Hazards

Pip elining as w e ha v e seen it up un til no w w as p erfect.

But, in real life w e migh t not b e able to �ll the pip e fully b ecause of

hazards:

� data hazards or dep endencies. F or example the result of an

op eration is needed b efore it is computed

add $7, $12, $15 #put result in registe r 7

sub $8, $7, $12 #use registe r 7 as an operan d

and $9, $13, $7 #use registe r 7 as an operan d

Note that there is no dep ende ncy for register 12. It is used as

a source in consecutiv e op erations but there is no problem with

that.

� con trol hazards or br anches. If the branc h is successful, then the

instructions fetc hed after the branc h in the pip e are the wrong

ones

Data dep endencies in the pip e

add $7, $12, $15 sub $8, $7, $12 and $9, $13, $7

$7 is written here

$7 is read here

$7 is read here

Detection of data dep endencies

Data dep endencie s o ccur when an instruction tries to read a register

in stage 2 (Deco de and register h) and this register will b e written

y a previous instruction that has not et hed stage 5 (W rite

k)

Notation: hazard b ecause:

EX/MEM write-register = ID/EX read register 1 or 2

with of course other p ossible pip eline registers.

This can o ccur in arithmetic op erations as ell as in load op erations.

In mo dern micropro cessors with eral ALU’s us wing more

concurrency

, and, e.g., oating-p t units that e longer than in-

teger units etc., other kinds of data hazards y o ccur.

3

Resolving data dep endencies

There are eral p ossibilities:

1. e the compiler generate No-ops (i.e., an instruction that do es

nothing while passing through the pip eline)

2. Stall the pip eline when the are detects a dep enden cy

. This

creates bubbles in the pip e.

3. F arding a result as an ALU source (see in a couple of slides)

4

Example of stalls

sub $8, $7, $12

Bubbles

$7 is written here

$7 is read here and $9, $13, $7

$7 is read here

add $7, $12, $15

5

Ho w to detect stalls and additional con een instruction i+1 and instruction i (3 � ID/EX write-register = IF/ID read-register 1 or (in fact this is tly more complex b ecause write-register b e rd or rt dep ending on the yp e of een instruction i+2 and instruction i (2 � EX/MEM write-register = IF/ID read-register 1 or een instruction i+3 and instruction i (1 � MEM/WB write-register = IF/ID read-register 1 or Note that when stalling, e are stalling an instruction in the Deco Therefore, e ust t hing new instructions (otherwise ould clobb er the PC and the IF/ID register). So e need lines � Create bubbles. This can b e done y setting all trol that are passed from stage 2 on to 0, hence e will e a � t new instruction hes. This should b e done for as cycles as there are 6 F orw Bubbles are inserted in a p essimistic y since the data that is ten in the last stage is often computed b efore the last � at the end of the EXE stage for an arithmetic op � t the end of the MEM stage for a So y not forwar d the result of a computation, or of a load, to the input of the ALU if it is needed in an instruction that b e stalled This is also often called byp assingNote that for reasons related to interrupts or exc eptions, e do t the state of the pro cess (i.e., registers) to b e mo di�ed til last 7 F orw arding

add $7, $12, $15sub $8, $7, $12and $9, $13, $7 $7 is computed here$7 is read here $7 is read here $7 is written here control compares 8

F orw ar ding implemen

Change the data path so that data can b e en from either or MEM/WB to b e arded to one of the inputs of the ALU assumes that the writing of a register and putting it as input to ALU can b e done in one stage) � Logic to detect the arding. This can b e { at stage 3 of instruction i to ard to stage 2 of i + { at stage 4 of instruction i to ard to stage 2 of i + � additional inputs to ultiplexors to ALU sources (inputs come from the register �le, the EX/MEM register and the Alas if e e a load ed y an arithmetic op eration the result of the load, e still e to tro duce a bubble (and ust therefore eep some logic for 9

Example of Load

sub $8, $7, $12 $7 is written here data available here

$7 is needed here bubble load $7, 0( $15)_{10} Con trol unit extension for data hazards and cf. Figure 6.46 in our b o 11 Con trol Pip elining and hing don’t get T ransfer of trol (jumps, pro cedure calls, returns, successful cause trol When a h is wn to succeed (at the MEM stage), there instructions already in the pip eline that are the wr ong 12

Example of Con trol

These 3 instructions are "wrong" if the branch is successful branch decision known at this stage beq $12,$14,target 13

Resolving con trol Detecting a p otential trol hazard is easy: lo ok at the op co Since the wr ong instructions are in the pip eline, e ust b e that the state of the pro cess is not hanged til the outcome ossibilities 1. Stall as so on as the h op co de is detected (ID stage). when the h outcome is determined (costly

, tro duces 2. Assume that the h will not b e en (cost is nothing if h fails)3. Use other hniques h In case 2, when h is en, e need to ush the pip � F or the instruction in the IF stage, zero out the instruction in � F or the instruction in the ID stage, use the signals for stalls ere set up for data dep ende ncies (w/o � F or the instruction in the EX stage, use new ultiplexors to out results out of the 14 e up the result of the h execution. Recall the ultiple tation where the target address as computed in cycle Could b e done here and ould e" 1 bubble in the case of a Use br anch pr e diction. e a br anch pr e diction table (also h prediction bu�er, or h table bu�er) that records the h should b e en or not, based on the past history execution of that h (in general use a 2-bit saturating heme h that ou need 2 wrong predictions b efore hanging prediction). If predicted en, the PC can b e computed during ID stage and only 1 bubble will e to b e There are en ys to lose no bubble at all but ... this is the scop e of these Note that if the prediction is wrong, ou still need to ush the pip and er from the t next instruction 15

Some mo dern Sup ersc alar pr o c essors e eral pip elines. F or example, 1 arithmetic/logical on tegers, one for oating-p t, one for eral instructions are hed at once. The deco der decides e instructions are con icting or not (b ecause of {same resources{ or data dep ende nce s). If not they can b e \at the same Out-of-or der exe cution (also called dynamic pip elining). some instructions are stalled (e.g., if an Add ws a Load a data dep enden ce), yb e there are instructions wn the that could b e executed. This o ccurs fairly often if ou e tiple pip es of v arying b er of stages. Although instructions executed out-of-order, their results are �nalized in Alas, e do not e the time to go y further on these 16