruction in the pipeline

— Ex: Princeton-style architecture
— Solution: Stall
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Pipeline Hazards

e Data Hazard

— An instruction’s read depends on the data produced by an
earlier instruction

— EX: read-after-write (RAW) data hazard
rd<-rl1+5
\
r3<-rd4+10
— Solution: stall or bypass
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Resolving Data Hazards By Stalling
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Resolving Data Hazards By Stalling

Cdest
ws = Case opcode
ALU = rd
ALUI, LW = rt
JAL, JALR — R31

we = Case opcode
ALU, ALUi, LW =(ws = 0)

C

re

rel = Case opcode
ALU, ALUI,

— on
— off

re2 = Case opcode
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JAL, JALR — 0n — 0n
— off — off
Cstall
stall = ((rsp =wsg)-weg + «
(rsp =wWsy)-wey + ‘c_,QO &0(‘\
(rsp =wsy)-wey) - rely, + 2 \)\\‘J
((rtp =wsg)-wee + O 6‘&
(rty =wsy)-wey + N
(rtp =wsy)-wey) - re2,
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Resolving Data Hazards By Bypassing

stall PC for JAL, ...

1
S

»laddr : D
inst

Inst

Memory
ri<-M[r2+5] |stall = (rsp=wsg)-(opcodeg=LW¢)-(ws=0)-rel;
r3<-r1+10 + (rtp=wsg)-(opcodeg=LWg)-(ws=0)-re2,
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Resolving Data Hazards By Bypassing

stall PC for JAL, ...
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Bypass priority: Bypass .., > Bypass ,,..p> Bypass y.p
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Pipeline Hazards

Control Hazard

— Next PC calculation depends on the instructions in the
pipeline (ex: branches, exceptions)

— Solution1: stall

— Solution2: speculate
Guessed correctly = do nothing
Guessed incorrectly = kill and restart
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Quiz 1 Handout (HAL 180)

* HAL 180

— Use condition codes

Name

Description

Sign Flag (SF)

Stores 1 1f the result of the last arithmetic or comparison
instruction was negative, 0 1f 1t was positive

Zero Flag (ZF)

Stores 1 1if the result of the /ast arithmetic, logical, or
comparison instruction was zero, and 0 if t was non-zero
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Table 1. HAL 180 status flags.
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ISA

Quiz 1 Handout (HAL 180)

Instruction Description SF | 7ZF
Arithmetic Instructions
ADD s/, s2 sl < sl +s2 W \\Y
SUB s/, 52 sl <« sl-52 W | W
MUL s/, s2 sl < s] <52 W \\Y
Logical Instructions
AND s/, s2 sl < sl & s2 \\Y
OR s/, 52 sl < sl |s2 W
XOR s1, s2 sl <517 s2 %
Comparison Instructions
CMP s/, 52 femp <— 51 - 52 W | W
Jump Instructions
JMP target Jump to the address spectfied by rarget
JL target Jump to farget if SF == R
JG target qump to target it SF == 0 and ZF == R R
Memory Instructions
LD s/, s2 s1<— M[s2]
ST s1, s2 M[sl] « s2

Table 2. HAL 180 instruction set.




HAL 180: 6-stage Pipeline

FD E1l E2 E3 M
NOop =
IR » IR » IR IR | IR
] Al | Lal
|
~_|
-...,_!r
Stall °|+k i C\Iik ¥
C#‘ owe B N we
i rsl
ol rs2 rdl » A Y #{ addr rdata
PC ol addr  inst vis 3-stage
B pipelined ALU
# ws —»| wdata
Instruction ¥{wd rd2 8 " ] Data
Memory GPRs L] Al Lal Memory
vin vin ViN |.&_|
MD1 MD2 MD3 MD4
Oxd =
we
brTaken A SF ‘—l
¥
we
n ZF ‘J

3/5/2015 6.823 Spring 2015



