HAEEHXZZE Department of Electrical and Computer Engineering
Fall 2012 Seoul National University

Computer Organization Assignment #3
Caches
Due : 23:59, Friday, Dec. 7, 2012
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II. Theory
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1. cache write signal protocol
ok |1 T AU LU L UL AL UL UL A LU L UL L
memclk | 1 [ 1 A e [ e o
mipsch |1 Y s Y e T e 1 1 N e N e N
pc | 0000007 | | I I I I
inztr | 00000000 T newy instruction T
Memwiite |0 ] ]
stall | O | |
cache_busy [0 [ |
mainmem_accesz | 0 | |
drarr_buszy | O [T 1
MemToReg [0
MemBRead |0
ALUResult | 00000000 I |

Figure 1lcache write

2 caches write-through cacheZ cachedf| &2 A| &4 main memoryd| = SA|0| writeE off FOf 3t

Ct.(Write-back cacheZ} &M HE| AFR E|X|2F Write back2 AFRSHH 10| A8%= £ LCHE cache

protocolS LOFOF 37| WE0| WA 2| Fch

positive mipsclkOf| pczfo| HF®C}.

1 memclk 20| positive memclkd| 2|8l IF stageO| M new instructionO| fetch ZIC} O] I S
new instruction2 sw?} Z2 memory write &5 $=3St= instructionO|2t 1 7Y SHCY.

S A0 MemWriteZ} 12 HFRICH

MemWriteZ7} 12 HFR|HA] stall E£3F 12 HHRLCE Ol stall?l 9t MZ& instructionO| & &|X|

Xot= & ottt

MemWrite= cache moduleQ| inputO|1l, O] MemWriteO| 10| &= #=7tEE 1 memclk Z0
cache_busy?t mainmem_access7t 12 assert =l LC}.

mainmem_access signal2 main memory0j| access S}ZICt= A 0|CH(read, write 250 ST

main memory= mainmem_access A S E ZtX|810] 0] AlZ 7 10| £US MEEE 1memclk Z0f
dram_busyE 12 HpELCE

dram_busy signal2 3 memclke 2 ZEHZ T|O{QUCt O Z22|0f HO|EE 2= H 3 memckeZ &
UACtD HH EFCh

dram_busyZ} 3cycle SX|E|1 HO|E{E Ct A1 L}H 022 HOX|=0|, 0] II25E 1 memclk O]
%0 mainmem_access7t 022 HtPICt cache busy= TRO| M2t & O 18 SX|SICH 022 HEY
o
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2. Cache read signal protocol

ok [1 ML AL LR A A AL LA LA AL AL L L
memelk |1 Iigiyigigiyigligiyigliziginigigigigigh]
mipsclk | 1 ST e e T

pc | 0000002c | | I | { | |
ingtr | Q0000000 T mew instr i T T
MemFRead |0 ] | T 1__
stall |0 1 [ ]
cache_busy |0
maihmern_accesz |0
dram_busy |0
start_read | St
dram_data | sssseEme
MemToReg |0 ] | T 1__
Memafrite | 0
ALUResult | 00000000 T i I T
Figure 2Cache read hit
ck |1 LU U U i g i
memek |1 Iyigigigigiyigligigiglizigigiigigligigigh;
mipsch. |1 | Sy Sy e
pc | 0000002¢ I 1 | ) |
inztr | Q0000000 T newy instruction T
MemFRead |0 ]
ztall [0 |
cache_busy |0 [ |
mainmern_access | 0 [ |
dram_busy |0 T 1]
start_read | 5t0 T 1]
dram_data | swesseEs T new data
MemToReg |0 |
Mermtaiite [0
ALUResult | 00000000 T T

Figure 3Cache read miss with 1-word block

1) positive mipsclk0®f] pcgtO] HFRICE 1 memclk Z0f positive memclkd| 2|slf IF stageO|A| new
instructionO| fetch ZIC} O] I E0{2 = new instruction2 w2l Z2 memory read Si3 &St
= instructionO|2}1 7FH L}

2) instructionO| fetch T/ 1Imemclk 20| MemRead signalO| 12 H#LC}.

3) 2|1 1lmemclk 9| positive edge0O A stallo] 191 MEfZ UA |1, cache read missLf cache
read hitO|LFO|| [}2} cache_busyE 022 QX|gt ZAQIX| 12 "iE ZAQIX|0| CHsl ZA™S|OF SHCt.

4) [cache hitQl ZAL : Figure 2] AA$t cache®| cache_busy signalO| low(0)E | X|SiOF $tCt
MemStage moduleO| M= O|E ZX|SIY stalle 022 HbELL F, read operationOA| O] stallo] A
O 3t HO| mipsclke X|HA|Z|EZ read hitO|2} S 2 mipsclkO| A2 EIC}.

5) [cache miss@l ZL : Figure 3] cache miss@ HAL0|= data& main memory0f fetch 8jOf tC}.

2 M cache hitdt Ct2H MemRead?l 10| &= A|HOA 2memclk O|Z 0| cache_busy signal&
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highZ HF10, mainmem_access signal EE3F 12 HpECL stall2 cache_busyZt lowZ} E|11 Imemclk
X2 © 7tX| highE &AL} lowz HEEICH.

6) DFF main memory?Z} access 1H0| 1749| wordZtE AT E MASIOX SHCHH cache module?|
read_block signal2 02 Z Tt=0{0F $tCt. X HHA| word7} start_read signal®| negative edge O|%
2 1Imemclk CtS0|| read =L} O]= dram_busyZ} high 7} £|23 LtAl 3 memclk O|2| ¥O|C} Gt
=8 1 wordZt QoM™ Loz dram_busy signal2 start read?t SA|0| lowZt EICH
mainmem_access= dram_busyZ} lowZ7f Z|10 LAl 1 memclk 20 00| ElCt. cache_busy signal2
T Qo| w2t dram busyZt lowh £l S0 EES A|ZHS highol AEjE SX|8R STt

7) [figure4 read miss with 4-word block] Tt2F0| main memory7t access 10| 4742| wordE YT
£ MAIStaXt SHCHH read_block signal@ 12 HRYOF SHCH & HHA| wordZt start_read signalQ|
negative edge@l [If Z=EE1-memel0=0 A XICt. Ol dram_busyZt highZt E|10 H 22
3memclk O|z 2| &o|C}t. =& 3742 worde memclk®| positive edge OC AO{EICt E3| OpX|2f
word+= dram_busyZ} lowZ} Z|HA S A0 40{ZFICt. mainmem_access signal2 dram_busyZ} low
7t 2|2 Y =2 1memclk O|Z0f low7} ZICt cache_busye Z Q0| w2l MEs| highg SX|StE

=2
=

ro

Ct.

8) cache_busyZt low?7} £|H MemStage moduleOf| M ZHX| k|0 stall signal E=5F SA|0f low?} EIC}

ck |0 JUUut Ui iU iy U U U wrIp I
memeclk | 0 S e e L L e
mipsclk | 0 eI
pc | 00000028 i | | T i
ingtr | Q0000000 T ey instruction T
MemRead |0 |
stall |0 ]
cache busy |0 | |
mainmer_access |0 | ]
dram_buzy |0 | ]
start_read | 5t0 T |
drarm_data | HxsEsmses Tnedddata
MemToReg |0 |
Memifite | 0
ALUResult | 00000000 Ji hi hi

Figure 4Cache read miss with 4-word block
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III. Requirements
1. cache protocol I}ets)7|

2. cache &HA ( set associativity, replacement policy Z7)

3. Ms =x gl
. oo T

o gl M

=~

HT

IV. Implementation Details

1. cache A4 ( set associativity, replacement policy Z%)

MABH= caches CHEI} 22 SXH0| JHs8{0F BHCL
= Read hit - cacheOj A 0|2 GHO|HE CPUY| s
= Read miss — main memoryOf|A block0]| siEsl= OO|EHE A 0|2t cache0 fetchdl
CPUO| et
= Write hit — cache block0| HO|E{E 211 ZA|0| main memoryd| = #2CHWrite
through)
= Write miss — 2toF MA St 0X} St cache?| block size7t 1 word 2t cache@t main
memory0l| SA|0f| write jOF &FC} BFOF cache block size7t 1 word2CH A CHH main
memoryOl| 3t TIO|E{S HO|E &tC}.
OkOF cache blockO| 1 word EC} ACHH A0 [f HLEFOl 4740 FAOAM Z+2 20| blockoj

XEots A OolLt.

X HEtARE
» CacheQ| = sizee 1kBE HO{Me= QF EICY [valid bits, tags, data 25 $HA]
*  main memory0| readL} write®} [j= H &S| word alignk|0{OF $tCt.
[Z 742l wordE SA|0f ¢ MEHEtE Of= word TH=2 CHREO{OF GHCE]
*  Main memoryQ| size= 256kB7} Z|CH2t 7t SHCE &, 16bit BFS 2 main memory
O] B E entryE addressing & %= QIC}.(256kB = 2718B) O|2{3t AtAM S 0| 23IH tag

o 20l &¢ + Ut
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Requirement #1

SHCt &, direct, set associativity & 0]
AHEE Z0|0 seto] A7|= O{EA HE ZQI7}? 2|1 set associativityE A}
replacement policy= O{EA g ZQ7t? of CHet LHES Fotrt
[0f2] 7HE M2 FHStH o Fot ds HLE /6]
2. CacheE MAsI0 MZ2| ™2 instruction®2Z T =l imem_datatxt?} HCHZ2 SEHSH=
X| simulationg E3| HAZSSHCt
% 1 word block0| direct-mapped cache?} 7% 7357
S = QICh SHX|TH set associativityE AMESIEHEt: SHIZ SASHA| o™ o L& EIt
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Requirement #2
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V. Submission

HE kA

1. E3AMO|H YDt hardcopy E5F A=)

@ Requirement#1
@ Requirement#2

2. =0QI0] @A¢h IS Z2HEQ &8 MtAUS Y=ol O|HY HE

HEYy
1. = O|H Y modesty@sdgroup.snu.ackr 2 E1A, AEMAS L=S510 H=.
2. HI1M Hardcopy= 12€ 8U(E) 7|Y 1AL Mo M=

X 12/78 289 MY 114 598 MK HERY AB MY =5 A 71F)

( X1Z ’E2 EX| BHESLICH)
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