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ABSTRACTAs te
hnologies 
ontinue to shrink and sizes of 
hips 
ontinue to get larger, the transistor budgetavailable for design is growing rapidly. A

urate area and delay estimates for the various stru
tureswould help in estimating the approximate area and delay estimates for blo
ks whi
h 
ould be usedto make preliminary analysis of new designs. In this work, we identify some of the basi
 ar
hite
turebuilding blo
ks and provide area and delay estimates for them. Published die photos of variouspro
essors were analyzed to make area estimates whi
h were 
onverted to te
hnology independent�2 units 
onsidering the pro
ess parameters used for the 
hip fabri
ation. Using those estimates,a number of design 
on�gurations have been analyzed and proje
tions about the area and delay offuture designs are made.



1 Introdu
tionAs the te
hnologies 
ontinue to shrink and the sizes of the 
hips 
ontinue to get larger, the transistorbudget available for design is growing rapidly. It is proje
ted that a few years down the line wewill have a billion transistors at our disposal for designing a single 
hip. To utilize this area budgete�e
tively, a lot of aggressive design te
hniques will have to be employed.If a

urate area and delay estimates for the various stru
tures were available, it would bepossible to evaluate new ideas fairly qui
kly. From the straw-man ar
hite
ture, rough area and delayestimates for the various blo
ks 
ould be 
al
ulated and then the feasibility of the proposed design
ould be measured by putting those blo
ks together and seeing if they fall within the permissibledelay and area ranges. This methodology would help to trim down the huge design spa
e andprovide some insight into what future designs might look like.In this work, we have identi�ed some basi
 ar
hite
ture building blo
ks and 
ome up with areaand delay estimates for them. Using those estimates, a number of design 
on�gurations have beenanalyzed and some proje
tions about the area and delay of future designs have been made.2 MethodologyTo estimate the area of the 
omponents, published die photos of designs were analyzed. The areaof the 
omponents (marked in the die photos) was 
al
ulated and then normalized using the total
hip area to get the 
orresponding area in square millimeters. This area was then 
onverted to asquare � value (whi
h is independent of te
hnology) by using the pro
ess parameters in whi
h the
hip was fabri
ated.For stru
tures su
h as memories, 
a
hes and register �les, dividing this square � area by thenumber of bits gave the area per bit 
ell of the stru
ture.2.1 Ca
hesTables 1,2 
ontain the areas and sizes for various instru
tion and data 
a
hes that were analyzed.�2 Area Area Size Pro
ess �2/Cell Cell Ref# Year(mm2) (um) (um2)7.82e+8 12.233 64KB 0.25 1493.3 23.33 [3℄ O
t'984.05e+8 4.9014 32KB 0.22 1545.2 18.69 [7℄ Nov'988.84e+8 13.815 64KB 0.15 1686.4 26.35 [16℄ '982.25e+8 3.5299 16KB 0.20 1723.5 26.93 [12℄ '987.25e+9 222.2100 512KB 0.35 1729.9 52.97 [1℄ '986.17e+7 0.9650 4KB 0.25 1884.7 29.44 [5℄ Apr'991.49e+8 2.3405 8KB 0.25 2285.7 35.71 [18℄ Aug'989.18e+7 1.4353 4KB 0.15 2803.4 43.80 [15℄ '984.44e+8 8.7074 17KB 0.28 3190.0 62.52 [14℄ '984.90e+8 7.6605 16KB 0.25 3740.4 58.44 [17℄ O
t'981.13e+9 4.0852 32kB 0.12 4328.8 15.58 [13℄ '983.45e+8 3.8091 8KB 0.21 5271.8 58.12 [11℄ '98Table 1: Data Ca
hesAverage �2 
ell area: 1



�2 Area Area Size Pro
ess �2/Cell Cell Ref# Year(mm2) (um) (um2)4.05e+8 4.9014 32KB 0.22 1545.2 18.69 [7℄ Nov'988.23e+8 12.869 64KB 0.25 1570.9 24.54 [3℄ O
t'988.93e+8 13.957 64KB 0.15 1703.8 26.62 [16℄ '981.12e+8 1.7649 8KB 0.20 1723.5 26.93 [12℄ '981.35e+8 2.1230 8KB 0.25 2073.2 32.39 [5℄ Apr'991.60e+8 2.5077 8KB 0.25 2448.9 38.26 [18℄ Aug'988.26e+7 1.2918 4KB 0.15 2523.0 39.42 [15℄ '983.83e+8 7.5200 16KB 0.28 2927.2 57.37 [14℄ '984.25e+8 6.6525 16KB 0.25 3248.3 50.75 [17℄ O
t'981.38e+9 4.9829 32KB 0.12 5280.1 19.00 [13℄ '983.45e+8 3.8091 8KB 0.21 5271.8 58.12 [11℄ '98Table 2: Instru
tion Ca
hes�2 Area Area Pro
ess �2/Cell Cell Component Ref# Year(mm2) (um) (um2)2.38e+8 7.3010 0.35 113.67 3.48 DRAM Bank [19℄ '985.45e+8 8.5307 0.25 130.16 2.03 DRAM Ma
ro [5℄ Apr'995.97e+7 1.8292 0.35 810.12 24.81 SRAM [9℄ De
'988.24e+6 0.2524 0.35 1006.20 30.81 I/O RAM [9℄ De
'981.23e+8 1.9300 0.25 1884.70 29.44 SPRAM [5℄ Apr'997.07e+7 1.1052 0.15 2.23e+4 348.86 CAM (SLB) [16℄ '986.06e+7 0.9473 0.15 4.25e+4 665.24 CAM (BAT) [16℄ '98Table 3: Other Memory elementsD-Ca
he = 2640.2I-Ca
he = 2519.9Ca
he = 2582.7These numbers in
lude the 
ell area together with the overheads in
urred like routing and tagsfor the 
a
he lines.2.2 MemoryAreas and sizes of the memory blo
ks are 
ontained in Table 3.Average �2 
ell area:DRAM = 173.08SRAM = 1359.79CAM = 2.25e+42.3 Register FileThe values used for the 
al
ulations below are reported in Table 4.2



�2 Area Area Size Pro
ess �2/Cell Cell Ports Ref# Year(mm2) (um) (um2)2.86e+7 0.4465 32x64b 0.25 1.39e+4 218.0 3R, 2W [15℄ '988.30e+7 1.2969 32x128b 0.25 2.03e+4 316.6 - [5℄ Apr'991.18e+8 1.8473 64x68b 0.25 2.72e+4 424.5 4R, 2W [16℄ '987.09e+7 1.3906 64x36b 0.28 3.08e+4 603.6 3R, 2W [14℄ '989.83e+6 0.3011 4x7x8b 0.35 4.39e+4 1344.2 - [9℄ De
'983.31e+8 5.1820 2x64x32b 0.25 8.10e+4 1265.1 - [6℄ De
'981.23e+8 1.3603 32x32b 0.21 1.20e+5 1328.4 - [11℄ '981.57e+8 1.7413 32x32b 0.21 1.54e+5 1700.9 - [11℄ '98Table 4: Register File�2 Area Area Pro
ess Size �2/Bit Composition Ref# Year(mm2) (um)6.01e+7 1.8424 0.35 32b 0.94e+6 1MAC, 1ALU [9℄ De
'984.25e+7 0.8343 0.28 36b 1.18e+6 ALU/Shifter [14℄ '982.20e+8 3.4411 0.25 64b 1.72e+6 2 ALU [18℄ Aug'981.34e+8 2.0965 0.25 64b 2.09e+6 IDP [17℄ O
t'982.16e+8 2.6141 0.22 32b 2.25e+6 2ALU,RF,SU [7℄ Nov'981.72e+8 2.7020 0.25 64b 2.69e+6 ALU/Shifter [5℄ Apr'991.72e+8 1.9045 0.21 16b 2.69e+6 4 ALU [11℄ '982.06e+8 3.2226 0.25 32b 3.22e+6 2 AlU, RF? [12℄ '983.39e+8 5.3115 0.25 32b 3.53e+6 3 IEU ? [4℄ Mar'997.27e+8 11.359 0.25 32b 3.78e+6 3IEU, 3AGU [3℄ O
t'98Table 5: Integer ALUAverage �2 
ell area:in
luding all 7 values = 6.13e+4ex
luding the 2 e+5 and 1.39e+4 values = 4.06e+4 (used)2.4 Integer ALUInteger ALU sizes are reported in Table 5.Average �2 area for Integer ALU per bit = 2.41e+6Average �2 area for a 64 bit Integer ALU = 1.54e+82.5 Integer MultiplierArea and delay values for various integer multipliers are reported in Table 6.Average �2 area for Integer Multiplier per bit:over all 8 values = 2.47e+6over all but 6.93e+4 = 1.84e+6 (used)Average �2 area of a 64b multiplier = 1.18e+8In the values presented, the tradeo� between area and delay of the 
omponent 
an be 
learlyseen for the 
ases where a delay value is available.3



�2 Area Area Pro
ess Size �2/Bit Del FO4 Comp. Ref# Year(mm2) (um) (ns)8.13e+7 1.2700 0.25 54b 1.51e+6 4.1 45.5 - [10℄ '971.07e+8 2.0915 0.28 64b 1.67e+6 6.0 59.5 - [2℄ '981.18e+8 1.8473 0.25 64b 1.84e+6 - - - [16℄ '981.21e+8 1.8914 0.25 64b 1.89e+6 - - Ma
 [5℄ Apr'997.09e+7 1.3906 0.28 8b 2.21e+6 - - 4 Ma
 [14℄ '982.02e+8 3.1500 0.25 54b 3.74e+6 2.7 30.0 - [8℄ '984.44e+8 4.8974 0.21 16b 6.93e+6 - - 4 Ma
 [11℄ '98Table 6: Integer Multiplier�2 Area Area Pro
ess Size �2/Bit Composition Ref# Year(mm2) (um)1.35e+8 2.1179 0.25 64b 2.10e+6 Mul, Add [12℄ '981.71e+8 2.6783 0.25 64b 2.67e+6 FPU, RF? [17℄ O
t'981.11e+8 1.7370 0.25 32b 3.47e+6 FMAC [5℄ Apr'991.41e+8 2.7812 0.28 32b 4.41e+6 FPU [14℄ '983.37e+8 4.0845 0.22 64b 5.27e+6 FPU, FP RF [7℄ Nov'986.01e+8 9.3923 0.25 64b 9.39e+6 FPU [6℄ De
'981.05e+9 3.8128 0.12 64b 1.64e+7 FPU, RF? [13℄ '981.47e+9 23.037 0.25 64b 2.29e+7 FPU, Fstore, RF [3℄ O
t'98Table 7: Floating Point Unit2.6 Floating Point UnitUsually, the FPU was reported as a single unit whi
h in
luded the ALU, multiplier, divider and ina lot of 
ases the register �le. Where additional information was available, it is reported.Sizes for 
omplete Floating Point Units are report in Table 7. Table 8 
ontains the sizes ofindividual 
omponents in the 
oating point unit.Average �2 area for FPU per bit:over all 8 values = 8.32e+6over all but the two e+7 values = 4.55e+6 (used)Average �2 area of a 64b FPU = 2.91e+83 Area estimation for sample 
oresIn this se
tion, the area estimations have been done for various 
ore 
on�gurations over di�erentte
hnologies. The number of su
h 
ores that will �t on 70% of a 
hip of size 20mm x 20mm arealso in
luded with ea
h estimation.Table 9 shows the �2 area in di�erent te
hnologies for the target 
hip. Tables 10{17 show thearea estimations for various 
on�gurations.The �2 areas for di�erent 
omponents 
al
ulated in the previous se
tion have been used in these
al
ulations. These are:ALU per bit = 2.41e+64



�2 Area Area Pro
ess Size �2/Bit Composition Ref# Year(mm2) (um)2.11e+8 3.3049 0.25 32b 1.65e+6 4FADD(SIMD) [4℄ Mar'992.44e+8 2.6935 0.21 32b 3.81e+6 2 FADD [11℄ '986.09e+8 7.3703 0.22 32b 4.76e+6 4FMAC(Ve
) [7℄ Nov'987.10e+8 7.8358 0.21 32b 1.11e+7 2 FMUL [11℄ '986.02e+7 0.9413 0.25 64b 9.41e+5 FDIV [12℄ '986.17e+7 0.9650 0.25 32b 1.93e+6 FDIV [5℄ Apr'992.41e+8 3.7771 0.25 - - Pa
ked FPU [4℄ Mar'99Table 8: Individual Floating Point Arithmeti
 Units0.250u 0.180u 0.130u 0.070u 0.05u 0.035uFull 
hip 2.56e+10 4.93e+10 9.46e+10 3.26e+11 6.40e+11 1.30e+1270% of the 
hip 1.79e+10 3.45e+10 6.62e+10 2.28e+11 4.48e+11 9.14e+11Table 9: �2 area for a 
hip of size 400mm2Multiplier per bit = 1.84e+6FPU per bit = 4.55e+6Register per bit = 4.06e+4ICa
he 
ell = 2519DCa
he 
ell = 2640SRAM 
ell = 13604 Delay estimation for various design pointsThe number of 
y
les required to traverse the side of a 
ore are 
al
ulated for three frequen
ies:SIA road-map proje
ted frequen
y for the te
hnology, 16 FO4 delay 
lo
k frequen
y and 8 FO4delay 
lo
k frequen
y. The values for these frequen
ies used are reported in Table 18.
Component Size Num �2 0.250u 0.180u 0.130u 0.070u 0.050u 0.035uALU 64 1 1.54e+8 2.406 1.247 0.650 0.188 0.096 0.047Total Core Area 1.54e+8 2.406 1.247 0.65 0.188 0.096 0.047No.Cores in 0.7 Chip 116 224 430 1489 2916 5957Table 10: Sample Core 15



Component Size Num �2 0.250u 0.180u 0.130u 0.070u 0.050u 0.035uALU 64 1 1.54e+8 2.406 1.247 0.650 0.188 0.096 0.047RegBit 64 8 2.07e+7 0.323 0.167 0.087 0.025 0.012 0.006Total Core Area 1.74e+8 2.729 1.414 0.737 0.213 0.108 0.053No.Cores in 0.7 Chip 102 198 379 1314 2592 5283Table 11: Sample Core 2Component Size Num �2 0.250u 0.180u 0.130u 0.070u 0.050u 0.035uALU 64 1 1.54e+8 2.406 1.247 0.650 0.188 0.096 0.047Multiplier 64 1 1.17e+8 1.828 0.947 0.494 0.143 0.073 0.035Total Core Area 2.71e+8 4.234 2.194 1.144 0.331 0.169 0.082No.Cores in 0.7 Chip 66 127 244 845 1656 3414Table 12: Sample Core 3Component Size Num �2 0.250u 0.180u 0.130u 0.070u 0.050u 0.035uALU 64 1 1.54e+8 2.406 1.247 0.650 0.188 0.096 0.047Multiplier 64 1 1.17e+8 1.828 0.947 0.494 0.143 0.073 0.035RegBit 64 8 2.07e+7 0.323 0.167 0.087 0.025 0.012 0.006Total Core Area 2.91e+8 4.557 2.361 1.231 0.356 0.181 0.088No.Cores in 0.7 Chip 61 118 227 786 1546 3181Table 13: Sample Core 4Component Size Num �2 0.250u 0.180u 0.130u 0.070u 0.050u 0.035uALU 64 1 1.54e+8 2.406 1.247 0.650 0.188 0.096 0.047Multiplier 64 1 1.17e+8 1.828 0.947 0.494 0.143 0.073 0.035FPU 64 1 2.91e+8 4.546 2.357 1.229 0.356 0.181 0.089RegBit 64 8 2.07e+7 0.323 0.167 0.087 0.025 0.012 0.006Total Core Area 5.82e+8 9.103 4.718 2.46 0.712 0.362 0.177No.Cores in 0.7 Chip 30 59 113 393 773 1581Table 14: Sample Core 5Component Size Num �2 0.250u 0.180u 0.130u 0.070u 0.050u 0.035uALU 64 1 1.54e+8 2.406 1.247 0.650 0.188 0.096 0.047Multiplier 64 1 1.17e+8 1.828 0.947 0.494 0.143 0.073 0.035FPU 64 1 2.91e+8 4.546 2.357 1.229 0.356 0.181 0.089RegBit 64 8 2.07e+7 0.323 0.167 0.087 0.025 0.012 0.006RAM 8 256 2.78e+6 0.043 0.022 0.011 0.003 0.001 0.000Total Core Area 5.85e+8 9.146 4.74 2.471 0.715 0.363 0.177No.Cores in 0.7 Chip 30 59 113 391 771 1581Table 15: Sample Core 66



Component Size Num �2 0.250u 0.180u 0.130u 0.070u 0.050u 0.035uALU 64 4 6.16e+8 9.625 4.989 2.602 0.754 0.385 0.188Multiplier 64 1 1.17e+8 1.828 0.947 0.494 0.143 0.073 0.035FPU 64 1 2.91e+8 4.546 2.357 1.229 0.356 0.181 0.089RegBit 64 160 4.15e+8 6.484 3.361 1.753 0.508 0.259 0.127RegBit 64 72 1.87e+8 2.921 1.514 0.790 0.229 0.116 0.057Total Core Area 1.62e+9 25.404 13.168 6.868 1.99 1.014 0.496No.Cores in 0.7 Chip 11 21 40 140 276 564Table 16: Sample Core 7
Component Size Num �2 0.250u 0.180u 0.130u 0.070u 0.050u 0.035uALU 64 4 6.16e+8 9.625 4.989 2.602 0.754 0.385 0.188Multiplier 64 1 1.17e+8 1.828 0.947 0.494 0.143 0.073 0.035FPU 64 1 2.91e+8 4.546 2.357 1.229 0.356 0.181 0.089RegBit 64 160 4.15e+8 6.484 3.361 1.753 0.508 0.259 0.127RegBit 64 72 1.87e+8 2.921 1.514 0.790 0.229 0.116 0.057DCa
heCell 8 65536 1.38e+9 21.562 11.178 5.830 1.690 0.862 0.422Total Core Area 3.00e+9 46.966 24.346 12.698 3.68 1.876 0.918No.Cores in 0.7 Chip 5 11 22 76 149 305Table 17: Sample Core 8

Pro
ess SIA 8FO4 16FO4(um) (GHz) (GHz) (GHz)0.250 0.75 1.35 0.690.180 1.25 1.93 0.970.130 2.10 2.67 1.340.070 6.00 4.96 2.480.050 10.00 6.94 3.470.035 13.50 9.92 4.96Table 18: Clo
k frequen
ies for various te
hnologies
7



No.Cores Area Side L-Area Delay Cy
les Cy
les Cy
les #IALU(mm2) (mm) (ns) (SIA) (8FO4) (16FO4)FullChip 400 20 2.56e+10 6.98e-10 0.52 0.94 0.48 1661 280 16.73 1.79e+10 5.84e-10 0.44 0.79 0.4 1162 140 11.83 8.96e+9 4.13e-10 0.31 0.56 0.28 584 70 8.37 4.48e+9 2.92e-10 0.22 0.39 0.2 298 35 5.92 2.24e+9 2.07e-10 0.15 0.28 0.14 1416 17.5 4.18 1.12e+9 1.46e-10 0.11 0.2 0.1 732 8.75 2.96 5.60e+8 1.03e-10 0.08 0.14 0.07 464 4.37 2.09 2.79e+8 7.3e-11 0.05 0.1 0.05 2128 2.19 1.48 1.40e+8 5.17e-11 0.04 0.07 0.03 1Table 19: Delay estimation for a 400mm2 
hip in 0.25um pro
essNo.Cores Area Side L-Area Delay Cy
les Cy
les Cy
les #IALU(mm2) (mm) (ns) (SIA) (8FO4) (16FO4)FullChip 400 20 4.93e+10 8.76e-10 1.09 1.69 0.85 3201 280 16.73 3.45e+10 7.33e-10 0.92 1.41 0.71 2242 140 11.83 1.72e+10 5.18e-10 0.65 1 0.5 1124 70 8.37 8.64e+9 3.67e-10 0.46 0.71 0.35 568 35 5.92 4.32e+9 2.59e-10 0.32 0.5 0.25 2816 17.5 4.18 2.16e+9 1.83e-10 0.23 0.35 0.18 1432 8.75 2.96 1.08e+9 1.3e-10 0.16 0.25 0.12 764 4.37 2.09 5.39e+8 9.16e-11 0.11 0.18 0.09 3128 2.19 1.48 2.70e+8 6.48e-11 0.08 0.12 0.06 2256 1.09 1.04 1.34e+8 4.56e-11 0.06 0.09 0.04 1Table 20: Delay estimation for a 400mm2 
hip in 0.18um pro
essNo.Cores Area Side L-Area Delay Cy
les Cy
les Cy
les #IALU(mm2) (mm) (ns) (SIA) (8FO4) (16FO4)FullChip 400 20 9.46e+10 9.78e-10 2.05 2.61 1.31 6141 280 16.73 6.62e+10 8.18e-10 1.72 2.18 1.1 4302 140 11.83 3.31e+10 5.78e-10 1.21 1.54 0.77 2154 70 8.37 1.65e+10 4.09e-10 0.86 1.09 0.55 1078 35 5.92 8.28e+9 2.89e-10 0.61 0.77 0.39 5416 17.5 4.18 4.14e+9 2.04e-10 0.43 0.54 0.27 2732 8.75 2.96 2.07e+9 1.45e-10 0.3 0.39 0.19 1364 4.37 2.09 1.03e+9 1.02e-10 0.21 0.27 0.14 7128 2.19 1.48 5.18e+8 7.24e-11 0.15 0.19 0.1 3256 1.09 1.04 2.57e+8 5.08e-11 0.11 0.13 0.07 2512 0.55 0.74 1.30e+8 3.62e-11 0.07 0.1 0.05 1Table 21: Delay estimation for a 400mm2 
hip in 0.13um pro
ess8



No.Cores Area Side L-Area Delay Cy
les Cy
les Cy
les #IALU(mm2) (mm) (ns) (SIA) (8FO4) (16FO4)FullChip 400 20 3.26e+11 9.71e-10 5.83 4.82 2.41 21171 280 16.73 2.28e+11 8.13e-10 4.87 4.03 2.01 14802 140 11.83 1.14e+11 5.75e-10 3.45 2.85 1.42 7404 70 8.37 5.71e+10 4.06e-10 2.44 2.02 1.01 3718 35 5.92 2.85e+10 2.87e-10 1.72 1.43 0.71 18516 17.5 4.18 1.42e+10 2.03e-10 1.22 1.01 0.5 9232 8.75 2.96 7.14e+9 1.44e-10 0.86 0.71 0.36 4664 4.37 2.09 3.56e+9 1.01e-10 0.61 0.5 0.25 23128 2.19 1.48 1.78e+9 7.19e-11 0.43 0.36 0.18 11256 1.09 1.04 8.89e+8 5.05e-11 0.3 0.25 0.12 6512 0.55 0.74 4.48e+8 3.59e-11 0.21 0.18 0.09 31024 0.27 0.52 2.20e+8 2.52e-11 0.15 0.12 0.06 1Table 22: Delay estimation for a 400mm2 
hip in 0.07um pro
ess
No.Cores Area Side �2 Area Delay Cy
les Cy
les Cy
les #IALU(mm2) (mm) (ns) (SIA) (8FO4) (16FO4)FullChip 400 20 6.40e+11 1.1e-09 11.02 7.65 3.82 41561 280 16.73 4.48e+11 9.22e-10 9.22 6.4 3.2 29092 140 11.83 2.24e+11 6.52e-10 6.52 4.52 2.26 14544 70 8.37 1.12e+11 4.61e-10 4.61 3.2 1.6 7278 35 5.92 5.60e+10 3.26e-10 3.26 2.26 1.13 36416 17.5 4.18 2.80e+10 2.3e-10 2.3 1.6 0.8 18232 8.75 2.96 1.40e+10 1.63e-10 1.63 1.13 0.57 9164 4.37 2.09 6.99e+9 1.15e-10 1.15 0.8 0.4 45128 2.19 1.48 3.50e+9 8.15e-11 0.81 0.57 0.28 23256 1.09 1.04 1.74e+9 5.73e-11 0.57 0.4 0.2 11512 0.55 0.74 8.80e+8 4.08e-11 0.41 0.28 0.14 61024 0.27 0.52 4.32e+8 2.86e-11 0.29 0.2 0.1 32048 0.14 0.37 2.24e+8 2.04e-11 0.2 0.14 0.07 1Table 23: Delay estimation for a 400mm2 
hip in 0.05um pro
ess
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No.Cores Area Side �2 Area Delay Cy
les Cy
les Cy
les #IALU(mm2) (mm) (ns) (SIA) (8FO4) (16FO4)FullChip 400 20 1.30e+12 1.58e-09 21.3 15.65 7.82 84411 280 16.73 9.14e+11 1.32e-09 17.82 13.09 6.55 59352 140 11.83 4.57e+11 9.33e-10 12.6 9.26 4.63 29674 70 8.37 2.28e+11 6.6e-10 8.91 6.55 3.27 14808 35 5.92 1.14e+11 4.67e-10 6.3 4.63 2.32 74016 17.5 4.18 5.71e+10 3.3e-10 4.45 3.27 1.63 37132 8.75 2.96 2.85e+10 2.33e-10 3.15 2.32 1.16 18564 4.37 2.09 1.42e+10 1.65e-10 2.22 1.63 0.82 92128 2.19 1.48 7.15e+9 1.17e-10 1.58 1.16 0.58 46256 1.09 1.04 3.55e+9 8.2e-11 1.11 0.81 0.41 23512 0.55 0.74 1.79e+9 5.84e-11 0.79 0.58 0.29 121024 0.27 0.52 8.81e+8 4.1e-11 0.55 0.41 0.2 62048 0.14 0.37 4.57e+8 2.92e-11 0.39 0.29 0.14 34096 0.07 0.26 2.28e+8 2.05e-11 0.28 0.20 0.10 1Table 24: Delay estimation for a 400mm2 
hip in 0.035um pro
ess
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A Area Estimation ToolA tool has been developed to report area estimates for di�erent 
on�gurations of the 
ore. It takesin a 
on�guration and (optionally) �2 areas of the 
omponents and generates area estimates for the
ore in various te
hnologies.The estimates derived above have been in
luded as default parametersin the tool.Additionally, the tool also takes in as parameters the target 
hip area (default: 400mm2)and a value for the fra
tion of the 
hip that is devoted to the 
ores (default: 70%) and reports thenumber of 
ores that will �t on it.The default values in the tool 
an be overwritten by the values spe
i�ed in the area and 
on�g-uration �les. The values spe
i�ed on the 
ommand line get the highest pre
eden
e and overwriteany other values.A.1 Command line argumentsThe tools 
an take the following 
ommand line arguments.� -a�le <area �le>This option 
an be used to spe
ify a area �le. The �le 
ontains �2 areas of 
omponents that
an be used to build the 
ore. This �le 
an de�ne new 
omponents and also overwrite thedefault values for the 
omponents already de�ned.Example:-a�le areas.txtA sample area �le is in
luded in the next se
tion.� -
�le <
on�guration �le>This option 
an be used to spe
ify a 
on�guration for the 
ore. The 
omponents that areused in the 
on�guration should have been already de�ned.Example:-
�le 
on�g.txtA sample 
on�guration �le is in
luded later.� -a <
ompname> <lambda square area of 
omponent>This option is used to de�ne a new 
omponent. It 
an also be used to overwrite the defaultarea of a prede�ned 
omponent or the area of a 
omponent de�ned in the area �le.Example:-a TRACECACHE 2.5e+4� -set <setname> <
ompname>This option 
an be used to give a new name to a parti
ular 
on�guration of a 
omponent.Example:If the 
ore 
an have two register sets, they 
an be de�ned as-set r1 REG-set r2 REGAll the 
omponents that are de�ned are also get in
luded in the list of set names.11



� -s <setname> <size of 
omponent for the set>This option is used to spe
ify the size of the 
omponent in the set. This value overwrites thedefault values or values spe
i�ed in the 
on�guration �le.Example:-s r1 32-s ALU 64� -n <setname> <number of units>This option is used to spe
ify the number of 
omponents of the set in the 
on�guration. Thisvalue overwrites the default values or values spe
i�ed in the 
on�guration �le.Example:-n r1 512-n ALU 4� -
hip < mm2 area of the 
hip>This option is used to spe
ify the total area of the target 
hip in square millimeters.Example:-
hip 400� -
hipfra
 <per
entage of 
hip used for 
ores>This option is used to spe
ify the fra
tion of the 
hip area that is used for 
ores.Example:-
hipfra
 70A.2 Default ParametersThe tool 
ontains the following set of default values.Component �2 Area Sizes NumberALU 2.41e+6 64 1MULT 1.84e+6 64 0FPU 4.55e+6 64 0REG 4.06e+4 1 0ICACHE 2519 1 0DCACHE 2640 1 0RAM 1360 1 0The default 
hip size is 400mm2 and 70 per
ent of this area is used for 
ores.
12



A.3 Sample area �leFollowing is a sample of the area �le that 
an be given. The �rst 
olumn 
ontains the 
omponentname and the se
ond one 
ontains the �2 area for it. Anything following / / is a 
omment.// BEGIN OF AREA FILE// Component names and their Lambda Square AreasALU 2.50e+6 // Area for a 1bit ALUMULT 3.00e+6 // Area for a 1bit MultiplierFPU 7.15e+6 // Area for a 1bit FPUICACHE 1300 // Area for an ICa
he CellDCACHE 1500 // Area for a DCa
he CellREG 3.50e+4 // Area for a 1bit registerDRAM 200 // Area for a SRAM 
ell// END OF AREA FILEA.4 Sample 
on�guration �leFollowing is a sample of the 
on�guration �le that 
an be given. Anything following / / is a 
omment.// BEGIN OF CONFIGURATION FILE// SetName Component Size NumberA ALU 64 4 // 4 - 64b ALUsM MULT 64 1 // 1 - 64b MultiplierF FPU 64 1 // 1 - 64b FPURF1 REG 64 160 // 160 - 64b RegistersRF2 REG 64 72 // 72 - 64b RegistersDC DCACHE 8 1024 // A 64KB DCa
heDRAM DRAM 32 65536 // 256KB DRAM// SetName is used so that you 
an have multiple 
omponents of the same// type but with different sizes. (eg. RF1,RF2)// END OF CONFIGURATION FILEA.5 Invo
ation ExamplesThis se
tion 
ontains some sample invo
ations of the tool and their results.> 
ores.perl -help-----------------------------------------------------------------Command Line Usage 13



-----------------------------------------------------------------
ores.perl -afile <area file>-
file <
onfiguration file>-a <
ompname> <lambda square area of 
omponent>-s <setname> <size of 
omponent for the set>-n <setname> <number of units>-set <setname> <
ompname>-
hip <mm2 area of the 
hip>-
hipfra
 <per
entage of 
hip used for 
ores>> 
ores.perlChip Area = 400 mm2------------------------------------------------------------------------------Component Size Num L-Area 0.250u 0.180u 0.130u 0.070u 0.050u 0.035u------------------------------------------------------------------------------ALU 64 1 1.54e+8 2.406 1.247 0.650 0.188 0.096 0.047Total Area 1.54e+8 2.406 1.247 0.65 0.188 0.096 0.047Number of Cores ( 0.7 Chip) 116 224 430 1489 2916 5957------------------------------------------------------------------------------> 
ores.perl -n ALU 4 -n MULT 1 -n FPU 2Chip Area = 400 mm2------------------------------------------------------------------------------Component Size Num L-Area 0.250u 0.180u 0.130u 0.070u 0.050u 0.035u------------------------------------------------------------------------------MULT 64 1 1.17e+8 1.828 0.947 0.494 0.143 0.073 0.035ALU 64 4 6.16e+8 9.625 4.989 2.602 0.754 0.385 0.188FPU 64 2 5.82e+8 9.093 4.714 2.458 0.712 0.363 0.178Total Area 1.31e+9 20.546 10.65 5.554 1.609 0.821 0.401Number of Cores ( 0.7 Chip) 13 26 50 174 341 698------------------------------------------------------------------------------> 
ores.perl -set r1 REG -n r1 128 -s r1 32 -set r2 REG -n r2 64 -s r2 16-
hip 300 -
hipfra
 65 -n ALU 4 -n MULT 1 -s MULT 32Chip Area = 300 mm2------------------------------------------------------------------------------Component Size Num L-Area 0.250u 0.180u 0.130u 0.070u 0.050u 0.035u------------------------------------------------------------------------------MULT 32 1 5.88e+7 0.918 0.476 0.248 0.072 0.036 0.018ALU 64 4 6.16e+8 9.625 4.989 2.602 0.754 0.385 0.188REG 32 128 1.66e+8 2.593 1.344 0.701 0.203 0.103 0.050REG 16 64 4.15e+7 0.648 0.336 0.175 0.050 0.025 0.01214



Total Area 8.82e+8 13.784 7.145 3.726 1.079 0.549 0.268Number of Cores (0.65 Chip) 14 27 52 180 355 727------------------------------------------------------------------------------> 
ores.perl -
hip 300 -
hipfra
 65 -n A 3 -n M 1 -s M 32 -afile areas.txt-
file 
onf.txtChip Area = 300 mm2------------------------------------------------------------------------------Component Size Num L-Area 0.250u 0.180u 0.130u 0.070u 0.050u 0.035u------------------------------------------------------------------------------ALU 64 3 4.80e+8 4.80 3.888 2.028 0.588 0.588 0.147DRAM 32 65536 4.19e+8 6.546 3.393 1.770 0.513 0.261 0.128FPU 64 1 4.57e+8 7.140 3.701 1.930 0.559 0.285 0.139DCACHE 8 1024 1.22e+7 0.190 0.098 0.051 0.014 0.007 0.003REG 64 160 3.58e+8 5.593 2.899 1.512 0.438 0.223 0.109REG 64 72 1.61e+8 2.515 1.304 0.680 0.197 0.100 0.049MULT 32 1 9.60e+7 9.60 0.777 0.405 0.117 0.117 0.029Total Area 1.98e+9 36.384 16.06 8.376 2.426 1.581 0.604Number of Cores (0.65 Chip) 5 12 23 80 123 322------------------------------------------------------------------------------> 
ores.perl -
hip 300 -
hipfra
 65 -n A 3 -n M 1 -s M 32 -afile areas.txt-
file 
onf.txt -a TLB 25000 -n TLB 512 -s TLB 32Chip Area = 300 mm2------------------------------------------------------------------------------Component Size Num L-Area 0.250u 0.180u 0.130u 0.070u 0.050u 0.035u------------------------------------------------------------------------------ALU 64 3 4.80e+8 4.80 3.888 2.028 0.588 0.588 0.147TLB 32 512 4.09e+8 6.390 3.312 1.728 0.501 0.255 0.125DRAM 32 65536 4.19e+8 6.546 3.393 1.770 0.513 0.261 0.128FPU 64 1 4.57e+8 7.140 3.701 1.930 0.559 0.285 0.139DCACHE 8 1024 1.22e+7 0.190 0.098 0.051 0.014 0.007 0.003REG 64 160 3.58e+8 5.593 2.899 1.512 0.438 0.223 0.109REG 64 72 1.61e+8 2.515 1.304 0.680 0.197 0.100 0.049MULT 32 1 9.60e+7 9.60 0.777 0.405 0.117 0.117 0.029Total Area 2.39e+9 42.774 19.372 10.104 2.927 1.836 0.729Number of Cores (0.65 Chip) 4 10 19 66 106 267------------------------------------------------------------------------------
15



A.6 Code#!/lusr/bin/perl#******************************************************************************# Author: Shashank Gupta## Email: shashank�e
e.utexas.edu## Date: 25th April, 2000## Proje
t: Te
hnology Independent Area and Delay Estimates for# Mi
ropro
essor Building Blo
ks## Des
ription: This tool takes in lambda square area values for# various 
omponents, 
onfiguration of the 
ore and# 
hip size as input and generates area of the 
ore# together with the number of su
h 
ores whi
h will fit# in on the 
hip for various te
hnologies.##******************************************************************************#-----------------------------------------------------------------------------# Command line options#-----------------------------------------------------------------------------# -afile <area file># -
file <
onfiguration file># -a <
ompname> <lambda square area of 
omponent># -s <setname> <size of 
omponent for the set ># -n <setname> <number of units># -set <setname> <
ompname># -
hip <mm2 area of the 
hip># -
hipfra
 <per
entage of 
hip used for 
ores># The 
omponent names serve as predefined SET names.# This s
ript has# - predefined lambda square areas for some 
omponents# - predefined sizes for ALU, Multiplier and FPU (= 64b)# - a predefined 
onfiguration 
ontaining one ALU## All these values 
an be overridden using area and 
onfiguration files or# 
ommand line options.# De
reasing order of pre
eden
e## 1. Command line value (will overwrite both below)# 2. Value spe
ified in file (will overwrite default)# 3. Default value#-----------------------------------------------------------------------------# Sample Area File (Anything after // is a 
omment and is ignored)#-----------------------------------------------------------------------------16



## // BEGIN OF AREA FILE## // Component names and their Lambda Square Areas## ALU 2.41e+6 // Area for a 1bit ALU# MULT 1.84e+6 // Area for a 1bit Multiplier# FPU 4.55e+6 // Area for a 1bit FPU# ICACHE 2519 // Area for an ICa
he Cell# DCACHE 2640 // Area for a DCa
he Cell# REG 4.06e+4 // Area for a 1bit register# RAM 1360 // Area for a SRAM 
ell## // END OF AREA FILE##-----------------------------------------------------------------------------# Sample Configuration File (Anything after // is a 
omment and is ignored)#-----------------------------------------------------------------------------## // BEGIN OF CONFIGURATION FILE## // SetName Component Size Number## A ALU 64 4 // 4 - 64b ALUs# M MULT 64 1 // 1 - 64b Multiplier# F FPU 64 1 // 1 - 64b FPU# RF1 REG 64 160 // 160 - 64b Registers# RF2 REG 64 72 // 72 - 64b Registers# DC DCACHE 8 65536 // A 64KB DCa
he## // SetName is used so that you 
an have multiple 
omponents of the same# // type but with different sizes. (eg. RF1,RF2)## // END OF CONFIGURATION FILE###-----------------------------------------------------------------------------# Sample Invo
ations#-----------------------------------------------------------------------------## #- This prints the 
ommand line usage## > 
ores.perl -help## #- Print the values for the default 
onfiguration (1-64b ALU)## > 
ores.perl## #- Configuration = 4-64b ALUs, 1-64b MULT, 2-64b FPUs## > 
ores.perl -n ALU 4 -n MULT 1 -n FPU 2 17



## #- Configuration = 4-64b ALUs, 1-32b MULT, 128-32b REGs, 64-16b REGs# #- ChipSize = 300mm2, Fra
tion of 
hip used for 
ores = 65%## > 
ores.perl -set r1 REG -n r1 128 -s r1 32 -set r2 REG -n r2 64# -s r2 16 -
hip 300 -
hipfra
 65 -n ALU 4 -n MULT 1 -s MULT 32## #- Configuration from 
onf.txt# #- Area from areas.txt# #- Set A (from 
onf.txt) redifined to have 3 
omponents# #- Set M (from 
onf.txt) redefined t0 have 1-32b 
omponent## > 
ores.perl -
hip 300 -
hipfra
 65 -n A 3 -n M 1 -s M 32 -afile# areas.txt -
file 
onf.txt## #- ChipSize = 300mm2, Fra
tion of 
hip used for 
ores = 65%# #- Configuration from 
onf.txt# #- Area from areas.txt# #- Set A (from 
onf.txt) redefined to have 3 
omponents# #- Set M (from 
onf.txt) redefined t0 have 1-32b 
omponent# #- Defined a new 
omponent TLB with area 25000# #- In
luded 512-32b TLB in 
onfiguration## > 
ores.perl -
hip 300 -
hipfra
 65 -n A 3 -n M 1 -s M 32 -afile# areas.txt -
file 
onf.txt -a TLB 25000 -n TLB 512 -s TLB 32##-----------------------------------------------------------------------------# Default Chip Parameters$
hipSize = 400;$
hipFra
 = 0.7;# Set of te
hnologies for whi
h 
al
ulations are made�te
h = (0.25, 0.18, 0.13, 0.07, 0.05, 0.035);# Default Lambda Square Areas$ALU = 2.41e+6; # Area for a 1bit ALU$MULT = 1.84e+6; # Area for a 1bit Multiplier$FPU = 4.55e+6; # Area for a 1bit FPU$ICACHE = 2519; # Area for an ICa
he Cell$DCACHE = 2640; # Area for a DCa
he Cell$REG = 4.06e+4; # Area for a 1bit register$RAM = 1360; # Area for a SRAM 
ell# Default Size of 
omponents$ALUSIZE = 64;$MULTSIZE = 64;$FPUSIZE = 64; 18



$ICACHESIZE = 1;$DCACHESIZE = 1;$REGSIZE = 1;$RAMSIZE = 1;# Default Core Configuration$ALUNUM = 1;$MULTNUM = 0;$FPUNUM = 0;$ICACHENUM = 0;$DCACHENUM = 0;$REGNUM = 0;$RAMNUM = 0;# Building default arrays for values# Size for default SETs%size = ("ALU",$ALUSIZE,"MULT",$MULTSIZE,"FPU",$FPUSIZE,"ICACHE",$ICACHESIZE,"DCACHE",$DCACHESIZE,"REG",$REGSIZE,"RAM",$RAMSIZE);# Composition of default SETs%
omposition = ("ALU","ALU","MULT","MULT","FPU","FPU","ICACHE","ICACHE","DCACHE","DCACHE","REG","REG","RAM","RAM");# Default Configuration (#num for ea
h SET)%num = ("ALU",$ALUNUM,"MULT",$MULTNUM,"FPU",$FPUNUM,"ICACHE",$ICACHENUM,"DCACHE",$DCACHENUM,"REG",$REGNUM,"RAM",$RAMNUM);# Area of default 
omponents%area = ("ALU",$ALU,"MULT",$MULT,"FPU", $FPU, 19



"ICACHE",$ICACHE,"DCACHE",$DCACHE,"REG",$REG,"RAM",$RAM);$" = ":";$ARGLINE = join($",�ARGV);$ARGLINE = ":$ARGLINE:";while (!(($ARGLINE =~ /^$/)||($ARGLINE =~ /^:\s*:$/))) {$mat
hed = 0;if ($ARGLINE =~ /-
hipfra
\s*:\s*(\w*)\s*:/) {$ARGLINE =~ s/-
hipfra
\s*:\s*(\w*)\s*:/:/;$mat
hed = 1;$
hipFra
 = $1/100;}if ($ARGLINE =~ /-
hip\s*:\s*(\w+)\s*:/) {$ARGLINE =~ s/-
hip\s*:\s*(\w*)\s*:/:/;$mat
hed = 1;$
hipSize = $1;}if ($ARGLINE =~ /-afile\s*:\s*(\S*?)\s*:/) {$ARGLINE =~ s/-afile\s*:\s*(\S*?)\s*:/:/;$mat
hed = 1;# Read Area Fileopen (AREAS,$1) || die "ERROR: Area File $1 not found\n";while (<AREAS>) {s/\/\/.*//;if (/(\S+)\s+(\S+)/) {$size{$1} = 1;$
omposition{$1} = $1;$area{$1} = $2;$num{$1} = ($num{$1} > 0) ? $num{$1} : 0;}}
lose (AREAS);}if ($ARGLINE =~ /-
file\s*:\s*(\S+?)\s*:/) {$ARGLINE =~ s/-
file\s*:\s*(\S+?)\s*:/:/;$mat
hed = 1; 20



# Read Configuration Fileopen (CONF,$1)|| die "ERROR: Configuration File $1 not found\n";$num{ALU} = 0;while (<CONF>) {s/\/\/.*//;if (/(\S+)\s+(\S+)\s+(\S+)\s+(\S+)/) {$size{$1} = $3;$
omposition{$1} = $2;$num{$1} = $4;}} }if ($ARGLINE =~ /-a\s*:\s*(\w*)\s*:\s*(\w+)\s*:/) {$ARGLINE =~ s/-a\s*:\s*(\w*)\s*:\s*(\w*)\s*:/:/;$mat
hed = 1;$
omp = $1;$
ompArea = $2;$area{$
omp} = $2;$size{$
omp} = ($size{$
omp} > 1) ? $size{$
omp} : 1;$
omposition{$
omp} = ($
omposition{$
omp} != "") ?$
omposition{$
omp} : $
omp;$num{$
omp} = ($num{$
omp} > 0) ? $num{$
omp} : 0;}$
omponents = join($",keys(%area));$
omponents = ":$
omponents:";if ($ARGLINE =~ /-set\s*:\s*(\S*?)\s*:\s*(\S*?)\s*:/) {$ARGLINE =~ s/-set\s*:\s*(\S*?)\s*:\s*(\S*?)\s*:/:/;$mat
hed = 1;$set = $1;$
omp = $2;if ($
omponents =~ /:\s*$
omp\s*:/) {$size{$set} = 1;$num{$set} = 0;$
omposition{$set} = $
omp;}else {print "ERROR: Component $
omp does not exist\n";exit(0);} }$sets = join($",keys(%size)); 21



$sets = ":$sets:";if ($ARGLINE =~ /-s\s*:\s*(\w*)\s*:\s*(\w+)\s*:/) {$ARGLINE =~ s/-s\s*:\s*(\w*)\s*:\s*(\w*)\s*:/:/;$mat
hed = 1;$set = $1;$setSize = $2;if ($sets =~ /:\s*$set\s*:/) {$size{$set} = $setSize;}else {print "ERROR: Set $set does not exist\n";exit(0);}}if ($ARGLINE =~ /-n\s*:\s*(\w*)\s*:\s*(\w+)\s*:/) {$ARGLINE =~ s/-n\s*:\s*(\w*)\s*:\s*(\w*)\s*:/:/;$mat
hed = 1;$set = $1;$setNum = $2;if ($sets =~ /:\s*$set\s*:/) {$num{$set} = $setNum;}else {print "ERROR: Set $set does not exist\n";exit(0);}}if ($mat
hed == 0) {print "-----------------------------------------------------------------\n";print " Command Line Usage\n";print "-----------------------------------------------------------------\n";print "
ores.perl -afile <area file> \n";print " \t\t-
file <
onfiguration file> \n";print " \t\t-a <
ompname> <lambda square area of 
omponent> \n";print " \t\t-s <setname> <size of 
omponent for the set> \n";print " \t\t-n <setname> <number of units> \n";print " \t\t-set <setname> <
ompname> \n";print " \t\t-
hip <mm2 area of the 
hip>\n";print " \t\t-
hipfra
 <per
entage of 
hip used for 
ores>\n\n";exit(0);}while ($ARGLINE =~ /:\s*:/) {$ARGLINE =~ s/:\s*:/:/; 22



}if ($ARGLINE =~ /^\s*:\s*$/) {$ARGLINE = "";}}$~ = TopLine;write;�sets = keys(%size);FORLOOP:for ($i=0; $i<�sets; $i++) {$
ompname = $
omposition{$sets[$i℄};$
ompsize = $size{$sets[$i℄};$
ompnum = $num{$sets[$i℄};$
area[0℄ = $area{$
ompname} * $
ompsize * $
ompnum;if ($
area[0℄ == 0) {next FORLOOP;}$
tmp = log($
area[0℄)/log(10);$
tmp =~ /^(\d*)/;$
tmp = $1;$
area[0℄ =~ /^(\d)(\d\d)/;$
area[0℄ = "$1.$2e+$
tmp";$tarea[0℄ += $
area[0℄;for ($j = 1; $j<= �te
h; $j++) {$
area[$j℄ = $
area[0℄ * ($te
h[$j-1℄/2) * ($te
h[$j-1℄/2) /1000000;$
area[$j℄ =~ /(\d*)\.(\d\d\d)/;$
area[$j℄ = "$1.$2";$tarea[$j℄ += $
area[$j℄;}$~ = DataLine;write;}$
tmp = log($tarea[0℄)/log(10);$
tmp =~ /^(\d*)/;$
tmp = $1;$tarea[0℄ =~ /^(\d)(\d\d)/;$tarea[0℄ = "$1.$2e+$
tmp";for ($j = 1; $j<= �te
h; $j++) { 23



$num
ores[$j℄ = $
hipFra
 * $
hipSize / $tarea[$j℄;$num
ores[$j℄ =~ /(\d+)/;$num
ores[$j℄ = $1;}$~ = TotalLine;write;$~ = NumLine;write;print "\n\n\n";format TopLine =Chip Area = �>>> mm2$
hipSize------------------------------------------------------------------------------Component Size Num L-Area 0.250u 0.180u 0.130u 0.070u 0.050u 0.035u------------------------------------------------------------------------------.format DataLine =�<<<<<<<< �>> �>>>>> �>>>>>>> �>>>>>> �>>>>>> �>>>>> �>>>>> �>>>>> �>>>>>$
ompname, $
ompsize, $
ompnum, $
area[0℄, $
area[1℄, $
area[2℄, $
area[3℄,$
area[4℄, $
area[5℄, $
area[6℄.format NumLine =Number of Cores (�>>> Chip) �>>>>>> �>>>>>> �>>>>> �>>>>> �>>>>> �>>>>>$
hipFra
,$num
ores[1℄, $num
ores[2℄, $num
ores[3℄, $num
ores[4℄, $num
ores[5℄, $num
ores[6℄------------------------------------------------------------------------------.format TotalLine =Total Area �>>>>>>> �>>>>>> �>>>>>> �>>>>> �>>>>> �>>>>> �>>>>>$tarea[0℄, $tarea[1℄, $tarea[2℄, $tarea[3℄, $tarea[4℄, $tarea[5℄, $tarea[6℄.
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